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CYUYACHUH NOIJIAL HA A11I0 IOHI3YIOUOI'O
BUITPOMIHIOBAHHA HA XBOPUX ITPU JIA'HOCTHUIII
HUPKOBO-KJIITUHHOI'O PAKY I IIJIAXY OO YHUKHEHHSA

OpHuM i3 pe3ynbTaTiB AiT 10HiI3yOYOro BUNPOMiHIOBAHHA Ha KNiTUHY € NOsABA FEHETUYHUX MyTaLil, AKi B CBOIO Yepry
MOXYTb NMPU3BOANUTM 4O PO3BUTKY 3/10AKICHUX 3axBOpioBaHb. [l03a ONPOMiHEHHA XBOPOro npu abaoMiHanbHOMY
KT-o6cTexeHHi nig yac giarHoCcTuku HUpKoBo-KniTMHHOTO paky (HKP) ctaHoBuTb 61M3bK0 5 MIp (5 M3B) npu 3BKYail-
HOMy oOcTexeHHi i moxe 3poctati go 50 mlp (50 mM3B) npu MynsTUdasHoMy. 1o HeaBHbOrO Yacy BBaXanocb He-
LOUiNbHUM HanpsMy OLiHIOBATU PU3MK BUHUKHEHHA OHKONOFiYHOT NaTonorii nig BNAMBOM TaKMX BiAHOCHO Manux o3
ONPOMiHEHHS. B 0CTaHHi poKM MiATBEPAXKEHO BAXIIMBY POJIb i0HI3yI0YOT0 ONPOMiHEHHS, OTPUMAHOTO XBOPUMM Mif Yac
AiarHOCTUYHWX NPOLEAYP, Y PO3BUTKY 37105KiCHUX HOBOYTBOPEHb 6aratbox opraHis. [pu mynstudasHomy KT-ckaHy-
BaHHi, IKe PYTUHHO 3acTocoByeTbCs Npu giarHocTuui HKP, 1 Bunagok po3BuTKY pafialinHo-iHAYKOBAHOIO paKy npu-
napae Ha 250 (180-370) ckaHyBaHb Yy XiHOK i Ha 330 (240-490) y YonoBikiB. [loBeaeHUI 3B'A30K MiX NPOBEAEHHAM
Komn'toTepHoi Tomorpadii 3 4o30t0 onpomiHeHHs > 7,5 M3B i ywkomkeHHam OHK xBopux. OgHWUM i3 WisxiB yHUKHEH-
HA NPOMEHEBOTr0 HaBaHTaXeHHA Ha xBoporo npu aiarHoctuui HKP € wupue 3acTocyBaHHA MarHiTHO-pe30HaHCHOT To-
Morpadii i BAKOPUCTAHHA PEHTreH-TPYOOK 31 3HUKEHUM BOJILTAXKEM, NPOTE, HEOOXiAHT NoAanbIli AOCNiKEHHS Y LbO-
My HanpsaMmKy.
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A modern view on the effect of radiation exposure of patients during
diagnostic evaluation of renal cell carcinoma and ways to avoid it

One of the effects of the ionizing radiation on the cell is the emergence of genetic mutations which may lead to
cancer development. The patients’ exposure dose during diagnostics of renal cell carcinoma (RCC) by means of
ordinary CT amounts to 5 mGy (5 mSv) and it can rise up to 50 mGy (5mSV) in the setting of multiphase scan. Until
recent times, the evaluation of a risk for the cancer development caused by such relatively small doses of radiation
exposure has been considered unnecessary. Nowadays, the influence of ionizing radiation during diagnostic pro-
cedures has been proved to increase the risk of cancer development significantly. The multiphase CT, routinely used
in RCC diagnostics, results in 1 case of radiation-induced cancer per 250 (180-370) scans in female and per 330
(240-490) scans in male individuals. There is a proved association between CN scans in dose > 7,5 mSv and
patients’ DNA damage. Thus, one of the ways to avoid radiation exposure of the patients with RCC is wider appli-
cation of MRI and X-ray tubes of decreased voltage, however, further investigations in this field are still required.
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BCTVYII

Ha cyuyacHoMy eTari giarHOCTMKa HUPKOBO-KJIITUHHOTO
paky (HKP) craButh mepen KITHIIMCTOM pPSI NTUTaHb,
0e3 BiAMNoBifi Ha SIKi HEMOXJIMBE ONITUMAJIbHE TJIaHYBaH-
H$ TiKyBaJIbHOI TAKTUKM, a TAaKOX MepeadadeHHs] OHKO-
JIOTIYHMX pe3yJIbTaTiB JiKyBaHHs. KiltouoBe Miclie y aiar-
HocTuuHoMy Tipoueci npu HKP Hanexuts Kpoc-
CeKLiftHuM (cross-sectional) MeTogaM MpoOMeEHeBOI miar-
HOCTUKMU, B IIEPIILY Yepry TUM, 32 JOITOMOTIOIO SIKUX MOX-
JIMBE MPOBEACHHS CTadilOBaHHS 3aXBOPIOBAHHS, Ta SIKi
IO3BOJISIIOTh XapaKTepu3yBaTu (aKTOpH, IO MarOTh
KJIIOYOBUI BIUIMB Ha BUOip KJIiHIUHOI CTpaTerii, a came:
MpPOMEHEBiI O3HAKU 3J0SIKICHOCTI mpu AucdepeHLialiii 3
JOOPOSIKICHUMM MyXJMHAMU HUPKW; PO3MIp i MOLIK-
PEHICTh MyXJIMHHOTO IIPOIIECy; HAsSIBHICTh HEKPOTUIHMIX
3MiH, BUpaXXeHO1 MiKpoBacKyJIsipu3allii, KaabLugikarlii,
KiCTO3HUX KOMITOHEHTIB, BY3/JI0BOI'O BapiaHTy KOHTpacT-
Horo nocwieHHs1. CbOrofiHi iCHY€E JBa OCHOBHI METOAU
MPOMEHEBOI JiarHOCTUKU, SIKi BOJIOAIIOTh BULLIEBKA3aHU -
MU BJIACTUBOCTSIMU — 1Ie KOMIT'I0TepHa Tomorpadis
(KT) i marnitHo-pe3oHaHcHa Tomorpadis (MPT).

