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PE3IOME

AxTtyanbHicTb. [podinaktvka i nikyBaHHA pagiauiiHO-iHOYKOBaAHOrO MPOMEHEBOrO
aepmatuty (PIMO), AkMin 3Ha4YHO MOTipLIYE SKICTb XMTTS XBOPUX NICMsi NPOMEHEBOI
Tepanii (MT), € 3Ha4yHOW npobrnemoto cborodeHHsl. BaxnueicTb Uiei npobrnemu
NiOKPECNioeETbCA TaKOX | TUM, LIO He3BaXKalwuuM Ha ICHYBaHHA HU3KU  KMiHIYHKX
pekoMeHaaLid, po3pobrneHx NPOBIAHUMY MiXKHAPOAHWMMW OpraHisauismu Woao miky-
BaHHA MPOMEHEBOro AepMaTuTy Ta XPOHIYHOI LUKIPHOI TOKCWYHOCTI, iCHYE BWCOKWUWA
CTyniHb PO36iXKHOCTEN MiXX HUMMU, Lo NOTpebye NpoBeAEeHHS NoAanbLUNX OCHIMKEHb.
Meta po6oTu. OuiHUTK CTaH Ta CyyacHi YsIBNEHHsI PO3BUTKY TEXHOMOTiN npodinak-
TUKM Ta NiKyBaHHS pagiauiiHux NpoMeHeBuX 4epMaTuTiB.

Martepianu Ta metoau. lNpoBeneHo ornsg nitepatypu, sikuii 6a3yeTbcsl Ha MacuBi
undposux nybnikauin, sHageHux y ceiToBux pecypcax Scopus Ta Web of Science
Core Collection 3a 2019-2023 pp. Ctparteria nowyky 6a3yBanacs Ha BUKOPWUCTaHHI
TaKux KNio4YoBMX TepmiHiB: «radiation dermatitis», «radiodermatitis», «radiation-induced
dermatitis» 3 06MexeHHsIM 3a hinbTpamMm «pokU», «MEAULIMHAY» Ta «CTaTTi».
Pesynbratn Ta ix ob6roBopeHHs. [poBeneHo cuctematmsalio iHpopmauii wono
TepMmiHonorii  «pafialifiHO-iHOYKOBaHUA MPOMEHEBUA OepMaTuTy, akTopu puUsnky
BUHUKHEHHA PIML, geski nornsam Ha MexaHiamu, NoB’s3aHi 3 iX BUHWKHEHHSIM, Ta
CyyacHi yaBneHHs nNpo ix npodinakTuky Ta nikyBaHHs. BcTaHoBREHi NpoBigHi kpaiHn —
CLA Ta Kntaw, nposigHi HaykoBi ycTaHoBu — Institut Curie, ®paHuis; The University of
Texas MD Anderson Cancer Center, CLUA; German Cancer Research Center
i Universitatsklinikum Bonn, HimeuunHa, Ta University of Toronto 1 Sunnybrook Health
Sciences Centre, KaHaga, Ta ix HaykoBa Tematuka. OuiHEHO LUTYBaHHS ny6nikauin
SIK MOKa3HUK 3HA4YyLLOCTi HayKoBWUX [AocrimpkeHb. BigsHayeHo Hanbinbw iHdopma-
TUBHI HaykoBi koMyHikauiliHi 3aco6u (Radiation Oncology, Frontiers in Oncology,
International Journal of Radiation Oncology Biology Physic).

BucHoBku. OuiHiooum cyyacHuit ctad npobnemu PIMNMA, 6Ginbwicts AocnigHukis
BMCINOBMIOIOTL AYMKY, L0 HE3BaXAaK4M Ha BUCOKY aKTyarbHICTb NUTaHb NPOdIiNaKkTuku
Ta niKyBaHHS MNPOMEHEeBUX AepmaTwuTiB, [OCi Hemae CTaHgapTHUX nigxodis
[0 BUGOpY ONTUMarnbHUX CXeM iX fikyBaHHs. [poBegeHuii ornsig cydacHuxX ysiBreHb
3 BUKOPUCTaHHSIM  GibnioMeTpuyHOro iHCTpPyMEHTapito [O03BOMMB  BCTAHOBUTMU
npoBigHi  KpaiHW, HaykoBi yCTaHOBM Ta Hanmbinbw uuToBaHi nybnikauii Lwono
nuTaHb PIN[. BuaineHHs Tpbox NpoBigHMX KOMYHiKauiHux 3acobiB, TO6TO HaykoBMX
axepen, siki akTUBHO TpaHCMOTb iHhopMmaLilo Npo iHHOBaLiMHI 3acobu npodinak-
TMKM Ta nikyBaHHsa PIMO, [03BonsTb He TiMbKM CKOPOTUTW KifbKiCTb iHdOpMaLii
ANs O3HaloMIeHHs, ane W obpatu ans cebe npoBigHi [xepena, B SIKUX MOXHa
ony6nikyBaTu pe3ynstaTy CBOIX AOCNiAKEHb.
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ABSTRACT

Background. Prevention and treatment of radiation-induced dermatitis that occurs
after radiation therapy (RT) significantly impairs the quality of life of patients, among
which the most severe are pain and discomfort caused by radiation dermatitis (RD).
Purpose. Assess the condition and modern ideas of the development of technologies
of prevention and treatment of radiation-induced dermatitis.

Materials and Methods. A literature review based on massive digital publications
found in the world resources of Scopus and Web of Science Core Collection
for 2019-2023. With restrictions on the filters «Years», «Medicine» and «Articles».
Results. Information on the terminology «radiation-induced dermatitis», risk factors
for RD, some views on the mechanisms associated with their occurrence, and current
ideas about their prevention and treatment were systematized. The leading
countries — USA and China, leading scientific institutions —(Institut Curie, France;
The University of Texas MD Anderson Cancer Center, USA; German Cancer Research
Center and Universitatsklinikum Bonn, Germany, and University of Toronto and
Sunnybrook Health Sciences Center, Canada, and their scientific topics were identified.
Conclusion: The bibliometric analysis of current ideas about the prevention and
treatment of RD allowed us to assess the current state and contribution of leading
countries and scientific organizations to the development of innovative technologies
for the prevention and treatment of RID. The most cited publications were identified,
which indicates their high importance and the availability of a wide range of modern
tools aimed at reducing and alleviating the manifestations of RD. In the future, it is
desirable to create high-quality systematic reviews that will substantiate standardized,

best practices for the prevention and treatment of RD for clinical use.
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38’30k pO60TH 3 HOYKOBMMU MPOrPaAMAMM,
NAGHAMM | TEMaMHU

CratTa € (hparMeHTOM MraHOBOi HayKOBO-AOCHiAHOT
pob6otn [epxaBHOi YCTaHOBWU «IHCTUTYT MeEAMYHOI
pagionorii Ta oHkonorii im. C.IN. Mpurop’eBa HauioHanb-
HOi akagemii MeguyHMx Hayk YkpaiHu» «BusHayeHHs
dakTopiB NpOrHo3y Ta iHAMBIdyanisauia KoMMmekc-
HOro MiKyBaHHS Mi3HIX MPOMEHEBUX  YLUKOOXEHbY,
HOMep AepxaBHoi peecTpauii 0118U001712, npuknagHa,
TepMiH BUKOHaHHs: 2019-2021 pp., KepPiBHWK — AMPEKTOP
[epxaBHOi ycTaHOBM «IHCTUTYT MeOWMYHOI papionorii
Ta oHkonorii im. C.TN. Mpurop’eBa HaujioHanbHOi akagemii
MEOMYHUX HayK YKpaiHuy», [OOKTOp MEAUYHUX Hayk,
npodecop M.B. KpacHocenbcbkuii.

BCTYN

MpomeHeBa Tepania (MT) 3anuwaeTbCst BaXnMBuUm
KOMMNOHEHTOM TiKyBaHHA paky: mamke 70% XBopux
Ha pak otTpumytoTb MT [1-3].

OpHak BMnUB iOHI3YHOYOro BUNPOMIHIOBAHHA HeMU-
Hy4Ye CMPWYNHSAE CYMNYTHE MOLLUKOMXEHHS 300pOBUX TKa-
HVH, WO BUKMUKaE BUCOKY YacTOTy pajiauinHux peakuin
WKipM Yy nNauieHTiB, AKi NepeHecnn nokarnbHe OnpoMi-
HEHHs1 LUKipW, 30Kpema pagiauinHo-iHaykoBaHi npome-
Hesi gepmatutun (PIMM). PapiauinHo-iHaykoBaHa LIKipHa
peakuia (PILUP) € ogHMM 3 0CHOBHUX NOBIYHUX edbekTiB.
loctpi PILLP MOXyTb MaTu TSHKKI HACMiAKu, WO BNAMBaKOTL
Ha AKICTb XMTTA Ta Nporpec NikyBaHHSA paky [4].

LWkipa € ocobnueo papfiodyTnMBOI, | Yy MoHazA
95% nauieHTiB, Aki oTpumytoTb [T, po3BUBaKOTLCA LLKIP-
Hi peakuii Big NOMipHUX A0 TAxXkux [5, 6]. 3rigHo 3 go-
cnigpxeHHam J. Wei Ta cBiBaBT. [7] y 90% nauieHTiB

Relationship with academic programs,
plans and themes

The article is a segment of the planned scientific
research work of the State Institution «Grigoriev Institute
for Medical Radiology and Oncology of the National
Academy of Medical Sciences of Ukraine» on «Deter-
mination of the factors of prognosis and individualization
of complex treatment of late radiation damages», state
registration number 0118U001712, applied research,
scheduled for 2019-2021, is led by the director of the
State Institution «Grigoriev Institute for Medical Radio-
logy and Oncology of the National Academy of Medical

Sciences of Ukraine», Doctor of Medical Sciences,
Professor M.V. Krasnoselskyi.
INTRODUCTION
Radiation therapy (RT) remains an important

component of cancer treatment: nearly 70% of cancer
patients receive RT [1-3].

However, exposure to ionizing radiation inevitably
causes concomitant damage to healthy tissues, which
causes a high incidence of skin radiation reactions
in patients who have undergone localized skin irradi-
ation, in particular radiation-induced dermatitis (RID).
Radiation-induced skin reaction (RISR) is one of the
main side effects. Acute RISRs can have severe
consequences that affect the quality of life and progress
of cancer treatment [4].

The skin is particularly radiosensitive, and more
than 95% of patients receiving RT develop moderate
to severe skin reactions [5, 6]. According to a study
by J. Wei et al [7], 90% of patients after RT developed
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nicna MNT BuHMKNa nocTiiHa epuTtema, a y 30% naui-
€HTIB — Bonora pgeckBamauia. Cnig 3asHaunTh, LWO
rocTpi Ta XpoHi4Hi popmu npomeHesux aepmatutis (M10)
MOXYTb MaTW TSXKKi Hacnigku, $Ki BNNuBalOTb Ha
SKICTb XUTTS Ta Nporpec y nikyBaHHi paky. Cepen Akux
HaMbInbW THKKUMKU € Ginb | AMCKOMAOPT, BUKNMUKaHI
NPOMEHEBVM OEPMATUTOM.

