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ITATOTI'EHE3 IITIPOMEHEBHUX YCKJIAJJHEHDb B HOPMAJIbHUX
TKAHUHAX 3 OTOYEHHS OIIPOMIHEHOI ITYXJIMHMU (orsim)

MpuceayyeTbcs cBiTNiiA nam’aTi
BW3HAYHOr0 YKPAiHCbKOro BYEHOro-pagiobiosnora
Mukonu OnekcangpoBuya JpyxuHu

BnpoBagKeHHs HOBUX pafiallilHUX TEXHOOri B Cy4acHY NPOMEHeBY Tepanito OHKONOriYHUX XBOPUX BCE OLHO B PAAI
BUNAAKIB NOEAHYETLCA 3 PU3MKOM PO3BMTKY PaHHiX i Mi3HiX yCKNagHEHb 3 OOKY 340POBUX TKAHWH, WO OTOYYIOTH MyX-
NNHY. PO3rmsAHYTO Ta KOPOTKO OXapaKTepPM30BaHO NPUYUHM iX BUHUKHEHHSA, natoreHe3 Ta pafiobionoriyHi xapakre-
pucTukun. LWBMAKICTb NpoABY YCKNAAHEHb 3aN€XMUTb Bif PafioUYyTAMBOCTI TKAHWUH i BU3HAYAETLCA BENYMHOIO NOMIM-
HEHOT 031 10Hi3yY0ro BUNPOMiHIOBaHHA. Ha BigMiHy Bif paHHiX yCKNaaHEHb PO3BUTOK Mi3HiX MPOMEHeBUX edeKTiB
Biflpi3HAETbCA HE3BOPOTHIM Ta MPOrpecyloynM xapaktepoMm. Po3risHyTO 0COBAMBOCTI NPOSABY paHHiX NpPOMEHEeBUX
yCKNafHeHb Ha NPUKNALi XBOPUX OHKOFiHEKONOriYHOro Npodinio, 3aXBOPIOBAHICTb AKMX CTPIMKO 3POCTAE B OCTAHHi
poku. IHTepec focnigHuKiB fo AaHoi natonorii 06ymoBneHUit Hebe3neKo PO3BUTKY YCKIAAHEHb 3 GOKY KPUTUYHUX
OpraHiB Manoro Ta3sy. AKLEHTOBAHO yBary Ha BU3HAYEHHi iHAMBiILYaNnbHOT PAaAioyyTAMBOCTI OpraHiamMy XBopux i3 3a-
NlYYEHHAM XPOMOCOMHOrO G2-TeCTy A5 NPOrHO3YBaHHA PO3BUTKY MOCTNPOMEHEBUX ycKnagHeHb. O6rpyHTOBaHa He-
006XifIHiCTb PO3PO6KM HETOKCUYHUX PaLioNpOTEKTOPIB, AKi 6 NpoABNANM adiHITET TiNbKM A0 3A0POBUX TKAHUH, WO He
noTpebye AOAATKOBOT CyNnPOBOAXKYI0YOT Tepanii Ta 6e3yMOBHO NOKPALLUTb SKICTb XKUTTA XBOPHUX.
KniouoBi cnoBa: npomeHeBa Tepanis; i0Hi3ylo4ue BUNPOMiHIOBAHHA; OHKOMOTYHi XBOPi; NOCTNPOMEHEB YCKNagHeH-
Hfi; natoreHes; panio6ioNoriyHi xapakTepuCTMKK; 340POBi TKAHMHM; Pafio3axucT.
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The introduction of new radiation technologies in modern radiotherapy of cancer patients is still in some cases asso-
ciated with the risk of developing early and distant complications in healthy tissues surrounding the tumour. The
causes of their occurrence, pathogenesis and radiobiological characteristics are reviewed and briefly described. The
rate of the manifestation of complications depends on the radiosensitivity of tissues and is determined by the
amount of absorbed dose of ionizing radiation. In contrast to early complications, the development of distant radi-
ation effects is irreversible and progressive. The features of early radiation complications are considered on the
example of patients with gynaecological oncology, the incidence of which has been rapidly increasing in recent
years. The interest of researchers in this pathology is due to the danger of developing complications from critical
pelvic organs. Attention is focused on determining the individual radiosensitivity of the patients' body using the
chromosomal G2 test to predict the development of post-radiation complications. The paper advocates for the
necessity of developing nontoxic radioprotectors that would show affinity only to healthy tissues, would not require
additional concomitant therapy and would definitely improve the quality of life of patients.
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BCTVYII

He3sBaxaroun Ha BUKOPUCTAHHS ONTUMAJIbHOI KOH(OP-
Mallii ToJIsl TepareBTUYHOTIO OMPOMIHEHHS i CyBOpi Ta-
paMeTpu JOCTaBKM JI03M i0HI3yI0UOr0 BUIIPOMiHIOBAHHS
(IB), ompoMmiHIOBaHUI 0O0’€M, IO BKIIIOYAE ITyXJIMHY,
3a4irae 310poBi (HeMaJlirHizoBaHi) TKAHWHU 3 il OTOYeH-
Hs1, 0co0IMBO 3a BUIMx 103 IB [1, 2]. MoxnuBi npuuu-
HU LIi€]l CUTYyalil TaKi: Mmo-nepiie, 3J0IKiCHi HOBOYTBO-
perHs (3HY) yTBopIoloTh y 30pOBUX TKAHWMHAX MiKPOC-
KOITiuHi iH(iIbTpaTH, SIKi HEOOXiMHO BKJIIOYATU B MeXi
OIPOMiIHIOBAaHOTO 00’ €MY; TIO-IpYre, 3M0POBi TKAHWHU 3
otoueHHsI 3HY MoxXyTh OTpuMyBaTH Taky caMmy 103y 1B
SIK 1 MyXJIMHA; TIO-TPETE, 3A0POBi CTPYKTYPU, PO3TALIO-
BaHi Ha Bxoxi i Buxoni myuka IB, Takox 3a3HalOTh
pamialifiHUX 3MiH, $Ki MO3HA4YalOTbCS Ha iXHHBOMY
(pyHKIIIOHAJILHOMY CTaTyci, B TOMY YMCJi pagiouyTiav-
BocTi. Hanmani, B nesiKux BUMajgkax MpU3HAYAETHCS OIl-
POMiHEHHST Yy BUCOKHMX Pa30BUX Ta CyMapHUX go03ax (mi-
JISTHKA «ITOABIMHOro 3aHEMOKOEHHS», «double anxiety»),
1110 MEPEBUIIYIOTh TOJIEPAHTHICTh LIMX TKaHUH 110 aii IB.
ITpu LbOMY He 3aBXAU BpaXOBYIOTHCSI OCOOIMBOCTI PO3-
MOJiTy MOTJIMHEHOI 103U B TKAHMHAX 3 OTOUYESHHS ITyXJI1-
Hu [3, 4]. Hanmpuknaa, pak nepeaMiXypoBoOi 3al103u