JaBHO TOBeAEHUM € HEraTUBHUI BIUIMB iOHI3yI0UOTO
BUTIPOMIHIOBAaHHS, (TaKOTO SIK X-TIPOMEHI, SIKi 3aCTO-
coBytoThcsl Tipu KT, uu y-xBuii npu pagioHYKITiIHUX
MeTomax 00CTeXXeHHsI) Ha OopraHi3M JiioauHu. OnHUM i3
pe3yJbTaTiB [il i0HiI3yI0YOTro BUIIPOMiHIOBAHHS Ha
KJIITUHY € TOSIBa TEHETUYHMUX MYTalliid, SIKi B CBOIO Uep-
TY MOXYTb IPU3BOIUTHU 10 PO3BUTKY 3JI0SIKICHUX 3aXBO-
proBanb [1, 2]. Jlo3a onpoMiHEHHS XBOPOTO Mpu ab-
nomiHanbHOMYy KT-00cTexXeHHi mifg yac AiarHOCTUKU
HKP cranoButh 6;1m3bK0 5 MIp (5 M3B) npu 3BUYaitHO-
My obcTexxeHHi i Moxe 3poctatu g0 50 mIp (50 mM3B)
npu MyasTidazHoMy [3]; Ipy MO3UTPOHHO-EMICIHII
tomorpadii (ITET) BoHa ckiamae B cepegHboMy 6 MIp
(6,3 M3B) ta ipu [1ET/KT — 9—30 mIp (9—30 m3B) [4].
Jlo HemaBHBHOTO YacCy BBAXKAIOCH HETOUIJIbHUM HAIPsIMy
OLIIHIOBAaTUM PU3MK BUHUKHEHHSI OHKOJIOTiIYHOI MaTo-
JIOTii Mim BIUIMBOM TaKWX BiZHOCHO MAaJMX 103 OIl-
POMiHEHHSI, 116 BUKOHYBAJIOCh HEIIPSIMUM IILISIXOM,
aHaJIi3yI0OuUM PU3UKU, SIKi CITOCTEPIiraloThcs MpPU BEJIU-
KMX J03aX OMPOMiHEHHS, K y JociimkeHHi Life Span
Study, 10 SKOro BXOAMIM OCOOM, SIKi BMXKMJIM ITiCJsI
aToMHux 6ombapayBaHb B AmnoHii [5]. [Ipore, B ocTaHHi
POKHU BEJIMKY YBary HayKOBLIiB MpPUBEPTAE PU3UK PO3-
BUTKY pPaKy BHACJiIOK palialliifHOro OIMpPOMiHEHHS
xBopux nig yac KT Ta pagioHYKJIIIHUX METOJax 00CcTe-
JKeHHSI.

Komm’rorepHa Tomorpadist € «3010TUM CTaHIAPTOM»
y AiarHOCTUII i BU3HaueHHi xapaktepuctuk HKP, 3 uyt-
nuBicTIO B Mexax Big 88 % no 96 % |6]. [Iposenennst KT
st giarHoctuky HKP moBMHHO BKIIIOUaTH B cede Bi3y-

INTRODUCTION

Physicians have currently faced a number of
unsolved problems concerned with the diagnostics
of renal cell carcinoma (RCC). The following situ-
ation hinders the development of optimal thera-
peutic planning and tactics, as well as the predic-
tion of oncologic treatment outcomes. The domi-
nant role in the diagnostic process of RCC belongs
to the cross-sectional imaging methods mainly to
those enabling the performance of the disease stag-
ing and allowing to characterize the factors having
a key influence on the selection of clinical strategy,
namely: imaging hallmarks of malignancy in differ-
entiating from benign kidney tumors, the size and
extension of the tumor, the presence of necrotic
changes, expressed microvascularization, calcifica-
tions, cystic components, nodular architecture of
contrast enhancement. Today, there are two main
methods of imaging having the mentioned above
capabilities. These are — computed tomography
(CT) and magnetic resonance imaging (MRI).

The negative influence of ionizing radiation (X-rays
used in CT or y-waves in radionuclide examination
methods) on the human organism was proved long
ago. The appearance of genetic mutations is known as
one of the resulting actions of ionizing radiation on
the cell that can subsequently cause the development
of malignant diseases [1, 2]. The dose of patient’s
radiation exposure during the abdominal CT exami-
nation aimed at RCC diagnosis approximates 5 mGy
(5 mSv) during casual examination and can increase
up to 50 mGy (50 mSv) in a multiphase setting [3]; in
case of positron emission tomography (PET) its
medium amount is 6 mGm (6.3 mSv) and in case of
PET/CT — 9-30 mGy (9—30 mSv) [4]. Untill
recently it has been considered pointless to perform
direct risk evaluation of the oncologic pathology
development under the influence of such relatively
insignificant radiation doses. The procedure was per-
formed indirectly by the estimation of risks monitored
in cases of high dose radiation. The Life Span Study
which included individuals who survived after the
bombing attacks in Japan is one of the examples [5].
However, currently the attention of scientists has been
attracted by the risk of cancer development as the
result of patient radiation exposure during the CT and
radionuclide examination methods.

