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Pedepat

[enn: Co3paHye CBOAKY JAHHBIX [TO IPaaL{isaM BenmanHbl 3¢ QeKTa [/Is1 HepBOro KpUTepus MPUIMHHOCTY XIITa «CUIA aCCo-
LManmu» 10 apaMeTpy OTHOCUTenbHOro pucka (RR).

Marepuan u Metozipl: O630pHOE UCCIEfOBaHME Oy OIMKOBAaHHBIX ICTOYHUKOB: MOHOTpadmy, 0coOus, CTaTby, y4eOHbIi Ma-
Tepya MO CTATUCTHKE B Pa3/IMYHBIX JUCHUIUIMHAX (B ToM uncie on-line) u ap. (128 ccputok; u3 HUX nopsigka 30 moco6uit mo amm-
[eMIOJIOTUY, KaHIlepOreHe3y 1 CTaTUCTHKE B MeIUIIHE).

Pesynprater: [Insa senmanubl RR u3 coOpaHHOII cBonKM JaHHBIX (1980-2018) crefyeT HEOTHOPOJHOCTD B IOHATHAX. Haub6omnee
pacIpoCcTpaHeHbl CCHUIKY Ha IKany MoHcoHa (fBa M3gaHMs MOHOTpaduy IO SIMAEMIOIOTUN [IPO¢eCCHOHAIBHBIX BO3LENICTBII —
Monson R.R., 1980; 1990). OnrTrmasnbHas, Ha Hall B3I/, TPajaliusa MOXKeT ObITh BoIpaboTaHa Ha OCHOBE 3TOJI IIKAJIBI, KOTOpAst
[O/DKHA BKIIIOYATD KaK AMana3oH orcyTcTBus addexra (RR = 0,9-1,2), Tak 1 auanaszonst cnaboit (RR = 1,2-1,5, win 0,7-0,9), yme-
pennoit (RR = 1,5-3,0, wiu 0,4-0,7), cunbnoit (RR = 3,0-10,0; nnn 0,1-0,4) u ouens cunbroit (RR = 10,0-40,0; unn 0,0-0,1) cs3u.
ITpepcTaBeHbl IPUMEPHI SIUIEMUONOrMYecKuX 3pdeKToB ¢ nopassoueit cuoi cBasu (RR > 40,0). 115 Bo3aeiicTBUs Tamufo-
muza RR gocturai Thicsad, i AMATUICTUIOECTPOTIA — YCIIOBHOI GECKOHEYHOCTH, @ IIPY OOMYYeHNN B JETCKOM BO3pacTe 4acToTa
HEKOTOPBIX PaKOB BO3pacTaja B AECATKMU 1 JaXke COTHM pa3. KpaTko paccMoTpeHb! opyuudecKe acrieKThbl BBIITAThI KOMITEHC AL
ucxopst u3 RR. Cormacxo mpasuny [lay6epra (Daubert ruling, Daubert standard) mo npenenenty 1993 r., B CIIIA sHaunMbIMu mpu-
3HAIOTCA PUCKM TOMbKO Ipy RR >2,0, Korga BeposATHOCTb npyyuHHOCTH 6011ee 50 %.

Buiogpl: [l onenky BenuunHbl RR c1egyeT momp3oBaThbest Hanbojee pacpoCTpaHeHHOI 1 0(UIINAIbHO YCTOSABILIENCA LITKa-
71071 MOHCOHa, XOTsL U € paclIMpeHeM B IuanasoHe CBEPXBBICOKMX PUCKOB. HacTosiee nccienoBanme MoXeT ObITh NCIOIB30BAHO

KaK CIIpaBOYHOE PYKOBOJCTBO I10 TpajianyAM cuibl agdekra 1o RR (OR) 1 caMbIX pasHBIX ONMCAaTeNTbHbBIX JYCIUIUINH.

KiroueBble cnoBa: epadayuu senuuunvl spdexma, opoOuHanvHbLe UIKATIbL, OMHOCUMENbHBIL PUCK, INUOEMUONO2US

IMocrynmma: 04.06.2019. ITpunsra Kk mybnukanum: 19.06.2019

1. BBeenue 1 MOCTaHOBKA MPOGIEMEI A
IUKIA COOOLIEHMIA: ACCONUANNY U KPUTEPUHI
MX NIPUIMHHOCTH

OneHka IPWYMHHOCTY SBIEHUI M ACCOLMATVBHBIX
CBsI3eil — KpaeyronbHbIi KaMeHb KaK Halleil 0ObIAeHHO
KU3HU [1]], Tak M IpaKTUYECKM BCeX HAYYHBIX AMCIIM-
IUTMH, BKIIOYasi IMIIMPUYECKIE U OMMCaTenbHble: (HumIo-
codun [2, 3], 6uomorny, SMUTEMUONOTUN, MERULIVHBI,
¢dusuxu [4], xumun [5]2, skonomuxku [7], conyonorun [4,
8], opucnpynenuuu [9], ncuxonornu [4] u ap. [4, 10].

Bo Bcex atux obnmactsx (kpome ¢unocodun) gokasa-
TEIPHOCTh MOYKET OCHOBBIBATHCS HA BBISAB/IEHUI CTATH-
CTMYECKY 3HAYMMBIX aCCOLMANMil: MEXAY HMPUYMHON U
CIIE[ICTBUEM, MEX/Y BO3[EVCTBYEM 1 3D (DEKTOM, MEXY

! PynuMeHTapHOe IOHMMaHMe IPUYMHBI U CINCTBYUSA IIPU-
obpeTtaercsi GONBIINHCTBOM JIOfEl CAMOCTOSITENIBHO ¥ HAMHOTO
PpaHbllle, 4eM STOMY MX MOT KTO-TO Hay4uTh. PeGeHOK ellje 10 TOTO,
KakK Hay‘H/ITCﬂ FOBOp]/ITI), y)Ke IIOHMMAaET CBA3b Me)K}ly IrayeM u
HIOSAB/IEHVIEM MaTepH, a TAKXKe CBA3b MEXY Hell ¥ KopmyeHueM [1].

2XoTs HBIHE U YKa3bIBaeTcs, 4To «DPu3nKa ¥ XuMMsA HOMTHO-
CTBIO OTKa3a/1MCh OT KOHLIENLMI IPUYMHbBI U CIECTBUS; JaHHbIE
TepMMUHBI OOJIblIIE He UCIIONb3YITCS B 3TUX HayKax [c KoHILa 19 B.]»
[6]. Takoe momoKeHME CIOKUIOCDH B CBA3Y C BBEIEHEM KBAHTOBOI
TeOpUM, UTO NPUBEJIO K IPUHATHUIO MHIETEPMUHI3MA U K OTKa3y OT
K/TaCCUYECKMX MTOHATUII IPUYMHBI U C/IefCcTBYS [4-6].

XapaKTepPUCTUKON TPYIIbl ¥ ee HOCTeRYIOLMMIU IOBe-
[IeHYeCKMMU 0COOeHHOCTAMMU, U mp. [4]. B skcmepumen-
TAJIbHBIX JUCLUIUINHAX C BO3MOXXHOCTBIO YCTaHABIMBATD
YCTIOBMsI OIBITA, IIONy4eHMe IOZOOHBIX [OKa3aTenbCTB
O4YeBUAHO (9KCIEPVMEHTA/bHBIM HA3bIBAETCS IOAXOT,
KOIZla MOXXHO IIPOKOHTPOIMPOBATh XOTs1 OBl ORMH Ba-
poupyomuii ¢pakTop 13 MHOruX [11]). BeisaBnenue B akc-
HepYMEeHTe CTAaTUCTUYECKV 3HAYMMON aCCOLVIALINU WU
KOppe/siLiMUA — 3TO KOHeuHbldl 3TAl JIOKa3aTelTbHOCTU
(4TO OTHOCUTCSA M K PAaHAOMU3MPOBAHHBIM KOHTPOJIN-
pyeMbIM MCIIBITaHUAM B MepuuyHe [4, 11]) [12]. TanHOe
[IOJIOXKEHNE, BEPOsITHO, HACTO/NBKO INyOOKO BXOAUT B
MOJICO3HAHNE OSKCIIEpPUMEHTATOPOB, UYTO HEPEJKO pac-
MpOoCTpaHsieTcss UMU (a, 3aTeM, M MaccaMy HaceleHus) Ha
BCe OCTajbHble OUICIIUIUIMHBI ¥ OOIACTU YeTOBEYECKOTO
[esITeIBHOCTY, Tjeé HUMKAKUX KOHTPOJIBHBIX OIBITOB ITO-
CTaBUTDb HeNb3s. 10, UTO ISl OMMCATENbHBIX MUCIIATIIVH,
BKJIIOYAIOLINX BMeCTe C SIM/eMIOJIOTHEl 9KOHOMMUKY, CO-
L[MOJIOTHUIO, TICUXOJIOTMIO U JIP., «aCCOLMAnMs He O3HayaeT
Kaysauuio» (TO ecTh NMPUYMHHOCTH; mapadpas us [13]),
KaKOJi1 OBl CTATMCTUYIECKON 3HAYMMOCTHU HIU OBUIA KOppe-
JIALMA, SICHO TaJIEKO HE BCEM.

M Mbpl BUIMM Takue sipKMe NPUMepPbl COOTBETCTBY-
IOLEr0  pofa, Kak (pM3MOmoro-comyonoro-sKoHoMmude-
CKOe M3bICKaHNe Westling T, 2011 [14], Bbleniree u3
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XenbcuMHKCKOro lleHTpa SKOHOMMYECKMX MCCIEeNOBAHUN
(Helsinki Center of Economic Research), B koropom mo-
Ka3aHo, YTO A7 76 cTpaH mupa (II0YTH BCe KOHTMHEHTDI)
Be/IMYMHA BaJIOBOTO BHyTpeHHero npopykra (BBII) cBa-
3aHa CTAaTUCTUYECKY 3HAUMMOI 06paTHOI 3aBUCUMOCTBIO
(r = -0,447) co cpegHUM JIMHEHBIM pa3MepOM IIeHMCa Y
MY)XCKOTO Hace/meHMs. B «3akaioueHunm» crarbu aBTOp
orMmedaeT: «HecKO/IbKO YAMBUTENBHO, YTO [IMHA IIEHMCA
SIB/ISIIAcCh 0Ojlee CTPOroil HEeTEPMUHAHTON HSKOHOMIYE-
CKOTO pasBUTHMSA, YeM IOMUTUYECKMI PEXVM CTPAHBI».
(‘Somewhat surprisingly, penile length was a stronger
determinant of economic development than country’s
political regime type. — smecp u nanee nepeson A.K.) [14]3.

B HemaBHell MyO/nMKaLnuy OFHOTO 13 HAC HA TEMY IIpH-
YMHHOCTHU B smujemuonornu [15] nmpuBefeH 3HaUUTeIb-
HBII MacCUB IPYMEPOB JIOKHBIX acCOLmManuii Kak u3 He-
pafMalMOHHO 06/1acTy, TaK U I Ty4eBbIX 3¢ (HeKTOB B
MOMY/IALMAX YeloBeKa. B ykasaHHBIT 0630p Taxke BOLI-
TN CBelleHMsA O HEKOTOPBbIX CTPAaHHBIX accolmanmaAx (Ha-
pyMep, 0 KOppe/ALuy MeXAY MoTpebleHneM MOpOXKe-
HOTO 1 CMEPTHOCTBIO OT yTOIUIeHnit [16, 17] nnn ybuiicts
[18]; oTv faHHBIE HPUBOAATCSA B 3alAfHBIX MOCOOMAX
[16-18] xax kypbesHble). Ho mo mybmukanum mo cesisu
BBII ¢ muHOI neHnca feno Torga He JOIIIO.

ViMeeTcsi BOCTATOYHO MPMMEPOB JIOKHBIX accoLma-
LVI/KOPPenAMil M ISl MeSUIMHBI C SIMIEeMMOIOTel
(cm. B [15]); HEKOTOpbIE M3 HUX, BHEPEHHBIE B IPAKTH-
Ky 1160 IpoduIakTHKy, BIMCANN eC) He TParndHble, TO
BeCbMa HEIPUATHbIE CTPAHUIIBI B COBPEMEHHYI0 MEVIIN-
HY (CKaXXeM, TOpPMOHAJIbHAs Tepamys IOC/Ie MEHOIIay3bl
[19]), BxiTo4ast pafiMaliyiOHHYIO SIMEMIOIOTHIO (Hampu-
Mep, SKOObI aTpMOYyTMBHOCTb OOTydYeHMIO IOBBIIIEHNA
YacTOTBI OHK03200/IeBaeMOCTH IOC/Ie TIPOBENEHMS KOM-
IIBIOTEPHOI ToMorpaduy B eTCKOM Bospacrte [20]).

B cBA3M cO CKasaHHBIM ellle pa3 OTMETUM, YTO IS
SMNUAEMMONIOTUY YCTAHOB/IEHME CTAaTUCTUYECKU 3Ha4IM-
MO acconmangmnumn Me>1<;[y ABYM: ABJICHUAMHN, B OTINYNE

39r1a pabora — He MAPOAUA U HE JaTMPOBaHa 1 ampens (mara
BBIXOAa — 1I071b). IIy6/MKanus, X0Ts 1 Ha3BaHHAs «IUCKYCCUOH-
HOJI», HAXOJUTCS B KaueCTBe PAZOBOIL B 6ase paboT Ha caiite Ha-
3BaHHOrO XenbcuHckoro Ilentpa. VlcciemoBaHue BBIIIONHEHO
BIIOJIHE CEepbe3HO: B Havasie CTaTby aBTOP IIPUHOCUT O1arofapHo-
CTH PSIY TaKUX JKe U3bICKATereil 3a «IIPOHNIAaTeTbHbIe KOMMEHTa-
puM» U 3a IpefoCTaBIeHNe CBEfleHNIT O pa3Mepax IeHNca, a B Ipu-
JIOKEHMAX HAaXOMATCA Bee Mcxonuble nanuble. Ho mena ¢ BBII 6bummn
CBs3aHBI BOBCE He C pasMepaMl YKa3aHHOTO OpraHa, a C pacoBOit
¢usnonornert, KOTopasi 0Kaszanach BMEIIMBAIOIINMCA (HAaKTOPOM
(to ectpb «xoHbayHfepOoM» [4, 7, 12, 13]). A uMeHHO: Ha rpaduke
3aBucumocty BBII or mimHbl neHuca n3 [14] «cBepxy u cneBa»
IpepcTaBIeHbl pa3BuTble ctpanbl Asun (HOxxnas Kopes, Anonns,
CuHranyp u fip.), a «CIpaBa ¥ BHM3Y» — HepasBUTble CTPaHBI
A¢puxu (Yag, Cynas u T.11.). OcTanbpHble CTPaHbl B OOBIINHCTBE
pacnpepeneHsl mocepenuHe. OTCIofa M BBIABIIACH «BBICOKas KOP-
pernanysi». ITOT MOMeHT B [14] moyeMy-To He 00CYy)XHaeTcs, 3aTo
VIMEIOTCS TUIIOTE3BI O BIIVITHUM TeCTOCTEPOHA, YPOBEHb KOTOPOTO,
cormacHo T. Westling, oTpaxkaeTcsi Ha CKJIOHHOCTM HaceNleHMs K
PUCKaM, B TOM YIC/Ie SKOHOMUIECKVIM.
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OT 3KCIEPMMEHTANbHBIX AUCLUIUINH, SB/SETCSI TOTBKO
CaMBIM HEPBBIM, UCXOOHbIM ITAIIOM [JOKA3aTelbCTBa MPU-
yyHHOCTU [12], XOTS M Heob6XOmUMbIM: 6€3 JOKa3aHHOM
accouyanuu He MOXKET OBITb MCCIENOBAHUS MPUIMHHO-
cru [13, 21]4

Yrobbl IOATBEpAUTH IPUYMHHOCTb ACCOLMALIVM,
Beren 3a mocrynatamu lerme-Koxa XIX B. mis uHdek-
LMOHHBIX 3aboneBanuit, B 1950-1970-x IT. B anmpeMuo-
noruu 6bUT paspaboraH psj nyHKToB (‘points’) [24], mo-
noxennit (‘viewpoints’) [13], pyKoBOASsLIMX IPUHIIUIIOB
(‘guidelines’) [25], xputepues (‘criteria’) [26], mocTynaTos
(‘postulate’) [27] u pmp. (cm. B [15, 21] 1 oLeHKH TIpu-
YMHHOCTU XpOHI/ILIeCKI/IX, HeI/IH(beKI_H/IOHHbIX HaTOHOI‘I/Iﬁ.
HasBaHHbIe TEPMIMHDI O3HAYAIOT II0 CYTH OJHO M TO XKe, a
KayeCTBEHHBIE OT/INYMS VX II0 CU/IE YTBEPXK/EHNS CITy>Kat
TONIBKO OTpPa’KeHUeM CYOBeKTUBHBIX MO3MINIT aBTOPOB.
Hambomee u3BeCTHBI [€BATh KPUTEPUEB NPUIMHHOCTU
Xumna (Austin Bradford Hill) [13], kotopsle aTOT BecbMma
aBTOPUTETHBIN B IIPOLUIOM aHIMIMIICKUIL CTATUCTUK B 00-
JIACTV. MERMIIMHBI ¥ SIUIEMIOIOTUI TOJIBKO cobpan Bo-
eIVHO, B35IB Y APYIuX aBTOpoB (moppobHee cM. B [15, 21,
28])5. Tem He MeHee, Telepb KPUTEPUU MPUINHHOCTYA B
SMUAEMUOIOTUY HAa3bIBAIOTCS IIOYTHU BCIOAY «KPUTEPUAMI
Xumna» [1, 6,9, 12, 15, 21, 28, 29]. BeposTHO, 4TOOBI KaK-
TO HUBENMPOBATD ITY HECIIPABEINBOCTD, HEKOTOPBIE aB-
TOpPBI YKa3bIBAIOT, YTO [jAHHBIE IIOTIOXKEHWs «Ha3BaHbl B
gectb capa Octuna Bpendopma Xwwrma» [9], xoTs Takoit
BBIBOJ, HMOTKY/ja He CIEYeT.

MbI He 6yneM 3fech He TONBKO pasbuparh, HO Jaxke
HepeYNCIATD [eBsATb KpUTepUeB XMIal, CKakeM TONBKO,
4T0 caM XW/IT TOFYEePKMUBAJI, YTO 9TO HUKAKIME He CTPOTue
IpaBWIa-KpUTEPUY, a HeKye IPYVHIUILI, PYKOBOJCTBA,
YTOOBI OLIEHUTD CTEIIEHb BEPOSITHOCTH TOTO, YTO ACCOLM-

4 TeopeTuuecKy BO3MOXKHA Kay3alysA ¥ 6e3 BbIAB/IAEMON ac-
coLManuy; STOT BOIPOC 6blT pasobpaH paHee ofHUM 13 Hac [15].
Tak, B [22] onucpIBaeTcs CleRyIOMWNUIT YMO3PUTENbHBI IPYMep U3
Greenland S., Robins J.M., 1986 [23]. JomycTnM, MOIOBUHA MHAMN-
BUIYYMOB B MONY/IALVY YYBCTBUTENbHA K BO3JIEIICTBUIO I MOXKET
yMepeTb OT Hero (To ecTb OHM OYAYT KUTb, TONBKO €C/IU He HOf-
BEpPrHYTCS BO3ZENCTBMUIO), a [pyras IIOTIOBMHA MOXKET yMepeTb
VIMEHHO 13-32 OTCYTCTBUS BO3/eICTBYA (TO €CTb OHM OYRYT KUTb,
TOJIBKO €C/IY HOfBEPIHYTCA BO3MeiicTBIUI0). Ecnu akcrosuums pac-
HpefeTUTCA M0 MONY/IALVN CTy4aiiHbIM 00pa3oM, TO OXKMIAeMblil
CpemHuit pu4nHHBI 3¢ deKT («accoumanys») 6yaeT paBeH HYIIO:
He OOHApY>KUTCSA CBA3M MEX[Y BO3JECTBMEM Y CMEPTHOCTBIO B
6eckoHeyHO 607bIION momy/suuy. Ho [Is1 KaXKOTo OT/AeIbHOTO
MHIVBUAYYMa MCXO/, OyeT IpUYMHHBIM [22, 23]. [TpuMep He CTOND
YK YMO3PUTENbHBIIT: JOCTATOYHO HIPEICTaBUTD cebe HEKUX TsDKe-
JIBIX HAPKOMAHOB, COCTaBMBIINX I7ie-TO IOIOBUHY MOMY/IALIVIN.

5 A.B. Hill no6aBun ot ce6st TONIBKO OAMH, IOCTETHUI KPUTe-
puit, - QHAJIOTHIO, HO OH IIOYTH He UCIIOIb30BA/ICS U He UCTIONb3Y-
erca (cm. B [15]).

6 OBHVM 13 HAC BBIIOIHAETCSA LMK/ U3 HECKOIbKUX MOApPO6-
HBIX COOOLIEHNMIT [0 BCeM acCleKTaM, B TOM YHCIIe ICTOPUIECKNM,
KpUTepMeB NPUYMHHOCTY B MEIMKO-OMONMOIMYeCKMX AUCLIAIUIN-
Hax. [lepBas my6mmukanms, Kak cKa3aHo, yxke yBupena cset [15], a
BTOpasi, CKopee Bcero, 6yzeT ony6nmukoBaHa Toxe B 2019 1.
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aryst npuunHHA [13]. Benen 3a HUMM yKa3aHHOe ITOIOXKe-
HIle TIOBTOPSIETCS MPaKTUIECKM B KaXKIOM COOTBETCTBY-
IOIIEM MICTOYHMKE Ha TeMY NPUYMHHOCTH 1,6, 7,9, 15,
21, 22, 30]. Begp B dumocodckoM IUtaHe monmydeHue ab-
CONIIOTHOTO 3HaHMS MPUYMHHOCTHU AJISI MERVKO-6MOIOrN-
YeCKVX AUCLUIUINH — HEBO3MOXKHO, JJaXKe B KAKOM yTOHO
aKcIiepuMenre (2, 7, 13, 22, 31] (moppobuee cm. B [15]).

EnvHCTBEHHBII HACTOAIIMIT Kpumepuil TPUINHHO-
CTM — BPEMEHHAs 3aBMCHMMOCTDb, TO €CTb IPaBU/IO, YTO
cnencTeye 0053aHO ObITh MO3XKe npuyuHs [1, 7, 13, 21].
Ho u 37ech UMEIOTCS CIOXKHOCTH, HAIpUMep, IpK HajIM-
4ne KoH(ayHziepa B IPOLUIOM [29], /1A HOIepeYHbIX MC-
crefoBaHMil (OXHOBPEMEHHO OIPENE/SIIOTCS U MPERIo-
jaraemasi IpMYMHA, U CIenCcTBHUe) [32] wam mpum oueHke
[ePBONPUYMHBI HAC/IEACTBEHHBIX TeHETHYEeCKUX 3abore-
BaHMI, MeAMMpyeMbIX cpenoit [33]. VisBecteH Taxoke pakr
obparHoit mpuuunHOCTH [1, 7, 13, 20, 29, 33, 34], ompene-
JISTIOLNIL, CKOpee BCEro, KaXXyIecs: KaHIleporeHHble 9¢-
(hexThI KOMIIBbIOTEPHOI TOMOrpaduu [20].

Cpeny OCTalbHBIX BOCBMM KpuTepueB OONbIIOe
3HaYeHMe Mpupaetcss cwie cBsa3u [a¢dexra, accorma-
uyn] (strength of the association [13]). Bmepsbie 3ToT
KpuTepuil ObUI BBefleH OfHUM W3 IMOHEPOB-UCCIIe-
JOBaTeNlell CBA3KM MeEX[y KypeHMeM U PaKOM JIeTKOro,
E.C. Hammond (1912-1986; CIIIA) B 1955 1. [35]; ¢ Tex
HOp MHOTME aBTOPBl OTBOAMIN €My OJHY U3 IJIABHBIX PO-
neit (cpeny MpUBENEHHBIX BBIIIE MCTOYHUKOB — [1, 7, 13,
29, 34]; cMm. TakKe 0630p 110 YaCTOTE VICIO/Ib30BaHMS TeX
VI VIHBIX KPUTEPUEB IPUIMHHOCTH [36]).

OcHoOBHas uyiest COCTOUT B TOM, UTO YeM CUJIbHee ac-
COLMAINSA, TeM MeHbIlle BEPOSTHOCTDb BIMAHUA KaK CIIy-
YaiiHOCTH, TaK U 3QdeKTa «TPeTbux», BMEIINBAIOIINXCS
(akTOpOB, TO ecTb KOHPayHAepoB [29, 32, 34, 39, 40]. O6
3TOM ObIIO MHOTO HamucaHo elie XWIIOM, KOTOPBIit 110-
CTaBWI JAHHBI KpUTepuil Ha nepsoe Mecto [13]. Tem He
MeHee, KPUTEepUil CUJIBl acCOLMAluy He abCOJIOTeH: XOTh
U PefKO, HO BO3MOXKHO Ha/lIM4Me TaKUX CUIBHBIX KOH(pa-
YHAEPOB, KOTOpbIE CMOTYT MMUTUPOBATh CKOIb YTORHO
BBICOKUII yPOBEHD CBA3N’.

Cwry acconuanmy OIpefeAlT IO [BYM IapaMe-
TpaM: II0 OTHOCUTENbHOMY pucKy — RR, nmbo orHomre-
Huio maHcoB — OR (smupemmonorus) [7, 19, 39, 40, 42,
43], n mo cune® xoppemsiyuy (OTYACTY SMUEMUOIOTVIS,
HO Oojiee — OCTa/IbHBIE IIepeyyC/IeHHbIe BbIIIe JUCIV-
wmHel) [7, 39, 40, 43]. B oTAeNbHBIX MCTOYHMKAX B Ka-
yectBe cybkareropum Kpurtepus «Cuma acconmanum»

7 Ha 3ape uccnegosanua CIIV[la ero nmpu4mMHBI CBA3AMN C
yHOTpeO/IeHeM TOMOCEKCYaTUCTaM) aMUWIHUTPUTOB («IIOMIep-
COB»; BJIBIXaHNe VX yBe/INYMBaeT, CKaKeM TaK, BpeMeHHBIl TeM-
nepamenT). 3HaueHne RR coctaBmmo 12,3 [41]. Takas Benmmumua
accolualuy JO/DKHA ObITh HasBaHa «OYEHb CUIBHOM» 10 KaKUM
yrogHo rpagarysM. CXORHBIM 00pasoM, CTaHJApPTHBI IpuUMep
KOH(ayHepa — CBA3b MEXAY yHOTpeOIeHeM aJIKOTONsA M PaKoOM
nerkoro [7, 15, 29], ABHO MOXeT ObITh OYE€Hb CUIBHOIA.

8 JIHOTZIa BCTpeYaeTCsl PyCCKOA3BIYHOE: «TeCHOTa» [37, 38, 44].

Ha3bIBAETCSl APYroit Kpurepumii mpuumHHoCcTH [Xwmmma] —
«bnonornyeckne rpagueHT», TO €CThb HamM4Me NO30BOI
3aBUCUMOCTH [7, 43, 45].

Ho xakme OTHOCUTETbHbIE PUCKU TOKHBI CYMTATHCS
60NMbLIMMM, a KaKye MajabiMu? PaBHO: KaKOI BeIMYMHBI
KOPPEeNALMIO HAafj0 YYUTHIBATh HpPU OIpefeeHNN Npu-
YMHHOCTY, a KaKOJl MOXXHO IIpeHeOpeub, OTKMHYB CBsI3b?
O6Hapy>Xumach, Kak U paHee CO LIKA/IOi [UANIa30HOB 03
o6myueHus: (OT «O4eHb MAIBIX» [O «OYeHb OOJIBLINX»)
[46], cTpaHHas KapTMHA OTCYTCTBUSA OOILIEPUHATON
yHUMKAIVY, IpUYeM B CTydae BeIMUMHBI KOPPETSAINN —
YyTh 1M He B TeUeHMe CTOIETHSI.

B nacrosiiieM 0630pe 13 IBYX COOOIIEHNIT Mbl TO/Ib-
KO KpaTKO paccMOTpuM (yHHaMeHTa/lbHble MOMEHTDHI B
paMKax Kputepusi cuibl accoryanuu. Llens o63opa 6onee
[MPaKTUYECKas: 9TO IPEeCTaB/lIeHNe CBOOKU JAHHBIX IIO
MMEIOIMMCS OPAMHAIBHBIM IIKanaMm [7, 19, 42, 44, 47] Be-
JIMYVH OTHOCUTENIBHOTO pMcKa U KoadduimeHTa kxoppe-
nAuyu (C BOSMOXXHBIMY 0OOCHOBAaHUAMM).

B Coo6iennn 1 mpuBeneHs! ZaHHbIE O KAY€CTBEHHBIX
rpajaunax and sennduHel RR.

2. Cuna cBasu mo oTHOCHTenbHOMY pucKy (RR)

JaHHBII [OAXOf, KaK yXe OTMeYanoch, OOHApY>KeH
TOJIBKO [T MEIVKO-OUOMTOrMIeCKUX UCCIEMOBAHNMIL, TIpe-
UMYILECTBEHHO 3MMAEMMOTIOTNYecKuX. MHOIVe aBTOPSI,
B TOM YIC/I€ B OOBEMHBIX MOCOOUSX IO SIMUITEMUOIO-
TUY, TePedncisiss KPUTEPUM HIPUYMHHOCTM M yKas3bIBas
Ha CWIy acCOLMALVM, HMKAK He ONpefendoT, Kakoil RR
CBUZIETENIbCTBYET O CUJIBHON CBA3M, a KaKOW — O crmaboit.
MpI pacnionarany oOpurnHanamMm nopsaka 30 Takux sapy-
6eXXHBIX OCOOUIT MO SMUIEMUOTIOTUM, KaHI[epOTeHe3y U
CTAaTUCTUKE B MeAUIMHE OCTENHNX JIET, B OCHOBHOM OK-
cpOpACKMX U TOMY HMOFOOHBIX aKafeMUYeCcKMUX V3JaHMUI
CIIIA n AHrmum, HaCUMTBHIBAIOUINX MHOTYE COTHM CTpa-
HUII, BIUIOTb IO THICSY (peKOpHHOe BKI4aeT 2498 cTpa-
Hun (Springer, 2014 r.) [19]). 3a TpeMsa MCKTIOUEHUAMU
[7, 48, 49], Hu B OHOM M3 HMX HET TPajjaliuil CUJIBI acCO-
LMalMy HU 110 KaKOMY IapaMeTpy. BcTpeTumucy Tonbko
YIOMMHAHUs O ee He3Hauamleil BenuumHe npu RR <2,0
[50], o cunbHoI (strong) cBsasu npu RR > 2,0 [32, 51], RR
> 1,5-3 [52], RR > 2-3 [53] 1 0 cu/IbHOI ¥ OYE€Hb CUTbHOI
[54] 60 yMepeHHO CMIBHOIL U CUIBHO [55] CBsi3y mpn
RR > 2,0 u > 5,0 cooTBeTcTBeHHO. Pasymeercs, mepeync-
JIEHHbIE COOTHOIIEHUS — HUKAKME He HACTOSIINE [IKATbI-
rpajannu. B pycckos3bIYHBIX IOCOOMSX MO MUAEMIOIIO-
TMU KapTMHA HECKONBKO VMHAs: B [ABYX M3 MMEIOLNXCS Y
Hac 4YeThIpeX POCCUIICKMX y4eOHMKax (Tpy IPYIIIbI aBTO-
poB) [44, 47, 56, 57] ecTb Tpajaluy, HO TONBKO MO BEJIN-
4yyHe K03 uumenTa Koppensaunu [44, 471°.

9 Mb1 paciiomaraem enle HECKOJIbKMMUI pOCCI/II7ICKI/IMI/I mocobu-
SIMU TI0 JIOKa3aTe/IbHO MeqUIIMHEe U CTaTUCTUKE B MeI[I/IKO-éI/IO)'IO-
TUYECKUX UCCIIENOBAHNAX. B Hux HUYero mo teme He 06Hapy>1<eH0.
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PaBHBIM 00pasoM, HaM BCTPETM/IOCH MajO YIIOMMU-
HaHWU1 06 OpAMHATIBHBIX LIKaaaxX BemumunHbl RR u B Kyp-
HaJIBHBIX Iy6nuKanusax. Bee, uTo o6HAPYKeHO, TpenCcTaB-
JIEHO HVKe, I, UCXOHA U3 CKa3aHHOI'O, COMHUTEIBHO, UTO
I7le-TO eCTb HedTO 6oJIee MOMHOE.

Cyns mo HeKOTOpBIM MCTOYHMKaM [58, 59], rpapa-
uuy BemnauHbl RR (oguH 13 06IUX TEPMMHOB: «BeJN-
unHa addekra» — ‘effect size’) Obimm 3amoxeHsl Jerome
Cornfield (1912-1979; CIIIA), Taxke OFHMM U3 HEPBBIX
VICCTIefiOBaTeIell CBA3M MEXAY KypeHVeM U PAKOM JIETKO-
ro [60, 61]. DTOT aBTOp Ha OCHOBeE IIOOOHOI CBA3K ITyTeM
MaTeMaTNIeCKUX BBIKJIA[OK BBIBEJI HEKOE HEPABEHCTBO
MeX[y BeM4MHON s deKTa MCCIefyeMOro BO3fieiiCTBIUA
n addexra Bo3MoxHoro koHopaynpepa (Cornfield’s
Inequality), mosBonAoLlee felaTb BEPOATHBIA BBIBOJ, O
Hamunu UCTUHHON npudnHHOCTH. J. Cornfield orenun
MMHUMa/IbHYIO0 Ben4nHy 9¢ddexTa KoHpayHfepa, KOTO-
pblif MOT OBl aHHYIMPOBATb WM IIOTHOCTHIO M3MEHWUTH
VHTEPeCYIOIYI0 3aBUCUMOCTb [59, 62, 63]10. Hpine Ha
ocHoBe pabot J. Cornfield BbIBeeHBI KOMM4ecTBEHHbIE
ojeHKM At 3¢dekra mpeanonaraeMoro KoHdayHpepa,
9TO BKYIIE C €r0 YaCTOTON B MOIY/ISILMYU HO3BOJISIET Pac-
cunTaTh BK/IAJ 3TOro KoHgayHzepa B RR /s nHTepecyo-
el 3aBUcuMocTH [59, 66].