Otxe, npodpinaktuka i nikysaHHa [, S9kuin 3Ha4yHO
noripwye SKicTb XUTTA XxBopux nicna [T, € 3HauyHo
npobnemoto CcborofeHHs. BaxnueicTb Uiei npobnemun
NiOKPECIIOETLCS TaKOX | TUM, LIO He3BaXawyn Ha
iCHYBaHHSI HW3KW KNiHIYHUX pekomeHdauin ansa niky-
BaHHA [ Ta XPOHIYHOI LUKIPHOT TOKCWMYHOCTi, pO3pob-
NeHnx TakMMmu opraHizaudismu, sk: Multinational Asso-
ciation of Supportive Care in Cancer (MASCC) [8],
British Columbia Cancer Agency (BCCA) [9], Cancer
Care Manitoba (CCMB) [10, 11], Oncology Nursing
Society (ONS) [12, 13], The Society and College of
Radiographers (SCoR) [14] Ta International Society
of Nurses in Cancer Care (ISNCC) [15, 16], icHye
BMCOKMI CTyMiHb PO30iXKHOCTEN MiXX HMMM, WO noTpebye
npoBedeHHa noganblumx gocnigkeHb [17]. Hessa-
XKawun Ha Te, Wo 3apa3 ansa nikysaHHsa [ Bukopwuc-
TOBYETbCSl 0€3niy pi3HMX cTpaTerin, MiX HUMW Hemae
KOHCEHCYCy, a pekoMeHauii LwWoao npodinakTukm
Ta niKyBaHHA pafjiauiiHux ypaxeHb LWKipU npoTArom
ocTaHHiX 10 pokiB NpaKkTUYHO He 3MiHunmca [18].

Came TOMy poboTa cnpsiMoBaHa Ha [OCHifXEHHS
CTaHy nuTaHb NpPodiNakTUKM Ta niKyBaHHA npome-
HEeBOro fiepmMaTuTy.

Meta po6otu. OuiHNTM CTaH Ta Cy4vacHi YsIBNEHHS
pPO3BUTKY TexHOMorii nNpodinakTukM Ta  niKyBaHHA
pagiauinHMX NPOMEHEBUX AEPMATUTIB.

MATEPIAAU TA METOAU AOCAIAXEHHS

[ocnigXeHHst NpoBeAeHO 3 BUKOPUCTaAHHAM HayKOBMX

LMdpoBUX pecypcis
Scopus (https://www.scopus.com/),

Web of Science Core Collection
(https://www.webofscience.com/wos/woscc/basic-search),
PubMed (https://pubmed.ncbi.nim.nih.gov/).

BoHn 3ab6e3neuvytoTb BMYEPNHWUA OMMSA pesyrbraTiB
CBIiTOBMX OOCHNISKEHb Y Pi3HWUX rany3sx Hayku Ta npo-
MOHYIOTb IHTENeKTyanbHi 3acobu BiACTEXEHHHA, aHanidy
Ta Bidyanizauii 3HangeHux AOKYMeHTiB. AHani3 npose-
AeHo 3a nepiog 2019-2023 pp., ctaHom Ha 01.01.2024 p.

Crpateria nowyky 0asyBanaca Ha BWKOPUCTaHHI
Takux KN4voBUX TepMiHiB: «radiation dermatitis», «radio-
dermatitis», «radiation-induced dermatitis» 3 obmexeH-
HAM 3a QINbTPaMM «POKUY», «MeOuuMHa» Ta «CTaTTi».
Pesynbratv npoBedeHHst NOLLIYKY HaBefeHo y Tabnuui 1.

persistent erythema, and 30% of patients developed
wet desquamation. It should be noted that acute
and chronic forms of radiation dermatitis (RD) can have
severe consequences that affect the quality of life
and progress in cancer treatment. Among them, the
most severe are the pain and discomfort caused by
radiation dermatitis.

Thus, the prevention and treatment of RD, which
significantly worsens the quality of life of patients
after radiation therapy, is a significant problem today.
The importance of this problem is also emphasized
by the fact that despite the existence of a number of
clinical guidelines for the treatment of RD and chronic
skin toxicity developed by organizations such as:
Multinational Association of Supportive Care in Cancer
(MASCC) [8], British Columbia Cancer Agency (BCCA) [9],
Cancer Care Manitoba (CCMB) [10, 11], Oncology
Nursing Society (ONS) [12, 13], The Society and College
of Radiographers (SCoR) [14] and International
Society of Nurses in Cancer Care (ISNCC) [15, 16],
there is a high degree of discrepancy between them,
which requires further research [17]. Despite the fact
that many different strategies are currently used to
treat RD, there is no consensus among them, and
recommendations for the prevention and treatment
of radiation skin lesions have not changed much over
the past 10 years [18].

That is why the work is aimed at studying the
state of the art of prevention and treatment of radi-
ation dermatitis.

Purpose. To assess the condition and modern ideas
of the development of technologies of prevention and
treatment of radiation-induced dermatitis.

MATERIALS AND METHODS

The research was conducted scientific

digital resources
Scopus (https://www.scopus.com/),

Web of Science Core Collection
(https://www.webofscience.com/wos/woscc/basic-search),
PubMed (https://pubmed.ncbi.nim.nih.gov/).

These platforms provide a comprehensive overview
of the results of global research in various fields of
science and offer intelligent tools for tracking, analyzing,
and visualizing found documents. The analysis was
conducted for the period 2019-2023, as of 01.01.2024.

The search strategy was based on the use of the
following key terms: «radiation dermatitis», «radio-
dermatitis», «radiation-induced dermatitis» with filters
limited to «years», «medicine» and «articles». The search
results are presented in Table 1.

using

Ta6nuus 1. Pe3ynsrati nowyky y 6asax gaHux WoS ta Scopus
Table 1. Search results in the WoS and Scopus databases

: : Kinbkictb aokymeHTiB / Number of documents
[MowykoBi TepMiHK 2019-2023
Key terms
WoS Scopus
Radiation dermatitis 661 1248
Radiodermatitis 131 334
Radiation-induced dermatitis 94 268
Ornsag nitepatypu 107 Literature review
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Ak 6auumo, 3a ycima TepmiHamu Binblie nyonikauin
y uudcpoBomy pecypci Scopus 3a 2019-2023 pp.
Hbx y WoS. Came TOMy Ans noaanblUIOro aHanisy
6yno obpaHo 268 nybnikauii i3 Scopus. bibniomet-
pUYHUA aHani3 npoBegeHoO 3a KiNbKICHUMW HayKOMeT-
PUYHMMK MOKa3HMKaMuM Scopus, 30Kpema 3a AuHaMi-
Koo ny6Gnikaui, posnoginy nyb6nikauii 3a kpaiHamu,
aBTopamu, oOpraHisauisMmu, UMTyBaHHAM nybnikauii Ta
iHwumn. Okpemo aHanidyBanu BigibpaHi Tekctu ny6ni-
Kauin. 3a HeoOXxigHiCcTIO Mowyk yTovHoBanuM 3a B[l
PubMed. Okpemo i3 BigibpaHoro macuBy ny6nikadii
O6yno BukntodeHo ay6ni ny6nikaui. Oani BuB4Yanucs
pedepaT¥ Ta MOBHI TeKCTM BigibpaHMx cTaTen Ans
OLiHKM cy4YacHOro cTaHy npobnemu npodinakTukm
Ta nikysaHHs MNA.

PE3YABTATU TA X OBrOBOPEHHS

BU3HA4YeHHs TepMiHiB

3aranbHOBIAOMUMUN € TaKi MOHATTA K NMPOMEHEBUN
JepmMatuT, NOCTNPOMEHEBUIN AepmMaTuT, pagiauinHo-iHay-
KoBaHuN AepmaTtut. [MOHATTA «NPOMEHEeBUA OepMaTUT»
(Takox BigOMUWIA Ik pagiogepmMaTuT) TPaKTYHTh K LUKipHe
3aXBOPIOBAHHS, NOB’A3aHe 3 TPMBaNMM BMIIMBOM iOHi3yH0-
Yoro BWMNPOMIHIOBaHHA. Llen Bug gepmatuty He
000B’A3KOBO MOB’A3aHUI 3 MPOMEHEBOK  Tepanieto,
OCKifnbKM BiH MOXe yTBOptoBaTucs Big Oyab-sakoro pagia-
LifHOro BNAMBY Ha nmoguHy [19].

3rigHo 3 «Knacudikatopom xBOpo6 Ta cnopigHe-
HMX Npobrnem oxopoHu 3gopoB’si» (HK 025:2021, L58) [20]
YPaXKEHHS1 LUKIpU Ta NIAWKIPHOI KITITKOBMHKW, MOB’A3aHi
3 ONPOMIHIOBaAHHAM, MOAINATL Ha Kiflbka doopM, 30KpemMa
pagiauinHMn NPOMEHEBUI OepMaTUT, SKMA B CBOKO Yepry
NnoainsTe Ha FrOCTPUMA pagiauinHun aepmaTuT, XPOHid-
HUA pagiauiiHi gepmatuT Ta pagiauiiHui gepmMatur,
HeyTOuYHeHW. PagiauinHni gepmatut moxe OyTu pi3HMX
CTafin: ypaXKeHHs Nerkoro, cepeaHboro, TSXKKOro Ta BKpan
TSHKKOro CTyneHs. BOHM TakoX MaloTb pi3Hi NposiBu
yCKrnagHeHb. 3anexHo Big CTyneHs TSXKKOCTi ycknag-
HEHHSI MOXYTb OyTW Taki: HeKpo3u, iH(iIKyBaHHS, Ni3HA
npomMeHeBa BMpaska, ibpos.

PapiauinHo-iHaykoBaHi MpOMeEHeBiI AepMaTuTh YacTo
OLLiHIOKTBCA AK FOCTPI Ta XPOHIYHI, SKi KracuikyroTbCa
3a wkano Bia 1 4O 4 Ha OCHOBI 3ararnbHUX TEPMIHOSO-
riYHMX KpUTEPIiB HebaxaHux s, [21]:

CcTyniHb 1 — 3MiHM BKIIOYAKOTb CyXy AecKBamauito
3 reHepani3oBaHoK epuTEMOLD;

CTYNiHb 2 — BKIOYaKTb BUPaxXeHy eputemy abo
NASMUCTY BOMOry AeCKBaMaLiito;

CTYNiHb 3 — 3MiHW BKIIO4aKOTb BEMUKY BOMOry AECKBa-
MaLito No3aLlKipHUX CKNaaok;

CTYNiHb 4 — 3MiHW BKNIOYaKOTb BMPAa3KW, KPOBOTEYi Ta
HEeKpOo3 LUKipw.

[octpi PIMO 3asBu4a po3BUBAKOTLCA MNPOTArOM
90 gHiB nicns noyvatky MT, i CTyNiHb TSHKKOCTI KMiHIYHNX
NposiBiB 30iNbLUYETLCA MPOTArOM KiflbKOX TWDKHIB Micns
3aKiH4eHHa nikyBaHHA. KniniyHo PIMO xapaktepusy-
I0TbCS LUMPOKUM CMEKTPOM CUMMTOMIB, TakUX SK epu-

TeMa, Habpsiku, p[eckBamalisi, nirmeHTauid, ibpos
i BUpasKa LLKipHUX LuapiB.
XPOHiYHi  papgiauifHo-iHOyKOBaHi  peakuii  wKipn

BKIIOYAKOTb XPOHIYHI BUPA3KM Ta paHu, TeneaHriekra-
3il, BTOPUHHMI paK LWKipy Ta pajiauiiHo-iHOyKOBaHWI
kepaTos [21].