P«J Emiliia A. Domina, e-mail: edjomina @ukr.net

INTRODUCTION

Despite the use of the optimal conformation of the
therapeutic radiation field and strict parameters of
ionizing radiation (IR) dose delivery, the irradiated
volume, including the tumour, affects healthy
(non-maligned) tissues from its surroundings,
especially at higher IR doses [1, 2]. Possible reasons
for this situation are as follows. Firstly, malignant
neoplasms (MN) form microscopic infiltrates in
healthy tissues, which should be included in the
irradiated volume. Secondly, healthy tissues sur-
rounded by MN may receive the same IR dose as
the tumour. Thirdly, healthy structures located at
the entrance and exit of the IR beam also undergo
radiation changes that affect their functional status,
including radiosensitivity. Subsequently, in some
cases, high single and total doses are prescribed
(the area of «double anxiety»), which exceed the
tolerance of these tissues to the effects of IR. This
does not always take into account the peculiarities
of the distribution of the absorbed dose in the tis-
sues surrounding the tumour [3, 4]. For example,
prostate cancer (PC) is a radioresistant tumour,

35 @



ornsaaosi CTATTI

ISSN 2304-8336. [pobnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Bun. 29.

(PI13) HanexXuTh 10 pagiope3uCTEHTHUX MyXJIMH, a TOMY
JUISL JIKYyBaJIbHOTO e(DeKTy HEeOOXiHO IiJBeICHHS BeJIu-
Koi cymapHoi ocepeakoBoi 1o3u (COJI). 3 1mosiBoro BHCO-
KOTEXHOJIOTiYHOI JMCTAaHIiiiHOI MPOMEHEeBOi Tepartii
(I'T) 3’saBunack MOXIMBICTH MiaBeaeHHs Oinbioi COJI
MpU 3MEHIIEHHI J030BOTO HABAaHTAXEHHS Ha 3I0POBi
oTouyloui TKaHWHU. [lpore, yepe3 BeaUKUil 00’€M OII-
pPOMiHEHHSI, BUHUKAE IIMPOKUIA CIEKTp OiOXiMiUHUX i
TeHETUYHUX 3MiH y 300poBUX KiiTuHax [5]. IlepBuHHI
xBopi Ha PI13 3 BUCOKOIO aKTUBHICTIO BiJIbHOPaAKAJIb-
HUX TIPOLIECIB Ta MiABUILEHUM piBHEM abepaliiii XpoMo-
COM B JliM(poumnTax KpoBi MOTpeOyIOTh peadiliTaliitHuX
3aXO0/iB IJ1s 3ano0iraHHsI BAHMKHEHHIO ycKiaaaHeHb [1T.
I, HapemTi, «<BUMUBAHHSI» B MYJl KPOBi TOKCUYHUX aK-
TUBHUX IIPOJYKTIB padialliiHOTo po3mnaay oHKoTpacdop-
MOBaHUX KJIITUH € HETaTUBHUM MOOIYHUM e(eKTOM, 1110
3YMOBJIIOE CTPYKTYPHO-METa0O0IiuHi MOPYIIEHHS B Op-
raHismi nauieHris [6]. Ix piBeHb 3a1€XUTh Bin iHIUBILY-
anbHOI pagiouyrnuBocTi (IPY) opranizmy, sika B reTepo-
TeHHIl MOMyIALil HaceJleHHsI YKpaiHM Bapiloe B IIUPO-
KX Mexax. Pe3yabraTul IMpoKoMacIiITabHUX pamialliii-
HO-€IiAEMiOJIOTiYHUX i MOJEKYJISIPHO-TEHETUYHUX J0-
cJIimXeHb nmokasanu, 1o IB € ogHuM i3 HaiiOiIbII 3ar-
PO3JIMBUX €TiOJOTiUHUX (PaKTOpiB paky. BoHnu 31aTHi pe-
ajli3oByBaTU CBill HEOIUIACTUYHUI TMOTEHLial Ha BCiX
eTamnax KaHlleporeHe3y. Po3poOieHuli HamMu TacmopT
IPY mae MOXJIMBICTb Ha OCHOBI IMTOr€HETUYHUX MTOKa3-
HUKIiB KpoBi (xpoMocoMHi Go- i G2-TeCcTH) BUIIIUTU TPY-
My XBOPHUX, BUCOKOUYTJIMBMUX OO OMNPOMIHEHHS, i CBO-
€4acHO MPOBECTU cepell HUX JIiKyBaabHO-NPOdiTaKTUUHI
3aX0JIM 3 METOK 3HMXKEHHS YacToTu yckiaaHeHs 1T [7].

Takum ynHoM, epektrBHa [1T, 1110 BrIMBaE Ha IMyXJIH-
HY, HEMUHYY€e OEAHYETHCS 3 PUBMKOM PO3BUTKY PaHHIX
i Mi3Hix npomeHeBUX yckiaamHeHb. Ili Hacminku ITIT
PO3PI3HAIOTHECS 3a CITeIUMIYHUMM PpagioO0ioNOTITHUMMI
XapaKTepUCTUKAMMU.

3ayBaxkMMO, 110 BHACIJOK BUIl€3a3HAYEHUX MTPUUNH
nicas nposeaeHoi I1T onpoMiHeHi KITITUHU 3 OTOYEHHS
OyXJIMHU BXE CYTTEBO BiIPi3HSIIOTHCS BiJ BUXiAHOI HOP-
ManbHOi TKaHuHU [3, 8]. MoJekyasapHi, XpOMOCOMHI,
OioxiMiuHi Ta iHIII aHOMaJTii B 3M0POBMX KJIiITUHAX Iep-
BUHHUX OHKOJIOTIYHMX XBOPUX 3MiHIOIOTh (PYHKIiOHAIb-
HUI CTaH LUX KJITUH, 30KpeMa pagiouyTIuBIiCTh, 110 Ha-
Jla€ MiIcTaBU BBaXKaTy iX JIMIIIE YMOBHO HOPMaJbHUMMU.
Pusuk BinmaseHUX MPOMEHEBUX peaklliii 3 IXHbOTO OOKY
MOXe OyTH JOCTaTHbO BUCOKMM, BPaXOBYIOUM CTOXaCTUY-
HUI1, Y TOMY YHCITi KaHIIEPOTeHHUI XapakTep ix opmy-
BaHHs. JdomgaTKoBi pamialiiiHO-iHAYKOBaHi MOLIKOMXKEH-
HS Yy LUX KJIITUHAX BHACIAOK TepareBTUYHOIO OIPOMi-
HEHHSI MOXYTb CIIPUSITU BUCOKOMY PU3UKY BUHMKHEHHS
NPOMEHEBUX YCKJIaAHEHb 3 OOKY 340POBUX OPraHiB i TKa-