Computed tomography is a «golden standard» in
the diagnostics of RCC with the sensitivity ranging
from 88 % up to 96 % [6]. The CT scanning for the
diagnosis of RCC has to include the visualization
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ajiizallito 10 i Micas BHYTPillIHbOBEHHOTO BBEICHHS HO-
JOBMiCHOI KOHTPAacTHOI peYOBMHU (SIKILO 1I€ MOXKIU-
BO), OCKiTbKM HUPKOBI ITyXJIUHU, SIK TIPaBUIIO, € i30aTe-
Hyi#toBaHi (ociabseHi B Tiil 3ke Mipi, 1110 I 3I0pOBi OTO-
Yyloui TKaHWHM) [0 HOPMaJbHOI IapeHXiMWd Ha
HeIiACUJIEHUX KOHTPAaCTOM 300pakeHHSX, TOMdi SK
KOHTpAaCTHE MiACUJICHHSI HOBOYTBOPEHHS € KIIOYOBOIO
o3Hako1o 3nosKicHocTi. Tpudaszne KT BBaxkaeTbcs or1-
TUMaJIBHUM METOAOM [IJIs BUSIBJICHHS i XapaKTepu3arlii
HKP, a TakoxX BU3Ha4YeHHSI CTaii MyXJauHU. byiao npo-
BEJEHO Psif AOCHiAXeHb, SIKi OMHO3HAYHO HiATBEPININ
BasKJIMBY POJIb iOHi3yI0YOT0 OMTPOMiHEHHS XBOPOTO, OT-
pumanoro nig yac KT, y po3BUTKY 3105IKiCHUX HOBOYT-
BOpeHb OaraTbox opraHiB. Tak, 3a maHumu Berrington
de Gonzalez et al. [7], y CIIA mporHo3zoBaHa pigyHa
KiJIbKIiCTh BUMAJIKiB HOBOBUMSIBIIEHOTO paKy pPi3HUX Op-
raHiB, 1110 BUHUK BHacigoK npoBeaeHHs KT, craHoBu-
Ja 6ym3bKo 29 000 (95% I1=15 000—45 000), pu LIbO-
MY HaiOiIblIYy YacTKy CKJaJald CKaHyBaHHSI YepeBHO1
nopoxHUHU Ta Ta3y (n = 14 000). TpeTnHa BUMAIKiB
MpuIanaza Ha BikoBy rpyiry 35—54 pokiB i e 15 % —
Ha XBOpUX BikKoM 110 18 pokiB; 66 % cTaHOBUIU O0COOU
XKiHoyoi crarti [7]. Taki maHi Oyau migTBepIXKeHHI
JocraimkeHHsaM Smith-Bindman ta xoner [8], B iKomy
OyJi0 JOBENEHO, IO MPOBEAECHHS MYJIbTU(ha3HOTO
KT-ckaHnyBaHHSI 4epeBHOI MOPOXHUHU TIPU CepeaHii
eekTUBHIN 103i 31 M3B NMPU3BOIUTH A0 MTOKUTTEBOTO
PU3UKY po3BUTKY paky 10 11,1 Bunaaky Ha 1000 xBopux
(B cepennbomy 4 Bumnagku Ha 1000 xBopux). Takox Oy-
JIO BCTAaHOBJIEHO, 1110 Ha KoxHi 470 (380—700) 3Buuaii-
Hux KT-ckaHyBaHb 4epeBHOI MOPOXHUHU 3 KOHTpAC-
TOM Yy XiHOK i Ha 620 (510—930) y 4oJI0BiKiB, IIpUMIagaE
1 BUMAgOK PO3BUTKY paiallifHO-iHIYKOBAaHOTO paKy.
Taki moka3HUMKM cTaBaiu 1€ KPUTUYHIIUIMMU MOpU
mynsTudazHoMy KT-ckanyBaHHi (IKe pyTMHHO 3aCTO-
coByeTbhcs npu aiarHoctuui HKP) i cranoBuiu 1 Buna-
JIOK PO3BUTKY pafialliiiHO-iHIyKOBaHOTO paky Ha 250
(180—370) ckaHyBaHb y XiHOK i Ha 330 (240—490) y 4o-
JIOBIKiB [8].

HemonasHe mocnimxkeHHs A0 sikoro ygivmuio 180 000
ocib Mosomoro BiKy (o 22 poKiB), IKMM MPOBOAMIIACH
KT, nokazajno, 1110 OIpOMiHEHHS y KyMYJISITUBHI 1031
50 mIp maitke BTpUUI ITIBUINYBAJIO PU3NK PO3BUTKY
JieiikeMii, a B KyMyJSITUBHil 1031 60 mIp moTporoBaiio
PU3KMK PO3BUTKY paKy TOJOBHOro Mo3ky [9]. ¥V maci-
TaOHOMY aBCTPaNTiiCbKOMY TOCIiIKEHHi Tpynu aBcTpa-
JIACHKUX NOCHimHMKIB Ha 4Joimi 3 Mathews J. [10], mo
sikoro yBiio maitke 10,9 MijibiiloHa XBOPUX MOJIOJIOTO
BiKy 3 pi3HoI0 naTosorieio (3 Hux 680 000 6yno mpoBee-
Ho KT), Oyjao BUSIBACHO, 110 y MAaLi€HTIB, SIKUM XOY
oauH pa3 O0yna npoBeaeHa KT, pu3nk BUHUKHEHHSI OH-