CrioBoM, mepBasi Tpafialius /st CUJIBL CBSI3U TIO Iapa-
MeTpy RR umena ompeneneHHbll SMMeMMUOIOTNYeCKNI
cmpict. OpHako cmabas 3aBucumocts 1o Kopudunpy Ha-
ynHanmach oT RR < 3,0.

HaM He ypanoch HailTu IEPBOMCTOYHMK COOTBET-
crBymomeir paborsr ]. Cornfield, rme 6p1 Takoe Ob1I0
ykasaHo (IpocMOTpeH psp ero crareit 1950-x IT.), HO
HasBaHHasA BelM4uMHa cmabon accoumauuyu o RR Heop-
HOKPaTHO YIIOMMHAeTCs B APYrux nybamkanysx. Tak, B
Wynder E.L., 1987 [67]!! 6pu1a maHa cChUTKA HA UCCIERO-
Banus J. Cornfield or 1950-x rr. (63 McTouHMKA). 3aTEM
B Boffetta P., 2010 [68], co ccoikoit yxxe Ha Wynder E.L.,
1987 [67], HaspIBamach BeIMUYMHA YMEPEHHON WM Clla-
6011 (moderate or weak) accoumanum, xorga RR < 3,0.
HaxoHell, B KpUTUYECKOI CTaThe )XYPHATUCTA 110 [TOBO-
Iy COMHMTENTbHBIX BO3MOYXHOCTEN! 3MU/IEMIOIOT N, OIIY-
6nrxoBanHoI B ‘Science’ B 1995 . [69], aBTOp IpMBOANUT

10 OpuH 13 Hamboree M3BECTHBIX MMUPOBBIX CTAaTMCTHUKOB,
PA. ©Oumep (R.A. Fisher; F-kpuTepuit; ypoBeHb 3HaYMMOCTHU
P =0,05; ANOVA n ip.) 6BUI aKTUBHBIM «JVCCUAEHTOM, 0 KOHIIA
>KM3HM He TIOBEPUBIINM B CBA3b MY KYPEHUEM U PAaKOM JIETKO-
ro [64]. CoracHo ero runoTese, He3aBMCUMO HACTIEAYIOTCS M Ipef-
PAacIoNIOXEeHHOCTb K KyPEHUIO, ¥ IIPepacoIoKeHHOCTb K PaKy
nerkoro [64, 65]. IIpoBens Hekme MCCIefoBaHMs Ha OMU3HeLaX,
P. Ouutep momy4mn reHeTudecKoe 0ObsICHEHNE [/Isl paKa JIETKOTO,
KoTopoe B mepecyere Ha RR cocraBuio mopsaka 3,0 [65]. OpHako
J. Cornfield nokasan, yro RR /151 paka /1erKOro y Kypu/IbLIXKOB
coctaB/Lsit OT 9 u 6oree u, TakuM 06pa3oM, 9¢p(eKT He MOT ObITh
o6bsicHeH KoHpayHaepoM (59, 62].

11 E.L. Wynder (CIIIA) - ofuH U3 aBTOPUTETHDBIX OCHOBaTe-
JIeit-paspaboTINKOB KPUTEPMEB IPUYMHHOCTY B SIUAEMIONOT N
(1950 rr.) (cM. MoHOTpadmio 1955 1. mox ero pepakiyeit [35]).

8

C/I0Ba M3BECTHBIX B TO BpeMs uccnenosateneit n3 CIIA.
VimeroTcsa Takme yTBepxieHMs: «Mbl MIeM OTHOCUTENb-
HBIII PUCK OT Tpex win 6onee (IpeXie 4eM MPUHUMATH
HOKYMeHT i mybnmkaumm)»2; «Moe ocHOBHOe mpa-
BIJIO: €CTM OTHOCKUTEIBHBIN PUCK He OymeT paBeH, IO
KpaitHell Mepe, TpeM WIM YeThIpeM, TO 3a0y/bTe 0 HeM» 13,
W eme: «Ecnu 3T0 OTHOCUTENbHBIN PUCK, paBHBIA 1,5, HO
OH IIOKa3aH TOJIbKO B OMHOM MCCIIENOBaHUM, Jake OYeHb
XOpolieM, TO BbI [IOYellleTe CBOJT TOXOOPOMIOK 1 CKaXKeTe:
“MoxkeT 6bITh »14.

XoTs Ha JaHHYIO CTaThlo XypHamucra [69] B ‘Science’
IPUIIUIO MHOXXECTBO HETOAYIOIINX KOMMEHTApHeB 3aTpo-
HYTBIX SIUJIEMUOIOTOB (CCBUIKM He TIPUBOJATCA), BBIBOT,
37eChb MOXKET OBITh TOJIBKO OfVIH: KOJITO€ BpeMs B SIufe-
MIOJIOTYY OTHOCHUTE/IbHBIE pUCKM MeHee 3,0 CUMTaINCh
He MPOCTO CMabbiMy, a gaxke HesHadaiumu. CoOCTBEHHO
TOBOPsI, IOf0OHOE IONOXKEeHMe YIOMIHANIOCh U B HElaB-
Hee BpeMs. Tak, B cTarbe 2012 I., HOCBAIIEHHOII BOIPOCY
0 TOM, He C/IMILKOM JIM BBICOK MOpoOr B 3,0 mid 3Ha4YMMO-
ctit OR, ykaseiBaetcs [70]: «Kak ormeuator Redelmeier u
Yarnell, <...> snupeMuonorndeckue MCCIeSOBaHUSA YA3-
BUMBI I KOH(ayH/IepOoB HeOO/IbIION BeINYMHBL. ITO
IPUBOAUT CKEIITMKOB K yTBEPXX[IEHMIO, YTO OTHOILIEHNe
IIaHCOB HIDKe 3,0 PeKO yKasblBaeT Ha KIVMHMYECKM 3HA-
YIMO€ OTKPBITHE» 1>,

W peiictButensuo, D.A. Redelmeier u C.J. Yarnell
yTBepXKfanu HasBaHHOe B cBoell ctarbe 2012 1. [71], mo-
MeIleHHOIT B TOM e HoMepe, 4To U [70], XoTs U cunrtanu
HOJ0OHBIIT BBICOKWIT IIOPOT HEYMECTHBIM.

To, YTO MHOTHME SMUAEMUOIOTY CIUTAIOT, YTO TOTBKO
RR > 2 [72] n gaxe RR > 2-3 [73] cnexyeT BocipyHUMATD
Cepbe3HO, HEOTHOKPATHO OTMEYaeTcs TaKXKe B MHBIX SIIN-
IEeMIOIOTYECKX MCTOYHMKAX (TpaBia, ¢ OrOBOPKaMMu
OTHOCUTE/IPHO DPEANbHOCT M MeHee CUIbHBIX CBsI3eil)
[72, 73].

Job6aBum k stomy, uto B pabore Parascandola M. et
al., 2006 [74], MOCBAIIEHHOM KPUTEPUSM IIPUINHHOCTY B
moknapax Surgeon General (I'maBnoro xupypra CIIIA [44],
TO ecTh MuHMcTepcTBa 3gpaBooxpanenns CIIA) o pas-
JIMYHBIX IOC/IEACTBMUAX KypeHus 3a 1964 m 1982 rr. [75,
76]16, ykasaHo, 4TO B HOfOOPKe IpeACTaBIeHHBIX TaM VC-

12‘We are looking for a relative risk of three or more [before
accepting a paper for publication], particularly if it is biologically
implausible or if it's a brand-new finding. [69].

13‘My basic rule is - if the relative risk isn’t at least three or four,
forget it’ [69].

14 “If it’s a 1.5 relative risk, and it’s only one study and even a
very good one, you scratch your chin and say maybe’ [69].

15 As Redelmeier and Yarnell state... clinical epidemiology
studies are vulnerable to subtle confounding. This leads sceptics
to claim that an odds ratio below 3 rarely indicates a clinically
important finding’ [70].

16 JTJoxnax MunucrepcTsa 3gpaBooxpanenns CIIA ot 1964 r.
[75] cunTaeTrca Knr04YeBOIT BEXOI OKOHYATEbHOTO JOKa3aTe/IbCTBA
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CJIefOBaHMII He OBUIO BBIAB/ICHO HUKAKUX YTBEPXK/EHWIT O
MIpMYMHHBIX 3aBUcUMOCTAX A1 OR <3.0.

Kopoue, B 1jeIOM MOXXHO TOBOPUTb, YTO B 3Mufie-
MIOJIOTUM 3HAUYMUTEIbHAsA YacTb MCCIENOBaTeNel pas-
mensina (1Mo KpaiiHell Mepe, paHee) MHEHME O TOM, YTO
npu RR < 3,0 H1 0 KaKoll cepbe3HOI CBA3M FOBOPUTH He
crnenyet!’.

Ecmun mepeiity B 067acTb pafjMaliiOHHON 3MNfe-
MMOJIOTMHM, TO Cpasy OOHAPYXMUTCHA, YTO C MO3ULNU
Kopudunma nopassoniee KaHI1epo-
TeHHbIX 3 ¢eKToB 00nyd4eHMa SABIAIOTCA He IPOCTO
CabbIMM, 4, HEpefKO He3HAYallMU, He0OKA3yembiMU.
VcknmodeHns HEBENMKN: 3TO HEKOTOPblE paKu M JeNKo-
3bl IIpU OO/NydeHUM B HETCKOM Bo3pacTe (B TOM 4ucie
pax IIMTOBUIHON >Xe/le3bl), BO3HENCTBUE TOPOTpacTa I,
MOXeT ObITb, ellje Kakue-TO OTHenbHble 3ddextsr [11,
77-79] (Bbicokmit RR pmjsi paHHero BospacTa CBsI3aH C
HU3KVMMU (POHOBBIMU PUCKAaMU MHOIVIX HATONOTUIT Y Jie-
et [79]).

ITpouuto HekOTOpOE BpeMsi, U TpaHuUIla C1aboil CBA3Y
B yMax SMMJEMMOIOTOB OTYacTH CHM3MIach. IloaBummuch
Takue yTBepKjeHuA: «OTHOCUTENbHbIE PUCKU HU3KOI
BEJIMYMHBI (CKaXKeM, MeHbllle 4eM jiBa) pakTUIecKu Ha-
XOASATCSI BHE paspeliaoleil ClIoCOOHOCTI SIIeMIOTO-
TMYECKOTO MMKPOCKOIIA: MBI PEJKO MOXXEM IIOTHOCTBIO
YCTPaHUTb BCe VICTOYHMKM CYyOBEKTMBHBIX CMeEIeHMI,

60/BIINHCTBO

M MBI HUKOIJ]a He CMOYKeM MCK/TII09aTh BO3MOXKHOCTD He-
UIeHTU(QUIVPOBAHHOTO M HEKOHTPOIMPYeMOro KoHpa-
yHzAepa» [80]18.

Muennsa o tom, 4to RR < 2,0 oTpakaeT TO/NbKO Crla-
6yto acconmanuio, pasmensieTcsi MHOTVIMU MCCTIE[OBaTesI-
mu [7, 59, 72, 73, 81-86], B ToM 4ucie B paboTax mocien-
HuX 71etT (7, 59].

AHanu3 MCTOYHMKOB ITOKA3asl, YTO Psiji aBTOPOB BCe
>Ke BBeJI ITOJIHbIE Op/MHA/IbHbIe IIKasbl i BemndnH RR.
Hekoropble 13 rpagaiyii, KOTOpble OINYOIMKOBaHbI Oe3
CCBUIOK, OTPaXXal0T, BEPOSITHO, TONIBKO MHAVBUAYaTIbHbIe
NPENCTABNIEHNA O «CMabOM» U «CUJIBHOM» B SMUJIEMMU-
onornu. Ho B GONMBUIMHCTBE MHBIX CIy4aeB LUTHUPYeT-
cs1 mikama MOHCOHA, Ony6OIMKOBaHHAs B [IBYX M3JAHMAX
MOHOrpaduu 0[O SMUAEMUONIOTNM TPODeCcCHOHAIBHBIX
BosperictBuit (Monson R.R. ‘Occupational Epidemiology’.
1980; 1990 [87, 88]). DTu UCTOYHMKM OKa3aauUCh HaM He-

CBA3Y MEXIY KypeHNeM U pakoM jerkoro [1, 7, 12, 15, 19, 22, 27-
29, 32, 39, 46].

17 3akpafibIBaeTCA MBIC/Ib, 4YTO 9Ta BelIMYMHa Oblla 00y-
cnoBeHa B ToM uucie cnopoM [x. Kopubunna ¢ BbLABIEHHO
P. ®uiiepoM CBSA3bI0 T€HETHUKM C PAKOM JIETKOTO, KOTOpast B Tep-
MMHaX PUCKa KaK pas U Bblpaxkanach nugpoit Tpu [65]. Ho gokasa-
TE/IbCTB 9TOMY MBI He IMEEM.

18 ‘Relative risks of low magnitude (say, less than 2) are virtually
beyond the resolving power of the epidemiologic microscope: we
can seldom demonstrably eliminate all sources of bias, and we
can never exclude the possibility of unidentified and uncontrolled
confounding’ [80].

IOCTYIHBI, HO BBefeHHYI0 Puuapnom Monconom (CIHIA;
Harvard) 1mukany yfazoch MOMTHOCTBIO PeKOHCTPYUPOBATh
[I0 MHOXXECTBY MHBIX, He CBS3aHHBIX MEXAY c000ii, my-
onukanuit (1985-2009 rr.) [48, 89-94].

O61mas cBOAKa M3BECTHBIX HAaM JJAaHHBIX IO TPafaly-
sim BenmuamHbl RR nipencraBieHa B tabn. 1.

ITouTn Bce MCTOYHMKM, BK/IIOYEHHbIe B TabI. 1, Be-
COMBL: 3TO MpPEVMYIeCTBEHHO I0COOMs ¥ MOHOrpa-
¢um [7, 32, 48, 50-55, 87, 88, 91, 92, 97, 100], mybnmxa-
VM aBTOPUTETHBIX aBTOpoB [12, 59, 67, 68, 72, 82-86,
89, 95, 98, 99, 101-104], goxymentst BO3 [81, 90, 94] u
[peseHTalMs, LUMUTUPYIOLas Apyrue McTo4HuKu [105].
CoMHeHMsI MOTYT BbI3BIBATh TONBKO [IBA JJOKYMEHTa On-
line. ITepBbIit — y4ye6HbII Marepuan mo rpajauusm OR
n3 ‘Islamic Medical Education Resource’ (Kasule O.M,
2008 [93]), a BTOpOIT — TOXe 3TEKTPOHHBII pecypc —
ceopgka Will G. Hopkins, mpodeccopa cTatuctukm us
yHuBepcurera B MenbbypHe (CIOpTVBHAs MeRUIN-
Ha) [106]. DroT aBTOp HOMBITANCA 06BATH Bce — U RR, u
OR, u koppensauny, 1 Ipodre MapaMeTpsl cyIbl 3ddek-
ta. Kpome anmexrponHoro pecypca [106], my6mukanym
camoro W.G. Hopkins co cBogkamu HaMm He M3BECTHBI
(PubMed, Google). Ipaganum fByX yKasaHHBIX aBTOPOB
[93, 106] m1a RR u OR B cBere mIkan Apyrux aBTOpOB
(tabnm. 1) COMHUTENBHBI U IIOMEIEHBI 3[leCh MPOCTO IS
O3HaKOMJ/IEHMA.

B memom BMAHO, YTO, 332 MICK/IIOYEHNEM YIIOMAHYTOIL,
4eM-TO BecoMoll MoHorpagum Monson R.R., 1980; 1990
[87, 88], Ha KOTOPYIO 4acTO CCBUIAIOTCA!Y, HUKAKOM CH-
CTeMbI HOHATHUI C/1ab0ro, yMEPEHHOTO 1 BBICOKOTO PUCKa
HeT. C OfIHOI CTOPOHBI, JAHHBIII MOMEHT MOXXET UMEThb
O6'beKTMBHbII>’I XapaKTep: B pa3HbIX JCCIIEeJOBAaHUAX WC-
HOJIB3YIOTCA Pa3/IM4YHble METOfbl OIpeNe/ieHNs, Xapak-
TepU3YIOIMeCs] HEOAVHAKOBOII TOYHOCTDIO, PasHBIM -
3aitHoMm, u 1.10. [107]. C APYroy CTOPOHBI, €C/IN CTOATH Ha
HOFOOHBIX MOSULMAX, TO AMUAEMMUOTIOTNYECKIE TOHATS
«CUJIBHBII» U «CMabbiii» adpdekT (KoTopble peannsynTcs
B IpaKTU4ecKye MepPONPUATHUA /I 3[paBOOXpaHeHns (7,
19, 29, 32, 44, 48, 56, 57, 97]) CTaHOBSTCA NOJBEP)KEHHDI-
MU CYO'beKTUBHOMY YK/IOHY.

JIrobonbiTeH (akT SBONIOLUYU HOHATYUS
qammil pUCK», KOTopas HabmiomaeTcsi B OKCHOPACKMX

«HE€3Ha-

(Arrmms2%) mocobusix no snugemuonoruu R.S. Bhopal ot
2002 r. (1-e usmanue) [97] u or 2016 r. (3-e usmanue) [7]
(BTOpOrO M3maHMUA MBI He MMeeM). B 2002 r. aBTOp nucant:
«ONUEMMONOrNs He TORUTCS i HEeMOHCTpaLuy Kay-

19 @parmenTsl MoHOrpaduu 1990 r. [88] moctynubl B Google-
Book. Ha Ha B3risf, He BUAHO 0c06011 3HAYMMOCTI MaTepuana
CPaBHUTEIBHO C MMEIOIMMIUCSA y HaC MUHMMYM 26 6ojee mo3j-
HYMU 3allaHBIMM TT0COOMSAMY M MOHOIpapMsAMM 1O PasTNYHbIM
HalpasJeHuAM anufiemmuonornu. Ho B mocnegHnx, Kak cKasaHo,
rpajalyil CUIbI CBSA3Y HET, 32 MaJIbIM VICK/IIOYEHMEM [7, 48], npu-
4YeM B OJHOM TakKoM ciyd4ae 48] ccpimarorcs, OIATD )Ke, Ha paboTy
Monson R.R., 1990 [88].

20 Ectpb okcopackue uspanms u us Horo-Vopka.



Paguanmonnas 6monorus

MenunimHcKas pagyuooryis U paguaryionHas 6e3onacHocTb. 2019. Tom 64. Ne 4

Tabnuya 1
Csojka gaHHBIX 110 TpaganysaM RR
Her YmepenHas
ABTODBL CChUIKA IOKasyeMoit Cnabas (Moderate, CunbHas Ouens CUtbHas
PEL accouyanmn (Weak, Small) Modest, (Strong)
(Ignorable) Medium)
Craun G.E, 1985 [89] (penmpuuT M3 Monson R., 1,0-1,2 1,2-1,5 1,5-3,0 3,0-10,0 >10,0 (Infinite [89])
1980 [87])
Craun G.E, Calderon R.L., 2005 [90] (agamrTnpo- 0,9-1,2 1,2-1,5 win > 1,5 wm <0,7 - -
BaHoO u3 Monson R., 1990 [88]) 0,7-0,9 (‘Moderate to
Strong’ [90])
Lilienfeld’s Foundations of Epidemiology, 2015 0,9-1,2 1,2-1,5 win >1,5 win <0,7 - -
(1-e u3manme 1975/1976) [48] (aganTupoBaHo n3 0,7-0,9 (‘Moderate to
Monson R., 1990 [88]) strong’ [48])
Oleckno W.A., 2002; 2008 [91, 92] (aganTuposa- - 1,1-1,5 unn 1,6-3,0 win >3,1 win -
Ho 13 Monson R., 1980 [87]) 0,7-0,9 0,4-0,6 0,0-0,3
Kasule O.M, 2008 [93] (o R. Monson). OR 0,9-1,2 1,2-1,5 unn 1,5-3,0 win 3,0-10,0 man >10,0 unn <0,1
0,7-0,9 0,4-0,7 0,1-0,4 (Infinite [93])
WHO, 2009 [94] (aganTupoBano n3 Monson R., 1,0 >1,0-<1,5 1,5-3,0 3,1-10,0 >10,0 (Infinite [94])
1990 [88])
Monson R., 1980; 1990 [87, 88] (mama pekoH- 0,9-1,2 1,2-1,5 uim 1,5-3,0 uan 3,0-10,0 mim >10
CTPYKIIUA 110 [48, 89-94]) 0,7-0,9 0,4-0,7 0,1-0,4
Rosenthal J.A., 1996 [95, 96] OR - 1,0-1,5 1,5-2,5 2,5-4,0 >4,0-10,0
Bhopal R.S., 2002 [88] 1,1-1,2 - - - -
Bhopal R.S., 2016 [7] 1,1 <2,0 2,0-3,9 >4,0 -
WHO, 1986 [81] - <2,0-3,0 - _ -
Wynder E.L., 1987 [67] co ccbUIKOI Ha IIOMIOXKe- - <3,0 - - -
uus J. Cornfield (1950-e rr; MCTOYHMK He yKa-
3aH); Boffetta P., 2010 [68] (co ccoinkoit Ha [67])
Doll R., 1996 [12] - <3,0 - - -
Temple R., 1999 [98] - - <2,0-3,0 3,0-4,0 >4,0 (BBeIEHO HAMI
110 JIOTVMKE)
Weed D.L., 1999; 2000; 2003; 2004 [82-85] - <2,0 - - -
Shapiro S., 2000 [99] <2,0 wnn >0,5 - - -
Strom B.L., 2000 [100]; Shakir S.A., Layton D., - <2,0 - - -
2002 [101] (co ccpinkoit Ha [100])
Schoenbach VJ., Rosamund W.D., 2000 [102] 1,0 1,1-1,3 1,4-1,7 (‘Mod- 3,0-8,0 ITo [105]: 8,0-16,0 —
(untuposano no [103]); Schoenbach VJ., 2008 est’); 1,8-3,0 Very strong;
[104]%; Singer R., 2014 [105]** (‘Moderate’) 16,0-40,0 - Dra-
[102, 104, 105] matic;
>40 - Overhelming
(momaBnsmoIan)
Szklo M., 2001 [51, 86] - <2,0 - - -
Hopkins W.G., 2002 [106]. RR 1,0 (“Trivial 1,2 1,9 3,0 Tlo [106]: 5,7 (19,0 -
[106]) Nearly perfect; e —
Perfect)
Hopkins W.G., 2002 [106]. OR 1,0 (‘Trivial’ 1,5 3,5 9,0 IIo [106]: 32,0
[106]) (360,0 - Nearly per-
fect; oo — Perfect)
Bonita R. et al., 2006 [32] - - - >2,0 -
Kasule O.M, 2008 [93] (mo Greenberg and Ibra- 0,9-1,1 1,2-1,6 win 1,7-2,5 wim >2,6 win 0,0-0,3 -
him; ccpinka He HaligeHa). OR 0,6-0,8 0,4-0,5
Webb P, Bain C., 2011 [55] - - - >2,0 (‘moderate -
strong’); >5,0
(strong’) [55]
Forensic Epidemiology... Ed. by S. Loue, 2013 <2,0 - - - -
[50]
Clinical Epidemiology... Ed. by PS. Parfrey, B.J. - - - >2,0 nnu <0,5 >5,0 nmn <0,2
Barrett, 2015 [54]
Schield M., 2018 [59] 1,0-1,5 1,5-2,0 2,0-3,0 3,0-4,0 >4,0 (3HaunTenD-
(‘Moderate or Has — Significant
Medium’ [59]) [59])
Kestenbaum B., 2019 [52] - - - 1,5-3 -
Bruce N. et al., 2019 [53] - - - 2-3 -

ITpumeuanue: * — O6paTHble 3HAYEHN PUCKOB PELIMIPOKHBI [104].

** — Vlctounnuk [105] B ocHoBHOM 1oBTOpsieT [104], 3a McKmoYeHyieM OpUTMHAIBHOI IPAALININ /ISl O9€Hb CHIBHBIX aCCOLIMALINIT
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3aJIbHOIT CBAA3M, KOITIa YBeNMUIeH e 3a001eBaeMOCTH Maso,

K IpuMepy — mpesbliiienne B 10-20 %» [97]21. B 2016 .

aTa ¢pasa ocrasach TOYHO TAKON K€, HO «M3OBITOIHBI-

Mu» OKaszammch Bcero 10 % [7]. Bpemst cmabbix cBsiseir,

KOTOpbI€ TONBKO ¥ OCTA/INCh COBPEMEHHON SMUIEMIOIIO-

ruu (Bce CUIbHBIE CBS3Y, COMIACHO [12], 6BIIM OTKPBITHI

paHee), JUKTYeT, TaK CKa3aTh, CBOI0 KOHBIOHKTYPY22.
HasepHoe, crefyeT chenaTb Kakue-To o6oOinaroye

U pekoMeHpylolue BbiBofbl. Hamre o606menne, gobas-

JNSIOlee HOBBIM BapMaHT IKanbl RR (XoTs u cymmupy-

IOIMIT y>Ke VIMeIoIuecs: IPeNCTaBIeHNs), BO3MOXHO,

«IJIOFUT JYPHYI0 O€CKOHEYHOCTb». TeM He MeHee, Tpaja-

uum cuibl cBsa3u 1o RR, 1o HanleMy MHeHMIO, CIeAYIOLe

(oHM MOTyT OBITH HasBaHbI, KaK M Y MHBIX aBTOPOB [48,

90-92, 94|, aganranueir mkaabl MOHCOHA, BeNb OTIIN-

4MsI — TOJIBKO B IBYX IOC/IEIHUX IpafjalinaXx):

o Heonpepensemas casb: 0,9-1,2;

o Cna6as casse: 1,2-1,5, wm 0,7-0,9;

o Ymepennas cBasb: 1,5-3,0, unu 0,4-0,7;

o CwunpHag cBg3b: 3,0-10,0, v 0,1-0,4;

o Quenp cunpHasg cBa3p: 10,0-40,0, nm 0,0-0,1;

o IlomaBnsmomas cBs3p: >40,0 (pelUIpoKHOe 3HAYeHME

IpUAyMaiiTe caMu).

Pasymeercsi, Mbl He HacTaMBaeM Ha CBOEM BapMaHTE;
YUTATENb CaM CMOXKET BBIOPATH MPECTABIIAIOMICA eMy
Hauboree 1emecoobpasHbIM U3 MaTepuana B Tab. 1. Ilore
IUIs1 HY)KHOV KOHBIOHKTYPBI TYT LIMPOKOE, M IOUYTH /IS
BCETO MMEIOTCsI BECOMBIE CCBIIKIL.

3. IIpumepsnl 4pesBbrdaitno BbicOKnX RR
B 3IMAEeMHUOIOTHN

ITpu B3I/IsAfIe HA IPUBEIEHHBIE TPATALIUN MOXKET BO3-
HYKHYTb BOIIPOC: @ OBIBAIOT /U B SMU/EMIOTIOT UM XPOH-
YeCKUX 3a00/IeBaHMIT IPUMEPBI OY€Hb CUIBHOM WM IO-
maBnsomeit cBasn? OTHOCUTEIbHO CMabbIX aCCOIMALINI
6110 CKa3aHo BhIlIe (CM. TakXke Ha TeMy [12]); cob6cTBen-

21 ‘Epidemiology is not good at demonstrating causal links
when the rise in disease incidence is low, for example 10-20 per
cent excess [97].

22 Tlo HallleMy IpeAmonoXKeHu:o, cHipkeHne R.S. Bhopal Be-
JIMYMHBI IpeHebpexxumoro pucka ¢ 1,2 8 2002 r. o 1,1 B 2016 1.
MOXeT OOBACHATBCA B TOM UMC/Ie KaMIIaHNel 10 OTPaHIYEHUI0
MTACCMBHOTO KypeHMA. B TeueHne 1eCATKOB JIET, MyTeM 3HAUUTE/Ib-
HBIX YCUJIVIL U BEMKOTO MHOXKeCTBa paboT, pealn30oBaBLINXCA B
psAfie MeTa-aHa/IM30B, YAAMOCh B KOHIIE KOHI[OB ITOKa3aTh, 4TO y
>KeH KypuibiMkoB RR 1A paka JIeTKOro Kak pas M COCTaBJIseT
1,2-1,25 (x 2004-2006 rr.) [40, 68]. B [68] ykasaHo, 4TO 9TO OfVH
U3 HEMHOTVX IIPUMEpPOB, KOIZa COOOILIeCTBOM SHMUAEMUONIOTOB
6bUIa IpUHATA CTOMb CIabast accoluanus 3a peajabHyo. Ha pene
Ke HOJTy4aeTcs, YTO IPUPOCT aBCOMIOTHOTO PUCKA [aXKe /IS HeKY-
PAIMX )KeH KYPUTbLIMKOB COBEPIIEHHO HUYTOXEH, HE TOBOPA YK€
0 JMIaX, MHOTAA OOKypMBaeMBIX B PeCTOpPAaHaX ¥ Ha OCTAHOBKAX.
XoTa mpobeMa IaCCUBHOTO KypeHMs MMeeT, KOHeUHO, U MHBIe
acrnekThl. [loMrMo anneprum m HEKOTOPOTO yYallleHNs CEPHeIHO-
COCYAMCTBIX ITATOIOrNI [39] — TaKKe STUYECKOTO U IOPUANIECKOTO
XapakTepa.

HO, BCsSI COBPeMeHHas SIUIEMUOTIOTHSI M eCTh Cabble ac-
couyanyy, Kakoe ee HalpaB/IeHe HII BO3bMIL.

Cuna cBa3u 1 RR B 3HaUMTENbHO CTENEHN 3aBUCAT
OT pemKoCTU 3a060/IeBaHMs, TO €CTh HU3KON BeIMYMHBI
ero )OHOBOTO ypOBHs (IIPO IeTCKUe PAaKM B 9TOM IUIaHe
yxe roBopuioch) [12, 108]. A.B. Hill B coeit nporpamm-
HoU paboTe 1965 1. [13] paccmarpuBan HabmoneHus 18 B.
Percival Pott (AHIINMsI) OTHOCHMTENBHO YPE3BBIYATHOTO
y4allleHus1 paka MOIIOHKY y Tpy6oumcToB. Kak ykasbiBan
R. Doll [109], gaxe B 20 B. CMEpPTHOCTb TPYOOUNUCTOB OT
aToll omyxomu 6bita mpuMmepHo B 200 pas Bblllle, 4eM y
UHBIX pabouux, a B 18 B. pasHMIla, BepOATHO, Oblla elre
3HaunTenbHee (UMTHPOBaHO Ho [13]).

Ho RR = 200 - 310 He pekopa. B tabn. 2 mpencras-
JieHa TOAOOpKA HAaHHBIX [0 OY€Hb BBICOKMM SIMAEMMUO-
normdeckuM 3ddekraM, KOTopasi COCTaB/lIeHa Ha OCHOBE
BCTPETUBIINXCA B MOHOIpagMsx, MOCOOMAX U APYruUX
UCTOYHMKAX TIPUMepPOB (IIOYTY BCIOLY OFHM M Te XKe).
OpHaKoO HMKTO He PacCMaTpMBaj pafUallIOHHYIO SIMfe-
MIOJIOTUIO; ST JAHHbIE OOAB/IEHBI HAMMA.,

Takum o6pasom, cormacHo cBogke u3 Tabn. 2, RR B
coTHU — He npefen. briBatoT RR BenmnunHoI u B ThICAYN,
Kak ¢ tajmpgoMuoM [111], 1 BoBce Kak Obl cTpeMsIIecst
K 6ecko”eunocTu [110].

4. IOpupmgecknii aCHeKT rpajganmu
BenmuuHbl RR

VIMeroTcs HaHHBIE O TOM, KaKyi0 BeIMYMHY PUCKa B
cygax CHIA npuHMMaIOT 3a aTpUOYTUBHYH IpM yCTa-
HOBJICHNUM KOMITEHCALIMM 32 BPeFHOCTDb. Tak HasbIBaeMoe
npasuio [daybepra (Daubert ruling, Daubert standard)
BBIPAaOOTAHO IO COOTBETCTBYIOLEMY HpeliefieHTy 1993 r.,
KOIZla PORUTENM HEeTell, POXKJIEHHBIX C Cepbe3HBIMM Jie-
¢dexramy, J. Daubert u E. Schuller, nogamu B cyn nck Ha
(bapMaKoIOIn4ecKyio KOMIIAaHMIO, YTBEPXKAAsA, YTO K fie-
¢dexram mpuBeno ymorpebneHne GepeMeHHBIMM IIperia-
para Bendectin [118]. Cyn paccMoTpen Bce BO3MOXHBIE
JaHHBIE M3 Pa3MMYHBIX AucHMIIMH. KopoTko rosops, ¢
tex nop B cyfax CIIIA (Bo Bcex MM HEeKOTOPBIX, HAM He
U3BECTHO) MOMIOXKNTENbHOE pellleHne BbiHOCUTCA py RR
TONBKO OOJiee [BYX, IpUYeM SKCIEPUMEHTBI Ha XXUBOT-
HBIX U in vitro BO BHMMaHNe, KaK IIPaBUJIO, He IPYHIMA-
10TCsl. 3HAaYeHMe [ABa MMeET TOT CMBICII, YTO IIPH €ro Ipe-
BBIIIEHNY TeOpeTndeckasd BEePOATHOCTb IPUUYMHHOCTYU
acdexra 60mee 50 % [9, 118-125].