and therefore a large total focal dose (TFD) is
required to achieve a therapeutic effect. With the
advent of high-tech remote radiotherapy (RT), it
became possible to deliver a higher TFD while
reducing the dose load on healthy surrounding tis-
sues. However, due to the large volume of radia-
tion, a whole range of changes in the biochemical
and genetic parameters of healthy cells occurs [5].
Primary PC patients with high activity of free radi-
cal processes and increased levels of chromosome
aberrations in blood lymphocytes need rehabilita-
tion measures to prevent the occurrence of RT
complications. Finally, the «flushing out» of toxic
active radiation decay products of cancer cells into
the blood pool is a negative side effect that causes
structural and metabolic disorders in patients [6].
Their level depends on the individual radiosensitiv-
ity (IRS) of the organism, which varies widely in
the heterogeneous population of Ukraine. The
results of large-scale radiation epidemiological and
molecular genetic studies have shown that IR are
one of the most threatening etiological factors of
cancer. They are capable of realizing their neoplas-
tic potential at all stages of carcinogenesis. We have
developed IRS passport, which makes it possible to
identify a group of patients highly sensitive to radi-
ation based on blood cytogenetic parameters
(chromosomal Gy and G tests) and to take timely
treatment and preventive measures among them to
reduce the incidence of radiotherapy complica-
tions [7].

Thus, effective RT that affects the tumour is
inevitably associated with the risk of developing
early and distant radiation complications. These
effects of RT differ in specific radiobiological
characteristics.

It should be noted that due to the above-men-
tioned reasons, after RT, irradiated cells from the
tumour surroundings are already significantly dif-
ferent from the original normal tissue [3, 8].
Molecular, chromosomal, biochemical and other
abnormalities in healthy cells of primary cancer
patients change the functional state of these cells,
in particular, their radiosensitivity, and therefore
give grounds to consider them only conditionally
normal. The risk of long-term radiation reactions
on their part can be quite high, given the stochas-
tic, including carcinogenic, nature of their forma-
tion. Additional radiation-induced damage in
these cells as a result of therapeutic irradiation can
contribute to a high risk of radiation complications
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HUH 3 OTOYEHHSI ITyXJIMHU, Y TOMY YMCJIi BUCOKOPAIio-
YYTJAMBUX KJITUH UUPKYJIIOIOYOIo MyJ1y KPOBi.

IIposiB peakuiit 310poOBUX TKAHUH Ha ONPOMiHEHHS
B TepalleBTUUHUX J03aX BapilO€ BiJl pO3BUTKY ITOYYTTSI
THUCKOMMPOPTY A0 TSKKOTO CTaHY, IO 3aTPOXYE KUTTIO
nanieHta. IIBUAKICTL PO3BUTKY LIMX MOPOSBIB s
pPi3HMX TKAHUWH pi3HA i YaCTO BMU3HAYAETHCSI BEJIUUM-
Holo morauHeHoi go3u IB. Hampuknan, ypaxkeHHS
KPOBOTBOPHOI TKAHWHM Ta EIITeNil0 MPOSIBISIOTHCS
yepe3 TUXKHI Micasg OMPOMiHEHHSI, a ypaXeHHS CHO-
JIYYHOI TKAHMHU — 11I€ Ti3Hille.

CrangapTHa Kiacugikalliss TpoMeHeBUX e(heKTiB y
HOPMaJIbHMX TKAHMHAX OHKOJIOTTYHMX XBOPUX BKJTIO-
yae: yckiaagHeHHs I ctymeHss — oOOpOTHi, MUHAIOTh
0e3 nepepuBaHHs KypCy ONPOMiHEHHS; YCKIaAHEHHS
II ctynenst — amOynaTtopHe JliKyBaHHS 0€3 3HUXKEHHS
no3u IB i mepepuBaHHS Kypcy OIMPOMiHEHHS; YCKJIaI -
HeHHs I cTyneHs — TSEKKi, 3 BUPaXKeHOK CUMITOMA-
tukoto. locniTanizauisi, iHTEHCUBHA MiATPUMYIOUa Te-
pamig i nepepuBanHs Kypcey I1T, ycknagnenns IV cry-
TeHS 3arpOXYIOTh KUTTIO TMaIlieHTiB. TepMiHOBa roc-
miTajizallisi, iHTeHCHMBHa Teparisi, ckacyBaHHs ITT [9].

Po3BUTOK Ta BIPOBaIXKEHHSI HOBUX padiallifHUX TeX-
HOJIOT'il B OHKOJIOTIUHY MPAaKTUKY 3YMOBUJIN aKTyallb-
HICTh BUBUEHHS paHHIX Ta IMi3HiX MPOMEHEBUX YCKIIaI-
HEHb, 110 CTPUMYIOTh MiaBuIleHHs edekTuBHOCTI ITT i
TOMY TTOTPEOYIOTh YIOCKOHAJIEHHS 1X TTPOQiTaKTUKH.

Panni mpomeHeBi ycKJIamHEHHS MPOSIBISIIOTHCS B
xoqi II'T abo ynponos:x 90 nHiB micas ii 3aBepIIeHHS
[4]. PaHHi HacliaKy onpoOMiHEHHSI BAHUMKAIOTh Y TKa-
HUHAaX 3 BUCOKOIO TIPOJIipepaTMBHOIO aKTHUBHICTIO,
TOOTO 3 BUCOKOIO IIBUAKICTIO OHOBJIEHHS (KiCTKOBUIA
MO30K, eIligepMic, cr30Ba 000JIOHKA KUIIKiBHUKA).
ITopyiieHHs MiTO3iB Ha TJ1i KIITUHHOIO CITYCTOLLIEHHS
CYIPOBOIKXYETHCS 3alajIbHUM IIPOLIECOM i IIporpecy-
J04YOI0 BTpaTOl0 KJITWMH. PaHille oCHOBHUM (hakTo-
poM, 1110 oomexye edekTuBHicTh I1T, Oynu peakiii 3
OOKy erijiepMicy, 40 TOTO K ITIiK J03M BiJ3HauyaBCsl B
JIiIsiHLI BxomxKeHHs mydyka IB. HuHi, He3Baxkaroun Ha
nocsaraytuii nporpec I1T 3aBasku koHdopMallii Tepa-
TMEBTUYHOTO MOJIST OIIPOMiHEHHSI, paHHI TTOOIUHI eheK-
T MOXYTb iCTOTHO IIO3HAYAaTHCS Ha SIKOCTi XKUTTS
xBopux. IIpruyomMy gogaTkoBa XiMioTeparisi TTOCUITIOE
TSDKKICTBh paHHiX mobiyHux Hacaiakis [1T. OgHa 3 ipu-
YUH PU3HAYCHHS XiMiOTeparieBTUYHOTIO KOMITOHEHTA
MOETHAHOTO JIiKYBaHHSI OHKOJIOTIYHMX XBOPUX ITOJISI-
ra€ B TOMY, 10 (PYHKITiOHAJTbHA HETOCTAaTHICTh CyIMH-
Hoi cuctemu 3HY He nae 3moru KucHIo 1MdyHayBaTH
Ha NIMOMHY BChOTO 00’ €My ITyXJIMHU. BBeeHHS XiMio-
TEeparneBTUIHMUX IIPeIapaTiB CIPUYMHSIE CTUCHEHHS
nyxauHu. Lle cripuse edexkTuBHIN nudy3ii KUCHIO i

from healthy organs and tissues surrounding the
tumour, including highly radiosensitive cells in the
circulating blood pool.