before and following the intravenous injection of the
iodine contrasting substance (if it is possible), since
the renal tumors are mainly isoattenuated (attenuat-
ed to the same degree as the healthy surrounding tis-
sues) to normal parenchyma on the pre-contrast
images; increased contrast enhancement of the renal
lesion is the key indicator of its malignant nature. A
3-phase CT is considered the most optimal method
in the detection and characterization of the RCC as
well as the tumor staging. There are a number of
studies proving adverse effect of ionizing radiation
on the patient during the CT contributing to the
development of cancer in multiple organs. Thus, the
paper of Berrington de Gonzalez et al. [7] makes the
prognosis about the annual number of newly detect-
ed cases in the USA of multiorgan cancer which
resulted from the CT scanning and accounted
29,000 (95 % CI = 15,000—45,000). The abdominal
and pelvic CT scanning (n = 14,000) composed the
biggest share among these CT examinations. The
third of the cases included the patients aged 35—54
and only 15 % of patients were aged 18; a total of 66
% were female individuals [7]. Such data were
approved by the research of Smith-Bindman and his
colleagues [8]. The study shoves that the multi-phase
CT scan of the abdominal cavity with the medium
effective dose 31 mSv causes the lifelong risk of can-
cer development in up to 11.1 cases among 1000
patients (in average 4 cases per 1000 patients). In
addition, it has been determined that at least 1 case
of radiation-induced cancer is found in every group
of 470 (380—700) ordinary abdominal CT scans with
the contrast in women and in each group of 620
(510—-930) in men. The indexes tended to become
more critical in the multi-phase CT scanning (rou-
tinely used for the diagnostics of RCC) and account-
ed 1 case of the development of radiation-induced
cancer in 250 (180—370) female scans and in 330
(240—490) male ones [8].

One of the recent studies which included 180,000
young individuals (up to 22 year old) who had expe-
rienced the CT scanning showed that the radiation
in the cumulative dose 50 mGy was associated with
the increase of leukemia development in almost
three timed. The cumulative dose of 60 mGy
increased the risk of brain cancer [9]. The massive
Australian research by the group of scientists head-
ed by J. Mathews [10] included 10.9 million young
patients with different pathologies (a total of
680,000 of them underwent CT scanning). The
study revealed that the risk of oncologic pathology
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KOJIOTiYHOI rmartosiorii 0yB Ha 24 % BUIINUM, HiX y HEOII-
poMiHeHuX MnauieHTiB. [Tpu 1bOMY, 3JT0SIKiCHI HeoIl1ac-
TUYHI OPOLIECU HaiyvacTillle ypaxkaau LIJTYHKOBO-KUIII-
KOBUI TpakKT, M’SIKi TKAHWHM, KiHOYi perpOAyKTUBHI
OpraHu, CEYOBUBITHY CUCTEMY, MO30K, YaCTO BUKJIMKa-
JIM MeJlaHOMY, JIEMKeMilo, Mi€JoAMCILIa3ilo Ta paK Iu-
TOMOMIOHOI 3aJI031 TIPU cepenHiil epeKTUBHII 1031 3a
ongHe ckaHyBaHHS — 4,5 M3B (ekBiBajieHT 4,5 mIp) [10].
IcHy10Th AaHi, 110 1OJATKOBUIA PU3UK PO3BUTKY JIeTalb-
HOrO BMMAAKy paKy BHACIiJOK THUIIOBOI J03U OII-
poMiHeHHs, oTpuMaHoi 1ig yac KT, craHoButh 1 Ha
2000 [11]. B iHmMx goCHigKEeHHSIX TaKOX ITOBiTOMJIS-
JIOCh ITPO BUILIUM PU3UK PO3BUTKY paKy Mpu 6aratopaso-
Bux KT-obctexeHHsx [12] Ta y miteit i oci6 Moaom0ro
BIiKY Y MOPiBHSIHHI 3 mopociaumu ocobamu [9]. Llle 6impIn
3HaYHe ITIiABUILEHHS PU3UKY PO3BUTKY padialliiiHoO-
IHIYKOBAHOTO paKky CHOCTepirajoch IMpU IPOBENECHHI
IMET/KT, BHacnimok BUIIMX 103 i KOMOiHOBaHOI il
JKepelt ioHi3ylouoro BuIpoMiHioBaHHs [ 13, 14]. B2015 p.
Nguyen Ta Kosieru [15] 3a 1ormoMororo 0iTKOBMX i TeHe-
TUYHUX OioOMapKepiB TOBEJIM 3B’ 130K MixK MIPOBEACHHSIM
KT 3 no3oto onpomiHeHHs > 7,5 M3B Ta YIIKOAXKEHHIM
JHK xBopux [15].

VY cBiTi, MoAMHA BHACTIAOK [ii MPUPOTHUX IXKepe i0Hi3y-
FOYOro BUMPOMIHIOBAaHHS (palioH, KOCMiYHa pajiallist) 11o-
PiYHO OTpUMYE e(DeKTUBHY 103y OITPOMiHEHHSI B CEpEIHbBO-
My 3 M3B. B pesynbraTi mpoBeneHHS OQHOTO CTAHIAPTHOTO
KT-ckanyBaHHS yepeBHOI IUISTHKY XBOPUiT OTPHUMYE OIIPO-
MiHEHHS Y J03i B cepeHboMy 7 M3B, 1110 BiANOBigae 2-pidy-
Hiif 7031 Big mpupoaHboro onpomiHeHHs [16]. Ilpore, ciin
3a3HA4YMTH, 1110 J03a OIIPOMIHEHHSI BiJ MIPUPOTHUX JKEPel
€ BUILIOIO Y OCi0, 5IKi TTPOXKUBAIOTh Ha TEPUTOPISX 3 MPUPOI-
HUM TiIBUILIEHUM pamiatiitiuM ¢oHoM (IBaHo-DpaH-
KiBCbKa, 3aKaprarchbka Ta iHIli), a TaKOX Ha palioaKTUBHO
3a0pyTHEHNX TEPUTOPITX (I03a, OTpUMaHa Bill TEXHOTEHHO
TMOCUJICHUX TIPUPOITHMX KEPE), 1110 € BKpail aKTyaJIbHUM
U1 obyacteid YKpaiHu, siKi HaiOibplie MmocTpaxiain
BHacinok Karactpodu Ha YAEC (PiBHeHcbKa, BoavHCh-
ka, KwuiBcbka, ZKuromupceka, UepHiriBcbka, Uepkacbka
to111o) [17]. JIoridyHo, 1110 y TaKMX OCi® OITPOMiHEHHSI, OTPHU-
mane nipu KT uu ITET, nonatkoBo MigBUILYE pU3KK PO3-
BUTKY OHKOJIOTiYHOI natoJorii, B oMy urciai HKP.