STOT I0pUAMYECKIIT TOIXON K OLieHKe JOCTOBEPHOCTHU
no RR 6b11 nIpenioxeH, cyas mo Bcemy, B pabote Cole P,
1996 [119], KoTOpast MOCBsIIEHa KPUTEPHSIM MIPUINHHO-
CTM Ha CTBIKE 3IUEMIOJIOTUH, COLMIOIOTUY Y IOPUCIIPY-
meHym. JJaHHaA YacTo IMTHpyeMad paboTa HeOCTYIIHA,
HO XOPOIIO PEKOHCTPYMPYETCSA MO APYIMM MCTOYHVMKAM
[120-123].
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Tabnuya 2
ITpumeps1 ypessbryaiino BbicOKNX RR B snugemumonorum
BospeiicTByromuit areHT — aTONOTUA RR CchiIkn
ITpuem gUaTUACTUNOECTPOTIA MATEPAMMY — a/IeHOKapIH- ~oo* Herbst A.L. et al,, 1971 [110]

HOMa Bj1arajimuia y J:[oqepe]?[

ITpueM Tanmupomupa 6epeMeHHBIMM — 4aCTOTa HOPOKOB | [l pasHBIX HOpokoB pasBuTuA: 175; | Yang Q. et al., 1997 [111]

pasBUTHUA Y IOTOMCTBA 4570; 8180

BupycHslit rematut B - remarome/ionspHas KapLuHo- 232 Beasley R.P. et al., 1981 [112]

Ma

Pa6ora Tpy60uNCTOM — paK MOLIOHKY 200 Doll R., 1964 [109]; Hill A.B., 1965 [13]

BHemrHee o6mydeHme fieTeil — pak eyeHn

Tepmanms: 152
Hanus — [IBenus: 109
Hopryranusa: 42

UNSCEAR 2013 [79]

Snonns: 31
CpencrBa  BmnaxHoit  pgesuH@exnyu  (humidifier | OR B Tpex uccmemoBammsx: 2,73; 47,3; | Ha M. etal., 2016 [113]
disinfectants) — maTomoruu 1erkoro 116,1
ByHMIXIIOpKE — aHrMOCcapKoMa redeHn 91 Fedeli U. et al., 2019 [114]
Kypenne - yactora paka j1erkoro 10 40-60 Doll R, Hill A.B., 1954-1966; Hammond

E.C., Horn D, 1958 (cm. B [7, 39, 75, 97]
u 1p.)

HaxkomnneHnne pafnoaKTMBHOTO if0fa B IIMTOBUIHON
JXerese y JieTell —paK IUTOBUIHO JKe/e3bl

BHerHee o6/ydeHne geTelt — pak IUTOBUAHON >Kenesbl | ~30 [115], mo 56 [116] u 6omee**

JIymnukos E.®. u p., 2006 [115]; Jacob P.
et al., 1998 [116]; UNSCEAR 2000; 2006;
2013 [77-79]

ITpumevanne: * - Jlenenne Ha «0». VccrenoBanme «CIydaii—KOHTPOTIb»: U3 BOCBMM «CITydaeB» pak OOHApy»keH y cemu nodepeii (88 %), a B «KOH-
Tpore» — U3 32 jodepelt HU y OZHOIL He ObUIa 3adUKCHpOBaHa TaKas matomorus [110].

** — Cor/IacHO pas/mM4IHbIM 6eTOPYCCKMM MCTOYHMKAM, OMVICBIBAIOTCA elle Gomee Bboicoknme addexTsr. Tak, B pabore Bemookas T.B. u coasr., 2002
[117] ykasaHo, 4TO YMCIIO CTy4yaes 3a60/IeBaHMIT PaKOM LIMTOBMIHOII Xene3bl B Benmopyccuu B 2000 I. IO CPaBHEHMIO C JOYEPHOOBIIBCKIM IIepUO-

JIOM yBEIMIM/IOCH y feTelt B 88,5 pas

C #pyroit CTOpOHBI, Ha3BaHHbBI OPUANYECKUI TIOJ-
XOJ] AMMAEMMUOIOTaMM KPUTUKYETCs, 0COOEHHO C TeX I0-
3UIVI, 9TO Y3HaTb TOKCMYHOCTb MHOIMX IIpEeIapaToB
BO3MOXXHO JMIIb B ONbITaX Ha >KMBOTHBIX, a HPUYMH-
HOCTb LIeIoro psifia accounmanuit ¢ RR < 2,0 Bce xe obie-
mpusHaHa [9, 124].

5. 3akmioueHue

B paHHOM paspernie OCHOBHOJN MacCUB CCBIIOK He IPU-
BOJVTCS; IX MOXKHO HAJITY BBILIIE.

B ornmume OT 9KCIEpPMMEHTA/NbHBIX AUCUMUIUIMH C
PaH/IOMM3MPOBAaHHBIM [IM3alHOM WCCIefOBaHMA M Ia-
pa/UIeNbHBIM KOHTpPOJIeM (KOHTPOJISIMU), I7ie BBbIAB/IEHME
CTATUCTMYECKM 3HAYMMON aCCOLMALMM SIBISIETCS KO-
HEYHBIM 3TAallOM JIOKAa3aTelbHOCTY, I ONMCATENTbHBIX
AUCUMIUIMH 9TO TOJIBKO CaMbIil MCXOMHBIN, T€PBbIT 3TAIl
ycraHoBneHus npudamHHOCTU. IlocnenHee 06ycIOB/IEHO
TEeM, YTO Ha CBA3M IBYX IEPEMEHHDBIX MOIYT OTpa)KaTb-
Cs1 HEKOHTPO/MUpyeMble (PaKTOPBl — CIYYatHOCTH, CYyOD-
exTuBHbIe YK/IOHBI (bias), BMmemnBammuecs (HaKTOpbI
(koH(ayHzepbl), oOpaTHas IPUYMHHOCTD ¥ fp. [12, 19,
32, 34]. B pesynbrare B 1950-1970-x rT. cpopMupoBancs
KOMILTIEKC KpUTepUeB (= NMyHKTOB, HOMOXEHUII, PyKOBO-
AALIMX OPYHIUIIOB, HOCTY/IATOB U fIP.) A/ OLeHKU IIPU-
YMHHOCTY XPOHNYECKUX, HeMH(PEKIIMOHHBIX TATOTOIMI.

Hanbornee m3BecTHbI [1eBATh KPUTEpPUEB MPUYMHHO-
ctu Xwmwna (A.B. Hill), cobpanusix u copmynnpoBaHHbIX
uM B 1965 1. IlepBbIM cpeu HUX HasblBa/lach CU/IA acCo-
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LMALVI: YeM CHIbHee CBS3b, TEM MeHee BEpPOSITHO, YTO Ha
Hell OTPaXalTCsl HOCTOPOHHME, HEMpUYMHHBIE (HAKTO-
PBI — cTy4aiiHoCTH 1 KoH(ayHepbl. MHeHNe 0 mepBocTe-
HEeHHOJ BaKHOCTM KPUTEpPWs CUIbI acCOLMALMM pasfie-
JSUIOCH TIO3Ke U Apyrumu aBropamu. Cuma acconyanmn,
VICXOfisL M3 GOMBIINHCTBA MICTOYHIKOB, OIpeNeNsieTcs o
[BYyM ITapaMeTpam: [0 OTHOCUTENIbHOMY pucKy, RR (6o
otHouieHnio maxcos, OR), 1 1O BennunHe KOPPENATUB-
HOJ CBsA3M, B OCHOBHOM JIMHEITHOTO THUIIa C KO3 uimen-
ToM Koppenauuu IImpcona. XoTs, cOrmacHO HEKOTOPBIM
aBTOpaM, CTaTMCTMYECKas 3HAYMMOCTb KOPPeIsLuy it
SMMAEMUOIOTUY He OIIpefesisieT B CUjIe CBSI3U HUYero, Ba-
>KeH TonbKo RR [122, 126].

B Macce 06beMHBIX [TOCOOMII 1O SINMAEMUONIOTUM,
HpeI/IMyH_[eCTBeHHO 3&py6e)KHbIX, paBHO KaK I B U3iaHU-
AX 10 MHBIM OIVICATeNbHBIM AMUCLUIUIMHAM (IICMXOJIOINY,
COLMOMIOIMY 1 JIp.), @ TAKOKe B NYO/MMKALMAX HA TeMy, Ya-
CTO OOCYXXAIOTCS KpUTePUM IPUYNHHOCTY, Ha3bIBAETCS
CyIa accoumanuy, HO PefKO MPUBORUTCS KadyeCTBEHHAsS
rpajanysi 9TOM CWIBI ¥ COOTBETCTBYIOLIVE IIKajlbl. B
npepcrasneHHoM CooOmieHny 1 6bIIM pacCMOTpPEHbI BCe
TaKye OIyO/IMKOBaHHbIe NaHHble 10 BemnynHe RR (B oT-
HenbHbIX cay4asx — OR).

W3 cobpanHoit cBopgku faHHbIX (1980-2018) creny-
eT 3aMeTHas HEeOIIPENe/IeHHOCTb B IIOHATHMAX O BEINYM-
He RR. Haubomee pacmpocTpaHeHBI CCBUIKM Ha IIKaly
MoHcoHa (M3 ABYX M3HaHWIT MOHOTpaduu IO SITUAEMU-
onoruy mpodeccHoHaIbHbIX BO3meNicTBUII oT 1980 r. u
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1990 r.). OnrumarnbHas (Ha Hall B3I/ISAA) TPajalius MO-
XeT ObITh BBIpabOTaHA VMMEHHO HAa ee OCHOBE, ¥ OHa
[O/DKHA BK/IIOYATh KaK [UallasoH OTCYTCTBUA 3ddexTa
(RR = 0,9-1,2), Tak 1 pmanasons! cnaboit (RR = 1,2-1,5,
wm 0,7-0,9), ymepennoit (RR = 1,5-3,0, wiu 0,4-0,7),
cunpuoi (RR = 3,0-10,0; win 0,1-0,4) 1 04eHb CUIBHOM
(RR = 10,0-40,0; man 0,0-0,1) cBsasu.

ITonryTHO OBLMM IpeACTAaBIEHDbI MPUMEPBL SMUEMIU-
onorndecknx 3¢(HeKToB ¢ He MIPOCTO OYEeHb CHUIBHOIL, & C
nogasysoneit cunoit cessu (RR > 40,0) o Hepaguanm-
OHHBIX U JTy4eBBIX BO3LeiCTBMIL. ]/t 3BeCTHOTrO 3¢ dek-
Ta TAINIOMU/A PUCK JOCTUTAN THICSY, IS FUSTUICTUIL-
6ecTporna — yCIOBHOI OeCKOHEYHOCTH, a IpY 0OIydeHnn
B [IETCKOM BO3PacTe YaCTOTa HEKOTOPBIX PAKOB BO3pacTa-
JIa B IECATKI U Ja>Ke COTHM pas.

Bropoit mopxop mo OLleHKe CHIBI aCCOLMALUM — II0
BeIMYIHE KOPpeALuN, Hanboee pacipoCcTpaHeH B ICK-
XO0-COIIMOTIOTMYIECKUX HATIPABIEHUSAX, HO MOXKET OBITD I10-
7e3eH U I MENVKO-OMOIOIrMYeCKMX IVICHUIIINH, B TOM
4yCie PafMaioHHOro npoduist. IJKCIepuMeHTaabHas
pagno6monorusa U paguanoHHass MEOUIMHA BO MHOTOM
CBOJSITCSL IMEHHO K MUPY KOPpeLALuil. DTOT IOAXON 3a-
[UIAaHUPOBaHO paccMoTpeTh B Coobiennn 2.

Medical Radiology and Radiation Safety. 2019. Vol. 64. No. 4. P. 5-17

Hacrosiiiee uccnenoBanme He UMeeT, CYAs 10 BCEMY,
aHAJIOrOB II0 €T0 MOJIHOTE Y OXBATy MICTOYHMKOB Ha TeMy
Y MOXKeT OBbITb MCIIONb30BAHO KaK CIPaBOYHOE PYKOBOJ-
crBo mo rpajgauuaM RR. OcobeHHYI0 BaXKHOCTb yCTa-
HOBJIEHME CTAHIAPTU3MPOBAHHBIX rpaganuit RR pomkHo
VIMeTh KaK IJIsl PAfMalMOHHO-3MUEMIOIOTMYECKIX VIC-
cnemoBanmit (11, 15, 20, 46, 77-79, 127], Tak u maa uH-
dhopMaLMOHHO-aHATIUTUYECKOTO 00eCHeYeHNsT TaKOBBIX
[128]. B mocnenHeM cny4yae HeOOXOLMMOCTD YETKOIL Ipa-
manyy BenmanHel 3¢ deKTa MOXKET CIEfOBATh U3 METOLO-
JIOTUY KONUPOBAHMs IIaPaMETPOB MY 3aHECEHUM B MH-
(dbopMaroHHOe XpaHWINIle, 0O befUHSIOIee JaHHbIE U3
MHOXXeCTBa VCIIO/Ib3yeMbIX UCTOYHMKOB [128], mpemycma-
TPUBAOIINX Pa3/IMYHble KayeCTBEHHBIE U KOIMYECTBEH-
HbIe OIJeHKM ITOKa3aTeJIel.

Ona uomuruposamma: Korepo A.H., VYmenxosa JLH.,
3y6enkoBa 3.C., Baitcon A.A., Kanuuuna M.B., Buprokos A.IL.
Cuna cBsisn. Coobienne 1. [pajaunm oTHOCKHTENBHOTO pucKa //
MenuiuHcKas pagyuonorus 1 pafuaionHast 6e30macHoCTb. 2019.
T.64.Ne 4, C.5-17.

DOI: 10.12737/article_5d1adb25725023.14868717
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Abstract

Purpose: To summarize data on graduation of the effect size on the base of Hill’s first causality criterion ‘Strength of association’

on relative risk parameters (RR).

Material and methods: Survey of published sources: monographs, handbooks, papers, educational material on statistics in various

disciplines (including on-line), etc. (128 references; of which about 30 handbooks on epidemiology, carcinogenesis and medical
statistics).

Results: For the RR value, the collected data summary (1980-2018) implies non-homogeneity in concepts. The most common
references are to the Monson scale (two editions of the monograph on the epidemiology of occupational exposures Monson R.R.,
1980; 1990). In our opinion, the optimal graduation can be developed on the basis of this scale, and it should include both the range
of no effect (RR = 0.9-1.2) and the weak (RR = 1.2-1.5, or 0.7-0.9), moderate (RR = 1.5-3.0, or 0.4-0.7), strong (RR = 3.0-10.0; or
0.1-0.4) and very strong (RR = 10.0-40.0; or 0.0-0.1) ranges. Examples of epidemiological effects with overwhelming strength of
association are presented (RR > 40.0). For the effects of thalidomide, RR reached thousands, for diethylstilbestrol, conditional infinity,
and when irradiated in childhood, the frequency of some cancers increased tens and even hundreds of times. The juristic aspects of
compensation payment based on RR are briefly reviewed. According to the Daubert rule (Daubert ruling, Daubert standard) on the
1993 precedent in the United States, risks are recognized only at RR > 2.0, when the probability of causality is more than 50 %.

Conclusions: To estimate the RR value, one should use the most common and officially established Monson scale, albeit with an
expansion in the range of dramatic or overhelming risks. This study can be used as a reference guide on the graduations of effect size
on RR (OR) for a wide variety of observed disciplines.

Key words: graduation of effect size, ordinal scales, relative risk, epidemiology
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Pedepar

Ienp: ITpoBecTH CpaBHUTENbHYIO OLIEHKY BIIVAHUA 0OTydeHMsA Me3eHXMMa/IbHbIX CTBONOBHIX KeTok (MCK) uenosexa B
CBEPXBBICOKMX /103aX IIPY TeMIlepaType >kupKkoro a3ora (196 °C) 1 xoMHaTHoiT Temireparype (22 °C) Ha BBIXOJ| OCTaTOYHBIX JIBY-
HuTeBbIX paspsiBoB ([IP) THK u Ha nponudepaTnBHyio akTMBHOCTb pasMopoxeHHbIx MCK.

Marepuan u MeTonnl: Boienenue u kynbrusuposanue MCK uenoBeka mpoBoyIyM 1o CTaHAAPTHON MeTonuKe. [l1d Kpuo-
KOHCepBalLuy K/IeTOK UCnonb3oamm aumeruncyabdoxenn (JMCO) B koHuenrpaym 10 %. [ 06/1ydeHNs KITeTOK TOPMO3HBIM
(OTOHHBIM M3TyYeHNEM C HOMUHA/IbHOI 3Heprueli poToHOB 5 MaB ucnonbzobamm yckopurenb Y3IJIP-10-100-T-100 (Poccus).
Knerku o6my4amm B gosax 50 u 500 Ip nmpu remneparype +22 °C u -196 °C. Brixop ocrarounsix P JHK omennBanm ¢ moMopo
MMMYHOLMTOXMMMUYIECKOTo aHamu3a Gpokycos 6enka-mapkepa 1P — YH2AX. [lnst onjeHKY nponudepaTnBHOI aKTUBHOCTY aHATIN-
suposamy gomo Ki67 (6enok-Mapkep KIeTOYHOI Tponudepanuy) HO3UTUBHBIX KIETOK.

Pesynbratsr: Pesynbrarst onenkn ¢pokycos YH2AX B MCK uepes 48 4 mocie obnydennus B gose 50 Ip mokasasnu, 4To Kommu-
4yecTBO ocTaTouHbIX (okycoB YH2AX B simpax MCK, o6nydyennsix npu temneparype +22 °C, npumepHo B 3,2 pasa (p = 0,0002)
Bbllle, 4eM B sAnpax MCK, obnydenHbix npu temmneparype —196 °C. Ananus nponudepaTuBHOI aKTMBHOCTU KJIETOK € MCIOJIb30-
BaHJMeM MOJIEKY/LIPHOTO MapKepa K/IeTo4Hoil nponudepanym 6enka Ki67 mokasan, 4To K1eTKu, o6mydeHHble B foze 50 Ip mpu
teMueparype +22 °C, IOTHOCTBIO TepsI0T CIIOCOOHOCTDb K mponudeparyn. IlponudeparnBHas akKTMBHOCTb KJIETOK, 06Ty4eHHbIX
B TOI1 5Ke J03e, HO Ipy TeMIieparype —196 °C, cyllieCTBEHHO CHIDKAeTCs, HO 4acTb KIeToK (3,5+1,1 %) Bce e coXpaHsAeT CIIoco6-
HOCTb K npormmdepany. Ilocne obnydennsa B gose 500 Ip npy —196 °C KIeTKM HOTHOCTBIO TEPAIOT CMIOCOOHOCTD K Imponudepa-
LYY, HO YaCTMYHO COXPAHSIIOT CHOCOOHOCTD K afiresun. VIHTerpasbHas (QryopeclieHINs KOHDIOTMPOBAHHBIX € (IyOpOXpOMOM
anturen k YH2AX simep MCK yenoBeka, o6nydeHusix B gose 500 Ip mpu temneparype —-196 °C, B 1,8 pasa HipKe, 4eM y sfep,
00/Ty4eHHBIX Ipyu Temieparype +22 °C.

3akmioyeHye: Pe3ynbTaTbl IpOBENeHHBIX MCCIENOBAHUIT CBUIETENLCTBYIOT O TOM, 4TO KpMoKoHcepBuposaHHble MCK, 006-
JIy4eHHBIe IIPU TeMIIepaType XKupkoro asora (-196 °C) B cpene A koHcepBanuy, cogepxareit 10 % IMCO, MOTryT mepeHOCHUTD
BospeiictBue VIV B 60mpummx gosax (o 50 Ip). OpHako npy 9ToM HabIII0AETCS OBOIBHO BBICOKMIT BbIXO ocTarouHbix 1P [THK
U O4eHb HU3Kas npondepaTuBHas aKTUBHOCTb, YTO JielaeT MX HEIPUTOXHBIMM B KIMHIYeCKOIT pakTuke. [IpencTasisaeTcs nep-
CIIeKTUBHBIM VMCIO/Ib30BaHUe KOMYECTBEHHOro aHanusa ¢pokycos YH2AX /11 OLieHKY HOBPEXJEHHOCTI TeHOMa U (PYHKIIMO-
HaJIbHOTO COCTOSIHUSA KJI€TOK, OO/TyYeHHBIX IIPU TeMIIepaType XIUIAKOro a30Ta.

KnioueBble cmoOBa: Me3eHXUMATIbHbLE CINBO/I0BbLE Kniemku, KpuOKOHCEPB(lMM}I, bsyHumesbze ptl3pb16bl ﬂHK, KnemouHas nponu—
456]761141/{}1, Mopmo3Hoe usnyvexue, ceepxsvicoKue 003bl

IMocTymmna: 23.11.2018. Ilpunsra x my6nukarun: 21.05.2019

BBenmenue CKVMMU MaKpOMOJIeKy/aMy. DTO faeT YHMUKa/IbHble BO3-

, MOXXHOCTH JJIf [eTaAbHBbIX MCCIeNOBAaHUII MeXaHM3MOB
Nzyyenue sdpdekToB BO3AENCTBUA MOHM3UPYIOLIE-

ro usnydenus (VIV) B KpMOKOHCEPBUPOBAHHbIX KJIETKAX,
00/Ty4eHHbIX IIPY TeMIlepaType XIAKoro azoTa (-196 °C),
IpefcTaBlsAeT MHTepec [ IOHMMAHUA MeXaHM3MOB
meiicteusa MV Ilpu cTonmb HU3KOM TeMIlepaType pe3Ko
CHIDKAIOTCA Tpoliecchl fuddysum MOmeKyn, 4To Ipu-
BOIUT K CYHI€ECTBEHHOMY YBEINYEHNIO BPEMEHM JKU3HU

IpsIMOro (IOITIONIeHNe SHEPTUU GMOMTOTMIECKIMI MOJTe-
Kynamu-muiensmu) peitctsus VIV, C npyroit cTOpoHBI,
COBpeMeHHbIe TEXHOIOTMY KPMOKOHCEPBALVMH MTO3BOJIAIOT
XPaHUTb COMAaTHYECKIe U [IO/IOBbIE KIIETKY B TEYEHNeE fie-
catmnetnit. Pyryponoru 06CyKal0T BO3MOXXHOCTb Xpa-
HEHUA KpMOKOHCCpBI/IpOBaHHbIX KJIETOK B T€YECHME COTECH

cBobopHbIx pagukanoB [1, 2]. CBoOOmHBIE pafMKaIbL,
obpasyomuecss Npy pajuonude BOABI, OKA3bIBAIOTCS
[IPOCTPAHCTBEHHO «3alepThl» M HE MOTYT B3auMMOZEii-
CTBOBATb C HAXOMSIMMMCS Ha PACCTOSHUM OMOTIOTHMYe-
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JIeT U JaXke TBICAYENeTUI IJIS IONeTOB K IPYIMM 3Be3J-
HBIM cucTeMaM. IIpy 3TOM BO3HMKAIOT BOIIPOCHI: KaKue
MaKcuManbHble J03bl VIV BBIEPKMBAIOT KPUOKOHCEP-
BUpPOBaHHbIe KJIETKM, M K KakuM 9¢ddeKTaM IPUBOIUT
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ux obnydenre B 6onpumx mosax? Ocobblit MHTEpeC Ay
MOHMMAaHMUA MEXaHM3MOB ITOBPEX/aeMOCTI KPMOKOHCep-
BUPOBAHHbBIX 00Ty4eHHBIX K/IETOK BBI3BIBAIOT OCOOEHHO-
cTi 06pasoBaHMs KPUTHYECKUX PaiMalyiOHHO-MHIYLIN-
poBaHHbIX noBpexxaennii [JHK — JBYHUTEBBIX pa3pbIBOB
(IIP). K coxanennio, B OTKPBITOI IUTepaType OTCYTCTBY-
0T JTaHHbIe KaK 0 KojnudectBeHHOM Bbixope IIP JIHK B
KJIeTKaX, OOMy4eHHBIX [IPY TeMIlepaType XUIAKOTo asora,
TaK 1 00 9P PeKTNBHOCTY pernapanni STUX IOBPEXIEHMIT
[IOCTIe Pa3MOPO3KM KJIETOK.

Llenp HacTOAIIEl pabOTHI COCTOANA B CPABHUTEIBHOI
OLleHKe B/IMSAHUA OOTyYeHUs Me3eHXMMAJIbHBIX CTBOJIO-
BbIX K1eToK (MCK) 4enoBeka B CBepXBBICOKMX [J03aX IIPU
TeMIeparype >xupkoro asora (-196 °C) m KOMHAaTHOI
temmeparype (+22 °C) Ha Bbixop, ocrarounsix [IP JTHK
U Ha nponugepaTMBHYI aKTUBHOCTb PasMOPOXKEHHBIX
MCK.

Bei6op MCK B kayecTBe 06beKTa UCCIIEOBAHNIT OBLI
00YCIOB/IEH UX MIMPOKUM KCIIOIb30BAHMEM I KII€TOY-
HOII Tepanun [3, 4]. IIpu 9TOM MCIIONB3YIOTCS KaK CBeXe-
BBbIfIeJIeHHDBIE, TaK U KPYOKOHCEPBUPOBAaHHbIE KJIETKIL.

Ma’repnan M ME€TOIBI

Buvioenenue u Kynvmueuposarue Knemox

3ab0p CIM3KUCTON TKaHM y MalMeHTa IPOBOAWIN I10-
Cle HOAIMCaHus MH(POPMMPOBAHHOTO COIZACUSA B CTO-
MAaTO/IOTMYECKOM OTHeNeHNN (IPOTOKON ITUYECKOTo
komutera ®MBIl um. AV. bypuasana ®MDBA Poccun
Ne 6A/08.02.2018). [lna momydeHMA IIepBUYHON KY/Ib-
typst MCK mpoBoamnu BbifiefieHNe KIeTOK (epMeH-
TaTMBHBIM METOOM C IIOMOINbBIO KOJTareHasnl 1 Tuma
[0 OIJMCaHHOMY paHHee Mertony [5]. KynbruBuposanue
MCK mnpoBogumn B CO,-mHKyb6aTOpe HpM CTaHAApT-
HbIX yenosuax (37 °C, 5 % CO,). Knetkn KynbTuBupo-
BanM Jio 6-ro maccaxa. IIpu goctmkenun 75-80 %-Horo
MOHOCTIOA, KJI€TOYHYI0 KYIbTYypy CHUMAaIU C IUIACTUKA
(epMeHTaTUBHBIM IIyTeM € IoMolibio TpurcuH-OJJTA.
Ocayok pecycnieHpupoBam B pocdaraom 6ydepe (PBS,
Life Technologies, Gibco®, CIIIA), nocne dero mpomsBo-
[VIN TIOACYET KONMYECTBA >KMU3HECIIOCOOHBIX KIIETOK.
IIpoBomuin OLEHKY YpOBHA SKCIpecCUM IOBEPXHOCT-
HBIX K/IeTO4HbIX MapkepoB MCK Ha mporouyHoM Liu-
topmoopumerpe BD FACS Canto II (Becton Dickinson
Bioscience, CIIIA). OkpaummBanue KIeTOK IPOBOJUIN
MOHOKJ/IOHA/IbHBIMYM aHTHUTe/NIaMy, KOHDBIOTMPOBAHHBIMU
¢ ¢moopoxpomamu CD45-FITC, CD73-PE, CD90-PE,
CD105-APC, CD34-FITC, HLA-DR (BD Biosciences u
Becman Coulter, CIITA) B cOOTBETCTBUM C peKOMEH/AIN-
My pousBopuTens. JK13HeCnocoOHOCTh OLeHMBAN C
nomol1bio Kpacutens 7-ADD, npoHukaroliero yepes nu-
TOI/TA3MAaTHYECKYI0 MeMOpPaHy KJIeTKY 1 CBS3BIBAOLLEr0-
¢ ¢ JHK. Onpenensimmn xonmmdectso CD45+ HeraTnBHBIX
7-ADD HO3UTMBHBIX KJIETOK Ha IIPOTOYHOM LIUTOQII0O0-

pumerpe FACSCanto II (Becton Dickinson CA, CIIIA) B
COOTBETCTBUU C MHCTPYKIMeEl IPOM3BOUTEA.

Knerkn maccupoBany Ha IIOKPOBHBIX CTeK/IaX B
vamkax ITerpu (d = 35 mm, Corning®, CIITA) B 500 mxn
KJIeTOYHON CyclleH3uM u3 pacdera 5x103 xm/cm?. s
ajire3auy KIETOK Ha CTeKIaX KYIbTYPAlbHYIO Cpeny
(1,5 M) mobasmsm depes 15 MMH 1OC/Ie TACCHPOBAHUS.
Vukybauysa Ieper 3KCIepUMeHTaMy IIPOBOAMIACH B
cTaHAApTHBIX ycnoBusAx (37 °C, 5 % CO,) B Teyenne 24 4.

Ina skcnepumenta npobupkn ¢ MCK penmmmuce Ha
2 TPYIIIIBI:

1) xpuokoHcepBupoBanHbele MCK - 5 mpo6upok 1o 1 Mmmx
KJIETOK B KaXK/I01f;
2) natusHbIe MCK - 5 Tpo61poK 110 1 MITH KJIETOK B KXKIOIL.

Kpuoxoncepsauus

[Tt mpobupok, copepxammux MCK o 1 mnH kie-
TOK B KaXXIOH, KPMOKOHCEPBMPOBAIN C KPUOIPOTEKTO-
poMm pumetmncyabdpokcugoM (IMCO) B KOHIjeHTpanun
10 % B xpuonpo6upkax 06BEMOM II0 2 MJI COIJIACHO 00-
IIETPUHSITO TEXHOMIOT MU KPUOKOHCepBauu [6].

IMogrorosnenusie o6pasust MCK momewjanu B mpo-
MapKMpOBaHHbIE TPAaHCIIOPTHbIE KOHTEMHEPDI: 1-11 KOH-
TelfHep Hpu Temmeparype +22 °C m 2-1i KOHTeliHep ¢
SKUJIKMM a30TOM IIpu TeMiepaTtype —196 °C u obny4anu B
mosax 50 u 500 Ip.

Obnyuenue knemox

JIns obnydyeHus kierok mpy temmneparype +22 °C u
-196 °C mcnonb3oBanu yckoputensb ¥YIJIP-10-100-T-100
(Poccusa). Yexopurens noctpoen Ha 6aze VIV 14 (um-
IY/IbCHDBI JIMHEHDbII YCKOPUTENIb) C 9SHEprueil 9ex-
TpoHOB 10 10 MsB m momHocThIO mydka o 100 xBr.
CucremMa KOHBepTAlMy My4Ka CIOCOOHA CO3/JaTh MOLIHOE
I0/Ie TOPMO3HOTO (POTOHHOTO U3TYy4YEHUS C MAKCUMajb-
HOIT sHepryuelt GoToHOB 70 5 MaB.

H}IH [O3VIMETPUN  MCIIO/Ib30BaIN TJIEHOYHBIN ne-
tekrop CO II[I(D)P-5/50 — cranpapTHblL 06paser; mys
U3MepeHMsl IIOITIOLIEHHOM HO3bI (DOTOHHOTO M 9JIeK-
TPOHHOTO M3TydeHMit (comonmmep ¢ (peHa3MHOBAHHBIM
kpacuteneM). CraHmapTHbBII o6Opasel, IpefCTaBisieT
co60J1 TOMMMEPHYIO IIEHKY OJHOKPAaTHOTO MCIIONIb30-
BaHMsA, U3TOTOBIeHHoro mo TY 2379-006-13271746-00
«ITneHka, oOKpallleHHas pajMalMOHHO-YyBCTBUTENbHAA,
tumna [TOP». OTHOCKTeNbHAS IOTPEIIHOCTD OIpPefeTeHNA
IIOIVIONIEHHOI 103kl ¢ momompio CO IIII(P)P-5/50 He
mpesbimana 12 % (p = 0,05).

Pasmoposxa u naccuposatue Knemox

ITocne o6my4eHVss KpUMOKOHCEPBMPOBAHHBIE KIIETKM
OBICTPO pasMOpaKMBAIM B BOASHON OaHe IpuM TeMIle-
parype +37 °C, nomemjanu B KyIbTypanbHYIO Cpefy s
Ky/IbTMBMPOBAHMS U IAacCUPOBAIM Ha IOKPOBHBIX CTe-
K/Iax B yalkax IleTpu, Kak OIMCaHO BhILIE.
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I/Immyuouumoxumuuecxue uccne0o8anus

KieTkyu Ha IOKPOBHBIX CTeK/IaXx (UKCHPOBAIN Hapa-
¢dopmanbpernnom (4 % B pocdarno-conesom 6ydepe, pH
7,4) B TedeHne 20 MUH IIpV KOMHATHO TeMIlepaType, Ho-
CJIe 4ero ABaX[bl IpoMbIBanu GpocdaTHo-comeBsM Oyde-
pom (pH 7,4). llepmeabumusuposanu 0,3 % tpuron-X100
B ¢ocaTHO-coneBoM 6ydepe (pH 7,4), comepxatuem 2 %
ObIYbEro CHIBOPOTOYHOTO anbOyMIHA [IA OIOKMPOBAHUA
Hecrrennpyeckoro cBAsbiBaHuA. Crailibl MHKYOUpO-
Ba/M C NEPBUYHBIMYU aHTHUTeTaMM (KPOIMYbY MOHOKJIO-
HanmbHBle aHTUTeNna K Oenky YH2AX (xmon EP854(2)Y,
Merck-Millipore, CIITA) B pasBefernu 1/200 1 MbIIIHbIE
MOHOKJIOHa/IbHbIe aHTUTena K 6enky Ki67 (knon Ki-S5,
Merck-Millipore, CIIIA) B pasBegenun 1/400 B pocdat-
Ho-corneBoM 6ydepe (pH 7,4), copepkamiem 1 % Oprabero
CBIBOPOTOYHOTO a/bOyMMHA, B Te4eHMe 1 4 Ipu KOMHAT-
HOJI TeMmIleparype. 3aTeM Ciaiifjpl npoMbiBamu ¢ocdar-
Ho-coneBbM 6ydepom (pH 7,4) m mHKyOupoBanu Ipu
KOMHATHOIl TeMIlepaType B TedeHMe 1 4 ¢ BTOPUYHBIMU
antutenamu IgG (H+L), KOHBIOTMpPOBaHHBIMU C (Iyo-
pOXpoMaMu B BMJie aHTUTE/I KO3bI K Oe/IKaM MBbIIIN, KOHb-
rorupoBaHHbiMK ¢ Alexa Fluor 488 (Life Technologies,
CIIA), B pasBemenuu 1/600 m aHTUTENT KO3BI K Oenkam
KpO/MNKA, KOHBIOTMPOBAaHHbIMU C popammHoM (Merck-
Millipore, CIIIA) B passemenyu 1/400 B ¢ocdaTHO-cO-
neBoM Oydepe (pH 7,4), comepxamem 1 % 6brubero
ceiBopoTovyHoro anbbymmua. nst okpacku JHK n mpe-
moTBpaleHus (OTOBBILBETAHNA MUCIIONb30BAIM COLEp-
xaiyio DAPI sakmouaromniyio cpesy ProLong Gold (Life
Technologies, CIIIA).