The manifestation of reactions of healthy tissues to
radiation in therapeutic doses ranges from the devel-
opment of a feeling of discomfort to a serious condi-
tion that threatens the patient’s life. The speed of
development of these manifestations varies for differ-
ent tissues and is often determined by the absorbed
dose of IR. For example, damage to haematopoietic
tissue and epithelium occurs weeks after exposure,
and damage to connective tissue occurs even later.

The standard classification of radiation effects in
normal tissues of cancer patients includes [9]: grade
I complications — are reversible and resolve without
interruption of the radiation course; grade II com-
plications — outpatient treatment without reduction
of IR dose and interruption of the radiation course;
grade III complications — severe symptoms. Hospi-
talisation, intensive supportive therapy and interrup-
tion of RT course; grade IV complications — are life-
threatening. Urgent hospitalisation, intensive care,
cancellation of RT.

The development and introduction of new radia-
tion technologies in oncological practice have made
it important to study early and distant radiological
complications that hinder the effectiveness of RT
and therefore require an improved prevention.

Early radiation complications occur during radio-
therapy or within 90 days after its completion [4].
Early effects of radiation occur in tissues with high
proliferative activity, i.e. with a high rate of renewal
(bone marrow, epidermis, intestinal mucosa).
Mitotic dysfunction as a result of cellular depletion
is accompanied by an inflammatory process and
progressive cell loss. Previously, the main factor lim-
iting the effectiveness of RT was epidermal reac-
tions, with a dose peak at the site of the IR beam
entry. Today, despite the progress made in RT due to
the conformation of the therapeutic radiation field,
early side effects can significantly affect the quality
of life of patients. Moreover, additional chemother-
apy increases the severity of early side effects of RT.
One of the reasons for prescribing the chemothera-
peutic component of the combined treatment of
cancer patients is that the functional insufficiency of
the vascular system of MN does not allow oxygen to
diffuse to the depth of the entire tumour volume.
The administration of chemotherapy drugs causes
the tumour to shrink. This contributes to the effec-
tive diffusion of oxygen and an increase in the degree
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30iblIeHHIO cTyneHs1 okcureHauii 3HY, a oTxe, minBu-
LIEHHIO Koro pagiouyTiauBocTi. Tak camo sk IB, mesiki
XiMioTepaneBTUYHI TIpenapaTy (HAIIPUKJIIAd, IHACIIIA-
TUH), BUKIMKaOTh TnomkomxkeHHsa JHK, mo moxe
BimOyBaTHCS IUISIXOM I€PETBOPEHHS padialliiiHO-iHIy-
KOBaHUX TooauHOKuX po3pusiB JJHK y ABOHUTKOBI.
g Toro, mo0 1g cTpaTerist Oyna e(@eKTUBHOIO, He-
00XiTHO BUKOPUCTOBYBaTU MpemnapaTv, 10 MalOTh
TPOMHICTh A0 MyXJMHU. TakoxX ciia BpaxoByBaTH, 1O
XiMioTepaneBTMYHi areHTU [Iil0Th Ha IpoJidepyroydi
KIIITUHU Ta COPUYMHSIOTH AucOanaHc MixX ¢iziosoriv-
HOIO BTPATOIO 3PiMX KJIITUH Ta iXHIM BiZTHOBJIECHHSM 3i
CTOBOYpPOBUX KJIITUH abo monepenHukiB. lle mpusso-
JIUTb 10 PAHHbOT TOKCMYHOCTI XiMiOIIpOMEHEBO1 Teparii.
PanHs peakliiiss Ha OpOMiHEHHSI MO TaKOX ITOCUITIO-
BaTUCS MPU MalTiHHi, BXXUBaHHI aJIKOTOJIIO Ta 1Xi 3 BEJIN-
KMM BMiCTOM IPSIHOIILiB.

KopoTko po3risiHeMo 0COOJIMBOCTI MPOSIBY PaHHIX
NPOMEHEBUX YCKJIaAHEHb Ha MPUKJIali XBOPUX OHKOTiHE-
KOJIOTIYHOTO TpOo@iiio, 3aXBOPIOBAHICTh SIKMX CTPIMKO
3pocTae B octaHHi poku [10]. [HTepec nocaigHuKIB 10 na-
HOI MaToJIOril 00YMOBJIEHUI HEOE3MEKOI PO3BUTKY YCK-
JagHeHb, TToB’s13aHuX i3 1T, 3 60Ky KpUTUYHUX OpraHiB
MaJioro Tasy (mpsiMa KMIIIKa, Ce40BUI MiXyp, BariHa) [11].

BimomocTi, sIKi CbOTOAHiI HABOASITLCS B IMyOJIiKallisiX,
30€0i7bIIOr0 CTOCYIOThCS paHHIX MMPOMEHEBUX YCKJIad-
HEeHb, KOTPi BUHMKAIOTh MIPUY paKy Tijla Ta LIMHKU MaTKU
K y TpoLIeCi MPOBEASHHS CIOIYYeHOI TIPOMEHEBOI Te-
parii, Tak i B epIli TpX MicCslli 3 MOMEHTY 3aKiHYEHHS
JlikyBaHHsI. OCHOBHOIO TPUYMHOIO 1X PO3BUTKY, SIK BBa-
XKalTh JOCHIAHUKU, € TMEepPEeBUIIEHHS TOJIEPaHTHOCTI
OIPOMiHIOBaHUX TKaHMH. CIpUSITIMBUMU (akTOpamMu
iXHBOTO PO3BUTKY MOXYTb CIyryBaTu minBuineHa IPY,
paHillie TIepeHeCceHi 3anajibHi Ipolecu, 0i0J0riuHi 0co0-
JIMBOCTI TTyXJIWHM TO1IIO [12].

Haityacriie HecnpuSTIMBI TOCTIIPOMEHEBI yCKIam-
HEHHHSI BUHUKAIOTh Y MPSIMiil KUIIi. 3MiHU Y KUIII-
KiBHMKY BKJIIOYAIOTh CITOYATKY ITOCHJICHHS I0TO MepuC-
TaJIbTUKU, IOTiM BTpATY €IiTeil0 uepe3 NOpyLIeHHSs Ofl-
POMiHEHUX KJIITUH KpUMT. BHAcIinoK 1boro Big0yBa€eTh-
CsI BUXiJ OUIKIB i €JIEKTPOJIITIiB Y TPOCBIT KUIIIKU, PO3BU-
BaEThCS Aiapest, MOPYLIYETHCS MpolLiec pe3opOLii, MmiaBu-
IIYETHCS PU3MK CEIICHUCY.