As we can see, by all terms, there are more publi-
cations in the Scopus digital resource for 2019-2023
than in WoS. That is why 268 publications from
Scopus were selected for further analysis. The biblio-
metric analysis was carried out using quantitative
scientometric indicators of Scopus, in particular, the
dynamics of publications, distribution of publications
by country, authors, organizations, citations, etc. Selected
texts of publications were analyzed separately. If neces-
sary, the search was refined using the PubMed data-
base. Duplicate publications were excluded from the
selected set of publications. Next, abstracts and full
texts of the selected articles were studied to assess
the current state of the problem of prevention and
treatment of RD.

RESULTS AND DISCUSSION

Definition of terms

Such terms as radiation dermatitis, post-radiation
dermatitis, and radiation-induced dermatitis are well
known. The term «radiation dermatitis» (also known as
radiodermatitis) is interpreted as a skin disease asso-
ciated with prolonged exposure to ionizing radiation.
This type of dermatitis is not necessarily associated
with radiation therapy, as it can occur from any radiation
exposure to humans [19].

According to the Classification of Diseases and
Related Health Problems (NK 025:2021, L58) [20],
radiation-related skin and subcutaneous tissue lesions
are divided into several forms, including radiation derma-
titis, which is divided into acute radiation dermatitis,
chronic radiation dermatitis, and unspecified radiation
dermatitis. Radiation dermatitis can be of different stages:
mild, moderate, severe, and extremely severe. They also
have different manifestations of complications. Depending
on the severity, complications may include necrosis,
infection, late radiation ulcer, and fibrosis.

Radiation-induced dermatitis is often assessed as
acute and chronic, which are classified on a scale from 1
to 4 based on common terminological criteria for
adverse events [21]:

Grade 1 — changes
with generalized erythema;

Grade 2 - changes include severe erythema or
patchy wet desquamation;

Grade 3 — changes include extensive moist desqua-
mation of the extracutaneous folds;

Grade 4 - changes include ulceration, bleeding,
and skin necrosis.

Acute RID usually develops within 90 days after
the start of RT, and the severity of clinical manifesta-
tions increases within a few weeks after the end of
treatment. Clinically, RIDs are characterized by a wide
range of symptoms, such as erythema, edema, desqua-
mation, pigmentation, fibrosis, and ulceration of the
skin layers.

Chronic radiation-induced skin reactions include
chronic ulcers and wounds, telangiectasias, secondary
skin cancer, and radiation-induced keratosis [21].

Features of clinical manifestations of RID are deter-
mined based on the severity of the processes at each
stage [22], and they range from minimal degenerative
changes in epidermal germ cells to necrosis.

include dry desquamation
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OcobnueocTi  kniHiYHMX nposisis  PIMO  Bu3Hava-
I0TbCSl, BMXOAAYM 3i CTYMEHsi BMPaXXEHOCTi nNpoLeciB
Ha KoXXHOMY eTani [22], a Ti BapitoloTb Big MiHIManbHUX
JereHepaTvBHUX 3MiH B enigepmanbHUX 3apoaKOBMX
KNiTUHax [0 HEKPO3y.

3 ypaxyBaHHSIM HEOAHOPIAHOCTI KMiHiYHMX MposBIB
pagiogepmaTtuTy Aons craHaapTyaauii BU3Ha4YeHHs cTyne-
HiB X TSKKOCTi BMKOPWUCTOBYIOTb MiDXKHApPOOHi KpuTepil
Toxicity criteria of the Radiation Therapy Oncology Group
(RTOG), The European Organization for Researchand
Treatment of Cancer (EORTC) i HauioHanbHoro iHCTu-
TyTy paky CLA (Common Terminology Criteria for
Adverse Events v5.0-CTCAE V5.0) [23, 24].

Bigowmo, o nepui paHHi 3miHW LWKipu BinbyBaoTbCs
npotarom 1-4 TwxHiB 3 nodatky T Ta 36epiraloTbes
npoTdroMm nepiogy nikyBaHHa [25]. A nposiBu pagio-
JepmatuTy BUHMUKaOTb y dpopmi epuTemn (ouiHka | Biag-
nosigHo Ao wkann EORTC/RTOG), noTim 3’ABRSETLCA
cyxe BignyulyBaHHsa (Il cTyneHs BignoBigHO A0 LiKanu
EORTC/RTOG). HactynHum eTtanom € MoKpe BianyLuy-
BaHH4A (Il ouiHka BignosigHo o wkanu EORTC/RTOG).
IHoAi iCHYIOTb Cepno3Hi ypaxeHHs WKipu y opmi Bupa-
30k (IV ouiHka BignosigHo go wkanun EORTC/RTOG).
da3za Bomnororo BiANyLlyBaHHA Ta BUpPasku (TSXKKICTb
peakuii 1l i 1IV) yacto cynpoBomxyeTbcs OGakTepianb-
HOO Ta rpMBKOoBOIO iHdbeKLisMK [26].

PaKTOPU PUIUKY BUHUKHEHHSA

NPOMEHEBOro AEpMATUTY

OcKinbkn npu 30BHILLHBOMY OMPOMIHIOBAHHI LUKipa
i nigwkipHa KNiTKOBMHA 3a3BMYalt OTPUMYKOTb Han3Hau-
Hilly MOrMUHYTY A03y, CaMe BOHM Ham4acTiwe oTpu-
MYIOTb pafiauiniHi ypaxeHHs. [ia papgiauii Ha wkipy
3anexuTb Big piBHA [03W, Ti NOTYXHOCTI 1 (pakuioHy-
BaHHS, @ TakoX BUAY BUNPOMIHEHHS.

Ha gymky M.I. MununeHka [27] B OCHOBI pO3BUTKY
NPOMEHEBMX YLLUKOIXKEHb LLKIPW NexaTb Taki hakTopwu sik:
Oist pagiaudii Ha KNiTUHKW; NPUrHIYEHHS pereHepaTopHUX
npoueciB; NOPYLUEHHS MicLEeBOro KpoBo- i nimcoobiry,
MIKPOLMPKYNALii, 3ropTanbHOi CUCTEMMU KpPOBI; AereHe-
pauis HepBOBMX 3aKiHYeHb Ta BOJIOKOH; 3arubenb
Ta 3aMileHHs KMiTWUH rianiHi3oBaHOK CMONy4HOK TKa-
HWHOIO; IMYHHI peakuil Ta mexaHiamu aneprii. ABTOp 3a-
NpONoHyBaB TakMM Mogin akTopiB pU3nKy: BHYTPILLHIMK
dakTopamu NiABULLIEHHST pu3nKy po3BuTky MO MOXyTb
cTaTu XPOHiYHi 3ananbHi npouecu; anepris Byab-skoro
NMOXOMXXEHHS; LUKIpHI 3aXBOPIOBAHHS; OXMPIHHSA; BUCHa-
)KEHHsI; €HIOKPUHHI 3axBOPHOBaHHS (LyKpoBui p[iaber,
XBOpOOW  LWmTOMOAIGHOT 3ano3um 3 MopyLeHHAM T
YHKUIT TOLLO); 3aXBOPIOBaAHHS HUPOK; aHeMisl; 3HEeBOA-
HEHHs1 Ta NopyLUEHHs nepudepiiHOro KpoBooGiry.

AesKi NorAsAu Ha MexaHiamm,

NOB'A3aHI 3 paAIALIMHO-IHAYKOBAHMMMU

wKipHMmu peakuismu (PILLP)

Cnig 3ynMHUTUCA Ha ornsai OesikuX MexaHi3MiB,
sKi  3ymMOBMOOTbL BMOIp cTpaTterii nikyBaHHs [, Ta
0GroBOpPIOKTECA MPAKTUYHO Yy KOXHIM CTaTTi Ha Uk
Tematuky [7, 28-30].

Mig 4ac npoeegeHHss [T BNAMB iOHI3yBanbHOro
BMMPOMIHIOBAHHS Ha LUKipy NpU3BOAUTL A0 NPSIMOro Kii-
TUHHOTO MOLLUKOXXEHHS1 i PO3BMTKY 3ananbHOro npoLecy.
Micns ninBeneHHs gosm MNT BiabyBaeTbCst MOLLKOMKEHHS
GasanbHUX KMiTUH enigepmicy, eHaoTenianbHUX KhiTuH
cyavH Ta iH. KoxHa HactynHa dcpakuia [T 3anyckae
pPO3BMTOK 3ananbHOi peakuii B enigepmici Ta gepmi.

Taking into account the heterogeneity of clinical
manifestations of radiodermatitis, the international
criteria Toxicity criteria of the Radiation Therapy Oncology
Group (RTOG), The European Organization for Research
and Treatment of Cancer (EORTC) and the US National
Cancer Institute (Common Terminology Criteria for
Adverse Events v5.0-CTCAE V5.0) are used to stan-
dardize the determination of their severity [23, 24].

It is known that the first early skin changes occur
within 1-4 weeks from the start of RT and persist
during the treatment period [25]. And the manifestations
of radiodermatitis occur in the form of erythema
(grade | according to the EORTC/RTOG scale), foll-
owed by dry exfoliation (grade Il according to the
EORTC/RTOG scale). The next step is wet exfoliation
(grade Il according to the EORTC/RTOG scale).
Sometimes there are serious skin lesions in the form of
ulcers (grade IV according to the EORTC/RTOG scale).
The phase of wet exfoliation and ulceration (reaction
severity Il and IV) is often accompanied by bacterial
and fungal infections [26].

Risk factors for radiation dermatitis

Since the skin and subcutaneous tissue usually
receive the most significant absorbed dose during
external irradiation, they are the most commonly affected
by radiation damage. The effect of radiation on the
skin depends on the dose level, its power and frac-
tionation, as well as the type of radiation.

According to M. I. Pylypenko [27], the development
of radiation damage to the skin is based on the following
factors: radiation effect on cells; inhibition of regenerative
processes; disorders of local blood and lymph circu-
lation, microcirculation, and blood coagulation; degene-
ration of nerve endings and fibers; cell death and replace-
ment by hyalinated connective tissue; immune reactions
and allergy mechanisms. The author proposed the
following division of risk factors: internal factors
that increase the risk of developing RD may include
chronic inflammatory processes; allergies of any origin;
skin diseases; obesity; exhaustion; endocrine diseases
(diabetes mellitus, thyroid diseases with impaired thyroid
function, etc.); kidney disease; anemia; dehydration
and peripheral circulatory disorders.

Some views on the mechanisms
associated with radiation-induced
skin reactions (RISR)

It is worthwhile to review some of the mechanisms
that determine the choice of RD treatment strategy
and are discussed in almost every article on this
topic [7, 28-30].

During radiotherapy, the effect of ionizing radiation
on the skin leads to direct cellular damage and the
development of an inflammatory process. After the radia-
tion dose is delivered, basal epidermal cells, vascular
endothelial cells, etc. are damaged. Each subsequent
fraction of radiation therapy triggers the development
of an inflammatory reaction in the epidermis and dermis.
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Ha gymky Wei J. [7] 3i cniBaBT., Ik NpaBuno, 3 BUHWK-
HeHHAM PIMO noB’si3yioTb 3ananeHHa Ta okcuaaTuB-
HUM CTPEeC, OCKIfIbKM BOHW B3aEMOAiOTb i CNpUSATb
OAMH ogHOMY Mig Yac BUHUKHeHHSA M. PaHHO 3ananbHy
BiONOBiAb Ha OMNPOMIHEHHS MNEPEBaXHO BUKIUKAKOTb
untokiHm IL-1, IL-3, IL-5, IL-6, IL-8 i cbakTOp Hekposy
nyxnvnaun o (TNF-a), peuentopHa TMpO3WHKiHa3a i mone-
Kynu agresii (monekynu mixknituHHoi agresii 1 (ICAM-1),
E-cenekTtuH i Ginok agresii cyauMHHMX KniTUH. OKUCHO-
BiOHOBHI peakuii BigirpaloTb KNOYOBY ponib y naToreHesi
paHHIX Ta ni3HiX wWKipHUX HebaxaHux peakuin [1T.
Y pesynbrati BNNUBY iOHi3yBarbHOMO BUNPOMIHIOBaHHS
BinOyBaeTbCcs pagionia BoAM 3 YTBOPEHHSIM aKTUBHUX
dopm kucHio (Reactive Oxigen Species, ROS) Ta
akTnBHMX popm a3oTy (Reactive Nitrogen Species, RNS),
BiAMOBiAaNbHMX 32 MOLUKOMXXEHHS HOpPManbHUX TKa-
HUH (puc. 1) [7, 21].