Busyanmusauuio, FOKyMeHTHpOBaHMe u 06paboTKy
MMMYHHOLIMTOXVMIUYECKNX ~MUKPOM300paKEHNUIT OCy-
IIeCTB/SUIM Ha JIIOMMHECHEHTHOM MuKpockore Nikon
Eclipse Ni-U (Nikon, fInoHusi), ocHaIeHHBIM BUEOKa-
Mepoit Bbicokoro paspeuteHus ProgRes MFcool (Jenoptik
AG, Tepmanusi) ¢ UCIOMB30BaHNEM HAOOPOB CBETODNIb-
tpoB UV-2E/C (Bo36yxpmenme 340-380 HM, ammccus
435-485 um), B-2E/C (Bo36yxaenue 465-495 HM, aMuc-
cust 515-555 um) u Y-2E/C (Bos6byxpenne 540-580 HM
u smuccusi 600-660 HM). AHanusupoBanu He MeHee 200
KJIeTOK Ha TOYKY. [/ mopicyera Konmnyectsa GOKyCOB MC-
nonb3oBanu nporpammy DARFI [7].

CmamucmuvecKkuti aHanu3

CratucTuyeckmit ¥ MaTeMaTM4ecKuil aHauu3 IOIy-
YEHHBIX [JAHHBIX IPOBOAWICA C MCIIONb30BaHMEM IIaKe-
Ta CTaTUCTMYeCKuX mporpamm Statistica 8.0 (StatSoft).
PesynbraThl mcciefoBaHmii IpefCTaB/IEHbl KaK CpefiHee
apudMeTHdecKoe pe3yIbTaToB TPeX He3aBMCUMBIX 9KCIIe-
PMMEHTOB * CTaHJapTHaA omubKa cpegHero. [l oueH-
KM 3HA4MMOCTM Pas3iIN4uMii UCHONb30Banyu t-KpuUTepum
CrpIofeHTa.
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Pe3ynpTaThl 1 06CyKAeHIE

ITpn anammse mMmmyHodernorunma MCK ¢ momombio
HIPOTOYHOI LIUTOMETPUHA BO BCEX KYIbTypax KIeTOK Oblla
BBbIsIBJIEHA BBICOKas aKcmpeccust mapkepoB MCK (CD73,
CD90, CD105), Mapkepbl TIeMOIO3TMYECKOTO U JIMM-
¢dorurapHoro mpoucxoxpenna orcyrcrsosamu (CD34,
CD45, HLA-DR). JVIMMyHO(}EHOTMII COOTBETCTBOBA
TpeboBaHMAM MeXAYHApPOZHON OpraHM3aLuy KIeTOY-
HOVl Tepanuy, mpembssisgemMbiM kK MCK uemoBeka [8].
IIpy panbHeNMINX MaccaXkax KJIETKU B TeueHMe HeCKOJb-
KNX 9aCOB IPUKPEIUIAINCD K IVTACTUKY U COXpaHAIN Bbl-
COKYI0 IpomudepaTUBHYI0 aKTMBHOCTb U >KU3HECIIOCo0-
HOCTb (98%1,2 % 7-ADD) Ha HpOTsXXEeHNN BCEero Iepuopa
KY/IbTMBMPOBaHMA.

BospeiictBue VI Ha >XMBble KJIE€TKM NPUBOLUT K
00pa3soBaHMI0 I[EJIOTO CHEKTpa Pa3HOOOpasHBIX IIO-
BpexaeHuit JJHK, Bxmroyas MOBpeXOeHMS a30TUCTBIX
OCHOBAaHMI1, BHYTPU- M MEXMOJEKYIAPHble CIIUBKMU,
OfHO- M [BYHMTEBble paspbiBbl caxapo-¢ocdarHoro
ocroBa [9-11]. Cunraercs, yro nmenno AP JHK sasmusa-
I0TCsI Hanbomee KpUTUIECKUMI /IS Ja/bHe I CybObI
knetku [12]. IP THK, orpenapupoBaHHble HEKOPPEKTHO,
HIPUBOJSAT K TMOeIN KIETOK, KIETOYHOMY CTapeHUIo UIN
oHKoTpaHchopmauyu [13, 14]. IIpu sToM penapauus o
70-80 % papmanyonHo-uHAynupoBanHbix JP THK npo-
VICXO[UT C IIOMOLIIBI0 OTHOCUTENBHO OBICTPOro (1o 4-6 1),
HO HEKOPPEKTHOI'O MeXaHM3Ma HerOMOJIOTMYHOI'O BOCCO-
eVHEeHMsI KOHILIOB C YacThIM 0OpasoBaHUEM MUKpOZele-
LU ¥ XpOMOCOMHBIX NTepecTpoek. OcraBiiagcs 9acTb JJP
pemapupyeTcsi Bo BpeMsi MefyieHHoit dasbl (0T 4 1o 24 u)
C y4acTMeM KOPPEeKTHOTO MeXaHM3Ma IOMOJIOTMYHOI pe-
koMmbOuHarum [15, 16]. Ho make yepes 24-72 4 ocraercs
oT 5 10 10 % HeoTpemnapupoBanHbix [IP JTHK. Cunraercs,
YTO TaKMe OCTaTOYHbIE IIOBPEXHEHUA ABIAIOTCA CIOX-
HBIMIU U ITOTEHI[MAIbHO eTaIbHbIMM [17].

B nacrosimeit pabote ObI CHeTaH aKleHT Ha OILlE€H-
Ky uMeHHO Takux ocrarouneix JJP JJTHK. Yepes 48 u
nocie OOMydeHUs IPOBOAWIN KOMMYECTBEHHDII aHa-
mm3 ocrarounsix P THK ¢ momompio mapkepa — ¢o-
KycoB  QochopwmpoBanHoro  rucrona  yH2AX.
Dochopunuposanre H2AX ocymiecTBiseTcss KMHa3aMu
ATM, ATR u DNA-PK B oTBeT Ha o6pasosanue [P, uto
CBUJIETETILCTBYET O €ro paciio3HaBanuu [18].

Ha puc. 1 mpepcraBieHsl pe3ynbTaTbl OLEHKU (POKY-
coB YH2AX B MCK uepes 48 4 nocre o6nydenns B fo3e
50 Ip npu Temneparype -196 °C u +22 °C. bpino noka-
3aHO, YTO KOJMMYECTBO OCTaTOYHbIX ¢okycoB YH2AX B
anpax MCK, o6nyuenHbIX py Temmneparype +22 °C, npu-
MepHO B 3,2 pasa (p = 0,0002) Briute, yeM B sigpax MCK,
06myueHHbIX npu Temneparype —196 °C. IIpu aTom ko-
nn4ectBO octaroyHbx ¢oxycoB YH2AX B sappax MCK,
00/y4eHHbIX Ipu TeMieparype —196 °C, cTaTucTmdeckn
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Puc. 1. KomnuectBo ocrarounsix ¢pokycos YH2AX B sppax
MCK uenoBeka uepes 48 4 mocje obnydeHus B gose 50 Ip mpu
temneparypax +22 °Cu -196 °C

3HAUMMO BBIIle KOHTPONbHBIX 3HadeHuit (0,85+0,16 u
5,37+0,15 COOTBETCTBEHHO).

Ananmus mnpomudepaTUBHON aKTMBHOCTU KIETOK C
UCIIONIb30BaHMEM MOJIEKY/IAPHOTO MapKepa KJIeTOYHOI!
npormdepannnu 6enka Ki67 mokasasn, 4To KieTku, oOmIy-
yeHHbIe B f1o3e 50 Ip mpu temmeparype +22 °C, momHo-
CTBIO TEPSIOT CIIOCOOHOCTh K mponmudepauyu (puc. 2).
ITpomudepartuBHas aKTUBHOCTb KJIETOK, OONydeHHBIX B
3TOII Ke J103e, HO Ipu TeMieparype —196 °C, cyujecTBeH-
HO CHIDKaeTcs, HO 4acTh KiaeTok (3,5+1,1 %) Bce e co-
XpaHseT cHnocobHocte K mpomudepaunn. Obparmaer
Ha cebs BHMMaHMe TOT (aKT, YTO Pe3y/NbTaThl OL|EHKN
ocTaTouHbIX ¢GoKycoB YH2AX IOTHOCTBIO COOTHOCAT-
Cs1 C pesylbTaTaMi OLEHKM JOMU IpOnnQepupyrommx
KJIETOK. DTO CBUAETENBCTBYeT O TOM, YTO OCTATOYHBIE
¢doxycsl YH2AX MOryT CIy>KUTb MapKepoM KJIETOYHOI
ceHeceHIM (TOTEPY CIIOCOOHOCTY KIIETOK K J€/IEHNIO).

70 ~

ol ]

p =0,0069
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KOHTPO/b +22°C -196 °C

Puc. 2. lons nponmndepupyromux (Ki67+) MCK yenoBeka yepes
48 4y ocne 06my4enus B gose 50 Ip mpy KOMHATHOI TeMIleparype
(+22 °C) u remueparype >xupKoro azora (-196 °C)

Bbl IpoBefieH aHa/MN3 OCTaTOYHbIX GokycoB YH2AX
B sAfpax KpuokoHcepBupoBaHHbiXx MCK uepes 48 4 mo-
crie 06my4yeHus B 9KCTpeManbHoit gose (500 Ip). Ha puc. 3
HpefCcTaBIeHbl MUKpOodOTOrpaduy MMMYHOIMTOXMMY-
vyeckn okpaureHHbIX sgep MCK moce o6mydeHus B gose
500 Ip mpu Temneparypax +22 °C u -196 °C. BupHo, 4To
IVIOTHOCTb IOCAfIKM KJIETOK, OOTYyYeHHBIX IpY TeMIIe-
parype +22 °C, o4eHp Hm3Kad, a ¢okycsl YH2AX cmm-
BAIOTCS, 4TO fIe/IaeT HeBO3MOXKHBIM IIOACYET UX KOJMde-
cTBa. B cywae o6mydenus npu -196 °C kjieTku, XOTs U
[IOTHOCTBIO TEPSIOT CIOCOGHOCTD K mpormdeparuy, HO
COXPaHSAIT CHOCOOHOCTD K afre3uy, 4TO OTPa)KaeTcs Ha
IVIOTHOCTY ¥X Tocafku. KommdectBo ocrarodnbix ¢o-
kycoB YH2AX Benuko, HO OHM pacIONIOXKEHbI OTHENbHO,
U IpaKTU4ecK! He HaOTIOfAeTCA UX CIUAHMA, TO eCTb UX
KOJIMYECTBO 3HAYNTENIbHO MEHbIIe, YeM B K/IeTKax, 00my-
YeHHBIX Ipy Temneparype +22 °C.

+22°C

-196 °C

Puc. 3. Mukpodotrorpaduy mMMyHOLMTOXMMMUYECKH OKpalieHHbIX Afiep MCK udenoBeka uepes 48 4 mocie o6mydenus s fose 500 Ip
Ipy KOMHaTHOI TeMueparype (+22 °C) u temneparype >xupkoro azora (-196 °C). Cunmit - THK kjetouHoro sznpa, okparenHbie DAPIL.
Kpacnpiit — ¢poxyce YH2AX
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[osa, p
Puc. 4. VinrerpanbHas ¢payopecieHLsa KOHDIOTMPOBaHHBIX C
¢dryopoxpomom anTuten Kk YH2AX B simpax MCK uenoBexa yepes

48 4 mocre 06mydenns B fose 50 Ip mpu Temneparype +22 °C u
-196 °C

Ina xonmdectBeHHON oueHkun YH2AX B kierkax,
obnyueHHbIx B fo3e 500 Ip, Obima mpoBemeHa olieHKa
MHTETPAIbHOM  (IIyOpecleHIM) KOHBIOTMPOBAHHBIX C
¢dryopoxpomom antuten k YH2AX B ximeTodHoM sfpe.
JroT nopxop nospondgeTr oneHusatb HP JTHK B ciydae
ux 6onblIoro KommyecTsa u camaHuA ¢oxycos yH2AX.
JlononHuTeNPHO OB IPOM3BeNeH IOACYET MHTErpasb-
HOV (pryopeciieHIINM KOHBIOTMPOBAHHBIX ¢ (ryopoxpo-
MoM aHTuTen K YH2AX B KieTkax, 0O/ny4eHHBIX B [j03€
500 Ip. PesynbraTsl, mpeAcTaB/ieHHble Ha pucC. 4, CBUTE-
TE/IIbCTBYIOT O TOM, YTO VMHTerpajnbHas (ryopecueHiysa
KOHBIOTMPOBaHHBIX ¢ (ryopoxpoMoM aHTuTen K YH2AX
apep MCK, obnydennsix npu temmeparype —196 °C, B
1,8 pasa HMKe, 4eM Y sifiep, OO/MyYeHHBIX IPU TeMIlepa-
type +22 °C. Pasnuuus B ko3 duiinenTax, monyuyeHHbIX
mpy aHanuse KommdectBa okycoB YH2AX, n mx mHre-
rpanbHO GIIyOpecIieHIN, OOBACHIIOTC TeM, YTO IpU
OLieHKe MHTeTpasbHOM (rryopecueHuy OGOMBIIOTO KO-
nudecTBa (HOKYCOB IMPOUCXOAUT HEFOOLEHKA UX KOJde-
CTBa, BCJIELICTBIE HATOXEHMsI CUTHAIOB OT O/IM3/IeXalinx
(hoxycos.

[Tpn mHTEpIIpeTany pe3yIbTaToB Ba)KHO IOHNMMATD,
410 0OpasoBaHME PafMALIOHHO-MHAYLMPOBAaHHBIX [P
JHK mpoucxoguT Kak Ipy OpAMOM HOITIOIEHNM 3HEP-
run monexynoit THK, tak u B cinydae o6pa3oBaHus ABYX
OJHOHUTEBbIX Pa3pbIBOB Ha AaHTUIIAPA/ICIbHBIX HUTSX.
IIpn 9TOM, OXHOHUTEBOI Pa3phHIB MOXKET OBITH 06paso-
BaH KaK IIpY IPSAMOM IOITOLIEHNM SHepIUM OfHON HMU-
tbio [JHK, Tak u B pesynbrare «aTak» caxapogocgarHoro
0CTOBa TUAPOKCUI-papukanoM. IlocmemHuii MexaHU3M
06p330BaHI/Iﬂ OMHOHUTEBDBIX Pa3pPbIBOB ABIAETCA HOMMU-
Hupyrowym. O6nydenre MCK npoucxonnno B cpene st
KpMOKOHCepBanuy, copepxamern 10 % pumMeTuncynb-
doxcupa (IMCO). IMCO sBsieTcst OZTHOBPEMEHHO KaK
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KPUOIPOTEKTOPOM [19], Tak M mepexBaTYMKOM TUAPOK-
cun-pagukana [20]. ITokasaHo, uto JMCO cHmXaeT BbI-
xopi ogHOHMTeBbIX pasprioB JJHK mpumepno B 3 pasa
[21]. B HameM mccreOBaHUY OCHOBHBIE Pa3/Inyns ObUIN
B TeMIleparype, Ip KOTOPOI obimydamuch KneTku. I[1pu
-196 °C cymecTBEHHO CHMDKAETCA CKOPOCTh pajiialiyioH-
HO-XMMMYECKUX PeaKluil, a OCHOBHbIE IPOIiecChl mepe-
xBaTa ruppoxkcwa-pagyukana JMCO HaumHaoTCA IIpn
pasMoposke KeTok. ITo Bceil BUAMMOCTH, 3TO CKa3bIBa-
eTcsi Ha o0LieM KoudecTBe 00pas3yoLINXCs B 00MTydeH-
HbIx KneTkax [IP JJTHK.

Hamu He usy4anach rubenpb KJIETOK, OLHAKO CIefyeT
OTMETHTD, YTO B paboTe, BBIIIONHEHHOI! elje B 1970-X IT.
Ha pubpobIacTax KUTANCKOro XOMAYKa, OBUIO OKa3aHO,
YTO T16e/Ib KIIeTOK, 00/Ty4eHHBIX PEHTT€HOBCKUM M3ITy4e-
HueM 1pu -196 °C, npumepHo B 3,5 pas3a HIDKe, 4eM IO-
cre o6nmydyeHNs Ipy KOMHATHOI TemmepaType [2]. B o6o-
UX CTy4Yasx KJIeTKU obydamuch B cpefe ¢ 10 % IMCO.
ITpu ananuse ocrarounbix gokycos YH2AX MCK ueno-
BeKa npy Temineparypax —196 °C u +22 °C 6bl1 nonyueH
cxopHbIi Koo durmenT 3,2. ITo Bcelt BUAMMOCTHY, pasyin-
4ysi B mporjeccax obpasosanus AP JHK sBnsoTcs kio-
YeBBIMM I TIOHMMaHMA ocobeHHOCTell popMMpoBaHMA
pammo6monornyecknx 3¢p¢HeKToB B KPUOKOHCEPBUPOBaH-
HBIX KJIeTKaX.

3aknouen

PesynbTaThl IpoBeNeHHBIX UCCTIEOBAHNI CBUMETENIb-
CTBYIOT O TOM, YTO KpuokoHcepBuposaHHble MCK, 06-
JIy4eHHBIe IIpM TeMIIepaType >ugkoro asora (-196 °C)
B cpepe, coepxaeir 10 % JMCO, MOTryT mepeHOCUTD
Bosgelicteue VIV B 6ompmmx gosax. Hebonmpimasa 4acTb
kprokoHcepBupoBaHublx MCK, o0061ydeHHBIX B [03e
50 Ip, maxxe coxpasser CIIOCOOHOCTb K Iposudepannn
(3,5¢1,1 %). B paaMOpo>keHHBIX ITOC/Ie OOTYYeHNs B j03€
50 Ip u Ky/IbTUBMPOBAHHBIX B TedeHMe 48 4 K/IeTKaX BbI-
XOJ] OCTaTOYHBIX, IpPEANOIOXNUTENIbHO JIeTaabHbIX, P
ITHK 6b11 mpuMepHO B 3,2 pa3a HIDKe, YeM B K/IeTKax, 00-
Jy4eHHBIX B TOH >Ke Jj03e U cpefie I KOHCepBaluy, HO
npu Temneparype +22 °C. IlpefcrapiseTca nepCcleKTuB-
HBIM JICIIO/Ib30BaHMe KOMMYeCTBEHHOTO aHanm3a POKycoB
YH2AX 114 oLleHKM cTelleH! IOBPEeXIEeHHOCTH TeHoMa 1
(PYHKIVMOHAIBHOTO COCTOSHNSA 0OTy4eHHBIX KPMOKOHCEP-
BYPOBAHHbIX K/IETOK.

Hna oputuposanma: Iumnuat A.A., IlycroBamosa M.B., Ipe-
xoBa A.K., bymmanos 10.A., Actpennna T.A., Ko6sesa V1.B., Huku-
tHa B.A., BpyHuykos B.A., Ycymxkanosa J.10., V.M. Bapa6am,
Broxuna T.M., ®egoros 10.A., Bopobbea H.10., Camoitnos A.C.,
Ocumnos A.H. Brusnue o6mydeHMA B CBEpPXBBICOKMX 033X Ha
KPMOKOHCEPBUPOBAHHbIE Me3€HXVMAa/lbHble CTBONOBBIE KIIETKI:
nByHuTeBble paspeiBbl JHK 1 npomidepaTuBHas akTMBHOCTD //
MenuiyHCKas pagyuonorus 1 pafualionHast 6e30nacHoCTb. 2019.
T.64.Ne 4. C. 18-24.

DOI: 10.12737/article_5d11009f713799.54342353
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Abstract

Purpose: To conduct a comparative assessment of human mesenchymal stem cells (MSCs) exposed to ultrahigh doses of
bremsstrahlung photon radiation at liquid nitrogen temperature (-196 °C) and room temperature (+22 °C) on the yield of residual
DNA double-strand breaks (DSBs) and proliferative activity of thawed MSCs.

Material and methods: Isolation and cultivation of MSCs was carried out according to standard methods. Dimethyl sulfoxide
(DMSO) at a final concentration of 10 % was used for cells cryopreservation. The cells were irradiated with bremsstrahlung photon
radiation with photon nominal energy 5 MeV, using the UELR-10-100-T-100 accelerator (Russia). Cells were irradiated at the doses
of 50 and 500 Gy at a temperature of +22 °C and -196 °C. The immunocytochemical analysis of yH2AX foci (marker of DNA
DSBs) was used for the assessment of the yield of residual DNA DSBs. The number of Ki67-positive cells (protein marker of cell
proliferation) was analyzed for assessment of the cell proliferative activity.

Results: The results showed that 48 hours after irradiation of MSCs at a dose of 50 Gy the number of residual YH2AX foci in the
nuclei of MSCs irradiated at +22 °C was about 3.2 times (p = 0.0002) higher than in those irradiated at —196 °C. The analysis of the cell
proliferative activity using Ki67 protein showed that cells irradiated at a dose of 50 Gy at a temperature of +22 °C completely lost their
ability to proliferate. The proliferative activity of cells irradiated at the same dose, but at a temperature of -196 °C, was significantly
reduced, but some of the cells (3.5 £ 1.1 %) still retained the ability to proliferate. After irradiation with a dose of 500 Gy at -196 °C,
the cells completely lost their ability to proliferate, but partially retained the ability to adhere. The integral fluorescence of conjugated
with the flurochrome yH2AX foci in MSCs irradiated at a dose of 500 Gy at a temperature of ~196 °C was 1.8 times lower than that
in MSCs irradiated at a temperature of +22 °C.

Conclusion: The results of the study indicate that MSCs cryopreserved in a medium containing 10 % DMSO irradiated at liquid
nitrogen temperature (-196 °C) can tolerate the effects of exposure to high doses (up to 50 Gy) of ionizing radiation. However, there is
a rather high yield of residual DNA DSBs and a very low proliferative activity, which makes cells unsuitable for use in clinical practice.
It seems promising to use a quantitative analysis of yH2AX foci to assess genome damage and the functional state of cells irradiated
in a cryopreserved state.

Key words: mesenchymal stem cells, cryopreservation, DNA double-strand breaks, cell proliferation, bremstrahlung, ultrahigh doses
Article received: 23.11.2018. Accepted for publication: 21.05.2019
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Pedepar

Ienb: O60cHOBaHNE HEOOXOAMMOCTI CO3[AaHMA M BEJEHNA CUCTEMBI PafiMallMOHHO-9KOIOTMYeCKOro MoHuTopyHra (POM)
arpapHbIX 5KOCHKCTEM B PETMOHe Pa3MellieHNs aTOMHBIX 3/IeKTPOCTAHIINIT Ha BCeX TalaX KM3HEHHOTO LMK/A PafiMalIOHHO-0IIac-
HOTO 00'beKTa.

Marepuan u metonpr: IlpefcraBiensl MeTOJONMOTMYECKNE TTOXO/bI (caHMTapHo-rmmequecxmﬁ ¥ 9Kosornmdeckmit) kK POM
arpoakocucreM B pernose pasmeujennss A9C. Onpenenensl 3afaun POM arposkocucreM, Bbifie/IeHbl 3TAllbl €f0 OPraHM3aLuy U
BegleHus. [TokasaHbl 0COOEHHOCTM pa3pabOTKM IIPOrpaMM U pertaMeHToB POM arposkocucreM. OnpepeneHbl OCHOBHbIE 00'beKThI
PaaManyOHHO-9KOMTOINYeCKOT0 MOHUTOPHHTA, KOHTPOJIMPYeMble TapaMeTphl, a Tak>Ke HepUOANYHOCTb MOHUTOPMHIOBBIX HAaOTIO-
mernit. O60CHOBaHbI IPYHIUIIBI Pa3MeIeHUA KOHTPOIbHBIX TyHKTOB B CETY MOHUTOPUHTA.

Pesynbratsl: IIpencrasnensl pesynbratbl POM arpapHbIX sKocUCcTeM B 30HaX BosfeiicTBusa Kypckoit u Pocrosckoit A9C 3a
2001-2016 rr. ITpogeMOHCTpMPOBAHBI MTOAXOMbI K CO3JAaHNIO CETY MOHUTOPMHTA C Y4ETOM ocobeHHOCTEN PErMoHOB pasMellleHNA
A3C (manpuradTHBIX, TOYBEHHBIX, XO35ICTBEHHBIX). II0Ka3aHO, YTO IVIOTHOCTD 3arPsA3HEHNS CENbCKOXO3sIICTBEHHBIX yropuii 20Sr
Bapbupyer B npefenax 0,47-1,74 kbx/m2, a 137Cs - 2,7-9,7 kbk/m? g Kypcxkoit A9C u, coorBeTcTBeHHO, 0,36-2,57 1m0 %081 11 2,25-
4,55 xbx/m? 1o 137Cs - ns1 PoctoBckoit ADC. 3a Bech Ieprof; MOHUTOPUHTOBBIX HAOTIOfEHMIT HU B OFHOIT U3 IIPO6 CeMbCKOXO035111-
CTBEHHOJ1 IPOAYKIMM He 0OGHAPY)KEHBI IIPEBBILIEHNS CAHUTAPHO-TUTMEHNYECKIX HOPMATHBOB 110 COAEP>KaHUI0 PaJOHYK/II/IOB.
3a cyer moTpebIeHNs IPOLYKTOB INUTAHS, IPOU3BOAAIINXCS B 30-KM 30HaX HaO/MIOfieH s, B PAllMOH IMTAHNUS MECTHOTO Hacese-
HSI TOCTYIaeT okomo 63 Bx/rog %St u 195 Bx/rox 137Cs B 30ne Habmogerns Kypckoit ADC u, coorBeTcTBeHHO, 133 11 184 Bx/rop
Ha npuwterawoueitr Teppuropun Pocrockoit A9C, uro nmoutn B 400 pas mo 137Cs n B 10-20 pas mo *OSr Hipke COOTBETCTBYIONINX
IIpefieZIoB TOOBOr0O NOCTYIUIeHNA. Pasnmnunsa B HaKOIJIEHNY pafilOHYK/IN/OB IJIs1 OFHOI M TOJ Ke KY/JIbTYpBl B pasHble TOfbl Ha-
6mofeHnit fOCTUTaloT 1,5 pas, 4To 06yCIOBIEHO BIMAHIEM ITIOYBEHHbIX 1 ITOTOJHBIX YCTIOBMIL, @ TAK)Ke PasHBIMMU 03aMU BHECEHMs
arpoMe/NMOpPaHTOB HOJ, KY/IbTYPBI.

BoiBonipl: Pesynbrartel POM arposkocucreM HOATBEPX/AOT, UTO 3KcIutyaTanusa Kypckoit u Poctockoit ASC B 1ITaTHOM pe-
JKVIMe He BefleT K yXyALICHNIO PaYaljIOHHOI 0OCTAHOBKY B PETMOHAX UX pa3MelreHus. JJ030Bble HATPY3KJ Ha MECTHOE Hace/IeHIe
He IPEBBINIAIT YCTAHOB/IEHHBIX HOPMAaTUBHBIX 3HaueHMit. CucremMa POM arposkocucreM [O/MIXHA ABIATHCA HEOTHEMIEMOIL CO-
CTaBJIAOLIEN B 00Ieil cIcTeMe pafgMaliOHHO 6e30MacHOCTH B pernoHax pasmeienus ADC 1 Apyrux pafguanMoHHO-OMACHBIX
00BEKTOB.

KitroueBbie cioBa: amomHoie 37eKMpocmaniul, azposKocucmeml, PAOUOHYKIUObI, PAGUAUUOHHO-IKOTIOUHECKUTI MOHUMOPUHE,
NPoOyKMoL NUMAHUS, 003bL 007y HeHUsT HACeNeHUS

IMocrynwna: 19.11.2018. Ipunsara K my6mukanmm: 21.05.2019

ITpu pabore AIC B TEXHOMOTMYECKY IITATHOM PEXI-
Me B/IMsHVE Ha 4Ye/loBeKa U OMOTy OKa3bIBAalOT KaK paju-
aIlJIOHHBIE, TaK J HepaAMalioHHble pakTopsl. [Ipu atom
IPOMCXOINUT IOCTYIUIEHME B OKPY)KAIOLIYIO Cpeny He-
KOTOpPOTO CTPOTO KOHTPOIMPYEMOTO KOMMYECTBA Pafiuo-
HYKJIUIOB, KOTOpble BKIIOYAIOTCA B INILEBble LEIIOYKU
mMurpanuu u GOpMUPYIOT JOIOTHUTETBHOE K eCTeCTBEH-
HOMY (OHY 0O/nydyeHNe Ye/loBeKa M SKMBBIX OPraHM3MOB.
Ce/bCcKOXO034JICTBeHHAsA IPOAYKLUA, NPOU3BOAMMAA B
pernoHe pasmemenna ASC, Bo Bcex Clydasx ABAETCA
OJHVM Y3 OCHOBHBIX MICTOUYHUKOB IIOCTYIUIGHUS pajjuio-
HYKJINIOB M XMMMYECKUX BellecTB B OpraHM3M Hacese-
HUA, TIPOXXMBAIOIIETO Ha TEPPUTOPUAX, MPUIETAoINX K

BBenenue

Pasputne AnepHON 3HEPTeTUKM CTaBUTCA MUPOBOI
00LIIeCTBEHHOCTDIO B IIPSAMYIO 3aBUCHMOCTD OT peIleHMs
BOIIPOCOB 0ObecCIiedeHNs1 pajgMalMOHHOM 6e30IacHOCTI
Je/I0BeKa M OKpy»Kalouleii cpefbl. Bo Bcex crpaHax, pacmno-
Maralux AAepPHO-3HEPreTUIeCKMMI YCTAHOBKAMIL, UJET
aKTUBHOE OOCY)XIeHue IyTell PasBUTUA aTOMHOII 9Hep-
TeTUKU U IpoOIeM BO3NENCTBUA MpefIPUATUI AflepHO-
TOI/IMBHOTO LIMK/Ia Ha YeloBeka u 6uory. B Poccumiickoit
®epepanyuy OnpefieNieHbl IEePCIEKTUBbI Pa3BUTUA 3HEP-
TeTMYECKOr0 KOMIUIEKCA CTPAHBI B LI€/IOM Y CO3/IaHMUsA HO-
BbIx A9C Ha nepuop o 2030 r. IlmanupyeTca gocTpoiika

BO3BOJVIMBIX aTOMHBIX 37IEKTPOCTAHIMIT M ocBoeHue 10
HOBBIX IUTOIAOK [1, 2]. ITpn 9TOM ycTaHOBIEHHAs CyM-
MapHas MoHOCTb ADC fo/mKHa Bo3pacTu io 37-41 I'Bt
K 2020-2022 rr. u mo 52-62 I'Bt k 2030 r. lons ASC B
obieM o0beMe MPOU3BOJCTBA MEKTPOIHEPTUM HA ITUX
3TallaX peanu3alyy SHepreTUUYecKoi CTpaTerny JO/DKHa
coctaButhb 18,2-18,3 % 1 19,7-19,8 % cOOTBETCTBEHHO.

aTOMHBIM 9/IeKTPOCTAHIMAM. DTO 00yCIOBIMBaeT 0coboe
BHJIMaHJe K arpapHbIM SKOCHCTEMaM, Kak 0OBeKTy BO3-
HEVICTBUA Ha 4YeloBeKa NPeNIupuATUIl ANEPHON SHepre-
Tk [3, 4]. YuursiBas, uro B Poccuiickoit enepauyu B
30-xM 3oHax BausAHuA A9C ot 50 no 90 % Teppuropun
3aHMMAIOT CebCKOXO035ICTBEHHbIE yronbAa, CTaHOBUTCA
OYEeBU/HOV HEOOXOAMMOCTb OPraHM3aLMU CUCTEMBI pa-
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AMAIVIOHHO-9KOMOrn4YecKoro Mouutopunra (POM) arpap-
HBIX 3KOCHCTeM B permoHax pasmemenns A9C Kak 1A
obecredeHns1 6e30IIaCHOTO MPOXXVBAHMsI HAaCENIEHNs, TaK
U [t obecriedeHyst ero MPOAYKTaMM MUTAHUS, COOTBET-
CTBYIOIVIMM CAHUTAPHO-TUTMEHNYeCKIM HOPMaTUBaM.
Pasuble cTagum >xusHeHHoro Iukmaa AJC (crpou-
TENbCTBO, IKCIUTyaTALVs, BBIBOJ, U3 SKCIUIyaTallUU) OIIpe-
[e/AI0T He TOJBKO pasjMyHble MAcCIITaObl BO3MEICTBUA
Ha 4e/I0BEKA VI OKPY’KAIOLIYIO CPeRY, HO ¥ OTIMYAIOTCS II0
HeICTBYIOIMM (paKTOpaM, KOTOpble MOXKHO PasfenTh Ha
ZiBe TpyIbl — GaKTOPbI HepaAMalMiOHHOM IIPUPOJIBL U pa-
mprnanyonnsie ¢axropsl. K HepagmanmonusiM ¢dakTopam
BO3MIEVICTBUSA OTHOCATCA: IOBBIIIEHHOE NCIIONb30BaHMe
BOJHBIX PeCcypcoB (BK/IOYas HEOOXOAMMOCTb CO3[aHNA
BOJJ0E€MOB-OX/IAJIUTeNIeN), XUMIYECKOe 3arpsi3HeHNe, BbI-
Ie/ieHNe TeIlIa, 9IeKTPOMArHUTHOE U3JTydeHNe, YPOBEHb
myMa ¥ T.I. K pagnanvoHHbIM ¢akTopaM OTHOCATCS:
3arpsi3HEHMe TeXHOTEHHBIMM pafMOHYKIUAaMu (Tmpe-
Kpe Bcero, 137Cs u %0Sr) cenbcKOXO03sIICTBEHHBIX YTOIMI
U OpoayKuuyu (pacTeHUEeBOACTBA, KOPMOIPOU3BOACTBA,
>KUBOTHOBOJICTBA), VCTOYHUKOB BOJIOCHAaOXeHus (mm-
THEBOTO, OPOIIEHNs U T.J.) 32 CYeT BBIOPOCOB U COPOCOB
A3C, a Takxke pagualMOHHOE BO3[elICTBNE Ha CebCKO-
XO3A/CTBEHHBIE PAaCTeHMs U XMBOTHBIX M, B IIeJIOM, Ha
6uory. B nepuop crpontenpcrBa ADC oCHOBHbIMM (ak-
TOPaMU BO3JIEVICTBUA ABJIAIOTCA HepalualliOHHbIe, BKITIO-
qas1, Ipexx/ie BCETo, OTIY>KAEHIe CeMbCKOXO03SICTBEHHBIX
YTOOUII U JIECHBIX MacCUBOB IOf| IUIONIAAKY CTAaHINU U
uHdppacTpykrypy. IIpu skcmwnyaraunu ASC B IITaTHOM
peXuMe BIMAHME OKas3bIBAIOT KaK pajiMallViOHHBIE, TaK
U HepajguanyoHHble dakTopel. ITosTomy cucremy POM
B peruoHe pasmenteHnss ADC crefiyeT co3faBaTh yxe Ha
CTaguM IIPOEKTUPOBAHMS U CTPOUTENbCTBA CTAaHIUM [5].
POM B pernone pasmemiennss A9C - 3T0 KOMIITIEKC
CHCTEeMHBIX MHOTOJIETHUX HaOMIOfeHMi 3a M3MeHeHMs-
MI B OKPY>XKalllel cpefie, MO3BOANIINIA BBIABUTD BO3-
MoykHOe BimsAHMe ASC Ipy HOPMalbHON 3KCIUTyaTallUuu
VI OLIEHUTb TEKYIUNIT YPOBEHb ee IKOJIOTMYecKoit bGesomac-
HocTu. ITomydyeHHbIe B pe3y/nbTaTe MOHUTOPUHTA JaHHbIE
TO/DKHBI OBITH JOCTATOYHBIMU [Tl Pa3pabOTKM yIIpaB-
JIEHYECKUX PelIeHNU MO VICKIIYeHUIo MO0 CHIDKEHUIO
[0 YPOBHs, OIpefieIeHHOTO HOPMAaTUBHBIMU JOKYMEHTa-
MM, BO3SMOXXHOIO HeratuBHoro BausHus AIC Ha dejo-
BeKa 1 OKpY>Kaolylo cpeny. B coorserctBuu c [5], POM
B pPaMKaxX WH)KEHEPHO-3KOMOTMYECKMX W3bICKaHMII Ha
cTafmy paspaboTKM IMPOEKTHO HOKYMEHTalMu U CTPO-
UTEIbCTBA HEOOXOAMMO MIPOBOAUTD B Ipefenax BbIOpaH-
HOJI mnomanky pasmentenns ADC u B 30He HabMIOeHU
paguycom 30 xm. IIpoBemenne POM po Hauama cTpon-
TenbcTBa ADC maeT BO3MOXXHOCTb OILIEHUTb COCTOSIHUE
BCEX 9KOCUCTEM, a TAKXKe JI030BBIX Harpy30K Ha 4YeloBe-
Ka 1 60Ty Ha ypoBHe (oHa (TaK Ha3bIBaeMBbIIl «HY/IEBOII
ypOBeHb»). ITO BaXKHBIIT 9TAIl, IIOCKO/IBKY OH CO3/IaeT MH-
(DOpPMAIIOHHYIO OCHOBY I [a/IbHENIIero aHammsa Bo3-
MO>XHOTO HEeraTMBHOTO BIVISHMSA CTAHIVM Ha YeloBeKa I
OKPY>KaIOL[YI0 CPefy B IIepHOJ, CTPOUTENbCTBA 00beKTa
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U €ro 3KCIUTyaTalluy. 371eCb BaXHO OTMETUTb, 4TO IIpU
OlLieHKe TAaKOTO BIIVSIHVS HEOOXOVIMO YIUTBIBATh YXKe Cy-
LlecTByollee Ha MOMEHT cTpouTenbcTBa ADC TeXHOTreH-
HOE€ 3arpsA3HEHME OKPY>KAoLIel Cpefbl OT HeVCTBYIOIINX
IIPOMBIIIJIEHHBIX MPENIPUATUI B PETMOHE PasMeIleHNA
ASC.