CTOCOBHO PO3BUTKY ITOCTIIPOMEHEBUX YCKJIAJIHEHb 3
0oKy TpsiMOi KMIIKM (IMi3HS peKTajJbHa PaaiOTOKCHUY-
HICTb), BAXJIMBUM € po3noail no3u IB y nomnepeuHomy
HanpsiMKy. BupaxkeHa KJliHiYHa cCMMITOMAaTUKa MPOsIB-
JISETHCSI B TOMY BUIIQJKY, KOJM OIPOMIHEHHS Y BUCOKIl
JI03i 3a3Ha€ Bech MepuMeTp MpsMoi kuiuku. ITokazaHo
B3a€EMO3B’ 130K MixK TeMOPOEM (B aHAMHE3i) i CXAJIBHICTIO
JIO PEKTAIbHUX KPOBOTEY ITiC/IsT orpoMiHeHH [ 13].

of oxygenation of MN, and therefore an increase
in its radiosensitivity. Similarly to IR, some che-
motherapeutic drugs (e.g. cisplatin) cause DNA
damage. This can occur by converting radiation-
induced single-strand breaks into double strand
breaks. For this strategy to be effective, it is neces-
sary to use drugs that have tropism to the tumour.
It should also be kept in mind that chemothera-
peutic agents act on proliferating cells and cause
an imbalance between the physiological loss of
mature cells and their renewal from stem cells or
precursors. This leads to early toxicity of chemora-
diotherapy. The early reaction to radiation can also
be exacerbated by smoking, alcohol consumption
and food consumption with a high content of
spices.

Let’s briefly consider the features of early radia-
tion complications on the example of patients with
gynaecological oncology, the incidence of which
has been rapidly increasing in recent years [10].
The interest of researchers in this pathology is due
to the risk of developing radiotherapy-related
complications in critical pelvic organs (rectum,
bladder, vagina) [11].

The data currently available in publications
mainly relate to early radiation complications that
occur in the case of cancer of the uterine body and
cervical cancer, both during concurrent radiother-
apy and in the first three months after treatment.
The main reason for their development, according
to researchers, is the excessive tolerance of the
irradiated tissues. Favourable factors for their
development may include an increased IRS, previ-
ous inflammatory processes, biological character-
istics of the tumour, etc. [12].

The rectum is particularly susceptible to adverse
post-radiation complications. Changes in the
intestine include first an increase in its peristalsis,
then the loss of epithelium due to disruption of
irradiated crypt cells. As a result, proteins and
electrolytes are released into the intestinal lumen,
diarrhoea develops, resorption processes are
impaired and the risk of sepsis increases.

The researchers concluded that the issue of IR
dose distribution in the transverse direction is
important for the study of the rectal cancer. Severe
clinical symptoms occur when the entire perimeter
of the rectum is exposed to high-dose radiation. A
correlation between haemorrhoids (in medical
history of the patient) and a tendency to rectal
bleeding after irradiation has been shown [13].
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PapianiliHo-iHAyKOBaHi 3MiHM CEYOBOro Mixypa Ipu3-
BOASTH 10 3HUKEHHS 1ioro eMHocTi. PaHHs (pa3a HacTae
yepe3 2—6 TUKHIB Bif 1Mo4yaTky (pakiioHOBAHOTO OIl-
POMiHEHHS i XapaKTepM3YEThCS TillepeMi€lo Ta HaOpsI-
KOM cr30Boi. PaHHI peaxilii MOXYTb YCKJIaTHIOBaTUCS
PO3BUTKOM iH(EKIIil, 1110 MOXe 3yMOBUTU BTpATy €ITi-
TeJIiaJIbHOTO IIapy Ta BUMHUKHEHHS BHUPa30K. 3arajiom
TSIKKiCTh TIPOMEHEBOTO ypaXkKeHHS Ta TPUBATICTh CUMIT-
TOMAaTUKU € J0303aJeKHUMU e(heKTaMU.

ITizHi mpoMeHeBi yCKJIIaAHEHHS IPOSBISIOTHCS B
HOpMaJlbHNX (HEMaJirHi30BaHWX) KIIITMHAX Maiixe
BCix opraHiB [9]. MexaHi3M iXHbOTO PO3BUTKY CKJIAIHi-
UK MOpPiBHAHO 3 paHHIMU edekTamu [4]. OCHOBHI
npolecH BinOyBalOThCs B MapeHXiMi OpraHiB, Crojy4-
Hill TKaHWHI Ta B cyauHax. Jlo mpouecy 3aayda€eTbCs
iMmyHHa cucteMa [14]. Ha BigMiHy Bim paHHiX yckianm-
HEHb PO3BUTOK ITi3HiX MOOIYHUX €(PEKTIB Ma€ HE3BOPOT-
HUI i Tporpecyrounii xapaktep. PU3MK MposBY Mi3HiX
OPOMEHEBUX YCKIIAAHEHb 30€pira€TbCsl MPOTIIrOM YChO-
ro XuTTs xBoporo [15]. Panni Ta mi3Hi ycKmagHeHHS
BHACJIiJOK OMPOMiHEHHS Pi3HATHCS 3a CBOIM MaTOreHe-
30M. biibll TOro, HOCHiIHUKM BBaxKalroTh, 110 Ha Mia-
CTaBi CTYIIEHS TPOSIBY paHHIX e(DEKTiB HE MOXKHA TIPOT-
HO3YBaTU PU3UK BUHUKHEHHS Mi3HiX MiCASIIPOMEHEBUX
ycknagHeHb [9]. BBaxkaeMo Take TBEpIXKEHHS IMC-
KYCiliHMM, OCKiJIbKA BOHO BiJ IoyaTtKy He BpaxoBye IPY
OpraHi3my naii€HTiB.

Cnig 3a3HauWTU, 11O B MeXaHi3Mi PO3BUTKY ITi3HiX
MPOMEHEBUX TOLIKOMXKEHb JIeXaTh MOPYLIEHHS OilblI
pagiope3UCTeHTHUX CTPYKTYp. Y LIbOMY BUITAJKy B pe-
3yJbTaTi HEJOCTATHOCTI KPOBOIIOCTAYaHHSI TKAHWH,
00YMOBJIEHOI OpraHiYHUMM 3MiHAMU CTiHOK apTepion i
KamiisipiB, pO3BUBAIOTHCS (PiOPO3HO-CKIIEPOTUYHI MPO-
Hecu, opraHocneuu@iuHi KJIITUHU 3TOJ0M 3aMilllaloTh-
cs CTIOYYHOIO TKAaHWHOIO [8].