IL-1, IL4, IL-5, IL-6, IL-8,
IL-13, IL-33, TNF-a,
ICAM-1. VCAM
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According to Wei J. [7] et al. as a rule, inflammation
and oxidative stress are associated with the occurrence
of RIRD, as they interact and contribute to each other
during the occurrence of RD. The early inflammatory
response to radiation is mainly caused by the cyto-
kines IL-1, IL-3, IL-5, IL-6, IL-8 and tumor necrosis
factor o (TNF-a), receptor tyrosine kinase and adhesion
molecules (intercellular adhesion molecules 1 (ICAM-1),
E-selectin and vascular cell adhesion protein). Redox
reactions play a key role in the pathogenesis of early
and late skin adverse reactions of radiotherapy.
As a result of exposure to ionizing radiation, water
radiolysis occurs with the formation of reactive oxygen
species (ROS) and reactive nitrogen species (RNS)
responsible for damage to normal tissues (Fig. 1) [7].
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IL-1B, IL-18

TGF-g, IL-10

Puc. 1. MexaHiamu, nos’s3aHi 3 PIM[: 3ananeHHs Ta okcmaaTneHuia cTpec [7]:

COX-2 — yuknookcureHasa 2; ICAM-1 — monekyna MikkniTuHHoI agresii 1; iINOS —

iHayumberibHa cuHTasa oKkcuay asory;

NF-kB — spepHun daktop kB; NLRP3 — Hykneotuass’'sidylounii JOMeH;

leucine-rich repeat-containing family — nipuHoBuin fomeH, wo mictuTe 3 noBTopy — NO, okeug asory;

RISR - pagiauinHo-iHaykoBaHa LkipHa peakuis; TNF — daktop Hekposdy nyxnuH; VCAM — 6inok agresii cyauHHMX KNiTUH
Fig. 1. Mechanisms associated with RISRs: inflammation and oxidative stress [7]:

COX-2 — cyclooxygenase 2; ICAM-1

— intercellular adhesion molecule 1;

iNOS — inducible nitric oxide synthase;

NF-kB — nuclear factor kB; NLRP3 — nucleotidebinding domain;
leucine-rich repeat-containing family — pyrin domain-containing 3, NO — nitric oxide;
RISR - radiation-induced skin reaction; TNF — tumor necrosis factor; VCAM — vascular cell adhesion protein

OTxe, cnig 3as3HaunTu, wWo y baraTbox AocnigKeH-
HAX [21-26] noka3aHo, WO B yMOBax NEPBUHHOIO OMpo-
MIHEHHS Ta TOCTPOro MPOMEHEBOIO YPaKEHHS LUKIpPU
NepBUHHI NaToOMOriYHi 3MiHW Ha TKaAHWHHOMY pIiBHi 3y-
MOBMEHI NPSIMAM  BMNAIMBOM  iOHi3yBanbHOro BUNPOMi-
HIOBaHHS1 Ha KMITUHW Ta CTPYKTypu LWKipu. Cnoyatky
pagiauis 6e3nocepenHbo nowkomkye AHK kniTuH Lwikipwn,
30KpeMa kepaTuHouuTiB i ¢pibpobnacTis, WO npuU3Bo-
OnTb 00 ixHbOI 3armbeni abo nopyllieHHs YHKLiOHY-
BaHHA KniTnH. Lle 6e3anocepedHe NOLLKOAXEHHS KNiTUH
€ KPUTUYHUM TpUrepomM Ans noganblunX TKAaHUHHUX pe-
akui. OgHovacHo pagiauiiHuii BNMB reHepye akTUBHI
hopMU KUCHIO, AKi CNPUSIIOTE OKUCHIOBaNbHOMY CTPECY.

OuiHka MexaHi3MiB TOKCUYHOCTI HOpMarbHUX TKaHWH
TaKOX Mokasana, Lo iMyHHi peakLii, ocobnuneo 3ananbHi
peakuii, BigirpaloTb KMOYOBY pofb SK Y pPaHHiX, Tak
i B ni3Hix nobiyHmx ecdpektax Bnnuey [MT [21-24].

Thus, it should be noted that many studies [21-26]
have shown that in conditions of primary exposure
and acute radiation damage to the skin, the primary
pathological changes at the tissue level are caused by
the direct effect of ionizing radiation on skin cells and
structures. Initially, radiation directly damages the DNA
of skin cells, in particular keratinocytes and fibro-
blasts, which leads to their death or impaired cell
function. This direct cell damage is a critical trigger
for further tissue reactions. At the same time, radiation
exposure generates reactive oxygen species that contri-
bute to oxidative stress.

Evaluation of the mechanisms of toxicity in normal
tissues has also shown that immune responses, espe-
cially inflammatory reactions, play a key role in both
early and late side effects of radiation exposure [21-24].
DNA damage and cell death, as well as damage to
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MowkomxkeHHa [OHK i 3arnbenb KMiTUH, a TakoX Mo-
WKOMXKEHHS [OEesIKUX OpraHen, Takmx sK MITOXOHAPII,
3anycKkatTb Kifbka CUrHanbHUX LUMNAXIB, O NpU3BOASTH
00 BignoBidi iMyHHUX KNiTWUH. MacuBHe NOLUKOAXEHHS
KNiTUH, $Ike € MOLIMPEHNM SBULLEM MiCNsi  BNAMBY
Bncokoi go3u [T, CnpuynHSAE CeKpeLilo BEnuKoi Kinb-
KOCTi MepfiaTopiB 3ananeHHsi, BKIMYHO 3 LMUTOKIHaMm
Ta xeMokiHamu. Lli megiatopn iHiLilOOTbL pPi3HI 3MiHK
B HOPMamnbHUX TKaHWHaX, siKi MOXyTb BigbyBaTucs
TpMBanum 4Yac nicns onpomMiHeHHs [25].

Cy4dacHi ySBA€HHS NPOMIAGKTUKMU TA AIKYBAHHS

NPOMEHEBOro AEpMATUTY

MauieHtam, ski otpumytotb [T, pekomeHooBaHa
LoAeHHa ririeHa ONPOMIHEHOI LINAHKM LKipW, WO Mae
NpoBOAUTUCS TEMMOK BOAOHK, M’SIKOW HeabpasvBHO
Moyankot 3 pH-HelTpanbHuM mMunoMm abo disionoriv-
HUM po3dnHoM. O6oB’sI3koBO Tpeba HaBvaTW MauieHTiB
LWOAEHHOMY [OrMsiay 3a LWKIpOK Ta paHamu, a Takox
3acToCcyBaHHIO MicLeBux npenaparis [28].

EdektnBHuM npodoinaktmyHum  3axogom [ €
3acTocyBaHHS TONiYHMX rrtokokopTukocTepoidis (TMKC)
[29, 30], aki MOXYTb 3MEHLINTU TSKKICTb MPOMEHEBOI
peakuil LWKipn 3aBOsKM IXHIM NpoTuU3ananbHin aii —
3HWKeHHo npoaykuii IL-1, IL-2, IL-6 IFN-y, TNF i rictaminy.

lMpomeHeBM pepmMaTUT € HanWyacTilwMM ycknag-
HEHHAM MPOMEHEBOI Tepanii nig 4Yac OMNpPOMIHEHHS
rpyaHoi 3anosu Ta BuaBnseTbesa y 90% nauieHTok, cepen
aknx y 30% BuNagkiB TpannsawTbCA MOMIPHI Ta TSDKKI
nposien [31]. MpubnusHo y 80-90% xBopux i3 nyxnu-
HamMM rofioBM Ta LWMi nNig 4Yac nNpomeHeBoOi Tepanii
pPO3BMBaETLCA pagiauinHnin gepmatut [32].

Hesaxatoun Ha nowwmpeHictb [, He icHye «3omoTo-
ro cTtaHgapTy» Ans WOro NpodinakTuky Ta niKyBaHHS.
Barato 3aco6iB i cxem nikyBaHHs1, O BUKOPUCTOBYOTb-
CSl HMWHi, 4YacTO ['pPYHTYIOTbCA Ha HeomIUinHMX OaHUX
i QocCnigXeHHAX i3 HeQOCTaTHLOK MOTYXHICTIO, a TakoX
Ha cy6’ekTMBHUX ynopobaHHax nikapie [7, 33]. Barato
MeToAiB nNiKyBaHHA He BpPaxoBYKTb nNaTtodisionorivHi
3MiHW LLUKIpK, WO fexaTb B OCHOBI MOPYLUEHHS KNiTUH-
Horo GanaHcy Mk aepmoto Ta enigepmicom [34]. Jliky-
BaHHA [ cnig noynMHaTn 3 HaBYaHHS NaLieHTiB gornsay
3a LWKipoK [0, nicnsa Ta nig Yac NpoMeHeBoi Tepanil.

Baranom metoam nikyBaHHs roctpux M BknovaoTb
nikyBaHHA cTepoigamu, Kpemamu, mMassMu Ta rigpoko-
NOiAHMMM NOB’sI3KaMM, 3arneXHO Bif CTYMEHSA YPaXKeHHS.
Mpu copmyBaHHiI cTpaTerii nikyBaHHA pagiauiiHo-iHAOY-
KOBaHUX YLUKOMKEHb LUKIpU Ta M'SIKUX TKaHWH AOChiaHW-
KM MatoTb Y CBOEMY apceHani pisHi 3acobu [28, 35, 36]:

— kopTukocTepoiam (Topical corticosteroids);

— kpemu Ta masi (Creams and ointments);

— rigporenesi Ta rigpokonoigHi nos’siskn (Hydrogel
and hydrocolloid dressings);

— Me3eHximanbHi cTtoBbypoBi knitTuHM, MCK (Mesen-
chymal stem cells (MSCs));

— aHTMOKCUAAHTHI hepMeHTU, 30Kpema Cynepokcua-
aucmyTasy (Superoxide dismutase (SOD));

— nasep HU3bKOI iHTeHCMBHOCTI (Low-intensity laser);

— rinepbapuyHy okcureHotepanito (Hyperbaric oxy-
gen therapy, HBOT) Ta iHLui.

B YkpaiHi HaykoBUSMM B Pi3Hi pOKM NPOMOHyBanucs
Taki OCHOBHi 3acobu 3anobiraHHs Ta nikyBaHHA papia-
LinHnx gepmatuTie [37]:

— Ha paHHiX CcTagiax npoMEeHeBUX OepMaTuTie
(eputemn, cyxun enigepmit) edpektmsHi annikauii 10%
pO34UHY AUMEKCUAY;

certain organelles, such as mitochondria, trigger several
signaling pathways that lead to immune cell responses.
Massive cellular damage, which is common after
high-dose radiation exposure, causes the secretion
of a large number of inflammatory mediators, including
cytokines and chemokines. These mediators initiate
various changes in normal tissues that can last for a long
time after irradiation [25].