MeToponorudeckue moaxoasl K cncreme POM
arpo3KOCHCTEM B pernoHax pasmemennsa A9C

OcHoBHoI1 nenbio POM siBiisieTcst obecrnevenne pagu-
AIIOHHOI 6€30IaCHOCTM HaceneHus U TpeboBaHMil HOp-
MaT/BOB, perIaMeHTUPYOIIUX KaueCTBO OKpY Kalolieil
Cpefbl, a TaKXKe BbIAB/ICHNE TeHACHII U3MEeHeHN pain-
AIIVIOHHO-9KOOTMYECKOl 0OCTAaHOBKM B pPervoHe pas3Me-
meHnsa ASC B mpoljecce ee akcruryatayuu. [1pu cosgannn
cucteMbl POM arpoaskocucTeM UCIONb3YIOT IBa METOJO-
JIOTMYECKUX IIOAXOMA: 3KOMOTMYECKMIT ¥ CAaHUTAPHO-TU-
TUEeHNYeCKUiT. ITO 0OYCTIOBIIEHO TeM, 4TO, C OFHOM CTO-
POHBI, arpapHble 9KOCUCTeMBbl (POPMMPYIOTCSI Ha OCHOBE
HIPUPOAHBIX (AKTOPOB M MMEIOT PsAA OOLIMX XapaKTepu-
CTUK C IPUPOITHBIMYU 9KOCUCTEMAMU U, COOTBETCTBEHHO,
UX MOXKHO XapaKTepU30BaTb ¢ 9KOJIOTMYECKUX MO3UINIL.
C [pyToit CTOpOHBI, arpOLeHO3 AB/IAETCA Ha4ya/IbHBIM 3Be-
HOM IMIIEBBIX IIeNoYeK, BeAYIINX K Ye/TOBEKY, 4TO OIpe-
fensieT HeoOXOAVMOCTb HOPMMPOBAHNUS BO3JECTBYS Ha
YeIoBeKa IT0 CAHNTAPHO-TUTMEHNIeCKOMY npuHIumy [3].

OcHoBHBIMU 3afjauamMy POM arpapHBIX 9KOCHCTEM B
pernone pasmeniernsa ADC ABIAOTCA:

— YCTaHOBJIEH€ OCHOBHBIX MCXOJHbBIX XO3A/CTBEHHbIX I
IPUPOHBIX XapaKTEPUCTUK arpOIKOCUCTeM (IOYBEH-
Hble XapaKTepPUCTUKM, YPOBE€Hb IIOYBEHHOTO IIIOfIO-
poaMs, IPOAYKTUBHOCTD CEIbCKOXO3AMCTBEHHBIX pac-
TEHUI U XVBOTHBIX U JIp.), HAO/MIOJleHNe U1 BBIsB/ICHE
TeHJeHI[UI B UX MI3SMEHEHN;

— perucrpanyuAa TEKymmnx ypOBHef/I TE€XHOI'€HHOT'O 3arpsa3-
HEHVS 9JIEMEHTOB arposkocucreM (IIOYBa, CeIbCKO-
XO03AJICTBEHHbIE pacTeHUSA ¥ >KMBOTHbIE, NPOAYKLMUA
PacTeHMeBOJCTBA, KOPMOIIPOM3BOACTBA Y >XMBOTHO-
BOJCTBA I [Ip.), HaO/MIOEHVe 1 BbIsB/ICHIE TeHeHIINI
B €r0 I3MEHeHNM;

— YCTaHOBJIEHUE IIPMOPUTETHBIX 3arps3HUTeNeNl U 3Ha-
YYMOCTM IIyTeil IMOCTYIUIEHUA pafitOaKTUBHBIX U XU-
MUYECKUX BelleCTB B arPO9KOCUCTEMBI;

- TIOMy4YeHMe MCXOJHBIX JJAHHBIX IS BBIIOTHEHNA IIPO-
THO3HBIX OLIEHOK 9KOJIOTMYECKOTO COCTOSHUA OKpY-
JKalolleil Cpefibl C LeNIbI0 OTPAHMYEHMs MOCTYIIEHUA
PaiMOHYK/INZOB B PallyiOH IIMTAHUA HACENEeHNUsA U CHU-
JKEHM: I030BbIX HAIPY30K Ha Ye/IOBEKa;

- paspaboTKa peKOMEHJALMIl 110 NPefyIPeKAeHUI0 U
YCTPAaHEHNIO BO3MOXKHBIX HETaTVBHBIX TEH/IEHLIMI B
U3MEHEHUN OKpYXKalollell cpelibl U MapaMeTpoB arpo-
9KOCUCTEM, 00YC/IOBIEHHBIX aKcIUTyaranueit ADC.

dranbl opraHmsanyuu POM arpapHbIX 3KOCHUCTEM B
pernoHe pasMelleHNs PafMaIIOHHO-OACHBIX 00beKTOB
(paccmatpuBast B nepByio odepens ADC kak Haubosee
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IIOTEHIIMA/IbHO OIIACHYI0, B CIy4ae aBapui, COCTABJIAIO-

IO SAflePHO-TOIUIMBHOTO IIMK/Ia) BK/IIOYAIOT:

I. CocrapneHne mepevHs pafual[IOHHO-OIACHBIX OOBEK-
TOB.

II. AHanmM3 MMeIUXCA JAHHBIX O PerlaMeHTHPOBAHHBIX
cbpocax 1 BRIOpOCAX pagMallOHHO-OIACHBIX 06'beKTOB,
a TaKXKe COCTaBJIeHNe NIepevyHs pajIOHyKIN/OB, TOfiyIe-
XKAIIMX KOHTPOJIIO.

III. OueHka cyllecTBYOIINX YPOBHeN paill0aKTUBHOTO 3a-
TPA3HEHNS arPO3KOCUCTEM B 30HE pasMellleHNsA pajma-
I[VIOHHO-OIIaCHBIX 0O'bEKTOB.

IV. Opranmsanus KOHTPOIbHBIX YIACTKOB ¥ KOHTPOIbHBIX
IYHKTOB II0 TepPUTOPUATLHOMY IPUHIMUITY C Y4eTOM
MHOTOJ/IETHE} pO3bl BETPOB OTHOCHUTETIbHO IIIOLIATKY
paZMalOHHO-0IIaCHOTO 0O BeKTa.

V. Paspaborka pernamenta POM arposkocucrteM npu pa-
60Te pagMallMOHHO-OMACHOTO 00BEKTa B LITATHOM pe-
XMMe Y IPU BO3MO>KHBIX aBapUITHBIX CUTYalMAX (BKIIIO-
Jas IPOEKTHBIE U 3alIPOEKTHbIE aBapyn).

Ina peanmmsanum nporpamMMbl POM arpapHbIX KO-
crucTeM paspabarbiBaeTcs perlaMeHT ero IpOBeJeHMUs,
BK/TIOYAIOIIMI:

- CXeMy ceTH IIYHKTOB (TOYekK) Hab/ofeHus ¢ reorpadu-
YeCKO IPUBA3KOIL;

- mepedeHb 06beKTOB POM;

- HabmofaeMble MapaMeTpbl;

- Ccrocobbl U IpOLeAyphl ONpefie/leHNA KOHTPOIUpye-
MBIX ITapaMeTpOB (HelocpeCcTBeHHbIe MI3MepeHNs, OT-
60p npob u T.IL.);

- IHEepUOAMYHOCTD NPOBeNeHMs Hab/ IOl HIT;

- MeTO[BI aHa/IM3a OTOOPAaHHBIX PO6.

Bei60p 0OBEKTOB [/Isl MCCIE[OBaHMII MIPOBOJAT Ha
OCHOBaHMM aHajaM3a xapakrepuctuk ADC u Xxapakre-
pa UCIIONb30BaHUA IpUjeramolieil Tepputropun. B xave-
CTBE OCHOBHBIX OO'BEKTOB MOHUTOPYHIA arPOIKOCUCTEM
OOBIYHO BBIJIEJISIOT: ITOYBBI CETbCKOXO3SICTBEHHBIX YTO-
IWIT; CebCKOXO03AMCTBEHHbIE pacTeHNs; pPallIOHbl KOPM-
JIeHUs CETbCKOXO3AMCTBEHHBIX >XMBOTHBIX; IIPOMYKIIMIO
PacTeHMeBOJCTBa; HMPOAYKIMIO >KMBOTHOBOJICTBA; BOAY,
UCIIONIb3YEeMYIO [IIsl OPOLIEHMs CelbCKOXO03A/ICTBEHHBIX
YTOAMI V1 BOFOIOS CKOTa; YEOOPpEHNs U CpefcTBa 3alUThI
pacTeHuil; MeIMOpaTUBHbIE CUCTEMBL

KoHTponupyeMble TapaMeTpbl BKIIOYAIOT: MOLUIHOCTD
9KBMBAJIEHTHOM MO3bl Y-U3/Iy4eHUs; arpOXUMUYecKye
XapaKTepUCTUKY TIOYB; NMPOSYKTUBHOCTb CEIbCKOXO3AM-
CTBEHHBIX PacTeHUI U >KUBOTHBIX; COfEpKaHue pajuo-
HYK/IU/0B (€CTECTBEHHBIX U TEXHOTE€HHBIX) B IIOYBE; BEp-
TUKa/JbHOE pacIpelie/ieHlie PafjioHyKIUI0B B Ipoduie
IIOYB; COfiepXKaHMe PafiMOHYKIN[OB B IPOAYKLMM pac-
TEHMEBOJCTBA; COJep)KaHUe PaIMOHYK/INUTOB B KOpMax U
paloHe CeTbCKOXO3SAMCTBEHHBIX >XMBOTHBIX; COflepyKa-
HIUe paiOHYK/INLOB B BOJe BOJOEMOB, MCIIO/Nb3YyeMoil
I/1A IIOJIMBa ¥ BOJOIOS CKOTA; COlepyKaHNe pafiliOHyK/IN-
IOB B IPOAYKIUY KUBOTHOBOJCTBA.

B 3aBUCMMOCTM OT CPOKOB M IEPUOAUYHOCTY BBI-
HeNAI0T CAefyoliye BUABI HAONMIOeHUI: JMCXOJHbIe —
(UKCUPYIOTCSI YPOBHM 3arpsi3HEHMUsI M COCTOSIHUS arpo-

9KOCYICTEM Ha MOMEHT Havajla IPOBeJeHNs MOHUTOPUHTA;

IUTaHOBBIE (TIepUOAMYecKIie VTN Ce30HHBIE) — IPOBOASATCS

B COOTBETCTBUM C pE€I/TaMEHTOM MOHMTOPMHTIA; BHEIIA-

HOBbIe (OIlepaTMBHBIE) — IPOBOJATCS B CIIy4ae BO3HUKHO-

BeHMs Ype3BbIYAlIHbIX CUTyalMii; CIUIOIIHOe 00CiIefoBa-

Hle — MPOBOJUTCS MOCIIe PAJMOAKTUBHOTO 3arps3HEeHNs

C Ie/MbI0 OIpefie/ieHNsi 30HBI MopakeHUs (aBapuitHOe

pearupoBaHue).

Cxema pasMelljeHns1 KOHTPO/IbHBIX YYaCTKOB (TOYeK,
MOCTOSIHHBIX IPOOHBIX IUIOIIA/IOK) pa3pabaTbiBaeTCs Ha
OCHOBaHUM TIPEeABAPUTENIBHON OLIEHKM XapaKTepUCTUK
A3C ¢ yyeTOM BO3MOXKHOTO BJIMAHMS €€ IIpeAbIaylieit fe-
stenpHOCTU. CxeMa HO/DKHA I03BOJIATH IPOBENEHNe pac-
LIVMPEHHBIX MCCIENOBAaHUI BO3JENCTBMAA Ha 4YelOBeKa U
OKPY>KaOI[YIO CPefly KaX[JOr0 M3 UCTOYHUKOB — BBIOPO-
COB PaJMOHYK/IN/IOB B aTMOC(EpHBIl BO3AYX, cOPOCOB B
[IOBEPXHOCTHbIE BOZOEMBI 11 MECT XpaHeHus (3aXopoHe-
Hust) PAO. CxeMa Takxe JO/DKHA IIO3BOMIATH OLIEHMBATDH
0 pe3y/IbTaTaM MOHUTOPUHIOBBIX MCCIEOBAHNUIT 3HAYM-
MOCTb BCeX IIyTell 00ydeHNs, CBI3aHHBIX C KaX/BIM U3
MCTOYHMKOB BO3JENCTBMs. [/ COMOCTaBUMOCTM IONY-
JaeMBbIX Pe3y/lIbTaTOB PeKOMEHAYeTCs KaX[bIl pas oTou-
paTtb HPO6I)I 1 IIpOBOIUTD M3MEPEHNA B OJHUX U TEX JKE
MecTax. C 9TOJl LeIbIo IOC/Ie BBI6OPA MECTOIIONIOKEHNA
KOHTPOJIbHBIX TOYEK ¥ OIpefielleHNs CII0CO60B KOHTPOJLA
PEKOMEHIyeTCsl IPOBeCTH 00be3] BHIOPAHHBIX MeCT, BO
BpeMsi KOTOPOTO OKOHYATe/lTbHO OLpPEeHeTUTb IPUBA3KM K
MECTHBIM OpPMEHTMpPAM U COCTABUTb OIMCAHUSA KaXKHON
U3 TOYeK. Takoil [TOfXOf [T03BOJISIET PACIIONOXIUTD TOUKN
KOHTPO/ISI B MeCTax ¢ Hauboree XapaKTepHbIMU YCIOBU-
AMU MECTHOCTU U UCK/IIOYUTD NPo600TOOp (M3MepeHus)
TaM, I'le 3TO CAeNaTb HEeBO3MOXKHO MM Hellelleco0OpasHo.

ITpu BBIOOpE KOHTPOJIBHBIX YIaCTKOB Ha CEIbCKOXO-
3AJICTBEHHBIX yroAbAX 0000Ial0TCsA JaHHbIE IO OYBEH-
HBIM XapaKTepUCTUKAM U CTPYKType 3eM/IeNONb30BaHNsA
B XO03siicTBaX. AHamusupyercsi MHpOpMAumsa O pasMe-
I[eHNN IIO0JIEBBIX I KOPMOBBIX CeBOOOOPOTOB. Bbifensaior
[IaXOTHbIEe YTOfbsl, CEHOKOCHI M IIaCTOMINA, C pasie/ieHn-
eM HOC/IeHUX Ha KY/IbTYPHBIE YTOAbs U €CTeCTBEHHbIE
Jyra. YUMTBIBAIOTCSI 30HAIbHbIE OCOOEHHOCTU BeJeHUs
3eMJIefieNNs], B YaCTHOCTY, IIPYMeHeHre opolenHus. s
aHa/IM3a MUTPALMN [0 XMBOTHOBOJYECKON IeTTOUKe, KaK
[IPaBM/IO, BBIOMpAETCss MONOYHO-TOBapHas Qepma, Ham-
60ree 6711M3KO pacIONOXKeHHAsI K PafiMallIOHHO-OMIaCHOMY
00beKTY, U (epMa, pacIoIoKeHHas 3a Ipefie/laMy 30HBI
KOHTpO/Is1 06bekTa [4].

Ha ocHoBaHum aHanmsa pesyabTaTOB MOHUTOPMHIO-
BBIX MCC/IEOBAHUII COCTAB/IAIT YTOYHEHHYIO XapakTe-
puctuky A9C Kak MCTOYHUKA BO3JEVICTBUS Ha 4YeIoBe-
Ka U OKPY)KaIOIYI0 Cpefy, KOTOpasd HO/DKHA COflep>KaTh
CBeleHUS:

- O IYTSX U YPOBHAX OONydYeHNUs HacelleHNs, peannsyio-
IIMXCA B Pe3y/lbTaTe TeKYIel U IPeNbIAYILel SKCITy-
atauyuu A9G;

- 0 MeCTax pacIOJIOKeHUsA KPUTUYECKUX TeppUTOpuil,
TUIIOB II0YB, BUJOB PACTEHNII, IPOU3BOLVIMON IPOIYK-
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LM CEeNbCKOTO XO3AMCTBAa B 30He Haomopenus ADC
IUISL K&KIOTO 13 BUIOB BO3MECTBIS, OKa3bIBAEMBIX Te-
KyIlieit ¥ mpenbIyeit skciutyaTanueit A9GC;

- 0 Hambojiee 3arpsA3HEHHBIX PAMOHYKINAAMA U TsKe-
JIBIMJ MeTaJ/UTaMIM MICTOYHMKAaX XO3SICTBEHHO-IIUThe-
BOT'O BOJOCHAOKEHMSA OTHENbHO IS KAXKIOTO U3 TUIIOB
UCIIOIb3YeMOI1 BOZBI (BOZIa IIOBEPXHOCTHBIX BOJOEMOB,
TPYHTOBas, apTe3MaHCcKasd);

- 00 ypOBHJIX 3aTPsI3HEHNUS PAJUOHYKIMAAMY U TSDKEJIBI-
MU MeTa/llaMyi 06beKTOB OKpYXKAloleil Cpefbl U Iu-
I[eBBIX IPOAYKTOB, IOTPeOIsIeMbIX HAaCE/IEHNEM B 30He
Habmomennsa A9C;

- 0 BKJaje B OOnydeHMe HacelleHMs 30HBI HaOMIOfeHNU
U 3arpsi3HEHNe TePPUTOPUN KKIOTO U3 PAIVOHYKIIN-
TOB, MOCTYHAOIINX B OKPY>KAIOIIYI0 CPefy B HACTOS-
Iee BpeMs, a TaKk>Ke IPUCYTCTBYIOMINX B Hell B pe3y/ib-
TaTe mpenbiayeit skcrryaTanum A9C;

- 0 MeCTax pacHoIoXeHVs (OHOBBIX TEPPUTOPUIT I
Ka)XIOr0 M3 BUIOB BO3JENCTBUSA, OKa3bIBAEMbBIX Te-
KyIlell ¥ IpeabIAyielt skciryaTanyeir A9C, a Takxe
Opyrue CBefieHMs, XapaKTepusymlyue OCOOEHHOCTH
pacIpocTpaHeHus, HaKOIUICHNs, MUTPalMy M TPaHC-
dbopManyy pafuoOHYKINAOB B OKpYXalolleil cpeie B
30He HaOmomeHna ADC.

Pesynbrarsl 1 06cyxenne

PaspaboraHHble MeTOLO/MOTMYECKUE IIOAXOMbI AIpO-
6]/[p0BaHbI " BHEJPEHbI B IIPAKTUKY IIpUM CO3OaHUU U
BefleHUM cucteMbl POM arpapHbIX 5KOCUCTEM B 30HAX
BospeiicTBusa Kypckoit u Pocrockoit ASC. Cetu POM
arposkocucteM B pernoHe 3Tnx ADC opraHM3oBaHbI C
y4eTOM MecTa pa3MeleHUsA VM 30HBI BO3MOXXHOTO BO3-

HeICTBMA MCTOYHMKA PaJMOAKTUMBHOIO 3arpsA3HEHMs,
IIPEeMMYIIeCTBEHHOTO HaIllpaBlIeHus «pOo3bl BETPOB» B
BeCeHHe-JIeTHUI mepuop, (IIepMOf BereTalMy CeTbCKO-
XO3SIICTBEHHBIX KY/IBTYp M IACTOMIHOTO COfep>KaHms
JKMBOTHBIX), XapaKTepa CYILIECTBYIOIETO pacIpefielleHns
PaIMOHYKINAIOB II0 TEPPUTOPUY HAOTIONEHNA B pajuyce
30 xm ot ASC, CTPYKTypHl 3eM/IENIO/Nb30BaHNUA, XapaK-
TEPUCTUK IIOYBEHHOTO IIOKPOBA, HANpPaBIeHHOCTH OT-
pacreil CenbCKOX03s/ICTBEHHOTO IPOMU3BOACTBA (>KMBOT-
HOBOJICTBO, PaCTEHMEBOACTBO). /i1 MpOCTPaHCTBEHHON
XapaKTePUCTUKM CeIbCKOXO3AMCTBEHHBIX 3eMeb pas-
paboTaHbI KapThl-CXeMbl pa3MelleHIs X035ICTB B 30-KM
3oHax Kypckoit 1 PoctoBckoit ADC. OCHOBHBIMM 37IEMEH-
Tamy, 0becrednBanIIMI HaOMOIeHe 32 YPOBHAMMU 3a-
TpA3HEHNA M COCTOSHUEM arpapHbIX 9KOCUCTEM, SIBIAeTCA
CeThb MOCTOSHHBIX IIPOOHBIX IVIONIAZOK Ha CETbCKOXO3M-
CTBEHHBIX YTOfIbSIX ¥ KOHTPOJIBHBIX IYHKTOB Ha (epMax
(puc. 1). OpraHnsoBaHHas CeTb HAOMIONEHNII YIUTHIBACT
KaK HaHI{IlIa(bTHbIe, TaK ¥ IIOYBEHHDbIE XapaKTEPUCTUKU
TePPUTOPUY, BKIIOYasd CIeUMUKY BeJEeHNS CeNbCKOro
xo3sictBa. KOHTpO/IbHBIE YYaCTKM BBIOMPAINCh TaKUM
06pa3omM, 4TOOBI Ha MOYBAX OCHOBHBIX TUIIOB PACIIO/Iara-
NMCh Hanbostee paclpoCTpaHeHHbIe B PETMOHE CETbCKOXO-
3SJICTBEHHBIE KY/IbTYPBI U TUIINYHBIE CEBOOOOPOTHL.

IIpn mnposemeHuu POM  cenbcKOX03AICTBEHHBIX
Yrommil MCIONb3YIOTCSA METOHbl OTOOpa, aHanIM3a M W3-
MepeHMsA Npob, OIpele/leHHble B BeJOMCTBEHHBIX, 00Ie-
TOCY[JapCTBEHHBIX HOPMATUBHBIX U METOAMYECKNUX HOKY-
MEHTaX, YTBEPXKJEHHBIX B YCTAHOBJIEHHOM IIOpAJKE [3,
5-7].

B cooTBeTcTBMM C pernaMeHTOM MOHUTOPMHIA IIPO-
BOJUTCs OIpefiefieHNe CefyloIMX IIapaMeTpPoB pajua-

Puc. 1. KapTbI-cXeMbl pasMeleHns] KOHTPOIbHBIX YYACTKOB U IYHKTOB ceTyt POM arposkocucteM B 30-kM 30Hax HabmopeHns Kypckoit
(a) 1 PoctoBckoii (6) ADC ( * - mnomaznka ASC; KIT, KY - KOHTpO/IbHBIE IIyHKTbI ¥ YYaCTKM)
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Tabnuya 1
Koadpunmmentsr mepexona 2°Sr u 137Cs u3 mousst
B OCHOBHBIE CeTbCKOXO03ICTBEHHbIE KYIbTYPhI B
pernonax pasmemenns Kypckoit u Pocrosckoit ADC
IO JAaHHBIM MOHuUTOpMHra 2001-2016 T,

(bx/xr)/(xBx/m2)
90Sr 137Cg
K
ybtypa MuH. | Makc. | Mus. |Ma1<c.

30-xM 30Ha HabmogeHnA Kypckoit ADC

EcrecTBenHbIe TpaBbI 3,5 53 0,75 1,1
Kykypysa 11 1,7 | 025 | 035

30-kM 30Ha Habmogenns Pocrosckoit ADC

MHoroneTHye cesHbIE TPABbI 0,75 1,91 0,29 0,78

EcTecTBeHHbIE TPaBbI 0,81 2,2 0,28 0,86
Osumas NIIeHNIa, 3ePHO 0,37 1,0 0,36 0,74
SlumeHb, 3epHO 0,11 0,62 0,1 0,27
Kaprogens* 0,06 0,17 0,06 0,2
Tomatsr* 0,04 0,13 0,008 0,07
Kamycra* 0,06 0,25 0,03 0,08

IIpumevanme: * — aHHbBIE IIO OBOIIAM IIPEICTABAEHBI HAa CBIPOIL BEC,
OCTajIbHbIe — Ha BO3[IYLIHO-CYyXO0M

LIMOHHO-3KOIOTUYECKO OOCTAaHOBKM Ha CEeIbCKOXO35I-

CTBEHHBIX yrofbAx B 30-kM 30He Habmofenus A3C:

— arpoxmMm4yecKyue CBOJMCTBA I10YB;

- U3MepeHVe MOUTHOCTH 5KBVBa/IEHTHOI 1O3bI;

— COfiep)KaHMe eCTeCTBEHHBIX ¥ TEXHOTE€HHBIX PpaJyo-
HyKmupoB (90Sr, 137Cs, 232Th, 226Ra, 40K, 7Be) B nouBax,
MIPOAYKIUYU pacTeHNEBOAICTBA U )KMBOTHOBOJCTBA;

- cofep)KaHMe XMMIYECKIX 97IEMEHTOB (B TOM YUCTIe Ts-
JKEJIBIX META//IOB) B IOYBAX CETbCKOXO3SICTBEHHBIX
yropguit u B pacturenbHoctu (Co, Mo, Pb, Fe, Mn, Ni,
Cu, Zn, Cd, Cr, Sr).

WccnenoBanus, mnpoBefieHHble B TedeHue 2001-

2016 rr., TOKasamM, 4YTO COHEpKaHME PagUOHYKINIOB

B mouBax 30H HabOmiomeHmsa Kypckoit u PocrtoBckoit

A3C xapakTepusyeTcs HEeBBICOKOI BapuaOeIbHOCTBHIO.

MOIIHOCTY SKBMBAJIEHTHBIX 703 Ha CETbCKOXO03AVICTBEH-

HBIX YTOfIbSIX HAXOATCS B AMara3oHe (OHOBBIX 3HAYEHMIT

0,08-0,14 Mx3B/4. IIIOTHOCTD 3arpsA3HEHMA CENbCKO-

XO3SIICTBEHHBIX yropuit 0Sr KojnebmeTcst B mpefenax oT

0,47 mo 1,74 xbk/m2, a 137Cs - ot 2,7 mo 9,7 kbk/m? mnsa

Kypckoit ASC 1, cooTBeTCTBeHHO, 0T 0,36 1o 2,57 1mo *0Sr

u oT 2,25 1o 4,55 kbx/m? o 137Cs — mis PoctoBckoit ADC.

Paznuunusa B HaKkOIUIEHMM PAIVOHYKIUJOB /IS Of-

HOJl M TOJ >Xe KYJIbTYpbl B Pa3Hble TORbI HaOMIOmEHMI

pocturanu 1,5 pas, 4ro O6yCHOBHeH0 B/IVISIHMIEM ITOYBEH-

HBIX ¥ IOTOJHBIX YCIOBHII, a TaKKe PasHbIMU [0O3aMU

BHECEHVsI arpOMe/MOPAHTOB IIOf KyIbTypsl (Tabm. 1).

JononHuTenpHO O0TOOpaHHble MPOOBI MOYB U OBOIIHBIX

KY/IbTyp Ha YacTHBIX IOIBOPbAX M CafOBBIX Y4aCTKax

MO3BO/IMIN YCTQHOBUTD, YTO MMHUMAIbHBIMU KO3Pu-

nuentamu nepexona (KII) pagnonykmnpos xapakTepusy-

I0TCSl OBOIUIHbIE KYIbTYPBl, @ MAKCUMAIbHBIMM — MHOTO-

netHue Tpasbl. Pasmuuma B KII mexnpy sTumu BuUIaMu

KynbTyp gocturaroT 50 pas, a B cpegHeM cOCTaBIA0T 10-

20 pas. CrmegyeT OTMETHUTD, UTO Hepexon *Sr u3 mo4s B
CENIbCKOXO3AMCTBEHHbIE KYNbTYPhl B CpelHEM B 2-5 pas
BBIIIle II0 CpaBHeHMIo ¢ 137Cs.

3a Bech IepuOJ, MOHUTOPMHIOBBIX HAOIIOfEeHNIT HU B
OfIHOI 13 Ipo6 He ObITIO 0OHAPYXKEHO IIPeBbILIEHNs HOP-
matuBoB CanlInH 2.3.2.1078-01 u CaunllnH 2.3.2.2650-
10 1o cofep>KaHMIO PaAMOHYKINAOB. 3a cyeT IoTpebie-
HVSI IPOZYKTOB IIMTaHMsA, IPOU3BOAUMBIX B 30-KM 30HaX
HaOmofeHNs, B PaliOH NMUTaHNUs MECTHOTO HaceleHus
noctynaer okomo 63 Bbk/rop °Sr m 195 Bx/rop 137Cs B
3oHe HabmogeHus Kypckoit ADC 1, cooTBeTCTBEHHO, 133
u 184 bx/rop pnsa npuserawoleit Teppuropun PocToBckoit
ADC, uro nouru B 400 pas no 137Cs u B 10-20 pa3 o *Sr
HIDKE COOTBETCTBYIOLIMX IPefe/ioB TOfOBOrO IIOCTYIlIe-
Hust (IITTI), ycranosnennsix HPB-99/2009 (ta6m. 2). ITpu
9TOM OXXupaeMasi 3pPeKTUBHAs J03a BHYTPEHHETo 00Iy-
4yeHnsA, 00yC/IOB/IeHHasA IIOCTyIUIeHNeM B opranusm 137Cs
u %08r, 3a rop cocrapnserT 2,5 u 5,0 MK3B COOTBETCTBEHHO
mna Kypckoit ASC u 2,4 n 10,6 Mx3B/rof, aia PocToBckoit
ADC. OcHOBHOII BK/Iafi B GOpMUPOBaHIE JO3bI BHYTPEH-
Hero oOJy4eHMsI HAacCeleHMs OT CeTbCKOXO3sICTBEHHBIX
HIPOAYKTOB, cofiepxxamux 137Cs, BHOCAT Monoko (ot 27,7
10 46,2 %), msico (ot 17,1 no 28,7 %), kapTodens 1 OBOLU
(ot 14,2 mo 31,4 %), a copepxamux 20Sr — momnoxo (3,8-
13,5 %), IpORYKTHI pacTeHNeBOACTBA — 10 75,8 %.