B winomy 3azHaumnmo, 1110 mpoodaeMa JIiKyBaHHS TTi3HiX
MIPOMEHEBHUX YIIKOIKEHb KPUTUYHUX OPTaHiB i TKAHWH,
30KpeMa MaJIoro Ta3y, 110 BUHMKAIOTh B OHKOJIOTIYHMX
XBOPUX MICJISI TEparieBTUMHOIO OMPOMIHEHHSI, OCTaTOY-
HO He BupilieHa [9, 12].

BonHouac orpumaHo JoKa3u iCHYBaHHS pPi3HOI pa-
MiOYYTJAMBOCTI KJIITUH K AeTepMiHAHTU peakliii 3M0po-
Bux TkaHuH Ha I1T [16]. Bucoka IPY oHkosoriuHMX
xBopux (5 % BUMNaaKiB) 0OMeXy€e AONMYCTUMUM piBEHb
TepaneBTUUHOI g03u IB. TTokazaHo, 1110 CTyMHiHb ypa-
JKEHHS JiM@OLUTIB mepudepruyHoOi KpoBi, 1110 BU3HAHI
BHUCOKO pPaJiouyyTIMBUMU OioiHAMKATOpaMU OMNpPOMi-
HEHHS JIIOAWHU, KOPETI0E 3 BUPAKEHICTIO Mi3HIX MPo-
meHeBux edekTiB [17]. Lleit pakT oTpumMaB miaATBEpI-
KEHHSI B IOOCIIIXEHHI 3 BUKOPUCTAHHSM KYJIBTYPHU
¢idbpoodmacris [18].

Radiation-induced changes in the bladder lead
to a decrease in its capacity. The early phase occurs
2—6 weeks after the start of fractionated irradiation
and is characterized by hyperaemia and mucosal
oedema. Early reactions can be complicated by the
development of infections, which can lead to the
loss of the epithelial layer and ulcers. In general,
the severity of radiation damage and the duration
of symptoms are dose-dependent.

Distant radiation complications occur in normal
(non-malignant) cells of almost all organs [9]. The
mechanism of their development is more compli-
cated compared to early effects [4]. The main
processes occur in the organ parenchyma, connec-
tive tissue, and blood vessels. The immune system
is also involved in the process [14]. Unlike early
complications, the development of distant side
effects is irreversible and progressive. The risk of
late radiation complications remains present
throughout the life of the irradiated patient [15].
Early and distant radiation complications differ in
their pathogenesis. Moreover, researchers believe
that the risk of late post-radiation complications
cannot be predicted based on the degree of early
effects [9]. We consider this statement controver-
sial, since it does not initially take into account the
IRS of the patient’s body.

It should be noted that the mechanism of devel-
opment of distant radiation damage is based on
disorders of more radioresistant structures. In this
case, as a result of insufficient blood supply to tis-
sues, caused by organic changes in the walls of
arterioles and capillaries, fibrosis and sclerosis
processes develop, and organ-specific cells are
subsequently replaced by connective tissue [8].

In general, it should be noted that scientific
studies on the treatment of distant radiation dam-
age to critical organs and tissues, including the
pelvis, are mainly descriptive.

The study [16] provided evidence of the exis-
tence of different radiosensitivity of cells as a
determinant of the response of healthy tissues to
RT. 5% of the most radiosensitive cancer patients
limit the permissible level of therapeutic dose. It
has been shown that the degree of damage to pe-
ripheral blood lymphocytes, which are recog-
nized as highly radiosensitive biodosimeters of
the human body, correlates with the severity of
late effects of radiation [17]. This fact was con-
firmed in a study using less labour-intensive
methods [18].
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MozkHa 3poOUTH BUCHOBOK, IO BiAMiHHOCTi MiX iH-
JUBiTyyMaMHM OiIbIIOI0 MipOIO TIPOSIBIISIIOTHCS B IPOMeE-
HEBMX peakllisiX 3I0POBUX TKAHMH.

Jo mi3HiX MPOMEHEeBUX YCKJIaIHEHb, 1110 BUHUKAIOTh
BHacJigoK 1T oHKOTriHEeKOJOTiYHUX XBOPUX, BiTHOCSTH
(¢i0p0o3 CTIHOK CEeYOBOIo Mixypa, emi3oanyHi KpOBOTEYi.
PaHHi 3MiHM KOpeJOTh 3 MOAaJbIIMMU IIi3HIMU
HacJaigKaMM IMPOMEHEBOTO ypaxKeHHS CEYOBOTO Mixypa,
1110 CBiIYUTD TMPO CTYIiHYACTY MPUPOAY MOTO MaToreHe-
3y. @iOpo3Hi 3MiHM B CEUOBOMY MiXypi BTOPUHHI IIOJI0
(byHKIIIOHAIPHMX ITOPYIIEeHb, ITOB’SI3aHUX 3 YPaKeHHSIM
enpotenito [19]. JlareHTHU# Tiepioa, IO Tepeaye po3-
BUTKY Ti3HiX YCKJaaHEHb, MepedyBa€ y 3BOPOTHIM 3a-
JIEXKHOCTI BiJl BEIMYMHU MOMIMHEHO1 no3u 1B.

PanHi nocTrnpoMeHeBi ycKiIagHEHHS 3 0OKY KMILKiB-
HUKa OOYMOBJTIOIOTh ITiABUILIEHHS YaCTOTU TPOSIBY ITi3-
HiX HaclinkiB. BoHU BKITIOYAIOTh YTBOPEHHST XPOHIYHUX
BUPA30K OPSIMOI KMILIKHU, CTEHO3 a0 KMIIKOBY HEIMPO-
XiTHICTb, peKTalabHi KpoBOoTedi. 3i 30iIbIIEHHSIM TpUBa-
JIOCTI TTOCTIIPOMEHEBOIO MEPioay TIXKKICTh CUMIOTOMA-
TUKMU TTIBUIIYETHCS.

JIU1s1 BUSIBJIEHHST O3HAK Mi3HiX MPOMEHEBUX e(DEKTiB He-
00XiIHO 00CTeXyBaTU MALIIEHTIB LIOPIYHO IIiCAs Kypcy
ornpomiHeHHs. Yac 1o mposBy IesIKMX MOCTIIPOMEHEBUX
eeKTiB, HaNpUKJIaa, y CEHOBOMY MiXypi MOX€e CTAHOBH -
™M 0113bKo 10 pokiB, 0COOJMBO ITiC/IsI OMPOMiHEHHS B
HeBeaukux go3ax IB. Tomy oliiHKa mi3HiX ITpoMeHeBUX
yCKJIaJAHEHb JOCUTh CKJIaJHa, 1110 1i BUMara€ TpUBajIoro
JTUHAMiIYHOTO CITIOCTEPEXKEHHS 32 CTAHOM XBOPHX.