B ocranHi poku y cydacHili MenuIMHiI cpopMyBasiach
nmapagurMa 3MeHIIEeHHS 103 i0Hi3ylI04OoT0o OMPOMiHEHHS
XBOPOI0, OTPMMAaHUX ITiJl Yac MPOMEHEeBUX METOIiB 00C-
TeXXEHHSI, IIJISIXOM BIIPOBAIKCHHSI HOBUX METOIUK pe-
KOHCTPYKIIii 300paXkeHHS i TeXHIYHMX 3acO0iB (TaKuX,
SIK PEHTTeH-TPYOKM 3i 3HMXKEHUM BosbTaxkeMm) [18—20].
IIpoTte, mocTeMeHHO HeBigOMa MiHiMajlbHA J03a OI-
POMiHEHHS, TIPU SIKill pU3MK BUHMKHEHHS padialliiiHO-
IHIYKOBAHOTO paKy OyB O HeCYTTEBUM (UM HYJIHOBUM),

development was 24 % higher among patients who
had experienced CT at least once compared with
non-scanned individuals. Thus, the malignant neo-
plastic processes affected gastro-intestinal tract, soft
tissues, female reproductive organs, urinary system,
brain and induced melanoma, leukemia, myelodys-
plasia and thyroid cancer in case of medium effec-
tive dose 4.5 mSv (equals to 4.5 mGy) during one
scanning procedure [10]. There is an evidence that
additional risk of lethal cancer outcomes caused by
the typical radiation dose received during the CT
procedure accounts 1 per 2000 persons [11]. Other
studies also inform about higher risk of cancer
development in case of multiple CT procedures [12]
in children and young individuals in comparison
with adults [9]. The procedure of PET/CT was
associated with much higher risk of radiation-
induced cancer development caused by higher
doses and combined action of ionizing radiation
sources [13, 14]. In 2015 Nguyen et al. used the pro-
tein and genetic biomarkers to prove the relation-
ship between the carried out CT with the dose of
>7,5 mSv and patients’” DNA damage [15].

An average person in the world annually
receives effective radiation dose of 4 mSv as a
result of natural sources of ionizing radiation
(radon, space radiation). As a result of one stan-
dard abdominal CT scanning a patient receives
an average radiation dose of 7 mSv which corre-
sponds to the dose received naturally for the 2-
year period [16]. However, the received natural
dose is higher in persons living in radiation pol-
luted territories which is very important for the
Ukrainian regions that suffered most after the
Chernobyl nuclear accident (Rivne, Volyn, Kyiv,
Zhytomyr, Chernihiv, Cherkasy etc) and with
naturally increased radiation background
(Ivano-Frankivsk, Zakarpattia etc) [17].
Logically, in such individuals the radiation
received during CT or PET additionally increas-
es the risk of oncologic pathology development
including RCC.

In recent years medicine has developed a paradigm
to decrease the ionizing radiation dose received by
the patient during the radiation examination meth-
ods through the implementation of new methods of
image reconstruction and technical tools (such as X-
ray tubes with of decreased voltage) [18—20].
However, the minimal dose of radiation which would
be decrease the risk of radiation-induced cancer to
the minimal or zero point has been uncertain yet.
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a HOBiTHI METOAMKM 3i 3HVKEHHS 03U OMPOMiHEHHS
BCe 1€ HE MO3BOJISIIOTH pPaaMKaabHO 1 MiHiMi3yBaTH.
Taxk, 3a manmmu Wahi-Anwar et al. [21], 3HMKeHHS 1031
ornpoMiHeHHs Oinbin HixX Ha 50 % ming yac KT-nmiarHoc-
tukn HKP, cripyuuHsio 3pocTaHHS KidbKOCTi XMOHO-
MO3UTUBHUX pe3yabTaTiB [21].