YpoBHU cOfiep)XaHUsI PaAMOHYKIUIOB B CEMTbCKOXO-
3SIICTBEHHOI TPOAYKLMM OOYCIOBIEHBI PafMOHYKINAA-
MU KaK IJI00a/JIbHOTO IPOMCXOXK/EHMUs, TaK U BbIOpOCa-
mu oT ASC. BolsiBieHre BO3MOXXHOTO BK/Iafia BEIOPOCOB
ASC Ha ¢oHe r106aNTPHBIX BBIIAJEHNUI SBISETCS CIIOXK-

HOJ METOAMYECKON 3aJjadell 13-3a YPe3BbIYallHO HU3KUX
Tabnuya 2

CpenneropnoBoe nocrymiaenne 20Sr u 137Cs ¢ MeCTHBIMU
NMPORYKTaMM MUTAHUA B PAllIOH MUTAHU HaCETIeHNA,
NMPOXUBAKOLIETO B pernoHax pasmemenusa Kypckoii
u PocroBckoit ADC 1o JaHHBIM MOHMTOPMHTA
2001-2016 rr.

KommoHeHTbI Iloctynnenne pagnoHyknnmos, bx/rox
pallfiOHa ITaHIs Kypckas ADC Pocrosckas ADC
HaceeHmsA 90Sr 137Cs 90Sr 137Cg
Msico (roBsaguna) 0,5 56 0,3 31,5
Msico (mruia) 0,02 3,4 0,02 3,4
Mornoko 8,5 90,3 5,0 51,0
Sito 0,004 0,04 0,004 0,04
Ppiba 6,0 4,1 6,5 4,9
Kaprocgens 15,5 8,0 22,4 42,0
Kamycra 5,5 6,0 7,9 6,6
Oryp1ibl, TOMUIOPBI 8,5 7,3 23,1 9,24
JIyk pemnka u 3e7ieHb 2,2 3,0 - -
MopKoBb, CBeKIa 4,1 3,5 - -
Xe6 16,3 13,0 32,5 9,1
Kpyma - - 35,0 26,2
Bcero 67,1 195,0 132,7 184,0
0,52% | (0,25% | (1,02% | (0,24 %
ot III'TI) | ot III'II) | ot III'TI) | ot III'II)
IITTI ¢ nuent 13000 77000 13000 77000
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Tabnuya 3

CpaBHI/ITeJIbHaﬂ OLI€HKA MOCTYIVICHUA 137Cs B CeTIbCKOXOSHﬁCTBeHHym NDPOAYKIMIO OT PA3ITNYHBIX UICTOYHNKOB

Ucrouynux 137Cs

Kymorypa [no6anbHble BBITAEHNS HopmanusoBanHble BbIOpocsl PocToBckoit ADC
Bbx/kr bx/kr % OT 17106a/IbHBIX BbIMAIEHNIT
2001 r. 2031t 2001 r. 2031t 2001 r. 2031t
ITiennia osumas 0,55 0,18 1,0x10-3 1,1x10-3 0,18 0,61
Kaprodens 0,35 0,20 0,45x10-4 0,57x10-4 0,013 0,029
Mormnoko 0,5 0,2 1,1x10-3 1,1x10-3 0,22 0,55
Msco 0,16 0,08 4,6x10-3 4,7x10-3 2,9 5,9

KOHIIEHTPaLMii paflMOHYK/INJO0B, KOTOPble MOTYT IOCTY-
IaTh B OKPY>KaIOLIYIO CPefy 3a cueT aKciyaranuy A9C.
BmecTe ¢ TeM, B HacToslee BpeMsl paspabOTaHbl METOJbI
U MOZe/N /I OLIEHK!U ITOCTIefICTBUI PalOaKTUBHOIO 3a-
IpA3HEHN:A OKPYXKAIolIell Cpefibl.

ITpu pacyere nocrymwienus '37Cs B cenbcKoxo3sii-
CTBEHHYIO IIPOAYKLMIO C MCIOMb30BaHMEM O0ILeil Mofie-
MU BIUSHUS BBIOPOCOB M COPOCOB IPeAIPUATUIL AREp-
HO-TOIUIVBHOTO LIMK/IA HA IOCTYIJIEHMEe PafMOHYKINOB
B IIPOAYKTbI IINTAHMA HaCEJIE€HUA, peKOMeHI[OBaHHOﬁ[ K
ucronb3oBaunio MATAT3 [8], 6pU10 ycTaHOB/IEHO, YTO
upyu ¢yHkunonnposaunuu PocroBckoit ADC B IITaTHOM
pexxume ypoBHU cofiepxaHusA 137Cs CTaHIMOHHOTO IIPO-
VICXOXJEHUSA B CEIbCKOXO3ANCTBEHHON MNPONYKIMM Ha
2-3 mopsiKa HIDKE [0 CPABHEHMIO C I7I00aIbHBIMI BBIIA-
meHMsAMU. BK/Iax HOpMayM30BaHHBIX BBIOPOCOB CTaHIMMU
B CyMMapHoe nocrymienne 137Cs B IpOgyKIMIO pacTeHN-
€BOJICTBa U >KMBOTHOBOJCTBa cocTaBsgeT 0,013-2,9 % u
gepe3 30 yer pyHkumonupoanus ADC yBemuuurcsa Ao
0,029-5,9 % (Tabm. 3).

JuHaMMKa M3MeHeHMs Ba/lOBOTO COflepXKaHMS T-
JKeTIbIX MeTa/jIOB B ITOYBax 30H Habmiomenus Kypckoit un
PocroBckoit ADC no rofam ucciefoBaHuA MMeeT HU3KYI0
BapuabebHOCTD,eI0 BeNMYVMHA HAXOQUTCA B Ipenenax
(DOHOBBIX 3HAYEHWIT ¥ BO BCeX C/y4asx He IIPeBbILIAET
ITIK. ITpu 3TOM HaKoOIlIEHMe TSXKe/IbIX META/IOB B YPO-
JKae CeIbCKOX03AMCTBEHHBIX KY/IBTYP 3aBUCUT He TONIbKO
OT UX COfep>KaHMs B IOYBE, HO U OT BUJJOBBIX OCOOEH-
HocTelt pacteHuit. Hambomee BbICOKME KOHI[EHTpALNU
XMMUYECKMX 9/IEMEHTOB OBbUIM 0OHApPY)XEeHBI B KOPMOBBIX
Ky/JbTypax (ecTeCTBEHHBle ¥ CesHbIe TPaBbl), a MUHU-
MaJibHbI€ KOHILIEHTpaliMisd 3aperucTpypoOBaHbl B OBOILAX.
IIpn 3TOM BO BCeX Caydasdx He OTMEYEHO INpEeBbILIEHNS
CaHMTAPHO-TUTMEHNYECKMX HOPMATUBOB [ IPOAYKTOB
IUTaHUA.

3akIoueHue

PesynbpTaThl MOHUTOPUHIOBBIX MCC/IENOBAHNUIL TI03BO-
JISIIOT CHe/aTh BBIBOZ, O TOM, YTO dKcITyaraums Kypckoii
u PoctoBckoit ADC B IITATHOM peXMMe He BefleT K YXyI-
[IEHNIO PafMal{iOHHO-9KOIOTNYECKOll 0OCTaHOBKM B pe-
IMOHaX pasMeleHMsA 3TUX aTOMHBIX 3/M1eKTPOCTaHINIL.

30

ITpn sTOM HO30BbBIE HArpy3KM Ha MECTHOE HaceleHMe 3a
cyeT MOTpeONIeHNsI MM CelTbCKOXO3SCTBEHHDBIX IPORYK-
TOB, IPOM3BOMAIINXCSA HA CENbCKOXO3SNICTBEHHBIX YTO-
IbsiX B 30-KM 30He HaO/MIOieHN s, He IPEeBbIIIAI0T YCTAaHOB-
JIEHHBIX HOPMAaTHBHBIX 3HaYeHMIA.

ITonyueHHble pe3ynbTaThl IMOATBEPXKAATCA MaTepu-
anmamy ¢efepanbHbIX ¥ 00aCTHBIX MUHMUCTEPCTB, Opra-
HM3aLMI U YYPEXKIEHMI, YIaCTBYIOIIUX B IPOBEINCHUU
PagMalMOHHOTO ¥ COLMATbHO-TUTYEHNYeCKOTO MOHMUTO-
punroB [9-12]. ITo ganHbeiM 1[eHTPOB rUrMeHs! u Smupe-
muonoruu B Kypckoit u PocToBckoit obmacreit 3a mepuop
Habmopennst ¢ 2011 mo 2017 IT., IpeBbILIEHNIT TUTEHN-
YeCKMX HOpMaTtuBoB comepkanus 137Cs u 2Sr B nuIeBbIX
IPOAYKTaX MUTAHNS MECTHOTO IIPOM3BOJCTBA He OOHApY-
keHo [11, 12].

HenpepbIBHBIII MOHWTOPMHT — pafUallOHHO-TUTH-
eHNYECKON OOCTAaHOBKM OpPraHM3ALUAMU  Pas3IMYHBIX
BeflOMCTB B 30Hax HabmomeHus Kypckoit u PoctoBckoit
ASC moka3bIBaeT 3HaueHMSI MOLIHOCTY 3KBMBa/IEHTHON
mo3bl, He pepbimaomue 0,08-0,14 Mxk3B/4, Ipu HOpMe [0
0,3 Mk3B/4, ycTaHOBNIEHHOI « OCHOBHBIMM CAaHUTAPHBIMU
mpaBuIaMy obecriedeHns pagualuoOHHON 6€30IacHOCTI»
(OCIIOPB-99/2010) [11, 13]. BmecTe ¢ TeM, crefyeT OT-
METHUTbD, IYTO BOIIPOCHI OLIEHKV PaAMaIlIOHHO-9KOJIOTIYe-
CKOJT OOCTAQHOBKM B PErvoHaxX pasMeleHNs pajjualjioH-
HO-OIIaCHBIX OOBEKTOB He MOTYT OBITH pelLIeHbI TOIBKO
IpYMeHEeHeM MeTONOB AUCTAHLIMOHHOTO MOHUTOPMHIA
U TPeOYIOT 00s13aTeNIbHOTO HAa3eMHOTO 00C/IE[OBAHNS, YTO
B L[eJIOM CIIOCOOCTBYeT KOMIIJIEKCHOMY 1 BCECTOPOHHEMY
aQHANM3y ¥ OOBbEeKTVBHOMY NPOTHO3Y, Ha OCHOBAHUMU KO-
TOPOTO IPMHMMAIOTCA PelleHMs 110 O3[[OPOBICHNIO KO-
JIOTM4eCKOil 06CTAHOBKM Ha TePPUTOPUAX, IIPUJIETAIOIINX
K A3C, B ToM uncie un B chepe CenbCKOXO3SIIICTBEHHOTO
IPOM3BOJCTBA.

Pabora BbIOMHEHa mpu MOnJepKKe Poccuitckoro
Hay4yHOTro oHfa (rpaHT Ne18-19-00016).
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Abstract

Purpose: Justification of the necessity to establish and maintain a system of radioecological monitoring of agricultural ecosystems
in the vicinity of nuclear power plants at all stages of the life cycle of a radiation-hazardous facility.

Material and methods: The paper presents methodological approaches (sanitary-hygienic and environmental) to radioecological
monitoring of agricultural ecosystems in the region of the NPP location. The tasks of the radioecological monitoring of agricultural
ecosystems are defined, and its organisation and management stages are highlighted. The article displays the features of the development
of programs and regulations of radioecological monitoring of agricultural ecosystems. The main objects of radioecological monitoring,
parameters to be monitored, and also the frequency of monitoring observations are determined. The principles of locating the control
points on the monitoring network are substantiated.

Results: The results of radioecological monitoring of agricultural ecosystems in the impact zones of the Kursk and Rostov NPPs
are presented. The approaches to the creation of a monitoring network, taking into account the peculiarities of the regions of the
NPPs’ location (landscape, soil, economic), are demonstrated. It is shown that the contamination density of agricultural lands by
90Sr varies in the range of 0.47-1.74 kBq/m?, and by 137Cs - 2.7-9.7 kBq/m? for Kursk NPP and, for Rostov NPP it is 0.36-2.57 kBq/
m? by 9Sr and 2.25-4.55 kBq/m? by 137Cs. Over the entire period of monitoring observations, none of the samples of agricultural
products appeared to have an excess of sanitary and hygienic standards for the content of radionuclides. Due to the consumption
of food produced in 30-km observation zones, about 63 Bq/a of 2Sr and 195 Bg/a of 137Cs in the Kursk NPP observation zone and,
respectively, 133 and 184 Bg/a in the vicinity of Rostov NPP enter the diet of the local population, which is almost 400 times for 137Cs
and 10-20 times for %°Sr below the annual ingestion limits respectively. Differences in the accumulation of radionuclides for the same
crop in different years of observation come up to 1.5 times, due to the influence of soil and weather conditions, as well as different
doses of ameliorants application.

Conclusion: The results of the radioecological monitoring of agricultural ecosystems confirm that the operation of the Kursk
and Rostov NPPs in normal mode does not lead to a deterioration of the radiation situation in the regions where they are located.
Radiation doses on the local population do not exceed the established standard values. The system of radioecological monitoring of
agricultural ecosystems should be an integral component in the general system of radiation safety in the vicinities of NPPs and other

radiation-hazardous facilities.
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Pedepar

Ienp: [TorHOreHOMHOE UCCIeOBaHMe CBA3M 750 ThIC. OFHOHYKICOTUAHBIX ITOMMMOpdu3MoB (SNPs) ¢ MOBBIIIEHHOI YaCTOTO
Pas3MMYHBIX TUIIOB XPOMOCOMHBIX abeppalinii, BOSHUKIINX Y paOOTHIKOB PafiiallIOHHO OIIACHOTO IIPOMU3BOACTBA, O] AeVICTBIEM
XPOHMYECKOro 06ydeHns B AuanasoHe 5o3 100-300 m3B.

Marepuan u Metonp:: O6beKTOM MCCIIE[OBAHNA CIY>XXIIN IIPOOBI KpoBU 37 paboTHMKOB CHOMPCKOrO XMMUYECKOTO KOMOM-
Hata. CpefHAA CyMMapHas [j03a BHEILITHETO 06nyquI/{;{ o06cnemoBaHHbIX UL cocTaBua 188,8 + 8,3 M3B, mequana — 185 M3B, UH-
TepPKBapPTIWIbHBI pasMax — 147,8-218,7 m3B, MuH. - 103,4 m3B, Makc. - 295,8 M3B. [eHoTunuposanne o6pasos [JHK neitkoruros
KpOBU PabOTHMKOB IPOBOAMIN Ha MUKpOMATpuuax Bbicokoil maoTHocTy CytoScan™ HD Array (¢pupma Affymetrix, CIIIA), co-
mepxauux 6omee 750 Toic. SNPs Bcex renoB OMIM 1 MexXreHHbIX 06/1acTelt. Y Bcex 00C/IelOBaHHbIX GBI IPOBEAEH CTAaHAAPTHBII
LMTOT€HEeTUYECKIIT aHA/IU3 U OIpefe/ieHa 4acToTa abeppaHTHBIX KJIETOK, APHBIX (PAarMEHTOB, KOTbLEBbIX U AMI[EHTPUYECKUX
XPOMOCOM, XPOMATUHBIX pparMeHTOB U XPOMATHAHBIX OOMEHOB.

PesynbraThl: YCTaHOB/IEHO, YTO C Y4E€TOM IONpPaBKY BoH(beppOHM MMEIOTCS TOMBKO CTATUCTUYECKM 3HauYMMble B3y SNPs ¢
4acTOTON abeppaHTHBIX KJIETOK, BCE OCTA/IbHbIE TUIIBI XPOMOCOMHBIX abeppariuil He MOKasaay CTaTUCTHYeCKON 3HaunmMocTu. C
HOBBIIIEHHOI YaCTOTOI abeppaHTHBIX KJIETOK, BO3HUKAIONINX IIOf, IefICTBMEM XPOHIYECKOT0 00/TydeHs, accolunpoBaHo 8 SNPs
(rs10779468, rs158735, rs158710, rs158712, rs11131536, rs528170, rs9533572, rs10512439). Yerslpe Me>xreHHbIX SNPs (rs10779468,
rs158735, rs158710, rs158712) B [IMHHOM IIIede 1-if XPOMOCOMBI, ITO-BUAMMOMY, HAXOMATCSA B BaXKHOM PETyIATOPHOM peruo-
He (1:222282882-1:222402787). VInTpoHHble nomumopdusMer (rs528170, rs9533572, rs10512439) mpunapnexar renam PACRG,
ENOX1, MYOID, u Ha 9TU TeHBI ClIeffyeT 0OpaTUTh IPUCTaTIbHOE BHIMaHMe KaK Ha HOBBIX YYaCTHUKOB FeHEeTUYeCKOlT leTepMIUHa-
LMY UHVBULYaNbHOI PafinOdyBCTBUTETBHOCTI.

3akmouenne: O6Hapy)XeHHbIe MONMMOpP(QHbIE BAPMAHTHI, MUHOPHbIE T€HOTHUIIBI KOTOPBIX aCCOLMMPOBAHBI C ITOBBILICHHO
4acTOTON abeppaHTHBIX KIETOK Y paboTHMKOB CHUOMPCKOTO XMMMYECKOrO KOMOMHATA, MOABEPraBIINXCA PaAMalliOHHOMY BO3-
metictBuIO B o3ze 100-300 M3B, MOXKHO pacCMAaTpMUBATh B KayeCTBe MOTEHIMAIbHbIX MapKePOB MHMBI/Ya/IbHOI PaMOuYyBCTBU-
TENBbHOCTH. J]/Is1 TOATBEp>KAeHNs BBISIB/IEHHBIX aCCOL{MALMIT HeOOXOMMBI Ja/IbHETIIIVe Ba/IMALIOHHbIE VICCTIEOBAHNS Ha PACIIN-
peHHOI Bb16op1<e JII0JIEl, TIOABEPTaBIINXCA PAUAlIOHHOMY BO3/IEMICTBHIO.

KrioueBble cmoBa: uHOUSUOYANLHAA PAOUOHYECHBUMENIDHOCTND, BHeldHee Y-00IyueHue, Onumenvroe paouayuoHHoe 6030ei-
cmeue, NOMUMOPPUIM 2eHO8, XPOMOCOMHbLE abeppavuu

IMocrymmna: 10.10.2018. ITpunara K my6mukanum: 21.05.2019

Beenenmne fuabet, ayTOMMMYHHBbIE 3a00T€BaHMS ¥ IICUXUYECKIE
PaccTpoOIICTBa, HAXONUT UIMPOKOE MPUMEHEHNE B COBpE-
MeHHOII Hayke [1]. GWAS MoXxeT MCIIO/Ib30BaTbCS TaKXKe
C LIeTIbI0 U3YYEHUS CTIOXKHBIX (PEHOTUIMYECKUX MMPU3HA-
KOB B [TONY/ISIINH, B TOM YMCTIE, TAKMX KaK MHAMBU/Ya/Ib-
Hasl YyBCTBUTEIBHOCTD K (PaKTOpaM OKPY>KAIoLIell CPefBL.

OpHuM U3 KPUTHYHBIX U Hambosee M3y4aeMbIx ¢ak-

3a mocenHye TOABI OBIIO IIPOBEIEHO MHOXECTBO Ha-
YYHBIX UCCTIEIOBAHMI TeHOMA B paMKax IIpoekToB GWAS
(genome-wide association studies - mOTHOreHOMHBII
nouck acconyanuit). OcHoBHas 1enb GWAS cocrout B
MIOVICKE PAa3/INMYHBIX TeHEeTHMYeCKMX MapKepoB, MIpexye
Bcero SNPs (single-nucleotide polymorphisms - omno-

HYK/IEOTUITHBIX HOHI/IMOpCl)I/I3MOB), ONpeNeNs0MNX re- TOpPOB BHEIIHEN CPE/bl ABIACTCA MOHM3NPYIOLIEE N3ITyde-

HEeTUYEeCKYI0 MHJVBMAYATIbHOCTb YelI0OBEKa, acCOLMUPO-
BaHHBIX C PUCKOM Pa3BUTHA PAa3TNIHBIX IATOIOTMIECKNX
COCTOSIHUIA, C TTOMOII[bI0 KOTOPBIX MOYXHO INPERUKTUBHO
OLIEHUTDb BEPOATHOCTD PasBUTHS TOTO MM MHOTO 3a6ore-
BaHMs, CIPOTHO3MPOBATh TedeHMe 60JIe3HN, a TakoKe pas-
paboTrarh HOBble cTparernu IPOQGUIAKTUKM U JIe4eHMs
[1]. ITonck csaseit mexnay SNPs u pasmmunbivu 3abore-
BaHMAMMU Y€/I0BEKA, TAKMMU KaK 3/I0OKAQYE€CTBEHHbBIC HOBO-
06pasoBaHus, 6ONE3HN CepHieYHO-COCYAUCTON CUCTEMBI,
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uue (VIV). BospericTByst Ha ki1eTky, VIV BeI3bIBaeT cepbes-
Hble MTOBPEX/IeHN, BeAylue K PasBUTUIO MyTallIOHHBIX
addekroB u rmbenu krerkn. CaMbIM PacIpOCTPAHEHHBIM
MHAVMKaTopoM geiicteuA VIV o cux mop ocraercs MH-
LYKV HeCTaOMIbHBIX XPOMOCOMHBIX abepparimit (XA).
B 2TOit CBsI3M, OCHOBHBIMM TTOKA3aTEMSAMM OI[€HKM MH/IN-
BUIYa/lbHOI YYBCTBUTENbHOCTM OPraHM3Ma K pafyalnu
(VIPY - vHAMBUAYANbHON PafMO4yBCTBUTEIBHOCTH) CUU-
TalOT YPOBHY MHYLMPOBAHHBIX XA y Ial[MeHTOB, a TaK-
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JKe BBIXOJ PaIMalIOHHO OOYCIIOB/IEHHBIX 3a00jeBaHMUIL,
IIpeXX/ie BCETO, 37I0Ka4eCTBEHHBIX HOBOOOpasoBauwmit [2].

WccnemoBanns, HampaBleHHble Ha IIOMCK MOJIEKY-
JIIPHO-TEHEeTUYeCKUX MapKepoB MHAyKUMM XA Ipu pa-
AMALMIOHHOM BO3[eiiCTBUY, O He[lAaBHETO BpeMeHM Orpa-
HUYMBAINUCh UCKITIOUNUTEIbHO KaHAUAATHBIM IIOAXOHOM.
IanHbIe 10 CBS3U OTHeNbHBIX SNPS KaHIMIaTHBIX TEHOB C
IIOBBIIIEHHO YacTOTON XA BO MHOTOM IIPOTUBOPEYMBBI,
B CBA3M C 4eM HeOOXORMMO IpPOBefieHMe MeTaaHaNIn30B
IUIs1 MX TTOATBep)XaeHus [3-8].

B cBA3uM ¢ TeM, 4TO KaHOMOATHBIN IIOOXOJN ITOMCKaA
mapkepoB VIPY He ompaspan cebs, B 2009 . 6b11 co3maH
Radiogenomics Consortium (RGC), kysa Bouum y4yeHble
u3 20 crpad mupa. OCHOBHOII 3affadell OpraHMU3aLNN SAB-
JSIETCS.  COREVICTBYE KPYIMHOMACIITAOHBIM MCCTIE[OBa-
HUAM, HallpaB/IeHHBIM Ha BBIABJIEHME MOJIEKY/ISPHO-Te-
HETUYeCKoll Hmpupopbl reHoTokcumuHocty VI [9]. Ilpm
nopgepxkke RGC OblT IpoBefieH psifi MeTaaHa/IN30B, Ha-
IpaBleHHBIX Ha BaIUfallMi0 paHee OIYOIMKOBAHHBIX
maHHbIX [10, 11], a Tak)Xe MPOBeEHO HECKONBKO IIOTHO-
TeHOMHBIX IIOMCKOB MapKepOB F€HOTOKCUYHOCTY Ty4eBOoil
Tepayy y OHKOJIOTMYeCKMX OO/IbHBbIX.

B cepmm Takmx ucCnefoBaHMIL, TOBENEHHBIX
Kerns S.L. et al. (2010, 2013) Ha 6OMBPHBIX PaKOM Ipen-
CTaTe/IbHOM >Ke/le3bl, IMONyYaBHIMX JIY4eBYIO TepaIluio,
ObUIM YCTaHOBJIEHBl CIEAYIOIVEe aAcCOLVALMU: C IIPO-
SIBJICHUSIMU 3PEKTWIbHON AUCPYHKIMU IOCTIE JIeUeHUs
(12 SNPs); ¢ sarpymHeHMEM MOYEUCITYCKAHUA CITYCTs
2-3 ropga moce npekpaiienna aydesoil Tepamnu (8 SNPs
reHa IFNK); ¢ peKkTalbHbIM KpoBoTedeHueM (rs7120482
u rs17630638) [12-15]. C ucnonp3oBaHyueM TeXHOIOTUU
Axiom Genome-Wide CEU 1 array (Affymetrix), BKmo-
qapomeir B cebsg 552 597 SNPs, Ha 741 OHKOJIOIMYECKOM
6ompHOM ObUT MpeHTHUIMpoBaH TeH TANCI, momm-
MOpP(U3MBI KOTOPOTO aCCOLMMUPOBAHBL C IIPOSIBIEHISIMU
MO3JHeNl TOKCUYHOCTU fydeBoil Tepamuu [16]. Camoe
KpPYIIHOe Ha JaHHBII MOMEHT MCC/IefioBaHMe ObUIO Ipo-
BefleHO ¢ noMolpio Mukpomarpuusl [llumina CytoSNP12
array (249 679 SNPs) gnsa 1850 maruenTos (1217 - 607b-
HBIX PAKOM MOJIOYHOV JKeTle3bl, 633 — paKoM IIpeJicTaTeNb-
HOJI >Ke/le3bl), MONy4aBIINX Ty4deByl0 Tepamuio. Crycrs
2 ropia mocyie ee IpeKpalieHns OblI0 YCTaHOBIEHO 19 mo-
MMMOP(U3MOB, aCCOLMMPOBAHHBIX C PA3TNYHBIMMU JTy4de-
BBIMI PeaKUMAMU Y OOTIbHBIX PAKOM MOJIOYHOII JKene3bl 1
20 SNPs y 60/1bHBIX paKOM IIpeACTaTeTbHOI >Kenessl [17].

Cregyst Heob6XOAVMOCTY IPOBEEHNUA IIMPOKOMAC-
mTabHBIX UCCAeNOBaHMit 10 onjeHke VIPY, namu B 2011 1.
6bLIO IPOBEIEHO MUKPOMATPUUHOE UCCIENOBaHMeE CBI3U
OoNMMMOPGU3MOB C MOBBILIEHHON 9aCTOTOI ¥ TUIIOM XA
KaK MHJMKaTopoB nosbliieHHoN! VIPY y 3gmopoBpix pa-
60THNKOB CMOMPCKOTO XMMMYECKOTO KOMOMHATa, IOA-
BepraBUIMXCS  NPO(ECcCHOHAIBHOMY  pafMalliOHHOMY
BO3JeNicTBUIO B fgo3ax 100-300 m3B. VIMeHHO mpu 03ax
3TOrO fMalla3oHa Ha [{030BOJ KPMBOil HAOIIOfAeTCs I1a-
TO, KOIfla 4acToTa XA c yBelM4yeHMeM [O3bl He BO3pac-
taer [18]. TenorunmpoBanue o6pasuos JHK 96 pabot-

HUKOB HpOBOI[I/UII/I Ha O]II/II‘OHyK}IeOTI/I,[IHOM MI/IKpO‘-II/IHe
Cancer_SNP_Panel GTT177211 (Illumina), cogepxaiiem
1421 SNPs-mapkep 406 reHoB. B pesymbrare Ob10 ycTa-
HoBeHO 40 SNPs, acconnmpoBaHHBIX C YaCTOTOM pas3nnd-
HbIX TUIOB XA, u3 Hux 24 SNPs 6pu1n conpsixeHsl 6oree
yeM ¢ ogHuM TuoM XA [19]. anbHeiine BaaumgalioH-
HbIe MCCENOBaHMs Ha OONMBLIMX BBIOOPKAX ITO3BOIMIN
HOATBEPAUTb OOHApPy>XEHHBbIEe ACCOLMAIMM C IIOBBIIICH-
HOJ 4acCTOTOM AUIEHTPUYECKMX XpomocoM ana 9 SNPs
U C TIOBBINIEHHOV YaCTOTOW KOJIbLIEBBIX XPOMOCOM JJIA
14 SNPs [20].

Jna pacmmpeHus MCCAefOBaHMIA, HalIpaBJIE€HHBIX Ha
UIeHTUQUKALMIO MOJIEKY/IAPHO-TeHeTUYeCKUX MapKepoB
VIPY, 65110 HpUHATO pelieHe 00 yBeMIeHnN ucia uc-
CrIefyeMbIX HOMMMOP(N3MOB B IOTHOTEHOMHOM (popmate
(GWAS). TlepBble pesynbTaThl, IOTy4YeHHbIe Ha 37 pa-
OOTHUKAX, IOf{BEPraBUINXCS IMUTEIBHOMY Npodeccro-
Ha/IbHOMY PAaJUalMOHHOMY BO3ZIENCTBUIO, IIPUBOAATCA
B Hacrosuel pabote. [Ina anamusa accoumarmit SNPs ¢
yacToToii XA MCIO/Nb30Baay MUKPOMATPUIIBI BBICOKOIA
mwiotHoctu CytoScan” HD Array (dupma Affymetrix,
CIIA), xkoTopsle copepxaT 6oree 750 Toic. SNPs, oxBaThI-
Barowux Bce renbl OMIM (Online Mendelian Inheritance
in Man - MeHpieneBCcKOe Hac/leOBaHIIe y Ye/IOBeKa) 1 He-
KOTOpPbl€ ME&XT€HHbIE YYaCTKIU.

Marepuan u METOMBI

O6bekTOM [ MCCIeNOBaHMs —CAYXKWIM — IpO-
6p1 kpoBuM 37 3HOpOBBIX paboTHMKOB CubMpckoro
xumudeckoro kombmuata (CXK) - B HemaBHeM IIpo-
IIJIOM OJHOTO M3 KPYNHENIIMX B MMpe HpemnpuATusa
ATOMHOJ  OTpac/iy, MOABEPraBIIMXCS HONTOBPEMEH-
HOMY pajMallOHHOMY BO3felicTBMI0 (y-00mydeHne)
B mpouecce NpodecCUOHATbHON [esITENbHOCTA B [O-
3ax ot 100 mo 300 m3B. CpegHaAa cyMMapHasd Jo03a
BHEIHero o6nmydeHns1 00CIeZOBaHHBIX JIMI[ COCTaBUIA
188,8 £ 8,3 mM3B, Menuana - 185 M3B, MHTEpKBapTU/Ib-
HbI1 pasmax - 147,8 - 218,7 m3B, muH. - 103,4 M3,
Makxc. — 295,8 M3B. JlanHble 00 MHAMBMUAYAIbHBIX [03aX
Y-U3/Ty4eHNs1, MU3MEPEHHBIX C HOMOLIbIO (POTOIIEHOYHbIX
U TEPMO/IOMVHECIIEHTHBIX HO3VMETPOB, ObUIM MHOJTyde-
HBI U3 OTZIe/Ia OXPaHBI TPYAA, ANEPHON M pafgMalJIOHHON
6esonmacHoctn CXK (MHAMBUAYaIbHBIN [O3MMeTpude-
CKMIT KOHTPOJIb IIEPCOHAA IIPOBOAWIICA C MOMEHTa BBO-
Ja B JelICTBUE OCHOBHBIX TE€XHOJIOTMYECKUX MPOLECCOB C
1953 r.). Cpenunit BO3pacT 0OCIENOBAHHBIX JIUI] COCTA-
BUI 67,3 + 1,2 neT (MMHUMAIBHBIN — 57 JIeT, MAaKCUMaJlb-
HBII — 78 71eT). VICTOYHMKOM MeIUIMHCKOI NHbOopManun
sBsincst apxuB CeBepcKoro 6modu3nyecKkoro HayIHOTo
neutpa ®MBA Poccun [21].

KpoBb Opamm 13 /TOKTeBOJ BEHBl YTPOM HATOIIAK
B CTepWIbHble KOHTeHepHl Vacuette ¢ remapmMHoM U C
EDTA. KpoBb ¢ renapyHOM VCIIO/Ib30BaIN I CTaHAPT-
HOTO LMTOTE€HETMYeCKOro aHaimsa, u3 kpoBu ¢ EDTA
ol [JHK pms mocrnenyrolero MMKpOMaTpUYHOTO
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aHanusa. B cOOTBETCTBUM C [IENICTBYIOLMMI MeEXyHa-
POHBIMY HOPMaMMI ¥ C pa3pelIeHNs] TOKaIbHOTO STIde-
ckoro komutera CeBepckoro 61odpuanueckoro Hay4HOro
nentpa ®MBA Poccun y Bcex pabornuxoB CXK, yua-
CTBYIOIVX B JAHHOM VICCIEfIOBAHNUY, OBITIO TOTY4eHO VH-
(hopMUpOBaHHOE COTIacHe.