Pusuk po3BUTKY Mi3HiX YCKJIAAHEHb Y pa3i MOeIHaHOI
MPOMEHEBOI Ta XiMioTepallil 3pocTa€e, 0COOIMBO B TUX BU-
mnajgKax, KoM XimiorpernapaTu XapakKTepu3yloThcsl BUOIp-
KOBOIO TOKCUYHicTIO. Hampukian, Takuii epekT xapakrep-
HUM 111 6J1COMILIMHY, 1110 BUSIBIISIE JIETEHEBY TOKCUYHICTb,
LWCIUIATUHY, IKUH BIUTMBAE Ha BUAUTbHY (PYHKIIiI0 HUPOK,
Tomro. TakoxX 3a3HaueHo, 1110 ITiJ Yac ONMpOMiHEHHS JIiBOi
TPYOHOI 3aJ103U MAalliEHTaM, SIKi OTPUMYBAJIM JOKCOPYOi-
LIMH, TPOTUNOKA3aHO OMPOMiHEHHS AUISIHKU MioKapaa.

Hamu BcTaHOBIIEHO MiABUILIEHUI piBeHb CIIOHTAHHUX
abepauiii xpoMocoM B T-nmimdoluTax MepBUHHUX OH-
KOTiHEKOJIOTIUHMX XBOPUX Ta IMepeBakaHHS B CIEKTPi
3apEeECTPOBAHUX XPOMOCOMHUX IIepeOymoB abepalliit
xpoMmatugHoro Tumy [8]. Lle cBimumnTh, 110 111e 1o Tmoyar-
Ky TIPOMEHEBOI1 Teparlii B 3I0pOBUX KJIiTUHAX 3 OTOUEH-
HS TyXJIMHU copMOBaHa T€HETWYHA HECTaOiIbHICTD,
sIKa IIPOTHO3Y€E PU3UK BilTaJICHUX IIPOMEHEBUX YCKIaI-
HEHb, B TOMY YMCJIi, BAHUKHEHHSI CTOXaCTUYHUX e(PeK-
TiB — BTOPUHHUX MyXJIWMH pajiailiiiHoro reHesy. Lle min-
TBEP/KYE OMHY 3 TOJOBHUX MapaaurM KIIiHIYHOI pajio-
OioJsiorii «pagialiiiHO-iHAyKOBaHAa HECTAOLIbHICTh T€HO-
MY JIEXKUTb B OCHOBI pO3BUTKY KaHIieporeHe3y» [20].

It can be concluded that differences between
individuals are more evident in the radiation
responses of healthy tissues.

Distant radiation complications arising from RT
in gynaecological oncology patients include blad-
der wall fibrosis and episodic bleeding. Early
changes correlate with subsequent late conse-
quences of bladder radiation damage, which indi-
cates the gradual nature of its pathogenesis.
Fibrotic changes in the bladder are secondary to
functional disorders associated with endothelial
damage [19]. The latency period preceding the
development of distant complications is inversely
related to the amount of the absorbed IR dose.

Early post-radiation bowel complications increase
the incidence of late effects. They include chronic
rectal ulcers, stenosis or intestinal obstruction, and
rectal bleeding. The severity of symptoms increases
with the duration of the post-radiation period.

To detect signs of late radiation effects, it is neces-
sary to examine patients every year after the radia-
tion course. The time to the manifestation of some
post-radiation effects, for example, in the bladder,
can be about 10 years, especially after exposure to
low doses of IR. Therefore, the assessment of late
radiation complications is not easy and requires
long-term dynamic monitoring of patients.

The risk of developing late complications in the
case of combined radiotherapy and chemotherapy
increases, especially when chemotherapy drugs are
characterized by selective toxicity. For example,
this effect is characteristic for bleomycin, which
causes pulmonary toxicity, cisplatin, which affects
the excretory function of the kidneys, etc. It is also
noted that irradiation of the myocardium is con-
traindicated in patients receiving doxorubicin dur-
ing irradiation of the left breast.

We found an increased level of spontaneous chro-
mosome aberrations in T lymphocytes of primary
gynaecological oncology patients and the predom-
inance of chromatid aberrations in the spectrum of
recorded chromosomal rearrangements [8]. This
indicates that even before the start of radiotherapy,
genetic instability is formed in healthy cells sur-
rounding the tumour, which predicts the risk of
long-term radiation complications, including the
occurrence of stochastic effects — secondary
tumours of radiation genesis. This confirms one of
the main paradigms of clinical radiobiology: «radi-
ation-induced genomic instability is a basis for the
development of carcinogenesis» [20].
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o Hailbinpll KpUTUYHUX OPraHiB i3 Mi3HBOIO pe-
aKl1li€lo Ha OMpPOMiHEHHs HajiexaTb HUpKU. [TpoMeHeBi
e(eKTH pO3BUBAIOTLCS IMOBIIbHO, OJM3BKO AEKITBKOX
pokiB. [laToreHe3 nmpoMmeHeBoi HedponaTii AyKe CKIIa-
HUI, TTOYaTKOBOIO JIJAHKOIO SIKOI € YPasKeHHS €HI0TeJi10
i iopo3. 3 ypaxyBaHHSIM HasIBHOI O30BOI 3aJIEXKHOCTI
BUCOKIi 103U BUIIPOMIHIOBAHHSI TIPU3BEAYTh IO MOBHOI
BTpaTH iXHbOI (DYHKIIIOHAIbHOI aKTUBHOCTI [9].

Ha manuii yac MoXXHa BUOKPEMUTH JEKiJIbKa KITIOUO-
BUX (baKTOPIB, 110 OEPYTh YYACTb Y PO3BUTKY PaHHiX Ta
Mi3HIX ITCISIITPOMeHeBUX e(eKTiB: TeHeTUUHI Je(heKTH
B MoJiekyiax JAHK; 3Hm>keHHsT penapaTUBHOTO TTOTEH-
ity KJIITUH; IMiABUIIIEHA PE3UCTEHTHICTh 10 IPOMEHEe-
BOI Teparlii; MpoAyKLisl LMTOKIHiB; MiABUIIEHA HecTa-
OiIbHICTL TeHOMY; MoaudiKallisl yTBOPEHHSI aKTUBHUX
dopm kncHio (ADK) Ta BUCOKMI pu3MK hibporeHe3y.

3HaHHs MaToreHe3y Ta OIOJIOTIYHWX 3acaj PO3BUTKY
nobiyHMX roctrpomeHeBux edekTiB [1T y KitiTiHax 310~
POBHX TKaHWH (30KpemMa, B JIiM(POILINTAX LINPKYJTIOI0YOTO
MyJTy KPOBi) JiexkaTh B OCHOBI pO3p00JIEHHS CEJIEKTUBHUX
paniobiosoriyHO OOIPYHTOBAHMX 3aXUCHUX ITpernaparisb.