OnHUM 3i IIIIXiB YHUKHEHHS OIIPOMiHEHHST XBOPUX 3
HKP € 3actocyBanus MPT. IlpoBegeHo umMano mo-
CIiIKeHb 711 TopiBHIHHS edekTtuBHOCTI MPT Ta KT
npu aiarHoctuli HKP. 3rinHo 3 pekoMeHaauisiMu
€Bporeiicbkoi Acomianii Ypouorii (EAU) 3 HKP, Buma-
HuMmu y 2017 p. [6], MarHiTHO-pe3oHaHCHA ToMorpadist
MOX€ BUKOPUCTOBYBATHUCS IJISI XapaKTEPUCTUKHU i BU3-
HayeHHsI CTafii LIbOro 3aXBOPIOBAHHS i € METOIOM BUOO-
py [Jis1 XBOpUX 3 aJiepri€lo Ha BHYTPiLIHbOBEHHI KOHT-
pacTHi MOJOBMICHI PEeYOBUHM, TTOYATKOBUM CTYIIEHEM
HUPKOBOI HEAOCTATHOCTI, BariTHUX XiHOK (0e3 HUPKO-
BO1 HEIOCTAaTHOCTi), a TaKOX IPU CHAAKOBUX (opmMax
HKP niist 3MeH1IeHHSI TIpOMEHEBOTO HaBaHTaXKEHHSI Ha
xBoporo [6]. OnHak, iCHY€e YMMaJo JOCIIIKEHb, Y IKMX
BHUCBIiTJIeHa BUcoKa edeKTuBHicTh MPT y giarHocTuili
HKP, sixa He mocTynaeThCsl, a iHKOJIM HaBiTh BUNEPE -
xkae KT. Tak, 3a pe3yabTaTaMu I'PyHTOBHOTO TOCTiIXKEH-
Ha H. B. Ulykina [22], 4yTauBicTh, creuu@idyHicTh i
touHictb MPT npu piarHoctuui HKP (n = 138) Oyau
BUCOKMMU i CTAHOBIIIN BifgmmoBinHo 89 %, 90 %190 %, a
TOYHICTh TIpW mudepeHianii KiCTo3HIX, XXUPOBUX Ta
COJIITHUX HUPKOBMX Mac ckiagana 91 % [22], toxi sk
yyTauBicTh KT 11t 1iarHOCTUKY LIbOTO 37I0SIKiCHOTO HO-
BOYTBOPEHHS 3a JaHUMU €Bporneiicbkoi Aconallii Ypo-
Jorii  KonmBaeThes B Mexkax 88—96 %. Kpim wmboro,
MPT wmae niepeBaru y nopiBHsHHiI 3 KT mpu xapakTte-
PUCTUII BeHO3HOTro ypaxkeHHs BHaciaimok HKP (uyt-
JIuBicTb i crierudiunicts 90—100 % nnsa MPT i 6m3bko
87 % nns mynerucnipanbHoi KT) [6]. [Togiono mo KT,
MAarHiTHO-pe30HaHCHa Tomorpadis Mmpu Migo3pi Ha
HKP BHKOHYETBCS 10 i Micasl BBeAEHHsI KOHTpAcTy Ha
OCHOBI rafojiHito. BBaxaerbcs, 1110 B KIiHIYHUX A03aX
KOHTpacTHi pedyoBuHU st MPT Ha OCHOBIi ramoJiiHito
HE MalTh iCTOTHUX He(PPOTOKCMYHUX edekTiB [23].
ITpote nesskuMu aBTOpaMu OYB OMMCAHU 3B’SI30K MixX
3aCTOCYBAaHHSM TafoiHili-BMICHUX KOHTPACTIB i poO3-
BUTKOM HedporeHHoro cucreMuoro ¢ioposy (HC®) y
MaLi€HTIB 3 TOPYIIEHOIO (PYHKIIIEIO HUPOK, TPOTE JOKA-
30Ba 0a3a 1040 TaKOro 3B’ 3Ky 1iie Hapa3si ciadka. Crif
3a3HauYNUTH, M0 po3BUTOK HCD moB’s3yi0Th 3 BBEACH-
HSIM BiITHOCHO BMCOKMX 103 TalOJIiHIi-BMICHUX KOHT-
pactiB (> 0,2 mmonb/Kr) [24, 25]. @epepanbHe YII-
paBiiHHSA 3 Jikapcbkux 3aco6iB CIIIA (FDA) pekoMmeH-
IIy€ He IMpU3HAYaTH KOHTPACTHI peYOBMHM Ha OCHOBI T'a-
JOJiHil0 TalieHTaM 3 TOCTpPOl ab0 BUPAXKEHOI