IOHK w3 xpoBu BBIE/SUIM IpU IOMOIM Habo-
pa QIAamp DNA Blood mini Kit (Qiagen, Tepmanus).
KoHuenTtpanuio n uncrory sbifeneHua [JHK ouenn-
Balmu Ha crnekTpodoroMerpe NanoDrop-2000 (Thermo
Scientific, CIITA). Konnenrpanus cocrasmma ot 50 1o
150 Hr/MKI, A,gp/Aygy = 2,10-2,35, A,g0/Ays = 2,15-
2,40. LenoctHocth JHK onenuBamach mmpy noMmoumm Ka-
MWUBIPHOTO 3/mekTpodopesa Ha mpubope TapeStation
(Agilent Technologies, CIIIA) ¢ ucnionb3oBanueM Habopa
Agilent Genomic DNA ScreenTape System Quick Guide
(Agilent Technologies, CIIIA). ®parmentsr JHK B oc-
HOBHOM MMenu Mmaccy 6onee 48 kbp. Beigenennas JHK
xpanmnach npu —-80 °C B HU3KOTeMIEpaTypHOM MOpPO-
3uiIbHMKe Sanyo (SImoHms) m mcmonb3oBanach AL MU-
KPOMaTPUYHBIX UCCIETOBaHMIL.

[l Bcex 00CeOBaHHbBIX /NI IPOBORMIN CTAaHAPT-
HBII [UTOTeHeTUYEeCKUII aHaIu3 TMQOIUTOB Iepudepu-
YeCKOJt KpOBMU. [IJI1 MOCTAHOBKY KY/IBTYPbI VICIIONb30BA/IN
L[eTIbHYI0 KPOBb, KOTOPYIO CMEIINBAM C KY/IbTYypanbHON
Cpemoil ¥ MHKYOMpOBamM B KY/IbTYypaIbHBIX (pTakOHax
npu 37 °C B CyxOBO3AyIIHOM TepMmoctare. Ilogpo6HO
MeTOfMKa omycaHa B cratbe 2014 1. [18]. XpoMocoMHBIi
aHa/!MM3 OCYMIeCTB/LA/IM C IIOMOINBI0  MMKPOCKOIA
Leica DM2500 (Iepmanns). ¥V kaXgoro MHAMBMUAA 06cre-
moBamu He MeHee 300 MeTadas M BbIpaXKalM B BUJE 4a-
croThl Ha 100 MeTtadas. AHanusupoBany Bce BUABL XA,
pacro3HaBaeMbIX 0e3 KapMOTUNMPOBaHMs: abeppaHTHbIe
KJIeTKY, [TapHble (parMeHThl, KO/IblieBble M JULIEHTpuYe-
CKIie XPOMOCOMBI, XpPOMaTHAHbIe PpparMeHTsl. Takoke yun-
THIB/IM XPOMATHHbIe 0OMeHBI ((PUTypBI TUIIA «KPECT»).

MUKpOMaTpUYHBINL aHalIM3 MPOBOAMIN Ha MU-
kpomarpuuax (JHK-ummax) BBICOKON  IIOTHOCTU
CytoScan™ HD Array (¢upma Affymetrix, CIIA).
ITpouenyps! MpoOOIOATOTOBKY, TMOPUAM3ALNA M CKAHU-
PpOBaHMA IPOBOAMIIN B COOTBETCTBUM C IIPOTOKOIOM IIPO-
usBopurend Ha cucreMe Affymetrix GeneChip® SCNAner
3000 7G (Affymetrix, CHIA). [Ina o6paboTku pesyib-
TaTOB MUKPOUMIIMPOBAHMA MCIOMb30BAaIN IPOTPaMMy
Chromosome Analysis Suite 3.1 (Affymetrix, CIIIA), xo-
TOpas paspaboTaHa CrieluaabHO I aHalIM3a pesyabra-
TOB MccaenoBannii Ha Matputie CytoScan” HD Array.

Ilns BBIOOPOK BBIMUCIANMNCE M — cpenHee apudMeTy-
4ecKoe M m — CTaHJapTHaA IOTPEeIIHOCTb cpefHen. [na
CpaBHEHNUA TPYNII MWCIIONb30BAIM HeEIapaMeTPUIecKuit
Kputepuii Bunkokcona - MaHHa — YUTHM C MCIIONB30-
BaHMEM IIaKeTa INPUKIAFHBIX IIporpaMm Statistica 8.0
(StatSoft Inc, CIIIA).

Acconnanuio ypoBHs XA ¢ SNPs onenuBamm c¢ uc-
IO/Tb30BaHMEM s3blKa IIPOTpaMMUpOBaHMs R B mpo-
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rpamme R version 3.0.2 (https://www.r-project.org/
foundation/). AHanu3 [gaHHBIX BBIIOJHAICA IIO JIOI-
JIVHENHO perpeccuy (Oji NMPU3HAKOB C HEMPEPBIBHONM
U3MEHYMBOCTBIO) IJIsI BCEX YeTHIPeX TeHOTUMMYECKUX
Mogenell (KOZOMUHAHTHOI, NOMUHAHTHON, pPeLeCCUB-
HOJl U CBEPXJIOMMHAHTHON) Ha Ka>KAbII U3 UCCIeNyeMBbIX
SNPs. PelieccuBHass reHOTUIIMYECKAss MOJeIb Oblla BbI-
OpaHa cOITacHO MH(POPMALMOHHOMY KPUTEpUI0 AKauKe.
Ilo peneccuBHON Mopmenu HacAeSOBAaHNUA OLCHUBAJINCD
pasnmuuma B 4dacToTe XA MeXJy HOCUTEIAMHU «IUKO-
ro» + TeTepO3UTOTHOTO IPOTVB MYTaHTHOTO TeHOTH-
1oB. [l KOppeKLuyu ypOBHEN NOBEPUTETbHOM BEPOAT-
HOCTY Ha MHOXXECTBEHHbIE CPaBHEHMS JICIO/Nb30Balach
nonpaska boHdepponn. [Ins yrouHeHus u upaeHTUU-
Kauuu HoMepoB SNPs u reHoB, K KOTOpPBIM OHM IpHU-
HaJyIeXkatr, B paboTe ObUIa MCHONb30BaHa 6a3a HaHHBIX
Affymetrix DataBases genotypes (http://www.affymetrix.
com/analysis/netaffx/), NCBI (National Center for
Biotechnological Information - HamyoHanpHbIT LeHTP
6norexnonornveckoit mudopmaryu (CIIA)) 1 OMIM.
Jlna aHanm3a HepaBHOBECUA IO CIEIUIEHWIO VCIIONb-
3opamn nporpammy SNPAlyze (Dynacom, Moxorama,
SAnonns).

Pacder u mocmepyrommit aHaMN3 acCOLMAINN YPOB-
Ha XA B mumdonnTtax KpoBu 00TydeHHBIX PabOTHUKOB
CXK ¢ SNPs ocymecTBiAmm ¢ UCIONb30BaHMEM IIPOTPaM-
MbI R version 3.0.2. 9ta nporpamma mpefgHasHaueHa AJAd
CTAaTUCTUYECKOI 06paboTKM OOIBIIOr0 MaccuBa JAaHHBIX,
COMepXKUT OOIVIT TAaKeT CTATUCTUYECKOrO aHa/Iu3a U CIie-
I[Ma/IbHO 3arpy>kaeMblii naxkeT Tuina Genetics.

Pe3ynpTaThl 1 06CyKAeHIE

Ha mepBoM sTame pe3ynabTaThl aHamM3a CpaBHUBAIIN
¢ pedepeHCHOII T0CIe[OBaTeNbHOCTDIO. [/ KaXA0ro us
37 pabOTHMKOB OBUIN YCTAHOB/IEHBI T€HOTHUIIBI («TUKMIT»,
MYTaHTHBII WIM T€TepO3UTOTHBIN) 1O 750 ThIC. MOIM-
MOp$HBIX BapuaHTOB 12 Thic. TeHOB U3 6assl OMIM u
HEKOTOPBIX MEXTeHHBIX yYacTKOB C HEeM3BECTHBIMM IIOKa
¢dyukuuamu. Beuta cocTaBneHa Tabnuija reHOTUIIOB BCeX
750 teic. BoiOpanHbIX SNPs (173 M6). [l panpHeliiero
6ronHbOpMaLMOHHOro aHaMyM3a ObLIa MPOIMCAHA OCTTe-
JIOBaTeNbHOCTh KOMaH[, (CKPUIIT), CofepKaiiasi B cebe Ko-
MaHzpl GOpMATUPOBaHNs AaHHBIX U pacdera. CosgaHue
U peNaKTUPOBaHME CKPMUIITA OCYIIECTBJISIOCh C IIOMO-
mwpio nmporpammel Tinn-R Editor (GUI for R Language
and Environment, Version 3.0.2.2). Bcero B ananms 6110
BK/II04eHO 749 157 SNPs.

B mepByno ouepenp, M3 IpeACTaBIEHHOTO MacCUBa
IAHHBIX ObUIM UCKI0YeHbl SNPs ¢ yacToTaMiy reHOTUIIOB,
He COOTBETCTBYIOIIVMM OXNIAeMBbIM IIpM pPaBHOBECUU
Xappu — Baitn6epra (p < 0,01). Janee 6pu1u yaaneHsl Bce
moHoMopdubie SNPs (Bce 37 paborHmkoB mmenn 1 re-
Hotum). s uckmovenns addexra Manbx BHIOOPOK U3
aHanmsa ObUM ucKmodeHbl SNPs ¢ gactoTamm MyTaHT-
HOTO TreHOTHIIA MeHee IATH. JJaHHBI mapameTp ObLT 1O-
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rs10779468 rs11131536

rs158735
rs158710
rs158712

rs528170

rs10512439

rs9533572

Bonferroni p-value

Puc. 1. YpOBHM 3HAYMMOCTY JIOT- TMHEITHOI Perpeccun [Is pelileCCUBHOI MOfENN 110 YacTOTe abeppaHTHBIX KIeToK. 1o ocn
OpAMHAT — 3Ha4YeHNUe YPOBHA p B jjorapudmmieckux koopannarax —(logl0), KpacHas IVMHNUA — ypOBeHb HONpaBKM BoHpepponn

fHo6paH SMIMPUIECKN IJISI UCKTIOYeHNs 9 QeKTa Mabx
BBIOOPOK.

B nTore us Bcero MaccuBa mommMopdusMoB 0CTanoch
40 089 SNPs. Ilocre dopmarupoBanmss ObUIM IPOMMCA-
HbI CIIeNMaIN3MPOBAHHbIe KOMAH/bl A/l aHaIu3a CBSI3U
HOMMMOP(HBIX BaPMAHTOB C IIOBBIIIEHHBIM YPOBHEM XA
B nmuMdonurax kKpoBu pabotHnkoB CXK (abeppaHTHBIX
KJIETOK, XPOMOCOMHBIX M XPOMATHJHBIX (PparMeHTOB,
[MIIEHTPUKOB, KOJIBLIEBBIX XPOMOCOM M XPOMATWIHBIX
o6MeHOB). PacueT ypOBHsI [JOBEPUTENBHO BEPOSTHOCTHI
OB CHIeNIaH YIS PELleCCUBHONM TeHOTUIINYECKO MOJENN:
MyTaHTHbII‘/J[ T€HOTUII HpOTI/IB reTepO3V[FOTHOFO + «IUKO-

L1is .. . ; .
L - s D, e e I
=05

Loy o Lpias W BT B
C.os v ) %

m™ - - L
- . ..
[ . . '\ .\\
510779468 | rs158710

ro» T€HOTUIIOB IIO JIOT-JIMHENHON perpeccun. [lnia xop-
pexnun I_LOBepI/ITe)IbHOIZ BEPOATHOCTN HAa MHOXXECTBEH-
Hble CpaBHEHM VICIIONb30BaNach onpaska bordepponn.
Il 40 089 SNPs Obia M3ydeHa CBsI3b € 4acTOTOI abep-
PAHTHBIX KJIETOK, IIapHBIX (ParMeHTOB, XPOMAaTVIHBIX
(bparMeHTOB, XpPOMATHUIHBIX 0OMEHOB, AULEHTPUICCKIX I
KOJIbLIeBbIX XpoMocoM. C ydeToM nonpasku bordepporn
CTATUCTUYECKYIO 3HAYMMOCTb MMeNa TONMbKO CBA3b SNPs
C 4acToTOil abeppaHTHBIX KiIeToK. Ha puc. 1 mpepncras-
JIEHBl YPOBHU JOBEPUTEbHON BEPOATHOCTU NI BCEX
40 089 u3 749 157, 0TOOpaHHBIX ITOC/IE COOTBETCTBYIOIIX
npouenyp SNPs 1o abeppantHbiM KileTkaMm. Ha ocu op-

rs158712

rs158735

DUSP10 (608867)

221800kb 222000kb 222200kb
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q41

Puc. 2. Pactionoxxenne SNPs rs10779468, rs158735, rs158710, rs158712 B MeXTeHHOIT 06/IaCTH IIMHHOTO I/IeYa 1-71 XpOMOCOMBI
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Tabnuya 1
ITokasaTenu HepaBHOBecus no cuemienuio (Dx-value u p-value)
A SNPs rs10779468, rs158735, rs158710 u rs158712
rs10779468 rs158735 rs158710 rs158712
SNPs
Dx-value p-value Dx-value p-value Dx-value p-value Dx-value p-value
rs10779468 - - 0,8647 3,116x10-11 0,8686 5,537x10-12 0,9300 5,076x10-12
rs158735 0,8647 3,116x10-11 - - 0,9418 1,292x10-1> 1,0000 8,381x10-18
rs158710 0,8686 5,537x10-12 0,9418 1,292x10-15 - - 1,0000 1,688x10-16
rs158712 0,9300 5,076x10-12 1,0000 8,381x10-18 1,0000 1,688x10-16 - -

AVHAT OTJIOKEH OTPULATE/NIbHBIN AeCATUIHBIN orapudm
YPOBHA NOBEpUTENbHON BepoATHOCTU. JIMHMeil cBepxy
1300pakeH YPOBEHb OBEPUTENBHOI BEPOSITHOCTH C y4e-
ToM ronpasku boudepponn, pasusiit —log(0,05/40089) =
-log(1,247x10-¢) = 5,9041. Takum o6pasom, Ha puc. 1 no-
Ka3aHo, 4TO YpOBeHb IoNpaBKu Bondepponn mpoxopsar
8 SNPs, xortopele y pabdorHukos CXK, moaBepraBimxcs
pafMallIOHHOMY BO3ZENCTBUIO, CTATUCTUYECKM 3HAUYMMO
ACCOLMMPOBAHBI C MOBBIILIEHHO YaCTOTO abeppaHTHBIX
KJeTok (puc. 1).

Yetoipe SNPs HaxopATcA B [IMHHOM IUtede 1-1
xpoMocombl Mexay reHamy DUSPIO (Dual-Specificity
Phosphatase 10 OMIM*608867) u TAFIA (TATA Box-
Binding Protein-Associated Factor 1A OMIM* 604903)
(puc. 2). Ien DUSP10 orHOocuTCs K Kiaccy 6enkos DUSP,
KOTOpble MleoChOPUINPYIOT IO OCTaTKaM THUPO3U-
Ha U CcepyHa O€NKM MUTOT€HAKTVMBMPOBAHHBIX KacKa-
noB MAPK, ERK, JNK n p38; MAPK-kackags! oroc-
PenyIoT pas3nMYHble IPOLIECCHl, BKIIOYAsA KICTOYHYIO
npomudepanno, anonTos, AuddepeHIMpoBKy U cTpecc-
peaktyn. Ten TAFIA xopupyer OenOK, CBA3aHHBI C
TATA-cBaseiBatomum 6enkom (TBP; 600075) (TAF), on
Heobxogum s PHK-monmmepaser 1 cuHTesupyroueit
pudocomuyto PHK. Iomumopdusm rs10779468 no c6op-
ke GRCh37.p13 Haxoputcs B mosmuum 1:222282882 (mo
c6opke GRCh38.p7 B mosunmu 1:222109540). Janee Tonb-
Ko 110 cbopke GRCh37.p13, koTOpast UCIIONb3YeTCsI B M-
kpomarpuue CytoScan™ HD Array, rs158735 B nosuuyn
1:222366608, rs158710 B mo3uumn 1:222396017, rs158712
HaxopguTcsA Ha 1-11 XxpoMocoMme B mosuuum 1:222402787
(puc. 2).

AHanus HepaBHOBECHUA IO CLENJIEHUMIO IIPU IIOMO-
mu mporpammbl SNPalyze mokasan ciemnenue mis Bcex
4 SNPs, onn obpasyior ramwrorun. Dx-value cocrasui ot
0,86 mo 1 (tabn. 1). IHomHoe cuennenue (Dx-value = 1)
IpY JaHHOM pasMepe BbIOOpKM mokasamu SNPs rs158710
u 15158712, 4TO Hecny4allHO — OHM HaXO[ATCA APYT OT
IpyTa Bcero NNIIb Ha pacctoAnum 6770 bp.

Ilo-BupyMomMy, B [JIMHHOM Iulede 1-ii  Xpomo-
compl Mexpy reHamu DUSP10 n TAFIA B peruone
1:222282882-1:222402787 HaXOANUTCA BaXKHASA PETYNATOP-
Hast 0071acTh, KOTOPasi MOXKET PEryIMpoBaTh SKCIPECCUI0
T'€HOB, OTBETCTBEHHBIX 32 YYBCTBUTENBHOCTD K JEICTBUIO
M. Bo3MOXHO, 3[1eCb HAXOAUTCS 9HXAHCEP A/ HEKOTO-
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pbix downstream reHoB IMHHOTO IUIeva 1-i1 XpOMOCOMBI,
onpepertomyx VIPY. Ilonusnt cumcox 108 downstream
T€HOB C Ha3BaHMAMM, JIOKa/lM3aLyuell ¥ MeH/eNeBCKUMMA
HacnencTBeHHbIMU 3abonesanmsamu (OMIM Disorder),
KOTOpBle OHM BBISBIBAIOT, MpEACTaBIeH B Tabm 2.
B0o3MOXXHBIM KaHAUJATOM Ha peryasanui u3 obmactu
1:222282882-1:222402787 ¥ HENOCPELNCTBEHHO CBA3AH-
ubiM ¢ VIPY asnsercsa red PARPI (*173870) (ta6mn. 2). On
HaxoMTCA Ha paccTossHnu 4145604 bp ot o603HaueHHOrO
Bbllle pernoHa. PARPI Bmecte ¢ reHaMu BRCAI u BRCA2
y4YacTBYeT B pelapanyy AByHuTeBbIX paspbios [JHK, xo-
TOpble 00pasyIOTCs B TOM 4Kcie u 1of feiictsueM VI u
SIBJISIFOTCSL. OCHOBHOJ NPUYMHOI abeppariuii XpoMOCOM-
HOTO TUIIA — OCHOBHBIX MapKepOB paJiMalliIOHHOTO BO3-
meitcTBusA [22].

Mexrennsiit monumopdusm rs11131536 Haxomut-
¢ Ha 4-11 XxpomocoMe B nosunun 4: 65306853 mexny re-
Hamu ADGRL3 (Adhesion G Protein-Coupled Receptor
L3 OMIM* 616417) u EPHAS5 (Ephrin Receptor EphA5
OMIM?* 600004) 1 OTHOCKTCS K He OXapaKTepU30BaHHBIM
pernonam, nHdopManys o ero GpyHKIMOHATPHOM 3Hade-
Humu orcyTcTByeT. Ien ADGRL3 y49acTByeT B KJIE€TOYHOI
afiresuy M MOXKET UIPaTh PONb B CTAOMIM3ALMM CHHAII-
coB. [en EPHA5 OTHOCUTCS K pellelITOPHBIM TUPO3UHKMI-
Ha3aM U Y4acTBYeT B TPAaHCOYKIIMY CUTHATIA.

OcranbHble npeHTNUIMpoBaHHble SNPs HaxopsaT-
¢ B MHTpOHaX. Bapmanma rs528170 npuHAIeXUT reny
PACRG (Parkin coregulated gene), koTopblit pacronaraeT-
CsA Ha JJIMHHOM Iljiede 6-i1 XpOMOCOMBI B IOo3uuum 6q26
U KOfVpyeT ofHOMMeHHbIT Oenok [23]. PACRG B3aumo-
HeiicTBYeT ¢ HaxopAmumMcs psagoM renom PRKN, accouu-
VPOBaHHBIM C IOHOLIECKO! ayTOCOMHO-peLecCUBHON 60-
ne3ubio ITapkuHCOHA. DTU TeHbl AeNAT IByHAIIPAB/ICHHBII
IIPpOMOTEP N COBMECTHO PEryImpyrTcAa y6I/IKBI/ITI/IH-HpO-
TEaCOMHOJ CUCTEMOI B PasIMYIHbIX TKaHAX [24]. Taxxe
06a 3TU reHa acCOLMVMPOBAHBI C BOCIPUMUMYMBOCTBIO K
mpokase [25]. PACRG o6pa3yeT MOIEKY/SIPHBIII KOM-
IVIEKC C LIalepoHaMy U OeKaMy TeIJIOBOro Ioka 70 u
90. PACRG sBnsieTcss KOMIIOHEHTOM Tejten; JleBu u mmofa-
B/IAET IIPOTPeCcCUPYIOLLYIo I1Mbenb HellpoHoB [26]. Takxke
II0OKa3aHO, YTO MyTallui B IIPOMOTEPHOM peTMOHE TeHa
PACRG MoryT paccMaTpuBaTbcs Kak GaKTOp PICKa, acco-
LVVMPOBAHHBIN C a300CHEPMUeNl ¥ MYXCKUM OecIionueM
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Tabnuya 2
Cmncok downstream mocie o6mactu 1:222282882-1:222402787 renos OMIM qmmHHOrO 1wie4a 1-it XxpoMOCOMbI
Haspanne n Homep OMIM
TAFIA H3F3A TRIM17 GNPAT NID1 MAPILC3C
(604903) (601128) (606123) (602744) (131390) (609605)
MIA3 ACBD3 HIST3H3 EXOC8 GPR137B CEP170
(613455) (606809) (602820) (615283) (604658) (613023)
DISP1 MIXL1 HIST3H2A SPRTN ERO1B SDCCAGS
(607502) (609852) (615015) (616086) (615437) (613524)
TLR5 LIN9 HIST3H2BB EGLN1 EDARADD ZBTBI18
(603031) (609375) (615046) (606425) (606603) (608433)
SUSD4 PARPI1 RNF187 TSNAX LGALSS8 ADSS
(615827) (173870) (613754) (602964) (606099) (103060)
CAPN2 ITPKB RHOU DISC1 ACTN2 DESI2
(114230) (147522) (606366) (605210) (102573) (614638)
TP53BP2 PSEN2 RAB4A SIPAIL2 MTR COX20
(602143) (600759) (179511) (611609) (156570) (614698)
FBXO28 ADCK3 CCSAP MLK4 RYR2 HNRNPU
(609100) (606980) (616762) (614793) (180902) (602869)
DEGS1 CDC42BPA ACTA1 KCNK1 ZP4 KIF26B
(615843) (603412) (102610) (601745) (613514) (614026)
NVL WNT9A NUP133 COA6 CHRM3 SMYD3
(602426) (602863) (607613) (614772) (118494) (608783)
DNAH14 WNT3A ABCBI0 TARBPI FMN2 TFB2M
(603341) (606359) (605454) (605052) (606373) (607055)
LBR ARFI GALNT2 IRF2BP2 GREM2 CNST
(600024) (103180) (602274) (615332) (608832) (613439)
ENAH MRPL55 PGBD5 TOMM?20 RGS7 AHCTFI
(609061) (611859) (616791) (601848) (602517) (610853)
SRP9 GUK1 COG2 ARID4B FH ZNF695
(600707) (139270) (606974) (609696) (136850) (616348)
EPHX1 Gjc2 AGT GGPS1 KMO ZNF124
(132810) (608803) (106150) (606982) (603538) (194631)
LEFTY1 IBA57 CAPN9 TBCE CHML ZNF496
(603037) (615316) (606401) (604934) (118825) (613911)
PYCR2 OBSCN ARV1 GNG4 EXO1 NLRP3
(616406) (608616) (611647) (604388) (606063) (606416)
LEFTY2 TRIM11 TRIM67 LYST BECN2 ORI13G1
(601877) (607868) (610584) (606897) (615687) (611677)

[27]. Kakne-nm60 faHHbIE O BAVSIHUN IOMUMOPQHOTO Ba-
puanTa rs528170 Ha ¢ynkym rera PACRG OTCYyTCTBYIOT.

Bapuant 1s9533572 Taroke ABNAETCA MHTPOHHBIM U
npuHagIexxut reny ENOX1 (ecto-NOX disulfide-thiol ex-
changer 1). ENOXI nokanusoBaH B JJIMHHOM IuIede 13-it
xpomocomsl (13q14.11), KogupyeT OKCUAOPeRyKTa3y, yda-
CTBYIOLIYIO B TPAHCIIOPTE 3/IEKTPOHOB B IIJIa3MaTUYIeCKOIi
meMmbpane. Vmeer caiit s cBasbiBanust HAJI® u noHOB
menu [28]. ITokasaHo, uto akcrpeccus ENOXI B numdo-
6/1aCTOMHBIX KIeTKaX CHIDKeHa Ha 20 %, M MyTauus B
reHe acCcoUMMpOBaHa C HACIENCTBEHHON ayTOMMMYHHO
MuacTeHuei [29]. B MupoBoii muteparype Ha JaHHBIT MO-
MEHT OTCYTCTBYIOT [JaHHbIe, YKa3bIBalollye Ha (PYHKIIMO-
Ha/JIbHOE 3HaueHMe MonmMMopdHoOro BapmaHTa rs9533572
rena ENOX1.

Emle onyH MHTpOHHBI BapuaHT 1510512439 npunan-
nexut reny MYOID (myosin ID), 3T0T reH paciionaraet-
¢ B JUIMHHOM Iutede 17-11 xpomocomsl (17q11.2) n kogu-
PyeT OFHOMMEHHBII 00K, yIaCTBYIOLUII B PeryiaLum
MeMOPaHHOIO TPAHCIOPTAa M MeMOpPAaHHOTO HATsDKEHMUS.
Iocnepnue mccnemoBaHNA yKasblBalOT Ha BaXKHYIO POJIb
MuosuHa 1D B pasBUTMM HEPBHOJ CUCTEMBI, a TaKXXe B
npouecce muennHusanun [30]. IIpeamnonoxmuTenbpHo, My-
TalM B Te€He acCOLMMPOBAaHBI C MOBBILIEHHBIM PUCKOM
ayTusma [31].

Kax BupHO u3 Tab/1. 3, y HOCUTe/Nel MIHOPHBIX TeHO-
TUIIOB II0 BCEM BOCBMM MAEHTU(UIVMPOBAHHBIM IIOIN-
MopdusMaM YacToTa abeppaHTHBIX KJIETOK B CPefHEM B
1,5-1,8 pasa BbIllIe, YeM Yy HOCUTEIIEN «JUKOTO» U T€TEPO-
3UTOTHOTO T€HOTHUIIOB.
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Tabnuya 3

YacroTa aGeppaHTHBIX K1eTOK Y pa6oTHIKOB CXK B 3aBUCHMOCTY OT TEHOTUIIOB (peljecCBHAs MOJENIb)
ugeHTUPUIUpoBaHHBIX SNPs

SNPs Fertorn N Mam | noresorian

rs10779468 T/T 7 4,70 + 0,69 0,0051 1,67
C/C+C/T 27 2,78 £ 0,22

rs158735 G/G 8 4,71 + 0,60 0,0130 1,73
T/T+T/G 29 2,73+0,28

rs158710 G/G 8 4,71 £ 0,60 0,0241 1,67
A/A+A/G 26 2,79 £ 0,23

rs158712 C/C 8 4,71 + 0,60 0,0130 1,73
T/T+T/C 29 2,73 +0,21

rs11131536 C/C 8 4,39 + 0,64 0,0337 1,60
A/A+A/C 28 2,74 £0,22

PACRG rs528170 C/C 6 4,52+ 0,85 0,0496 1,54
T/T+T/C 30 2,93 +£0,22

ENOX1 rs9533572 G/G 8 4,41 £ 0,62 0,0287 1,57
T/T+C/T 29 2,81+0,23

MYOID rs10512439 | G/G 7 4,92 + 0,61 0,0381 1,82
A/A+A/G 29 2,70 £ 0,21

ITpumeyanme: N — KOMMYIECTBO YeTOBEK C JAHHBIM T€HOTUIIOM B MICCIEyeMoit rpyie; M — cpefHAs apudMeTnyeckas; m — CTaHZApTHAA OIMOKa
cpepHeit; p-value — ypoBeHb CTAaTHCTHYECKOI 3HAYMMOCTH C TIOIPaBKoit boHdepporn

O6Hapy>XeHHble NMOMMMOP(QHBIE BapMaHTBI, MMHOP-
HbI€ TE€HOTUIIPI KOTOPbLIX aCCOLVIMPOBaHbI C IIOBBIIIEH-
HOIJT 4acTOTOi1 abeppaHTHBIX K/IeToK y paboTHukoB CXK,
HOJIBEPraBUIMXCA PAMALIOHHOMY BO3JIEICTBUIO B [J03aX
100-300 M3B, MO’KHO paccMaTpMBaTh B KaueCTBE ITOTEH-
LIMalTbHBIX MapKepoB VIPY.

Jlna mopTBep)KIEeHNA BBIABIEHHBIX acCOLMALMII He-
06XOMMBI [aJIbHEIIINe BaTMIALMOHHbIE UCCIeNOBaHNsA
Ha PacCIIMpPEHHOI BBHIOOPKE /NI, IOABEPraBIINXCA pajy-
AlMIOHHOMY BO3JE/ICTBUIO.

3akmioueHue

Takum o6pasoM, IIpu [OMOLLU
HBIX MCCIENOBaHMIT C MCIONb30BaHMEM MUKPOMATPUILL
CytoScan™ HD Array (Affymetrix, CIITA), comepxarinx
750 TbIc. SNPs Bcex renoB OMIM y 37 pa6orankos CXK,
MIOABEpPraBUIMXCA  AAUTEIbHOMY HU3KOMHTEHCUBHOMY
pagvanMOHHOMY BO3JEMICTBUIO B J[MamasoHe pmo3 100-
300 M3B, 6b110 BBIABIEHO 8 SNPs (rs10779468, rs158735,
rs158710, rs158712, rs11131536, rs528170, rs9533572,
rs10512439), accoumpOBaHHBIX C TOBBIIEHHON YaCTOTON
abeppaHTHBIX KIETOK B nMMQOLUTax MepudepudecKoit

IIOJTHOT€HOM -
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kpoBu. Yerbipe MexxreHHbIX SNPs (rs10779468, rs158735,
rs158710, rs158712) B pnuHHOM Ijiede 1-7I XpPOMOCOMBI,
IIO-BUJVIMOMY, HaXOATCA B Ba)XKHOM DEryIATOPHOM pe-
rmone (1:222282882-1:222402787), KOTOPBIIT MOXET BbI-
CTymath B KadecTBe 3HXaHcepa i downstream reHos,
onpepenaomux VIPY, takux kak PARPI. VIHTpoHHbBIE
nomumopdusmsl (rs528170, rs9533572, rs10512439) npu-
Hagnexat reiaMm PACRG, ENOX1, MYOI1D, u Ha 3T TeHbl
clefyeT 0OpaTUTh MIPUCTATIBHOE BHUMAHIE, KaK Ha HOBBIX
YYaCTHMKOB IreHeTu4ecKoll geTrepmuHanuu VIPY.

Pa6ota BpimonHeHa npu nopnep>xke ®PMBA Poccun
(rocymapcTBeHHBINI ~ KOHTpakT Ne  56.001.18.0 or
21.05.2018).

JOna oputupoBanmaA: Xamwososa M.B., IpiranoB M.M., lcy-
6akosa [I.C., Bponukosckas E.B., Ycosa T.B., JIureskos H.B.,
Kapnos A.b., Taxayosa JI.P, Taxayos P.M. IlomHorenomHoe ac-
COLIMATVBHOE MCC/IE[JOBaHNE CBA3Y MOMMMOPQHBIX TOKYCOB C OBbI-
IIEHHOJ YaCTOTOJ XPOMOCOMHBIX abeppaliuii y /NI, OfiBepraBIInX-
Csl INTENbHOMY PaZMallIOHHOMY Bo3flelicTBuIo // MepunmHcKas
pamyonorusa M paguanyoHHas GesomacHocTb. 2019. T. 64. Ne 4.
C. 32-40.

DOI: 10.12737/article_5d1103efefe893.65968050
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Abstract

Purpose: To conduct genome wide association study of the association of 750,000 SNPs and an increased frequency of different
types of chromosomal aberrations, induced by chronic irradiation in the dose range of 100-300 mSv.

Material and methods: The study was conducted among Siberian Group of Chemical Enterprises healthy employees (n = 37)
exposed to professional external y-radiation in a dose range of 100-300 mSv. The de novo induced CNV's were previously detected
in these persons. Mean dose — 188.8 + 8.3 mSv, median - 185 mSy, interquartile range — 147.8-218.7 mSv, min - 103.4 mSv,
max - 295.8 mSv. Genotyping of DNA samples from 37 employees was carried out by microarray CytoScan”™ HD Array (Affymetrix,
USA), containing 750,000 SNP-markers of 36,000 genes. The standard cytogenetic analysis was performed in the entire examined
group.

Results: We analyzed the association of these SNPs with the frequencies of aberrant cells and following chromosomal aberrations:
single chromatid fragments, chromatid exchanges, paired fragments, dicentrics, rings, and translocations. We have found that 8 SNPs
(rs10779468, rs158735, rs158710, rs158712, rs11131536, rs528170, rs9533572, rs10512439) are associated with the frequency of
aberrant cells.

Conclusion: We have discovered polymorphic variants that are associated with an increased frequency of aberrant cells in
workers of Siberian Group of Chemical Enterprises exposed to irradiation at a dose of 100-300 mSv. This polymorphic variants can
be considered as potential markers of individual radiosensitivity. To confirm identified associations, further validation studies on an
extended sample of people exposed to radiation are needed.