Modern concepts of prevention and treatment

of radiation dermatitis

Daily hygiene of the irradiated skin area is recom-
mended for patients receiving RT, which should be
performed with warm water, a soft, non-abrasive
washcloth with pH-neutral soap or saline. It is imperative
to educate patients on daily skin and wound care,
as well as the use of topical medications [28].

An effective prophylactic measure for RD is the use
of topical glucocorticosteroids (tGCS) [29, 30], which
can reduce the severity of the radiation skin reaction
due to their anti-inflammatory effect — reducing the
production of IL-1, IL-2, IL-6 IFN-y, TNF and histamine.

Radiation dermatitis is the most common compli-
cation of radiation therapy during breast irradiation
and is detected in 90% of patients, among which
moderate and severe manifestations occur in 30% of
cases [31]. Approximately 80-90% of patients with head
and neck tumors develop radiation dermatitis during
radiation therapy [32].

Despite the prevalence of RD, there is no «gold
standard» for its prevention and treatment. Many curren-
tly used remedies and treatment regimens are often
based on unofficial data and studies with insufficient
power, as well as on the subjective preferences of
physicians [7, 33]. Many treatments do not take into
account the pathophysiological changes in the skin
that underlie the imbalance of the cellular balance
between the dermis and epidermis [34]. Treatment
of RD should begin with educating patients on skin
care before, after, and during radiation therapy.

In general, the treatment of acute RD includes
steroids, creams, ointments, and hydrocolloid dress-
ings, depending on the extent of the lesion. When deve-
loping a strategy for the treatment of radiation-induced
skin and soft tissue damage, researchers use different
agents [28, 35, 36]:

— Topical corticosteroids

— Creams and ointments;

— Hydrogel and hydrocolloid dressings;

— Mesenchymal stem cells (MSCs);

— antioxidant enzymes, in particular superoxide
dismutase (SOD);

— Low-intensity laser;

— Hyperbaric oxygen therapy (HBOT) and others.

In Ukraine, scientists in different years have proposed
the following main means of preventing and treating radi-
ation dermatitis [37]:

— in the early stages of radiation dermatitis (ery-
thema, dry epidermis), applications of 10% dimexide
solution are effective;

— in case of wet drainage epithelium and derma-
titis, dressings with vitaminized oils (sea buckthorn,
rose hips, etc.), as well as dibunol, olazol, iruksol,
levosin, methyluracil ointment, etc;
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— Npv BONOroMy 3NMBHOMY eniTeniiTi Ta AepMmaTuTi
NnoB’A3kM 3 BiTaMiHi30BaHMMK onismu (obninuxa, wwun-
WKHa Ta iHWi), a Takox AubyHon, onason, ipykcon,
NEBOCUWH, METUITYpaLIMIIOBa Masb Ta iHLLi;

— KOPTUKOCTEpOiaHi Ma3i (NpeaHi30noH, NOKaKopTeH,
CVHanap, Aenep3osioH, 4eEPMa3oroH);

— npu nikyBaHHi npomeHeBoro pibpo3y LwKipu
nokasaHi annikauii 3 10-30% po3unMHOM AuMMeKkcuay,
a TakoX 3 nigasok (poHigasow) Ta npenapatamu
rMIOKOKOPTUKOCTEPOIfiB;

— NiKyBaHHs1 NPOMEHEBMX BMPA30K LUKIpU 3ararnbHo-
XipyprivHumMmn metogamu;

— y hasi Hekpobio3dy Ta ekcydauii BUKOPUCTOBYIOTb
aHTUcenTu4Hi posdmHun (0,5% xnopaminy, 1:1000 dypa-
umnidy, 1% nepekucy BogHo, 5-10% Aumekcuay)
B MOEOHAHHI 3 MMIOKOKOPTMKOIAAMN.

BinbLwicTe nybnikauin npuceBsHeHa came MNUTaHHAM
nNpoginakTkn Ta nikyBaHHA pagiauinHnx AepmaTuTis,
30KpeMa rocTpux, K HanyacTilux nposiBiB papgiauin-
HUX peakuin. OHKonoriyHi XypHanu OykBanbHO nepe-
MOBHEHI CTaTTAMW MPO JliKyBaHHS LUKIDHUX TOKCUYHUX
ecpekTiB. | ue Typbye He nuwe daxisuiB 3 pagiauinHoi
OHKOrorii, ane M iHWWX OOCNIAHWKIB, 30Kpema pagio-
noris, NNacTUYHUX XipypriB, AepPMaTonoriB Ta iHLWKNX.

Ons o@’ektuBisauii gaHuMx wono nikysaHHa [
6yno npoeefeHo 6GibniomeTpuyHMIn aHania nybnikauin
3i SCOPUS.

3a ocTtaHHi m'aTb pokiB  (2019-2023) ony6niko-
BaHO 268 cratel, Yy cepegHbOMy nNyOGniKyeTbCcs
53,6 ctatTi Ha pik. Hanbinbwa nybnikauiiHa akTUBHICTb
npunagae Ha 2021 p. (puc. 2).

Kinesicts
Number

— corticosteroid ointments (prednisolone, lococorten,
sinalar, deperzolone, dermazolone);

— in the treatment of radiation skin fibrosis, appli-
cations with a 10-30% dimexide solution, as well as
with lidase (ronidase) and glucocorticosteroid prepa-
rations are indicated;

— ftreatment of radiation skin ulcers by general
surgical methods;

— in the phase of necrobiosis and exudation, anti-
septic solutions (0.5% chloramine, 1:1000 furatsilin,
1% hydrogen peroxide, 5-10% dimexide) in combination
with glucocorticoids are used.

Most of the publications are devoted to the preven-
tion and treatment of radiation dermatitis, in particular
acute dermatitis, as the most common manifestation
of radiation reactions. Oncology journals are literally
full of articles on the treatment of skin toxic effects.
And this is a concern not only for radiation oncologists
but also for other researchers, including radiologists,
plastic surgeons, dermatologists, and others.

To objectify the data on RD treatment, a bibliometric
analysis of SCOPUS publications was conducted.

Over the past five years (2019-2023), 268 articles
have been published, with an average of 53.6 articles
published per year. The highest publication activity
was in 2021 (Fig. 2).

Puc. 2. [iInnamika nybnikauin 3a 2019-2023 pp. CTOCOBHO NPOMEHEBO-iHAYKOBaHMX AepMaTuTiB
Fig. 2. Dynamics of publications for 2019-2023 radiation induced dermatitis

3aranom noHag 40 kpaiH B3AnM yyacTb y nybnikauii
268 pokymeHTiB. Ha n’aTb nposigHuX KpaiH npunagae
65,3% ycix ny6nikauin (puc. 3). Cepepn nigepis cnig
Big3Hauntn CLUA Ta Kutan, (ki HanmakTuBHille pocnig-
XYIOTb NUTAHHA pagiauiiHo-iHOYKOBaHUX AepMaTUTIB.

Ak i B iHWKUX MegnyHMX cdepax AocnimxeHb nige-
pom 3a kinbkicTio nybnikauin € CLUA (68 pok.) sik npo-
BidHa KpaiHa, WO HaWnNpoJyKTMBHIWIE 3aviManacs
po3pobkoto npobriem npodinaktukm Ta nikysaHHa [[.
Kutan Takox Habupae TemniB y HayKOBUX JOCHIIKEHHAX
i nocigae apyre micue (puc. 3).

In total, more than 40 countries contributed
268 documents. The top five countries account for 65.3%
of all publications (Fig. 3). Among the leaders are the
United States and China, which are the most active in
researching radiation-induced dermatitis.

As in other medical areas of research, the United
States is the leader in the number of publications
(68 papers) as the leading country that has been most
productive in developing the problems of prevention
and treatment of RD. China is also gaining momentum
in research and ranks second (Fig. 3).
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Pwuc. 3. Po3nogin nybnikauin 3a kpaiHamu
Fig. 3. Distribution of publications by countries

BaxnmBMM MOKa3HWKOM  iHHOBAUINHOTO pPO3BUTKY
npobnem npodinaktukn Ta nikyBaHHs 1 Ge3ymoBHO
€ AaKTMBHICTb HAayKOBMX YCTaHOB, $Ki 3animaroTbCs
JocrnimkeHHaMn  Uiei HaykoBoi cdepn. HanakTuBHiLwi
YyCTaHOBW HaBEAEHO Ha PUCYHKY 4.

Universititsklinik
um Bonn

An important indicator of the innovative develop-
ment of the problems of prevention and treatment
of RD is undoubtedly the activity of scientific institutions
engaged in research in this scientific field. The most
active institutions are shown in Figure 4.

Institut Curie
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12%

(Germany)
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Health Sciences
Centre [Canada)
14% '

The University of
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Anderson Cancer
University of Center (USA)
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Puc. 4. MposigHi ycTaHoBY, WO 3aMaloTbCs pO3POOKOI0 TEXHOMOTiM NPOMINaKkTMKM Ta NikyBaHHA NMPOMEHEBMX AepMaTuTiB
Fig. 4. Lead organizations involved in the development technologies of local radiation skin lesions

Ane npu UbOMY MU CTUKAemMocsi 3 OOCUTb Hecnogi-
BaHMM bakToMm. HesBaxarum Ha kpainu-nigepn CLUA
Ta Kutan, nepwe micue nocigae IHctutyT Kiopi (Institut
Curie, ®paHuis), ogHa yctaHosa i3 CLUA (The University
of Texas MD Anderson Cancer Center), ogi — 3 Himeuun-
Hn (German Cancer Research Center i Universitat-
sklinikum Bonn) Tta aBi 3 KaHagu (University of Toronto
n Sunnybrook Health Sciences Centre).

AHani3 tematukmn gocnigkeHb Institut Curie ceigunTtb
npo ix 30CepemxeHHs Ha pisHWX HanpsMkax. [No-nepue,
ue H6araTtoueHTpoBi paHaoMi3oBaHi gocnimkeHHa Il dasn
CICA-RT wopo npenapaty «uukagepma» Ans nikyBaH-
Ha [, nos’a3aHoro 3 pakom rpygHoi 3anosun (PIr3) [38].
Mo-gpyre, ue rpyna [JocnigXeHb CTOCOBHO peXMMIB
npoBeaeHHa MT: 3acTocyBaHHA OBOX PEXMMIB ynbTpa-
rinodpakuioHyBaHHA No M'ATb ppakuin nicrns opraHo-

However, we are faced with a rather unexpected fact.
Despite the leading countries, the United States and
China, the first place is taken by the Institut Curie (France),
one institution from the United States (The University of
Texas MD Anderson Cancer Center), two from Germany
(German Cancer Research Center and Universitat-
sklinikum Bonn) and two from Canada (University of
Toronto and Sunnybrook Health Sciences Center).