Moreover, the new techniques of radiation dose
decrease do not allow minimizing it radically. Thus,
according to the data of Wahi-Anwar et al., the
decrease of radiation dose up to more than 50% dur-
ing the CT imaging of RCC caused the significant
increase in the number of false positive results [21].
One of the ways to avoid radiation exposure in
patients with RCC is the usage of MRI. Numerous
studies comparing the effectiveness of MRI and CT
in the diagnostics of RCC have been already carried
out. According to the recommendations of the
European Association of Urology (EAU) on RCC
issued in 2017, MRI can be used to characterize and
determine the stage of this disease and can be the
choice method for patients with allergy to intra-
venous contrast iodine-rich substances, primary
stages of kidney failure, pregnant women (who do
not have kidney failure) as well as for the hereditary
forms of RCC aimed to lessen the radiation effect
on patient [6]. There are also many studies high-
lighting high effectiveness of MRI in the diagnostics
of RCC which is the same effective and in some
cases even superior than CT. Thus, according to the
data of the fundamental research carried out by D.
V. Shukin [22] the sensitivity, specificity and accu-
racy of MRI in diagnostics of RCC (n = 138) were
high and accounted 89 %, 90 % and 90 % respec-
tively, while the accuracy in differentiation of cystic,
adipose and solid kidney masses accounted 91 %
[22]. According to the data of EAU the sensitivity of
CT for the diagnostics of this malignant disease bal-
anced between 88—96 %. Moreover, MRI benefits
from CT in characteristics of venous involvement
caused by RCC (the sensitivity and specificity
90—100 % for MRI and approximately 87 % for
multispiral CT) [6]. MRI is performed before and
after the injection of the gadolinium-based contrast
if the RCC is suspected. It is believed that the
gadolinium-based contrasting substances for MRI
do not possess significant nephrotoxic effects [23].
However, some researchers described the relation-
ship between the application of the gadolinium-
based contrasts and the development of nephro-
genic systemic fibrosis (NSF) in patients with kid-
ney failure, while the evidence for this phenomenon
is still insufficient. It is worth noting that the devel-
opment of NSF is associated with the injection of
relatively high doses of the gadolinium-based con-
trasts (> 0.2 mmol/kg) [24, 25]. The Food and Drug
Association in the USA, recommends avoiding the
administration of the gadolinium-based contrast
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XPOHIYHOIO XBOPOOOIO HUPOK, MPU MBUAKOCTI KIyOOU-
koBoi ¢inprpanii (IHK®) < 30 ma/xs/1,73 m; Henas-
HbOIO TPaHCIUIAHTALlI€10 MeUiHKM, HUPOK abo remnartope-
HaJbHUM CHHIPOMOM, SIKIIIO KOPMCTb Bil BBEIACHHS
KOHKPETHOMY TaIliEHTY TaKOro KOHTPACTy SIBHO Tiepe-
BaXye IMOTEHLIMHMI pusuk [26, 27]. 3 yacy BOpoBaj-
JKEeHHSI [IUX IPUHLIMITIB, 3axBopioBaHicTh HA HC® 3Hau-
Ho 3meHmmnack [28]. 3a manumu EAU Taka mo-
nanpHicTe MPT, gk nudysiliHo-3BaXeHi 300pakeHHs
(133) BonOAie moTeHLianoM sl UdepeHLiiHOoI aiar-
Hoctukn HKP [6], poTe y KogHOMY 3 IOCIIIXKEHb HE
OyJ10 HaBeIeHO MAHMX, JOCTATHIX IS BUKOPUCTAHHS
npomeHeBux 6iomapkepiB HKP Ha ocHoBi MPT-300pa-
JKE€Hb B IIMPOKiil MeanyHii mpakTuli [29—32]. ¥V Hamx
nonepeaHix Mmyosikalisix HaMu OyJia poJeMOHCTpPOBa-
Ha BUCOKA e(PEeKTHUBHICTb 3aCTOCYBaHHSI BUMipIOBaHOTO
Koediuientra qudysii 33 MPT y sKocTi TpoMeHEBOTo
o6iomapkepy HKP, 1110 103B0JIs110 He TUIBKM JOCTOBIpHO
JIiarHOCTyBaTu JaHy IaToJIOrit0, ajie i MpOBOAUTH 11 11~
(epeH1iallio 3 TOOPOSIKICHUMU HUPKOBMMU HOBOYTBO-
PEHHSIMM, YHUKAIOYM BUKOPUCTAHHS KOHTPACTHUX pe-
4yoBUH [33, 34].

BaxxnuBy posib y 3MEHILIEHHI Y4 YHUKHEHHI IIpOMeHe-
BOTO HaBaHTaXK€HHSI Ha XBOPOTO € 3aCTOCYBaHHS MoJIe-
KyJISIpHUX OioMapKepiB y paHHIiil MiarHOCTWIIi, CKpH-
HiHTY i micasionepauiiiHomy BeneHHi xBopux i3 HKP.
Tak, BuUSIBIeHHsI aOepaHTHOrO TilMepMEeTUJIFOBaHHSI Te-
HiB-oHKocyImpecopiB APC, P16, RARbeta2, ARF npo-
JNEMOHCTPYBAJIO TOCUTh BUCOKY YYTJMBICTh MPU CKPH-
Hinry HKP [35]. ¥V Benukomy nociaimxeHHi (n = 720)
Morrissey Ta iH. [36], Oy/710 BCTAaHOBJIEHO, 110 CKPUHIHT
HKP, BukopucToByroun 3pa3ku cedi i BUBHAUEHHSI B HUX
B KOHUeHTpaliii aquaporin-1 (AQPI1) Tta perilipin-2
(PLIN2), no3BoJMB BUSBJISTA TaHE 3aXBOPIOBAHHS 3
gyTmBicTIO 95 % 1 cneumdiunictio 91 % (AUC —
0,990). 3a paHumu omnyo6iikoBaHoro y 2017 p.
nocaimkenHs: Chan 3i cniBaBTopamu [37], BUSHaUE€HHS
Kackany myTaliii (pymapaTtrigparasu 103BOJUIO BUSIBU-
™ HKP nHa panniit cramii. O. O. Ctpoii Ta criBaBTOpH
[38] BusHaumnm, 1o ekcropecis MikpoPHK-508-3p B
kpoBi xBopux 3 HKP € 1ocToBipHO HUXXUYOIO, HiXX Y XBO-
pUX 3 JOOPOSIKICHUMU TyXJAMHAMU HUPOK i 3M0POBUX
0ci0, mo go3Bosnio aiarHoctyBatu HKP 3 uyTnuBicTio
84 % Tta cneuudiunictio 91 %. He3Baxarouu Ha 3HaYHY
KiUJIBKICTh MPOBEIEHUX AOCTIIXEHb, MOIIYK LUPKYII0-
1oyoro 6iomapkepy HKP, sikuii 61 103B0JISIB TOUHO Aiar-
HOCTYBaTU JaHe 3aXBOPIOBAaHHSI Ha paHHiM crafii i Mir
Ou OyTU BUKOPUCTAHMI IJI1 CKPUHIHTY BCE 11Ie TPUBAE.
B pesynbrarti Halroro JOCiIXXKEeHHS Brepliie 0yja0 BUSIB-
JIEHO, 110 BU3HAYEHHS y CeYi XBOPUX PiBHIB eKcmpecii
miR-15a pn qudepenuiitniit giarnoctuni HKP i mo0-

substances in patients with acute or expressed kid-
ney diseases and the glomerular filtration rate
(GFR) < 30 ml/m/1,73 m; recent liver or kidney
transplant or hepatorenal syndrome unless the
advantages of the injection of such contrast are
obviously higher than potential risk in specific
patients [26, 27]. Since the implementation of these
principles the morbidity of NSF has decreased sig-
nificantly [28]. By the data of EAU such modality of
MRI as diffusion-weighted imaging (DWI) possess-
es a potential for the differential diagnostics of RCC
[6]. However, none of the studies presents the data
that are sufficient to apply radiological biomarkers
of RCC based on the MRI in common medical
practice [29—32]. Our previous publications
demonstrated high efficacy of the measuring of
apparent diffusion coefficient of DWI. Its applica-
tion as the radiological biomarker of RCC allows to
diagnose this pathology accurately and correctly as
well as to carry out its differentiation from the
benign kidney lesions avoiding the application of
contrast substances [33, 34].