Pagianiiinuii 3axuct 310poBUX TKAaHUH. SIK 3a3Haye-
HO Bulle, Jo3oJiMmityrounMm yuHHUKOM IIT € Tone-
PaHTHICTh OTOYYIOUMX IMYXJIMHY HEYIIKOIKEHUX Op-
raHiB i TKAHWH, a TMiABEIEHHS 10 MyXJMHHOTO OCepe/-
Ky TYMOPOLUMIHUX 03 aCOLIIOETHCSI 3 BHCOKOIO
iIMOBIpPHICTIO MPOMEHEBUX YIIKOAXKEHb B 30HAX PU3U-
Ky [21]. Lle moTtpedye mpu3HaYeHHSI JOAATKOBOI Te-
parii, a B IesIKUX Bunaakax — nepepuBaHHs kypcy ITT.

Po3pi3Hst0Th Taki Migxoau A0 3aXMCTy HOPMaJbHUX
TKaHWH: TIPOQIiTaKTUIHI, SKIITO BUKOHYIOTBCS IO Tepa-
MEBTUYHOTO OIPOMIHEHHS; TIOCJIa0JIOBaIbHI, SKIIO
BUKOHYIOTHCSI B MOMEHT OITPOMiHEHHS a00 ofipa3sy ITic-
JISl HBOTO, TOOTO 10 MOYATKY MPOSIBY KJIiHIYHUX CUMII-
TOMIB; TepaneBTUYHI — 3a MOSIBU KJIIHIYHOI CUMIITOMA-
TUKM 3 METOI0 JIiIKyBaHHSI IPOMEHEBUX YCKJIaIHEHb.
Tak, y pa3i mpoMeHeBoi JIEHKOIIEHil, SIka pO3BUBAETHCS
BHACJIiIOK OMPOMiHEHHSI KiCTKOBOIO MO3KY, MpU3HAa-
yafoTh poctoBi dakTopu (G-CSF. GM-CSF). Bonn
MOCIa0JII0I0Th TIPOMEHEBI €(heKTH He TiJbKU B KiCTKO-
BOMY MO3KY, a i y iIHIIIUX TKaHUHax [22].

Harenep k104oBo0 npobjieMoro paaialiiiHOi OHKO-
JIOTii Ta KJIiHIYHOI pa1io6i0JIorii 3a/IMIIAETHCS MOLIYK Ta
pO3po0Ka HETOKCUYHMX (200 MaJIOTOKCUYHKX) Padion-
POTEKTOPIB, SKi MPOSBISIOTh aiHITET TUTBKMU 10 310-
POBUX (HEMaTirHi30BaHUX) KJIITUH 3 OTOYEHHS OMPOMi-
HIOBaHOI MyXJIMHU, HE BIUJIMBAIOUM Ha 11 pagiouyTiu-
BicTh. JIOTpMMaHHSI TaKOTO CLIEHAPII0 Pamio3axucTy He
TIJIbKU MOKPAIIUTh SKICTb XUTTSI OHKOJIOTIYHUX XBO-
pUX, ajie i 3MEHIIUTD IICUXOJIOTiYHE Ta EKOHOMIYHE Ha-
BaHTaXXEHHSI Ha iXHi POAWHU i CYCITJILCTBO B LIJIOMY.

The kidneys are among the most critical organs
with a late response to radiation. Radiation effects
develop slowly, over several years. The pathogenesis
of radiation nephropathy is very complex, with
endothelial damage and fibrosis as the initial stage.
Taking into account the existing dose dependence,
high doses of radiation will lead to a complete loss of
their functional activity [9].

At present, several key factors can be identified
that are involved in the development of early and late
post-radiation effects: genetic defects in DNA mol-
ecules; reduced reparative potential of cells;
increased resistance to radiotherapy; cytokine pro-
duction; increased genome instability; modification
of reactive oxygen species (ROS) formation and high
risk of fibrogenesis.

The knowledge of the pathogenesis and biological
basis for the development of RT side effects in
healthy tissue cells (in particular, in lymphocytes of
the circulating blood pool) is the basis for the devel-
opment of selective radiobiologically based protec-
tive drugs.

Radiation protection of healthy tissues. As noted
above, the dose-limiting factor of RT is the tolerance
of intact organs and tissues surrounding the tumour,
and the delivery of tumour-inducing doses to the
tumour focus is associated with a high probability of
radiation damage in risk areas [21]. This requires the
administration of additional therapy and, in some
cases, interruption of the RT course.

There are the following approaches to protecting
normal tissues:prophylactic, if performed before
therapeutic radiation; relaxation, if performed at the
time of exposure or immediately after it, i.e. before
the onset of clinical symptoms; therapeutic — in case
of clinical symptoms for the treatment of radiation
complications. For example, in case of radiation
leukopenia that develops as a result of bone marrow
irradiation, growth factors (G-CSF. GM-CSF) are
prescribed. They reduce radiation effects not only in
the bone marrow but also in other tissues [22].

Currently, the key problem in radiation oncology
and clinical radiobiology is the search for and devel-
opment of nontoxic (or low-toxic) radioprotectors
that show affinity only for healthy (nonmalignant)
cells from the environment of the irradiated tumour
without affecting its radiosensitivity. Adherence to
such a radioprotection scenario will not only
improve the quality of life of cancer patients, but also
reduce the psychological and economic burden on
their families and society as a whole.

41 @&



ornsaaosi CTATTI

ISSN 2304-8336. [pobnemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Bun. 29.

BUCHOBOK

AHani3 gaHuX JiTepaTypu Ta pe3yJbTaTiB BJIACHUX
IOCTiIKEeHDb TO3BOJIMB CUCTEMAaTU3yBaTU YSIBJIEHHS IIIO-
O TIOCTiZOBHOCTI TIpolieciB (POpMyBaHHSI Ta palio-
OioJIOriYHMX OCOOIMBOCTEN MAaTOreHe3y paHHIX i Mi3HiX
TMIPOMEHEBUX YCKJIAMHEHb y 3JI0POBUX (HEMaJlirHi3oBa-
HMX) TKAHUHAX 3 OTOYEHHS ONMPOMiHEeHOI NyxJauHu. Bo-
HU CBigyaTh MPO HEOOXiAHICTb yIOCKOHAJIEHHS Tpodi-
JIaKTUKHW PO3BUTKY yckiaaHeHb [IT nussxom po3poOKu
3ac00iB BHOIPKOBOrO 3axUCTy 3I0POBUX TKaHWH, SIKi
MOXKYTh 3a3HaBaTU IIPOMEHEBOI0 HaBaHTaXKEHHSI.
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CONCLUSION

The analysis of the literature data and the results of
our own studies allowed us to systematize the ideas
about the sequence of formation processes and
radiobiological features of the pathogenesis of
early and late radiation complications in healthy
(nonmalignant) tissues surrounding the irradiated
tumour. They indicate the need to improve the
prevention of RT complications by developing
means of selective protection of healthy tissues
that may be exposed to radiation.
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