An analysis of the research topics of the Curie Institute
shows that they are focused on different areas. First, there
is the multicenter randomized phase |ll CICA-RT trial of
the drug cicaderma for the treatment of RD associated
with breast cancer (BC) [38]. Secondly, this is a group
of studies on the modes of RT: the use of two regimens
of ultrahypofractionation of 5 fractions each after
organ-preserving breast surgery [39]; evaluation of early
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36epiranbHMX onepadii rpygHoi 3ano3u [39]; ouiHka
PaHHbOI TOKCMYHOCTI 3a npotokonom «Fast Forward»
(pexum rinogpakuioHosaHoi MT y BUrnsai n’aTn ceaHcis
npotsirom TWxHs [40]; ouiHKa TOKCUYHOCTI Npu ogHo4ac-
Hin MT Ta nogginHin 6nokagi HER2 npu PIr3 (noggiiHa
6nokaga peuentopa enigepMansHoro daktopa pocTy
3a ponomoroto kombGiHauii aBox npenapatis) [41],
a TakoX rocTpi Ta Mi3Hi TOKCMYHI edeKTn y nauieHTiB,
iHikoBaHnx SARS-CoV-2, gaki otpumysanu [T paky
nig Yyac naHgemii COVID-19 [42].

Ha BigmiHy Big TemaTukn pocnigpxeHb B Institut
Curie amepukaHcbki gocnigxeHHs The University of
Texas MD Anderson Cancer Center Ginbll crnpsiMoBaHi
Ha 0br'pyHTYBaHHSA OOLNbHOCTI Ta NEPEeHOCUMOCTI af'to-
BaHTHOI XiMionpomeHeBOi Tepanii nauieHTok 3 PI3 Ta
il Hacnigkamu [43]; 3anponoHoBaHO HOBMKW nigxig Ao
MiHiMi3auii puM3nKy TOKCMYHMX edeKTiB npu nNigBULLEHHI
0031 OMNPOMIHEHHSA Yy MaUieHTIB 3 MicLeBO-NoWnpeHnM
pakom ronoBu Ta wwui [44]; ouiHka SAKOCTi XWUTTA Ta
TokcuyHux edpektie MNT 3a gaHuMmm  onuTyBarnbHKKa
EQ-5D-5L y xBOpuX Ha pak rornosu Ta LMi, SKi OTpu-
MytoTb cyyacHy [T [45, 46]. OgHe i3 pocnigxeHb
npucesivyeHo po3pobui mogeni HopManbHOI MMOBIPHOCTI
TKaHWHHUX ycknagHeHb (normal tissue complication
probability, NTCP) pgna Ttskkoro [l y xBopux Ha
pak rpyaHoi KniTku, siki oTpumanu [T 3 moaynsuieto
iHTeHcuBHocTi (IMRT) [47].

Onsa ouiHkn 3HavyLWOCTi HayKOBUX AOCHiAXeHb Hau-
YyacTille OCTaHHIMM pOKaMu BUKOPUCTOBYIOTb MOKa3HMK
uuTyBaHHs nybnikauin. OTxe, 3a OLIHKOK HayKoBUX
nybnikauin 3a NoKasHWKOM IHTEHCMBHOCTI X LMTYyBaHHS,
AkMn  Bigobpaxkae iX UiHHICTb Ans HaykoBuis, 6yno
ineHTMdikoBaHo 5 nybnikauin (Tabn. 2), aki unTyoTbCA
B uinomy 365 pasiB, a cepegHs KinbkiCTb uUMTaT CTa-
HoBwna 73 pasu.

Y Tabnuui 2 BigobpaxkeHo Ha3By cTaTeln, Moro aBTopiB,
Oxkepeno nyb6nikauii, kpaiHy aBTopiB, pik ny6nikauii
Ta KiNbKiCTb NOCMNaHb Ha Uen JOKYMEHT.

toxicity according to the «Fast Forward» protocol
(hypofractionated RT regimen in the form of five sessions
during a week [40]; evaluation of toxicity in simultaneous
RT and double HER2 blockade in breast cancer
(double blockade of the epidermal growth factor receptor
using a combination of two drugs) [41], as well as
acute and late toxic effects in patients infected with
SARS-CoV-2 who received cancer RT during the
COVID-19 pandemic [42].

In contrast to the research topics at the Curie Institute,
American studies at The University of Texas MD
Anderson Cancer Center are more focused on sub-
stantiating the feasibility and tolerability of adjuvant
chemoradiotherapy for patients with cervical cancer
and its consequences [43]; a new approach to mini-
mizing the risk of toxic effects with increased radiation
dose in patients with locally advanced head and neck
cancer was proposed [44]; assessment of quality of
life and toxic effects of RT according to the EQ-5D-5L
questionnaire in patients with head and neck cancer
receiving modern RT [45, 46]. One of the studies
was devoted to the development of a model of normal
tissue complication probability (NTCP) for severe RD
in patients with thoracic cancer who received
intensity-modulated radiation therapy (IMRT) [47].

In recent years, the publication citation rate has been
used most often to assess the significance of scientific
research. Thus, according to the evaluation of scientific
publications by the citation intensity index, which reflects
their value for scientists, 5 publications were identi-
fied (Table 2), which were cited a total of 365 times,
and the average number of citations was 73 times.

Table 2 shows the titles of the articles, their authors,
the source of publication, the authors’ country, the
year of publication, and the number of references to
this document.

Tabnuus 2. Hanbinbw LMToBaHiI JOKYMEHTM WOAO NUTaHb pajiauiiHo-iHAYKOBaHMX NMPOMEHeBMX AepMaTuTiB
Table 2. Most cited documents on radiation induced dermatitis

No HasBa ABTOpPYU xepeno KpaiHu aBTOpiB Pik LintyBaHHs
- Title Authorse Journals Countries of authors | Year Citations
1 | Radiation-induced skin Wei J., Cancer Management China, USA 2019 97
reactions: Mechanism and Meng L., and Research,
treatment Hou X., Xin Y., | Vol. 11, P. 167-177
Jiang X.
2 | Management of acute radiation | Rosenthal A., |Journal of the American USA 2019 80
dermatitis: A review of the Israilevich R., | Academy of Dermatology,
literature and proposal for Moy R. Vol. 81, Ne 2,
treatment algorithm P. 558-567A
3 | Radiation-Induced Skin Borrelli M.R., Annals of plastic surgery, USA, Mexico 2019 65
Fibrosis: Pathogenesis, ShenAH., Vol. 83, Ne 4S Suppl 1,
Current Treatment Options, and | Lee G.K,, P.S59-S64
Emerging Therapeutics Longaker M.T.,
Wan D.C.
4 | Nicotinamide for Snaidr V.A,, Experimental Australia 2019 63
photoprotection and skin cancer | Damian D.L., Dermatology,
chemoprevention: A review Halliday G.M. | Vol. 28, P. 15-22
of efficacy and safety
5 | The Healing Effects of Sun J., Cell Transplantation China 2019 60
Conditioned Medium Derived Zhang Y., Vol. 28, Ne. 1,
from Mesenchymal Stem Cells | Song X., P. 105-115
on Radiation-Induced Skin Zhu J.,
Wounds in Rats Zhu Q.
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TemaTuvka umx cTaTen BUCBITNIOBara HU3KY KIHO4O-
BUX Hanpsamkie [48-52]. PapiauinHun gepmatut € Haun-
yacTiwmm ycknagHeHHsm [T PI3 Ta opraHis ronosu
Ta wwui (npubnusHo y 80-90% xBopux 3 MyxnuHamu
possuBaeTtbca ). MuTaHHaM npodinakTvkn Ta niky-
BaHHA 4 nicna MT PI3 npucesveHo 48% OOKYMEHTIB,
20% — paky ronosu Ta wWui. 3aranbHUM MUTaHHAM
woao BUHWKHeHHs [10, dakTopam puU3UKy BUHKK-
HeHHs [ npuceaveHo 26%, 70% cTocyeTbcs npodi-
naktuku Ta nikyBaHHio [ (dpoTomoaynsuisi, KopTuKO-
cTepoign, emynbcii, Masi Ta iH.), pewTa — iHWWAM
NUTaHHSM, 30KPEMA eKCNepUMeEHTanbHUM JaHUM.

Tak, Hambinbwe uuTyBaHb (97 pasiB) oTpumana
ctatta «Radiation-induced skin reactions: Mechanism
and treatment» Wei J. 3i cnieaBT. [7]. Ockinbku «3o0noTo-
ro ctaHgapTy» Ansa nikysaHHs MO He ccopmynboBaHo,
TO y pobOTi OBroBOpHETLCA MEXaHi3M BUHMKHEHHs [,
Ta MicueBi npenapaTu, ki HanbINbLW e(EKTUBHO 3acTo-
coByBaTW npu nikyBaHHi AepmatuTiB. Rosenthal A.,
Israilevich R. Ta Moy R. [48] 3pobunu ornsig nitepatypw,
Oe oBroBoploTbCA MicLEeBi npenapaTu, siki BMBYanucs
ansa nikyBaHHa roctporo [, po3rnsgatoTbesa ixHi Me-
XaHi3Mu Aii, a TakoX nogaHo anropuTM MiKyBaHHS Ans
nikapis, siki Be4yTb NauieHTiB 3 N(POMEeHeBUM AepMaTUTOM.

LLle ogHa poGota [49], ae Borrelli M.R. 3i cniBaBT.
nigKpecnowTb, WO Hapasi iCHye HegocTaTHSA KinbKiCTb
edeKkTUBHMX METOAIB NiKyBaHHA Ta cTparerin npodi-
NaKkTvkn pagiogepMatuTy. BoHu 3a3HayalTb — Hewlo-
[aBHi OOKMiHIYHI Ta KNiHiYHI OOCNioKEeHHA nokasanu,
WO TpaHCMMaHTauis XuUpy MOXe MaTu TepaneBTUYHY
KOpPUCTb, yCyBalouy LUKIANUBI 3MiHW B M’SIKMUX TKaHWHaX
nicna MNT. B ornsagi onucaHo wkignueui Bnnue [T
Ha LKipy Ta M'SKi TKaHUHW, a Takox OOGroBOPHTLCA
HasiBHi BapiaHTW niKyBaHHA pajiogepmatuTy. Takox
nogaHo HOBi cTpaterii MOM’AKLIEHHS XPOHIYHMX 3MiH,
CNPUYMHEHMX OMPOMIHEHHSIM, BKIOYAKYM ayTOMOriYHYy
TpaHcnnaHTauilo xupy i AedepokcamiH, sKi MaloTb
BENWKi NepcnekTUBM AN MNONINWEHHSA SKOCTI KUTTSA
nauieHTiB, WO CTpaXadalTb Big BMCHaXNMBUX Hacnigkis
npoMeHeBOI Tepanii.

OocnigxeHHa Sun J. 3i cniBaBT. [50] npuBepHyno
yBary 60 pocnigHukiB 3aBOSKW PO3KPUTTIO TEMWU MOX-
NMBOCTI BUMKOPUCTAHHSI Me3eHXiMarbHUX CTOBOYpPOBMX
KniTuH KictkoBoro Mo3ky (MCK-KM), gna nikyBaHHA
pagiauinHnx paH LWKipy y wWypiB Ha mMogeni pagiauin-
HOro ypaxeHHsi wkipn. Byno BuBYeHO ponb Tepanil
MCK-KM y BigHOBREHHI pafgiauiiHo-iHOYKOBaHUX paH
wikipw in vitro Ta in vivo. MNMo-nepLue, 6yno nigrotToBneHo
i npotectoBaHo Bnnue MCK-KM Ha nponidepauito eHoo-
TenianbHWX KNITUH MYNKOBOi BEHW ntoguHwu in vitro. MNicnsa
uboro Oyno BUKOPUCTAHO MYy4YOK [-BUNPOMIHIOBAHHS
ONs CTBOPEHHS LLUKIPHMX paH Y LWypiB i nepeBipeHo BNvB
MCK-KM Ha 3aroeHHst WKipHUX paH in vivo. Takum
YMHOM, aBTOPWU AiNwnu BUCHOBKY, Wo MCK-KM 3HavHOo
NMPUCKOPIOKTL  3aKPUTTSE paH | MOKpallyTb  SIKICTb
3aroeHHss paH. MCK-KM wmatoTb cnpuatnuemi Tepa-
NeBTUYHWUIA BNNUB Ha LLKIPY LLYpIB, ypaxkeHy pagiauieto,
a omxke, MCK-KM moxyTb criyryBaTM OCHOBOI HOBOro
Ge3knNiTMHHOrO  TepaneBTMYHOMO  nigxody Ans  niky-
BaHHsa 11 [50].