The application of molecular biomarkers in early
diagnostics, screening and post-surgical monitoring
of patients with RCC play an important role in the de-
creasing or avoiding radiation exposure of the patient.
Thus, the detection of aberrant hypermethylation of
onco-suppressant genes APC, P16, RARbeta2, ARF
demonstrated high sensitivity in the screening of
RCC [35]. The massive study of (n = 720) Morrissey
et al., defined that the RCC screening having used
the urine samples and detected concentrations of
aquaporin-1 (AQP1) and perilipin-2 (PLIN2) per-
mitted to detect this disease with the percentage sen-
sitivity of 95% and specificity 91 % (AUC — 0.990)
[36]. According to the paper of Chan et al. published
in 2017 the detection of the fumarate hydrase muta-
tion cascade allowed the detection of RCC in the
early stage [37]. Stroy et al. determined that the
expression of microRNA-508-3p in the blood sam-
ples of patients with RCC is apparently lower com-
pared to the patients with benign tumors and in
healthy individuals. It allowed to diagnose the RCC
with the sensitivity of 84% and specificity of 91 %
[38]. Despite the significant number of performed
studies, the circulating biomarker of RCC allowing
the correct early diagnosis of this disease and which
could be used for the screening is still not found. In
a result our research it was found that the detection
of the expression levels of miR-15a in urine samples
of patients allows to differentiate RCC from benign
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REVIEWS

POSIKICHUX ITyXJIMH HUPKU 3a Joromoroto ROC-aHaltizy,
YYTJMBICTh Ta CHEUM@IYHICTh MPU MOPOTOBOMY 3HA-
yeHHi ekcnpecii 5,00E-06 yMOBHUX OIMHULIb, CTAHOBM-
mm 98,1 % Ta 100 % BinnosigHo (95 % A1 0,9—1,0), npu
npoMy mioma mig kpusoto (AUC) ckiamana 0,955 [39].
Yumajo mOCIiIKeHb B IIbOMY KEPYHKY BCe IIle TPUBA€E
(NCTO02499458, NCT01339975, NCT01224288,
NCT01926990, NCT03097601, NCT02570789).

BUCHOBKU

BpaxoBytouu HaBeAeHi Bullle AaHi, OOHUM i3 IPiOpUTET-
HUX 3aBJaHb Cy4aCHOI MEIUIIMHU € 3MEHIIEHHs 103, a
TaKOX IO MOXJIMBOCTI YHUKHEHHS padialliflHOro ori-
pomiHeHHs xBopux i3 HKP mig yac mpomeHeBux o0cTe-
KE€Hb, y 3B’SI3Ky 3 BHCOKHMM pPHU3UKOM PO3BUTKY
pamiauiiiHO-iHAYKOBaHOTO paky. bepyun no ysaru
€KBiBaJIEHTHICTb, a y NesIKUX Bunaakax nepesary MPT B
npiarHoctuui HKP y mopiBHsiHHI 3 KT, a Takox Bia-
CYTHICTh padiallifHOro OINPOMIHEHHSI XBOPOTO Mif 4yac
BUKOHAHHS LIbOTO OOCTEXEHHS, IIMpIle 3aCTOCYBaHHS
MPT 103BOAWTH 3HU3UTU YACTOTY BUHUKHEHHS pajia-
HiliHO-iHAyKOBaHOro paky. IToTeHLian BUKOpPUCTAaHHS
MouiekyJisipHux OiomapkepiB HKP aiast ckpuHiHTY,
PaHHbBOI 1iarHOCTUKHY i pAHHbOI'O BUSIBJIEHHS PELIUAMBY
JIAaHOTO 3aXBOPIOBAHHSI, MOPYY 3 YHUKHEHHSIM TPOMEHe -
BOTO HaBaHTaXXEHHSI HA XBOPOTO CTBOPIOE OOHAIININBY
KIIiHIYHY MTEePCIEeKTUBY.
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kidney tumors with the sensitivity and specificity
98,1 % and 100 % respectively (95% CI 0.9—1.0) at
the threshold expression value of 5,00E-06 relative
units. Simultaneously the area under the curve
(AUC) accounted 0,955 [39]. A lot of studies dedi-
cated to this problem are still being performed
(NCT02499458, NCT01339975, NCT01224288,
NCT01926990, NCT03097601, NCT02570789).

CONCLUSIONS

Taking into account the data presented above the
reduction of the radiation doses and possible
avoiding of the radiation exposure in patients with
RCC during radiological examinations as it
increases the risk of radiation-induced cancer
development are the priority tasks of modern med-
icine. The accuracy of MRI compared to CT in
the diagnostics of RCC is equivalent or even supe-
rior in some cases, while the radiation exposure on
the patient is absent during MRI. Thus, the wide-
spread usage of MRI will allow decreasing the fre-
quency of radiation-induced cancer development.
The potential usage of RCC molecular biomarkers
for the screening, early diagnostics and early
detection of recurrent RCC together with the zero
radiation exposure on the patient form the basis for
the encouraging clinical perspective.
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