Ycboro 3a 2023 pik 6yno ony6nikoBaHo 58 craten.
3 Hux Big3Haummo Tinbku ABi. OpgHa, He3BaXarun
Ha nybnikauito y 2023 p., Bxe mae 17 nocunaHb,
a gpyra — 6 mocunaHb, WO CBiAYUTb NPO AYXe BUCOKY

The topics of these articles covered a number of
key areas [48-52]. Radiation dermatitis is the most
common complication of radiation therapy to the head
and neck (approximately 80-90% of patients with
tumors develop RD). Prevention and treatment of RD
after RT of OTC tumors is the subject of 48% of
documents, 20% — head and neck cancer. General
questions about the occurrence of RD, risk factors
for RD are covered in 26%, 70% are related to the pre-
vention and treatment of RD (photomodulation, cortico-
steroids, emulsions, ointments, etc.), and the rest are
devoted to other issues, including experimental data.

Thus, the article «Radiation-induced skin reactions:
Mechanism and treatment» by Wei J. et al [7]. Since
there is no «gold standard» for the treatment of RD,
the paper discusses the mechanism of RD and topical
drugs that are most effective in the treatment of derma-
titis. Rosenthal A., lIsrailevich R. and Moy R. [48]
presented a literature review that discusses topical
drugs that have been studied for the treatment of
acute RD, reviews their mechanisms of action, and
presents a treatment algorithm for physicians managing
patients with radiation dermatitis.

Another work [49], where Borrelli M.R. et al. once
again emphasize that there is currently an insufficient
number of effective treatments and prevention strate-
gies for radiodermatitis. They note that recent preclinical
and clinical studies have shown that fat transplan-
tation may have therapeutic benefits by eliminating
harmful changes in soft tissues after radiation therapy.
This review describes the harmful effects of radiation
therapy on the skin and soft tissues and discusses
the available treatment options for radiodermatitis.
It also presents new strategies to mitigate chronic
changes caused by radiation, including autologous
fat grafting and deferoxamine, which hold great
promise for improving the quality of life of patients
suffering from the debilitating effects of radiation therapy.

The study by Sun J. et al [50] attracted the attention
of 60 researchers due to the disclosure of the possi-
bility of using bone marrow mesenchymal stem cells
(BM-MSCs) to treat radiation skin wounds in rats on
a model of radiation skin damage. The role of MSC-CM
therapy in the repair of radiation-induced skin wounds
in vitro and in vivo was studied. First, we prepared
and tested the effect of MSC-CMs on the proliferation
of human umbilical vein endothelial cells in vitro.
After that, a beam of B-radiation was used to create
skin wounds in rats and the effect of MSC-CM on skin
wound healing in vivo was tested. Thus, the authors
concluded that MSC-CMs significantly accelerate
wound closure and improve the quality of wound
healing. MSC-CMs have a favorable therapeutic
effect on the skin of rats affected by radiation, and
thus MSC-CMs can serve as the basis for a new cell-
free therapeutic approach for the treatment of RD [50].

A total of 58 articles were published in 2023.
Of these, we note only two. One, despite its publication
in 2023, already has 17 citations, and the other has
6 citations, which indicates a very high popularity and
relevance. The team of authors of the first article,
Behroozian T., Milton L., Karam |. and colleagues
(from 6 institutions in Canada), provide the results
of a randomized, multicenter, open-label phase Il trial

nonynsipHicTe Ta akTyanbHicTb. Konektus astopiB  of Mepitel film for the prevention of acute radiation
nepwoi crtarti Behroozian T., Milton L., Karam 1. dermatitis in breast cancer [51]. The researchers
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Ta cnigaeT. (3 6 ycraHoB KaHagu) HagjaloTb pesyrib-
TaTM paHAoMi3oBaHOro GaraToLEeHTPOBOro BiAKPUTOrO
pocnigpkeHHa Il dasm  wopo nniBkm  «Meniten»
Anst npodinakTUKM rocTporo NPOMEHEBOro AepMaTuTy
npu PI3 [51]. JocniaHukn apyroi po6otu Sekiguchi K.,
Sumi M., Saito A. Ta cniBaBT. npeacTaBunNn cuctema-
TUMHUIM Ornsag Ta MeTaaHanis, Ae [oBoAsTb edekTuB-
HiCTb 3BOMnoOXyBanbHoro kpemy npwu [TI4 y xBopux
Ha PI'3 [52].

KpiMm upboro, HeobxigHO TakoX BiA3HAYMTU HaNGINbLU
iHpopmaTuBHi HaykoBi KOMyHikauinHi 3acobu. Cepen
akux nposigHum € Radiation Oncology (BnaaBseub
Springer Nature), sakun mae 12 nybnikauin. 3a 2023 pik
Ma€e 4oTUpM CTaTTi, 30KpeEMa OfHa NpUCBsSYeHa [Jo-
CnigXeHHO npenapaty «Sanyrene» 3 HaTyparnbHOK
nitodolo pedoBuHo Ana npodoinaktukn M4 [53]; iHLwi
OBi — OUIHKM PU3MKIB BUHUKHEHHS pagiauiiHuX MyKo-
3uTiB nNpu MNT paky poTOBOI NOPOXHUHW Ta OpodhapuH-
reanbHoro paky [54, 55] Ta oCTaHHE peTpoCneKTUBHe
OOCNIMKEHHS  OUIHIOE pPU3MKNU  BUHUKHEHHst T10  nig
BMNAMBOM  3BMYaMHOI Ta rinodpakuioHoBaHOi  [03n
npw ag’toBanTHIn MT Pr3 [56].

Opyrum nposigHUM HaykoBuM axepernom € Frontiers
in Oncology (BuaaBHuk Frontiers Media SA), skui
cneuianisyetbcsl Ha ornagoBux nyo6nikauisx (9 nybnika-
uin 3a octaHHi 5 pokiB) Ta 2 ny6nikauii 3a 2023 p.
OcTtaHHi ny6nikauii NpMcBsAYEHO NPOrHO3yBaHHIO pafio-
aepmatuty 3a gaHumu 4D-KT nauieHTok, siki nponwnm
MT Pr3 [57]. Opyra po3rnggae NUTaHHA BUHUKHEHHSA
rocTpoi 6oni y poToBii nopoxHuHi nicns MT [58].

Binomum Takox € i HaykoBe mxeperno «International
Journal of Radiation Oncology Biology Physic», y sikomy
3a 2023 p. ony6nikosaHo 3 crTarTi. Ix Temartuka npu-
cBaveHa edeKkTUBHOCTI rinodpakuinHoi MT Ta wWwoTmx-
HeBOi CynyTHbOI XiMioTepanii npu HepesekTabernsHoOMy
HeppibHokNiITMHHOMY paky nereHb Il ctagii [59]; ouiHkn
pusamvky [0 y nauieHTiB 3 KONMbOPOBOI LUKIPOIO, SKi
3a3Hanu onpoMiHeHHs rpygHoi knitkn [60] Ta nepeHo-
CUMOCTI af’toBaHTHOI XimionpoMeHeBOoi Teparnii Ha OCHOBI
kaneumTabiHy y xBopux Ha PI3 [43].

TexHonorii Ta metoaukn T paky 3a OCTaHHi poku
aKTMBHO PO3BMBAKOTLCS, LWO aKTyanisye po3B’si3aHHs
npobnemu npodinakTnkn Ta nikyBaHHa PIMNO sk
HaBaXXNMBIWOI B OHKOMOFYHIA MpakTuui, ocobnmeo
ONsA Taknx QinsHOK SK rpyaHa Knitka Ta ronosa i Wus.

3aranbHe nikyBaHHA pagiogepMaTuTy MOYUMHAETLCS
3 6a30BMX NPOMiNakTUYHMX 3axodiB, BKIOYAKYM camMo-
obcnyroByBaHHA Ta  BUKOPUCTAHHS  NpodpinakTuyHuX
MicLeBUX KOpTMKOCTepoiais. CamoobenyroByBaHHS BKIHO-
Yae LWoAeHHi ririeHivHi npouedypu (Hanpuknag, ymu-
BaHHS Ta BMKOPUCTaHHA Mura), ogsar (Hanpuknag,
HOCIHHSI OAsAry BIMbHOrO KPOKW Ha AinsHui, Ae nposo-
autbea MMT), Ta giety (Hanpuknag, BiAMOBa Bif TIOTIOHY
Ta ankoronw, a TakoX nigTpUMaHHA agekBaTHOI
rigpatauii) [29].

OpHak, cnig 3a3Ha4yMTU Takuin NepcneKkTMBHUIA 3acib,
sIK cunikoHoBi nniBku (bap’epHi NniBku), akTMBHE Aocnia-
XKeHHs akux noyanocs y 2014 p. Rose P. [61] peTenbHO
npoaHanisyBaB e(eKTUBHICTb iX 3aCTOCyBaHHS, i OOBIB,
WO [0Ka3n Ha KOPUCTb BMKOPUCTaHHSI MPOAYKTIB Ha
OCHOBI CWMIKOHY MOCTIHO 3pOCTalTb 3aBAsAKU cepil
KNiHiYHMX BUNpobyBaHb, NPOBEOEHMX PI3HMMU HayKOB-
uamm [18, 62, 63]. Ui octaHHi pocnigxeHHa cBigyaTtb
Npo 3Ha4yHe 3MEHLUEHHS BMPaXXEHOCTI LWKIPHOI peakuii
Ta 4YacToTU BOMOroi AeckBamadii npu npodinakTmyHomy
3acTOCyBaHHi CUNIKOHOBUX NniBok abo renmo nig 4ac

of the second study, Sekiguchi K., Sumi M., Saito A. et al.
presented a systematic review and meta-analysis,
which proved the effectiveness of moisturizer in the
treatment of APD in patients with OBGYN [52].

In addition, the most informative scientific commu-
nication tools should also be noted. The leading one
is Radiation Oncology (Springer Nature), which has
12 publications. In 2023, it has four articles, including
one on the study of the drug «Sanyrene» with a natural
active ingredient for the prevention of RD [53]; the
other two are assessments of the risks of radiation
mucositis in RT of oral and oropharyngeal cancer [54, 55]
and the last retrospective study assesses the risks
of RD under the influence of conventional and hypo-
fractionated dose in adjuvant RT of OSCC [56].

The second leading scientific source is Frontiers
in Oncology (published by Frontiers Media SA), which
specializes in review publications (9 publications in
the last 5 years) and 2 publications in 2023. The latest
publication is devoted to the prediction of radioderma-
titis according to 4D-CT data of patients who have
undergone RT of GBM [57]. The second deals with
the issue of acute pain in the oral cavity after RT [58].

Another well-known scientific source is the Interna-
tional Journal of Radiation Oncology Biology Physic,
which published 3 articles in 2023. They are devoted
to the effectiveness of hypofractionated RT and weekly
concurrent chemotherapy in unresectable stage Il
non-small cell lung cancer [59]; assessment of the risk
of RD in patients with colored skin exposed to chest
irradiation [60] and tolerability of capecitabine-based
adjuvant chemoradiotherapy in patients with OSCC [43].

In conclusion, it should be noted that technologies
and techniques of cancer therapy have been actively
developing in recent years, which makes the problem
of prevention and treatment of RID the most important
in oncology practice, especially for such areas as
the chest and head and neck.

The general treatment of radiodermatitis begins
with basic preventive measures, including self-care
and the use of prophylactic topical corticosteroids.
Patient self-care while receiving RT plays an impor-
tant role in prevention and includes daily hygiene
routines (e.g., washing with soap and water), clothing
(e.g., wearing loose-fitting clothing on the area where
RT is performed), and diet (e.g., avoiding tobacco and
alcohol, and maintaining adequate hydration) [29].

Among the methods of prevention, it is worth noting
such a promising tool as silicone films (barrier films),
which began active research in 2014. Rose P. [61]
thoroughly analyzed the effectiveness of their use
and proved that the evidence in favor of using
silicone-based products is constantly growing thanks
to a series of clinical trials conducted by various
researchers [18, 62, 63]. These recent studies show
a significant reduction in the severity of skin reactions
and the frequency of wet desquamation with the
prophylactic use of silicone films or gel during RT.
They also add new evidence that silicone products
significantly reduce radiation-induced skin reactions
in patients with GBM and head and neck cancer.
Apart from general preventive measures, there is
currently little evidence to support any specific
clinical intervention.

Evaluation of the results of a number of reviews
allowed us to identify only one, which provided specific
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nposegeHHs [T. BoHM TakoX [opalTb HOBI gokasw,
AKi cBig4aTb MNpPO Te, WO CWUMIKOHOBI 3acobu 3Ha4yHO
3MeHLYTb  pajiauinHo-iHAYKOBaHI  LWIKIpHI  peakuii
y xBopux Ha PI'3 Ta pak ronosu Ta wwui. OKpimM 3aranb-
HUX NPOdINakTUYHNX 3axoAdiB, HA CbOrodHi iCHye mMarno
JoKasiB Ha NigTPUMKY Oyab-SIKOrO KOHKPETHOrO KIiHiy-
HOro BTPY4YaHHS!.

OuiHka pesynbraTiB  HU3KM  OrMs4iB - go3sonuna
BUAINWTY TiNbKWM OOWH, A€ HaBeOEHO KOHKPETHI BUCHOBKM
LWOAO 3acTocyBaHHA npodinakTuyHMx 3acobis [18].
Astopu crtarTi Burke G., Faithfull S. Ta Probst H.
BiJOKPEMMNN TakKi rONOBHi, Ha iX NOrNsA4, MOMEHTU:

— CTepoigHi Kpemu cnig BUKOpPUCTOBYBaTU npodi-
NakTM4yHO B ocib 3 BUCOKUM pusmkom po3suTky PIMA,
TO6TO LWKipHOT peakuii 3-ro cTyneHs;

— npodinakTMyHe 3acTOCyBaHHS CTEPOIAHMX KpeMmiB
He cnig 3acTtocoByBaTu XBopuM Ha PI3, ski oTpumytoTb
ag’toBaHTHY rinodpakuioHoBaHy Tepanito (Tobto 40 I'p
3a 15 dppakuint abo ekBiBaneHT);

— Hemae [JokasiB LoAo nepeBarv BUKOPUCTAHHS
rinoppakuioHOBaHMX CxeM  ppakuioHyBaHHA 003U
(To6T0 40 p 32 15 hpakuinn abo KOPOTLUNX EKBIBANEHT-
HUX PEeXMMIB) AN NauieHTiB, SIKMM NPOBOAATL ONPOMi-
HEeHHS rpyaHOi 3anoau;

— BUKOPUCTaHHSA Gap’epHMX NNiBOK He peKoMeHay-
€TbCA NauieHTaMm, siKi OTpMMYIOTb rinodpakuioHoBaHy MT
npv ag’toBaHTHOMY OMPOMIHIOBaHI rpyAHOI 3ano3n Ta TUM,
xT0 npoxoauTb MT 3 NpuBOAY paky ronosu Ta Lui;

— HegocTaTHbO AokasiB, Wob pekomeHayBaTu Oyab-
SIKUA  KOHKPETHUI MicLEeBUIA MOM’SIKLYBarnbHUA  3aci6
ans 3actocysaHHs nig vac MMT.

JocnigHukn  TakoX  peKkoMeHaykTb, No-nepLue,
MOCTIMHO OLUiHIOBAaTU TOKCMYHICTb Ans  WKipW, Wwob
3abe3neuntn TO4YHe nepenbaveHHs possuTky PIMA,
no-gpyre, npoBoauTy Binblue sIKiICHUX AOCNiMKeHb Ans
BM3HAYEHHs  cniBBigHoOWeHHs puaukie  ana  PIMNQ
(po3pobky anropuTmy cTpatudikauii pusmMky Ha OCHOBI
[OKa30BMX AaHWX Anst NiOTPUMKMA HanexHoro BMKOPUC-
TaHHS CTEePOiAHMX KpeMiB y npodinakTnyHmx uinsx) [18].

Ha aymky Singh M., Alavi A., Wong R., Akita S. [29]
MabyTHIi [OoCNioKEHHs MOBWHHI nNpoBoauTucsa GinbLu
CMUCTEMATWUYHO i NparHyTM Ao Ginbll CyBOPOro Au3arnHy
pocnigkeHb. LI gocnigpkeHHs  NOBWMHHI - BKNtOYaTH
CyyacCHi 3HaHHA NpO OCHOBHY naToisionorito 3axBo-
plOBaHHst i BKMNo4aTM OO’€KTUBHI Ta yHiBepcarbHi
NoKasHWKN pe3ynbrarTy.

AHani3 iHcTpymeHTiB ouiHku [, Wo BUKOPUCTOBY-
totbcss npu PI3 BignosigHo po kputepiie COSMIN
(COnsensus-based Standards for the selection of
health Measurement INstruments) nokasas, wo 6inb-
WiCTb OLiHEHMX iIHCTPYMEHTIB MalTb abo HeaoCTaTHIo,
ab0 HeBM3HaYeHy HafliliHiCTb, BaniaHICTb Ta y3romKeHicTb
3 iHWMMKW MOKa3HMKaMy pes3ynbrTaTiB, Lo MigKpecntoe
HMU3bKY $SKICTb Ta eeKTUBHICTbL GaraTtboX iCHYHUMX
iHCTpyMeHTiB Ang BumiptoBaHHA [1[ [64]. BoHu Ha-
nonsiratoTb Ha TOMY, O MaWbyTHi AOCHiIKEHHS MakTb
OyTV NpoBefeHi 3 METOK PO3POOKM €AMHOMO KOMMIEKC-
Horo iHCTpymeHTy ans ouiHku [ y xBopux Ha PI3,
SKMA MOxHa Oyno © BuMKOpMCTOBYBaTM $IK CTaHaapT
y BCIX KNiHiYHMX gocnigpkeHHax PI3.

BUCHOBKHU

OuiHoloumM cyvacHun crtaH npo6nemun PINLO, 6inb-
WiCTb  [OOCNIOAHWKIB  BBa)alTb, LIO  He3BaXkaruun

conclusions about the effectiveness of the use of
prophylactic drugs [18]. The authors of the article,
Burke G., Faithfull S. and Probst H., identified the
following main points, in their opinion:

— steroid creams should be used prophylactically
in individuals at high risk of developing a grade 3
skin reaction;

— prophylactic use of steroid creams should not be
used in patients with breast cancer receiving adjuvant
hypofractionated therapy (i.e. 40 Gy in 15 fractions
or equivalent);

— there is no evidence of benefit of hypofractionated
dose fractionation regimens (i.e. 40 Gy in 15 fractions
or shorter equivalent regimens) for patients undergoing
breast irradiation;

— the use of barrier films is not recommended for
patients receiving hypofractionated RT for adjuvant
breast irradiation and for those undergoing RT for head
and neck cancer;

— there is insufficient evidence to recommend any
specific topical emollient for use during radiotherapy.

The researchers also recommend, firstly, continuous
evaluation of skin toxicity to ensure accurate prediction
of the development of RID, and secondly, more quali-
tative studies to determine the risk ratio for RID
(development of an evidence-based risk stratification
algorithm to support the appropriate use of steroid
creams for preventive purposes) [18].

According to Singh M., Alavi A., Wong R., Akita S. [29],
future studies should be conducted more systematically
and strive for a more rigorous research design. These
studies should include current knowledge of the
underlying pathophysiology of the disease and include
objective and universal outcome measures.

An analysis of the RD assessment tools used in PCa
treatment according to COSMIN (COnsensus-based
Standards for the selection of health Measurement
INstruments) criteria showed that most of them have
either insufficient or uncertain reliability, validity, and
consistency with other indicators, which emphasizes
the low quality and effectiveness of many existing
RD assessment tools [64]. They insist that future
studies should be conducted to develop a single
comprehensive tool for assessing RD in patients
with BC that could be used as a standard in all
clinical trials of BC.

Assessing the current state of the problem of
radiation-induced dermatitis, most researchers believe
that despite the high relevance of the issues of
prevention and treatment of radiation dermatitis, there
are still no standard approaches to choosing optimal
treatment regimens.

CONCLUSIONS

Assessing the current state of the problem of RID,
most researchers believe that despite the high rele-

Ornsp nitepatypu

17

Literature review



YKpaiHCbKMI PafionoriyHMin Ta OHKOMNOTiYHWI XypHan. 2024. T. 32. Ne 1. C. 105-122
Ukrainian journal of radiology and oncology. 2024;32(1):105-122

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

Ha BMCOKY aKTyarnbHIiCTb NUTaHb NPOdINakTUKL Ta niky-
BaHHS MPOMEHEBMX AepMaTtuTiB JOCi HeMae cTaHgapT-
HKX nigxodis 0o BUBGOPY LIMX CXEM.

MpoBeneHuit ornsg cyyYacHUX YysiBNeHb 3 BUKOPUC-
TaHHAM GibnioMeTpMYHOro IHCTPyMEHTapilo [03BONUB
BCTAHOBMWTW Cy4acCHi YSIBNEHHS LWOAO TEMU LOCTIIKEHHS,
NnpoBigHi kpaiHW, HaykoBi yCTaHOBM Ta HanbinbLu
uuToBaHi nybnikauii wopo nutarb PIMA. Y noganswiomMy
GakaHO nNpOBeAEHHS BUCOKOSIKICHUX CUCTEMATUYHUX
ornsaie, B sikux OyoyTb 06rpyHTOBaHi Ta cTaHOapTWU30-
BaHi, Hankpalli crnocobu npoginakTukM Ta niKyBaHHSA
NPOMEHEeBUX ypaxeHb LKipu, 3okpema [, Ana kniHiv-
HOrO BUKOPUCTAHHS.
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vance of the issues of prevention and treatment of
radiation dermatitis, there are still no standard
approaches to the choice of these regimens. A review
of current ideas using bibliometric tools allowed us to
identify current ideas about the research topic, to identify
the leading countries, scientific institutions and the
most cited publications on RID. In the future, it is
desirable to conduct high-quality systematic reviews
that will substantiate standardized, best practices for
the prevention and treatment of radiation skin lesions,
including RD for clinical use.
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Prospects for further research

In the future, it is necessary to standardize the assessment
of radiation dermatitis and revise international recommendations
on the criteria for assessing radiation dermatitis.
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