Key words: individual radiosensitivity, external y-radiation, long-term radiation exposure, chromosomal aberrations, single
nucleotide polymorphism
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Lenp: O60cHOBaHNMe pacIIMpeH st TOKa3aHWIL K Ty4eBOil VIV XVIMIOTY4eBOII TEPAIINMN 3 CUET YCTPAHEeHVsI 06CTPYKLMM MOYe-
TOYHMKOB Y OO/IbHBIX IIEPBUYHBIM VTN PELMAUBHBIM PAKOM LIEHKM MaTKM, OCTIO)KHEHHBIM TUAPOHEPPO3OM.

Marepuan u metonsl: B mccienosanme Bomm 24 manyeHTKN, KOTOPbIe IOMYyYaan Ay4eBOe WM XMMMOTY4eBO€e JIeYeHMe C
2012 o 2018 rr. VI3 Hux y 17 60mbHbIX Ob11 nepuuHblit PIIM n'y 7 - peuupus PIIIM B MasioM Tasy. B coorBeTcTBNMM € Knaccudu-
kanueit FIGO n TNM (2009 r.) y 16 60npHbIx ycranosneHa IIIB cragma (¢T3N, M) n 'y 1 manmentkn — IVB cragus (cT; N, M,
MeTacTashl B IIapaaopTaabHBIX MUMPaTNIecKknx y3nax). CpefHuiT BO3pacT OOIbHBIX cocTaBma 48,8+ 9,9 et (ot 32 go 73 net). ¥
BCeX IAI[MIEHTOK [0 Hayajla CIeLMaIbHOTO JledeH sl BBUIB/IEH OHO- W/IM JBYCTOPOHHMIT TMAPOHedPO3, 00YCIOBIEHHBII OMyX0/e-
BBIM TIPOIIECCOM ¥ COPOBOKAABIINIICA HapyIIEHNAMM ITapeHXMMAaTO3HO-BBIICTUTETbHON GYHKINY OFHOI U3 TOYeK pasINIHON
CTEIeHM!.

PesynbraTel: Y 11 manmeHTOK BBIIOTHEHO OJHOCTOPOHHEE, Y 3 GO/IBHBIX — ABYCTOPOHHEE CTEHTVPOBAHUE MOYETOYHIKOB, ¥
9 MaIMeHTOK HajoXeHa HepocToMa U Y 1 KEHIIMHBI — C OZHOI CTOPOHBI IPOU3BefieHa YCTAHOBKA MOYETOYHMKOBOIO CTEHTA,
C IpYTOil CTOPOHBI HA/TOXeHa HeppocToMa.

Y 70,8 % (17) 6071bHBIX Kypc 00/TydeHNs YAAIOCh BBIIONMHUTH 6e3 IepepbIBoB. Y 5 MAIMeHTOK [IePEPBIB B IeY€HNI COCTaBIIT
ot 10 gHeit o 3 Hex (B CBSI3M C LUCTUTOM, S9HIOMETPUTOM, aHeMueit). Y 2 OOIbHBIX He YHA/IoCh 3aBE€PUINTD IIOIHBINA KypC Tyde-
BOJI Tepalliy 13-3a HEKYIMPYEMbIX sB/IEHNIT IMenoHedpuUTa, OHM ObIIN OIlepUPOBaHBbL. B cpoku HabmoneHus 1o 77 Mec (cpegHee
BpeMsi HabmozeHns 29 Mec) 16 MAIMeHTOK XXMBBL, 13 HUX 12 — 6e3 IPU3HAKOB peunanBa 60mesHn. Y 6 manyeHToOK BOCCTAaHOBJIEH
€CTeCTBEHHBII Maccak Moun. Y 4 60/bHbIX HepOCTOMA 3aMeHEeHa Ha MOYETOYHMKOBBI CTEHT. Y 3 MalMEeHTOK C MOYeTOYHMKO-
BBIMU CTEHTaMM IIPOM3BOJUTCS UX CMeHa. Tpoe 6ONbHBIX OCTAIOTCA ¢ HePOCTOMOIL. 8 >KEHIIUH MTOTUOIN OT MPOTPeCcCUPOBAHMS
OCHOBHOTO 3a60/1eBaHysI, 13 HUX 6 GOMBHBIX C PELMMBOM paKa IIENKM MaTK/ B MajoM Tady. OTMETUM, 9TO Y BCeX 6 MAI[IeHTOK
B pe3y/ibTare IPOBELEHHOrO 00MydeHNst ObUI JOCTUTHYT BbIPaXKEHHbI Na/UIMATUBHBIN 3G QeKT B Bue KyInpoBaHus 60eBOro
CUHJIPOMA ¥ KPOBOTEYEHNA.

3akmodeHue: BollonHeHNe afileKBaTHOTO JPEHMPOBAaHMA MOYETOUYHMKA/OB II03BOJIAAET PACIIMPUTD NTOKA3aHMA K NPOBEINEHUI0
JTy4€BOJ M/IU XMMMOTY4€eBOI TEPAIN TI0 PaAUKa/IbHOI IIpOrpaMmMe Y OOIbHBIX ITePBUYHBIM 1 peruauBHbiM PIITM.

KrioueBble cioBa: y4esas mepanus, pax wieiiku Mamxu, MeCmHopacnpoCmpaneH il U peuuousHblil, eudporedpos, depusauus
mouu

IMoctymmna: 11.03.2019. Ilpunsra x my6nukarun: 21.05.2019

BBenenue B Hacrosmee BpeMsA MOXXHO BBIAENINTDH CENyIOIIye
KIMHUYECKIe TIOIXOAbl KacaTeNbHO BeNeHUSA MaI[MeHTOK
JIygeBasd mwiM XMMMONy4YeBas Tepalus SABJAETCA BO3-
. . . PIIIM c Hanu4ueM ypeTeporuapoHedposa.
MOXXHOJ OMIMeN Masi OOMPHBIX PAaKOM IIEeHKM MaTKu . . .
ITepBblit 1 OCHOBHOII 7I€4€0HBII TIOAXOJ — 3TO IPOBe-
(PIIIM), HaumHas co craguu IB2 u eqMHCTBEHHBIM METO- . .
IleHye COYeTaHHON /Ty4eBOl Tepaluy C OflHOBPEMEHHBIM

eXKeHeleIbHbIM BBefeHreM uucratuHa 40 mr/m? 6e3
TOIIOMHUTENbHBIX Mep II0 pasrpyske IOYKM, IOCKONbKY

IoM JiedyeHuA Ans nanyeHTok c IIIB crapmeit, y koTopbix
HepBMYHAsA OIYX0Mb Knaccuduimpyercs kak Ty [1, 2].

Bce xnmumHnyeckn vyayu PIIIM ¢ HanmmumeMm -
ce K eckie cryda ¢ Hal € Aipo HOpUCYTCTBME TUAPOHepO3a yKasblBaeT NMIIb Ha pac-

npoctpaneHHocTs PIIIM B npepenax I11B crapum [1, 2].
Jpyras nede6Has TakTMKa B OTHOLIEHMM TAaKMX ITa-

He(po3a, OOYC/IOBIEHHOTO CHAB/IEHMEM MOYETOYHMKA
onyxonbio, oTHocAT K IIIB cragmm mo xmaccuduxanmm

FIGO u kareropunu Ty, o cucreme TNM [3]. I[MEHTOK IIpelIIoNaraeT BBIIONHEHMe IpefBapUTeNTbHON

YactoTa BCTpedaeMoCTu TuApoHedpo3a, a TOUHee,
ypeteporupponedposa cpein GONBHBIX MECTHOPACIPO-
crpanenHsM PIIIM cocrasisier ot 14 mo 44,2 % [4-7].
BbIcOKas 4acTOTa BBIABIEHMs YPOAMHAMUYECKUX HApy-
IIEHWIT BEPXHUX MOYEBBIX IIyTell y MALMEHTOK HepBIY-
HbM PIIIM pemaet akTyanbHON npobrieMy BeiGopa miaHa
JIeYeH Vs TAHHOU KaTeropuu GOIbHBIX.

[lepUBaLMyi MOYM C LieIbI0 CO3[AHMS YCTIOBMIl IS pea-
JIM3aLUM arpecCUBHOTO XMMMOIYYeBOro JiedeHns 10 pa-
[VKa/IbHON MpOrpamMMe, T.K. PacCMaTpUBAET CHAB/ICHUE
MOYETOYHUKA VM MOYETOYHMKOB KaK OC/IO)KHEHHOE Te-
yenue PIIM IIIB cragum [5, 7, 8].

Tpetnit,
ypeteporunporedpos

MaJI/INATUBHBIN, IOAXO,

pacueHnBaeTcAa

IpU  KOTOPOM
VICKTIOYUTENb-
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HO B KadecTBe OcCnoXxHeHHoro tedenud PIIM u kak oc-
HOBHOJl CMMIITOM HeKypaOenbHOCTM 60/mbHBIX. IIpnm
HOflOOHOM TOfXOfe B JIydIlleM C/y4ae IIPOBORUTCS
Na/UIMAaTUBHAs OMCTAaHIVIOHHAS JydeBas Tepanusd, B XyH-
meM — OTKa3 B JIy4eBOM IIM XUMUOTY4eBOM JICYEHUM.
CUMITOMAaTNYeCKOMY JIEYeHNIO IMOMIEXaT TakXe OOIb-
Hble C ruapoHedposoM Bcmenctsue peunprsa PIIM B
MajIoM Ta3y. Bo MHOIMX C/ydasx Takas IMO3MULusA Heobo-
CHOBaHHA M NPUBOJUT K TParn4ecKOMY MCXOHY Y Malu-
eHTOK nepBu4HbIM PIIIM, KOTOPBIX MOXXHO U3/I€YUTDH, a
Takke y 60mpHbIX peruauBHbM PIIIM, y KOTOpPBIX BO3-
MOXXHO JOOUTBCS BBIPOKEHHOIO MAIMATUBHOTO 3¢-
(dexTa, MpEANOCTIAB yIeBOMY JIEIeHUIO APEHVPOBaHUE
MOYeTOYHMKA(OB) 1, COOTBETCTBEHHO, YCTPAaHUB IIPUUM-
HY II04€4HO} HEOCTaTOYHOCTH.

B cBsI3M ¢ 3TMM IjeNIbI0 HAIETO MCCIeNOBAHNA ABIIS-
70ch 06OCHOBaHME pacIIMpeHNs ITOKAa3aHMIl K JIy4eBOi
WIM XMMUONY4YeBOM Tepaluy 3a CYeT yCTpaHeHus o6-
CprKHI/H/I MOYE€TOYHMKOB y 60}II)HI)IX HepBI/I‘-IHbIM nmm
peruanBHbIM PIIIM, 0ClO>XXHEHHBIM IAPOHEPPO3OM.

Marepuan u MeTObI

B otpenenum nyuesoit Tepammm MHVOUM um.
I1.A. Tepuena 3a nepuop ¢ MapTa 2012 mo asryct 2018 rT.
IIpOBefieH KypC /y4eBOM WMIM XMMMONY4YeBOI Tepanuu
116 manuwentkam PHIM IIB crapmm (cTy Ny M) n
7 60onpHBIM ¢ penyausoM PIIM B manom Tasy. Vs Hux y
24 ManueHToK, 4To cocTaBuiao 19,5 %, 1Mo JaHHBIM yib-
TpacoHorpauM BBIABIEH OLHO- VIV ABYCTOPOHHMII TH-
npoHepo3, OOYCTOBNIEHHBIN OMYXOTEBBIM IIPOLIECCOM.
Y 23 manueHTOK ruApoHedpO3 YCTAaHOBIEH N0 Hayaja
CIIEIMaIbHOTO JIeYeHVs M ¥ 1 TMalMeHTKU TUApOHepOTH-
Jeckast TpaHchOpMalus MPaBoil IOYKM BOSHUKIIA B TIPO-
11ecce IIPOBefieHNs Ty4eBOro JeueH .

Bcem 6OnpHBIM [0 Hadaaa OOMyYeHUs IPOBELEHO
KOMIUIEKCHOE  K/IVHMKO-71ab0paTopHOe ¥ MHCTPYMEH-
TajIbHOE 00CTIeNOBaHMe, KOTOPOE BK/IIOYAIO OLIEHKY pac-
IPOCTPAaHEHHOCTM OITyXOJIeBOTO IIpoliecca M oblero
COCTOSIHUS.

M3 24 manmeHTOK y 17 6ONMBHBIX OBIT IEPBUYHBIIL
PIOIM n y 7 - peuupus PIIIM B manom Tasy. B coot-
BetcTBuM ¢ Knaccndukanuein FIGO nu TNM (2009 r) y
16 60mpHbIX ycTaHosteHa IIIB crapus (cT; Ny My u y
1 manmentku — IVB crapgna (cT5,N,;M,, MeTacTassl B ma-
paaopTaIbHBIX TUMPATIUECKUX Y37Iax).

Cpennuit Bo3pact 60mbHBIX cocTaBui 48,8+ 9,9 mer
(ot 32 mo 73 ner).

Tucromorndeckass CTPYKTypa OIyXoseil Oblna Ipen-
CTaBJIeHa B OCHOBHOM IVIOCKOK/IETOYHBIM paKkoM — 22 ma-
nueHTKu (91,6 %), pasmuuHoil cremeHy muddepeHIn-
poBku: HU3Koi — 13 (59,1 %) u ymepernoit — 9 (40,9 %).
AnleHOKapIMHOMa M >Ke/Ie3MCTO-TUIOCKOK/IETOUHBIN pak
BCTPETMINCD JIAIIDb B OFHOM CITydae Kax/biit (4,2 %).
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Orenka ¢GyHKIMOHaIBHOrO cTaryca 6ompHbix PIIM
nposoayack no mkaine ECOG-BO3.

JI71s1 oLleHKM HapylLIeHus INapeHXMMaTO3HO-BbIfIeN-
Te/IbHOI (PYHKIIMM [TOYEeK JMCIIOIb30BAICS TAKOM BBICOKO-
MHPOPMATUBHBIII METOJ, PaJUOHYKIMIHON AMATHOCTUKM,
KakK AMHaMudeckas HeppocuuHTUrpadus, KOTOPbI O6bIT
MCIonb3oBaH i 20 60abHbIX. Y 1 HaIMeHTKU BbIABIIE-
Ha | crenens (eguHCTBeHHON mOYKnM), y 5 — II crenens u
y 14 6onbupix III cTeneHp HapylleHMUs NapeHXMMATO3-
HO-BBIIEUTENbHON (YHKIUY ONHOI 13 IodYek. Y 3 ma-
IUEHTOK C JIBYCTOPOHHUM TUAPOHePpO3OM HapYyLIEHWS
[APeHXVMMATO3HO-BbI/IeINTENIBHOM (QYHKIMM OFHON U3
Io4YeK ObIIn pacueHeHbl KaK CpefHAA CTelleHb, APYyroi
TIOYKM — KaK TsDKesmasl.

JIabopaTopHBIM —IIOKa3aTeseMm,
YEeYHYI0 HEJOCTATOYHOCTD, SIB/SUICA KpeaTVHWH B O1O-

OTpaKaBIINM IIO-

XUMWYECKOM aHajy3e KpOBU. Y OGONBIIMHCTBA JKEHINH
(17/70,8 %) oH 6B BBINIe HOPMBI (>98 MKMONB/I), HO
He mpesbimran 110 MxmMonb/a, v 2 (8,3 %) 60nbHBIX Kpe-
aTVHUH COCTaB/AN 150 MKMOMB/M ¥ ToMbKO ¥ 5 (20,8 %)
60/IbHBIX A30THCThIE LITAKY KPOBY OBUIN B HOPMe.

Bcem maumeHTKaM BBIIOTHEHO APEHUPOBAHNE BEpX-
HUX MOYeBBIX IyTeil. OTBefeHNe MOYM OCYIIeCTBIISIOCh
2 cnoco6aMu: CTEHTVPOBAaHNEM MOYETOUHNKA VI/VIU BbI-
IIO/THEHMEM YPEe3KO)XKHOI IYHKI[MOHHOI HeppOoCTOMUIL.
IToxasaHMAMM K CTEHTHMPOBAHMIO MOYETOYHMKA AB/IA-
JINChb HapylleHue BbIJETUTeIbHON (PYHKIMM TTOYKM C CO-
XpaHEeHHOI! [TApEeHXVMATO3HOI ¥ HapyILIeHeM MapeHXN-
Mmaros3Holt ¢pynkuuu noukn I-II crenmenu. Ycmosuem ms
BBILIO/IHEHVsI CTEHTUPOBAHMs SBSNACH BO3MOXKHOCTB
YCTQHOBKM MOYETOYHMKOBOIO CTEHTA Ha INTENbHBII
CpoK. B crnydae HEBO3MOXXHOCTM YCTAHOBKM MOYETOYHM-
KOBOTO CTEHTa W/IM IpY OBICTPO HApaCTAIOLINX ABIEHUAX
0OCTPYKLMYU BEPXHUX MOYEBBIX IIyTell, a TAaKXKe IpK Ts-
JKEJIOV CTEIIeHY HapYIIeHVsI TapeHXMMATO3HO GyHKIM
HOYKM BBINO/HSNACH YPE3KOKHAsI MYHKIMOHHAsT Heppo-
cromus [9].

Y 7 (29,2 %) 60/1bHBIX IIpOBefieHa TydeBast TepaIus 1
y 17 (70,8 %) maijueHTOK — XMMHUoNMy4deBas tepanus. [Ipu
XVMMOTy4eBOM JIEYeHMI TIPUMEHSIIN IIpeIapaThl IIaTu-
HBI U 5-pTopyparuia.

O6nydeHne IpOBOAMIOCH HA JIMHEHOM YCKOpUTeTe
anekTpoHoB ONCOR Impession plus (Siemens), ocHa-
IIleHHOM MHOTOJIEIIECTKOBBIM KOJIMMAaTOPOM, TOPMO3-
HBIM M3Jy4eHJeM C HOMMHaIbHON 3sHeprueir 18 MsB.
Omnpepernenne ¥ OKOHTYpUBaHME KIMHMYECKOTO M IUIa-
Hupyemoro o6beMoB obnydenus (CTV, PTV) ocymiecr-
B/LIIUCh B COOTBeTCTBUM C pekoMeHpanmsmu MKPE
Ne 50 (International Commission on Radiation Units and
Measurements: Prescribing, Recording and Reporting
Photon Beam Therapy: ICRU Report 50. Bethesda, MD,
1993). Hasnavenne nosbl anst 3D-koHOpMHOI 1y4eBO
teparmu (3D-CRT) mpoussoamnock Ha nzomosy 90 %, ¢
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Jly4eBas Tepanus

y4eToM NOKpbITUA 90 %, HO He npeBbimasg 7 % «TopsAIeN»
30HBL

BTOpBIM KOMIIOHEHTOM COYETAaHHOI JIy4eBON Tepa-
UM ABJIA/IACh BHYTPUIIOJOCTHAs TaMMa-Tepamus, KO-
TOpyI0 IpoBOfmIM Ha ammapare Multisource HDR, pa-
6oTarmeM ¢ ucrouHnkoM 9Co. PasoBas ouarosas mosa
cocrasiana 5 Ip B Touke A (Ho3yMMeTpudeckoe IVIAHUPO-
BaHMe OCYILeCTB/IAIOCH 110 2D 1306paxkeHUsM).

Takum 006pasom, MOTyYeHHbIe CyMMapHble O4aroBble
mo3el (COJI) oT coyeTaHHOII Ty4eBOI Tepaluy COCTaBU-
mn: B Toukax A - ot 79,5 o 93 Ip u Toukax B - oT 52 mo
66 Ip.

COJl y nanmenTok ¢ peuupusom PIIIM B Manom Tasy,
[IO/Ty4aBLIMX paHee PafJKa/lbHYIO0 Ty4eBYyI0 TePAINIo, CO-
craBumy 30-40 Ip, y manmeHToK 1mocie TONbKO XUPYpPIu-
yeckoro nevenns — 58-60 Ip.

O6ny4yeHue npoBoaMIOCh Ha (pOHE Tepammu COMpO-
BOXKJEHMs, KOTOpas BKJIIOYaja IpHeM aHTUOMOTUKOB,
HasHa4YaeMBbIX 110 pe3ylbTaTaM OGaKTepyanbHOrO IOCeBa
MOYN, YPOCENTUKOB, CO CMEHOI MX Kaxpple 10-14 nuerr,
necrieppyia u CasMoIUTUKOB. Y GOMBHBIX ¢ HedppocTo-
MO OCYIIeCTB/ISICS TI[ATeIbHBIN YXOf 32 HeppOCTOMOIL.

PesynpTaThl 1 06CyKAeHIE

B ocHOBe cTapmpoBaHus M0O0r0 3710Ka4eCTBEHHOTO
Ipolecca jexar KIMHNIecKue KpUTepun, XapaKTepusyo-
IIMe OIyXOJIb U OKasbIBalollye Haubosblllee BIMAHNE Ha
IIPOTHO3 >KM3HU OONbHBIX.

OmHuUM M3 TakuX IIPOTHOCTUMYECKUX (HAKTOPOB Y
6ombHbix PIIIM cran ruppoHedpos, BepHee ypeTeporu-
npoHedpo3, 06YCTIOBIEHHDIII CAAB/IEHIEM MOYETOYHMKA/
oB onyxonbio. Cryyan PIIM c yperepornpponedposom
cormacHo knaccudukanuam FIGO m TNM, oTHeceHBI K
IIIB crapym u kareropun T, cOOTBETCTBEHHO [3].

IIpepmocbuiKOVt  [yIi  OPUHATUA  JAHHOTO — pe-
LIeHNA TNM-knaccupuxannm — u
MexnyHapopHoU ¢defepanyeli akyepoB M TMHEKOTIOTOB
HOCTY>KIIO 3HaHMe 00 0COOEHHOCTAX KIMHUYECKOTO Te-
yeHua PIIIM. Tak, gna PIIM xapakTepeH IpsAMO¥ pocT
OIlyXO/MM C IpOpacTaHMeM CBSI30YHOTO alllapaTa MaTKu
¥ KJIETYATOYHBIX IPOCTPAHCTB Tasa (C BO3MOXXHBIM CJiaB-
JIeHMeM MOYEeTOYHVKA VI MOYETOYHUKOB) U IIPY STOM
OITyXOJIEBBINI TIpoOLlecC B OONBIIMHCTBE CITy4aeB Ha IIPO-
TSKEHUNU JJINTEIbHOTO BpeMEHU OCTAaeTCs MeCTHBIM WIN
MECTHO-PeTMOHAPHBIM.

Komurerom 1o

B mpumevannn k iaccudukamyu TNM 7-ro mepe-
cmotpa (2009) obpaiieHo BHMMaHME Ha TO, YTO HaIMdMe
ruppoHedposa min HeyHKUMOHMPYIOLEN IIOYKYU BCTIef-
CTBUE CTEHO3a MOYETOYHMKA OIIyXO/IbI0 OTHOCUT TaKoil
ciny4ait k IIT cragum [10]. B cBsisu ¢ aTuM Bce KIMHUYe-
ckue cmydan PIIIM, ocnokHeHHBIe ypeTeporufpoHedpo-
30M, KOTOpbIe 00YCIOB/IEHBI OIIYXOIEBBIM POCTOM, HEKOP-
PEKTHO paccMaTpmBaTh B paMKax I mm II ctapym.

B namem wmccrmegoBanuyu y 16 u3 116 mamyeHTOK
PIIM IIIB crapmn (cT5,N,_M,) Ko Hayaa crennaabHO-
ro jiedeHUsA BBIAB/IEH OJHO- WIM JBYCTOPOHHMII TMIPO-
Hedpo3, CBA3aHHBIN C OIMYXO/IbIO, YTO COCTaBWIO 13,8 %.
AHajIOTMYHbIE TIOKA3aTe/I Mbl BCTPETUIM B IUTEPAType.
Tem He MeHee, B OT/eNbHBIX MTYO/MIMKALMAX YKa3aHa 4acTo-
Ta BOSHUKHOBEHM: PETEHI[MOHHBIX OC/I0O)KHEHMII BEPXHUX
MoueBbIX Iy Teit y 60mpubIx PIIIM npwu I u/wnu II crapum,
YTO B COOTBETCTBMM C cucTeMoil ctapnpoBanusa FIGO n
TNM, moBTOpMMCS, HEKOPPEKTHO. B TO ke Bpems, aHa-
73 YaCTOThI BCTPEYaeMOCTH OOCTPYKTMBHON ypoOIaTUM
npu IV cragum PIIM BriosnHe JOIyCTUM, HOCKONIbKY IIPK-
CYyTCTBME ypeTepornapoHedposa yallje BCero CBUETe/Ib-
CTBYeT O 3aIlylLleHHOM OIlyXO/IeBOM IIporiecce [4-7].

CremyeT OTMETUTD, YTO HAyYHBIX MCCIENOBaHUI, 11O-
CBSII[EHHBIX JIeYeHNI0 60MbHBIX NepBUYHbIM PIIIM c ype-
TepOornapoHepPO3OM, OTHOCUTENBLHO HEBEIMKO, ¥ OTHO-
HIeHNe K JAHHOMY KOHTMHIE€HTY HEOJJHO3HAYHOE.

TeM He MeHee, COIVIACHO CYIIECTBYIOWIMM CTaHap-
TaM, 60/bHBIE C MECTHOPACIIPOCTpaHeHHbIMM (opMaMu
PIIIM, B TOM 4nmcie ¢ ruapoHedpO30M, MOIIEKAT JTyde-
BOMY WIN XMMUONydeBoMy sedeHuto [1, 2]. OrBeneHue
MOYM IIPUMEHAETCA TOAbKO B Cy4ae IOBBIIIEHUSA a30TH-
CTBIX IIJTAKOB B KPOBU.

B TO e BpeMmsi, MpOBefeHHBII aHAIN3 PaboT 3apy-
Oe>XHBIX aBTOPOB IIOKa3ajl, YTO 3a MOC/IEeNHee JecATuIe-
TIe AMaMeTParbHO M3MEHWIOCh OTHOLIEHME K GOIbHBIM
PIIIM, y KOTOpBIX IUAPOHEPPO3, 0OYCIOBIEHHBII POCTOM
U JIOKaJM3alyeil OIyXOJeBOTO IIPOIlecca, BBIABIEH Ha
aTane AMarHocTMKu. Ecnm paHblle yKa3aHHOMY KOHTMH-
T€HTY JPEHMPOBaHME ITOYKM MM TI0YEK IPOBOJMIIOCH UIC-
K/IIOYUTENTbHO C TAIMaTUBHON 1€IbI0, TO B IOC/IEfHME
TOJIbl IePMBALIM MOYM CTaJIa OCYIECTB/IATHCA KaK Majlo-
VHBa3VMBHOE XUPYPIUYecKoe Mocobue, MO3BOJIIOIEE Y
6onpumHcTBa 6071bHBIX PIIIM ¢ rugponedpo3om mpose-
CTU KyPC JIy4€BOJ TEpanuy, a OTHAENIbHBIM ITaLIMEHTKAM —
XMMMOIYy4€BO€E JIEUEHME IO PaJMKaIbHOI IIpOrpaMme
(5,7, 8].

B mHameli cTpaHe 3a IOCNENHION [eKagy TaKXe IPo-
M3OLIIN CYLeCTBEHHbIE M3MeHeHNs, Kacamomecs: 60/b-
Hbix PIIIM, ocnoxHeHHBIM ruppoHedposoM. Ilpu Hapy-
HIEHUM TacCa)ka MOYM BCJENCTBUE PaCIPOCTPAHEHHOTO
OIlyXO/IEBOTO TMpollecca IpeABapUTENbHOE JPEHUPOBA-
HJ€ BEPXHMX MOYEBBIX IIyTeil MM OTBefleHNe MOYM CTa-
JI0 BBINONHATbCA [0 Hadaja CHEelMaTbHOIO JIeYeHM.
PeHnTtreHosnpmockonmyeckue cosfanm
YCIOBUA I peanu3alMy PafuKaabHOIO M YC/IOBHO-pa-
IVMKaNTbHOTO IPOTMBOOIYX0/IEBOro neveHus y 88 % ma-
LVIEHTOK, KOTOpble IIPY IIOCTYIUIEHN) B CTAIMOHAp ObUIN
OLICHEeHBI KaK MHKypabenbHble. VI3 HMX KOMOMHMPOBaH-
HOE€ JIeY€HMEe BHIIIONTHEHO Y 40 %, KOMIIZIEKCHOE C HEOA/Ib-
foBaHTHO [IXT mpenaparaMy ITaTMHBI, TAKCAHAMIA, TEM-
OUTAabMHOM, VPMHOTEKAaHOM — V 25 %, XMMUOIy4eBoe C
LIMUTOCTAaTMKAMM TeX JKe IPynn — y 26,7 %, coueTaHHOE JTy-

BMEIIaTEIbCTBA
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YeBOe C JIOKaJIbHOU HonupaguoMonuduxanyei — y 8,3 %
[11]. K coxarneHuio, nofo6Hble MHTEPBEHIIOHHbIE TEXHO-
JIOTMY UCTIONBb3YIOTCS IA/IeKO He BO BCEX OHKOJIOTMIECKIX
YUpeXIEeHUAX.

bornee Toro, Hall ONBIT NOKa3bIBaeT, YTO B psAfie OH-
KOJIOTMYEeCKMX KIMHMK Ha 9STalle OIpefe/eHMs IOKa-
3aHMII K JIy4eBOJ Tepaluy CaMOM PaclpOCTpaHEHHON
oIIMOKOI OCTaeTcsi HeOOOCHOBAHHDIN OTKa3 OT 06yde-
HUA U3-3a ypojorudeckoit maronorumu. OgHON U3 Ham-
6osee YacTHIX MPUYMH OTKa3a B JIEYEHMU SIB/ISAETCSA Ha-
pylLIeHNe IapeHXVMaTO3HO-BBIIEIUTEIBHOM (PyHKIUU
IOYeK 13-3a CJaBJACHUSA OIYXONEBBIM MHQUIBTPATOM
OJHOTO MIN O6OI/IX MOYE€TOYHMKOB, IIPpUBOIAIINX K pac-
MIMPEHNI0 YaIleYHO-TOXaHOYHOM CUCTEMBI.
3TO, B OIpEMIeTICHHON CTelleHN, CO CTEPEOTUIIOM, KOTO-
PBIIl CIOXWICA Y OHKOTMHeKosoros. Eme mpodeccop
S1.B. BoxmaH B kHure «MeTacTtasbl paka Matkn» (1976 r.)
mucanm: «VICKIIoYNTeIbHO He6IaronpusaTHOE BIMSIHME Ha
JanbHelilllee KIMHUYECKOe TedeHye 3a00/ieBaHMsA OKa-
3pIBaeT chaBnaeHne (MHGUIBTpaTaMy) MOYETOYHMKOB,
ruppoHedpos, HapyuieHre QYHKUMM HOYKM (BIUIOTH JO
«HEMOJI TIOYKV»), MH(EKIMsT MOYEBBIX MyTeil. TOT, TaK
3HAKOMBIN KaXX[JOMY OHKOJIOT'Y CUMITOMOKOMIITIEKC, ITPO-
ABJIAETCA B TEPMMHAIBHON (ase 3a00IeBaHNA».

Opnako B IOCHERHME TOAbI MBI BCe dYallle HabOmo-
TaeM COXPaHHBIX, B TOM YIIC/Ie, MOJOAbIX MAallMeHTOK, Yy
KoTopeix BbisiBsieTcs: PIIIM, ocmoxHeHHbIT ruppoHed-
porudeckoit Tpancopmanueit. Hepenkn cramm cnydan,
korfa pebrotom PIIM siBisiercst ypeTepornppoHedpos.
OH mpoTekaeT IIOf, MAacKOIl OCTPOTro IMeToHeppUTa, MO-
yeKkaMeHHOI1 6omesun. [lanyeHTky MomnaaaoT B Hedporo-
TUYecKie, yponorndecKne CTaluoHapel. Bpems yxoaut Ha
IJIUTENIbHOE JIEYEHME YPONIOTMYeCcKO maronoryuu. JInmb
«CITy4aifHBIN» OCMOTP TMHEKOJIOTa BBIAB/IAET VICTUHHYIO
OpU4YMHy TruppoHedposa. HampasrneHHas K OHKOIMHe-
KOJIOTY TaKas IalMeHTKa paccMaTpuBaeTcA KaK MHKypa-
6enbHas1, TOTa KaK B OCHOBE OLIEHKM KypabenbHOCTY OH-
KOJIOTMYECKOTO OONBHOTO HO/DKEH JIeKaTh KOMIUIEKCHBIN
[IOfIXOX, KOTOPBIII BK/IIOYAET B cebs1 onpeneneHne obiero
COCTOsIHMS GO/IPHOTO M MECTHOTO CTaryca (CTeleHu pac-
IIPOCTPaHEHHOCTH OIIYXO/IEBOTO MpOoIlecca).

ITpn ouenke o0O6IIETO COCTOSHUA YYUTBIBAIOTCH:
(YHKI[MOHAIBHBIN CTATyC ManueHTKy Mo mkare ECOG-
BO3; orcyrctBue gmedummra Macchl Tena 6ompHON (B
KJIVMHNYIECKON MPAaKTUKe KPUTEPUAMIM 3HAIMMOI OemKo-
BO-9HEPreTUIeCKOl HeOCTaTOYHOCTY Y OHKOJIOTMYECKIX
[AlIeHTOB MOXXHO CYMTATh IIOTEPI0 Macchl Tema 6oree
yeM Ha 10 %); ypOBEHb KpeaTMHNHA B OMOXMMMIYIECKOM
aHa/mM3e KpoByu He Bbile 150 MKMO/b/; ypOBEHb IeMo-
rmobuna He Hyoke 100 1/ [12, 13].

Co CTOpOHBI MECTHOTO CTaTyca HO/DKEH OTCYTCTBO-
BaTb CUMIITOMOKOMIUIEKC: MMM(OCTa3 HIDKHUX KOHed-
HOCTelt, Maarus, rugpoHedpos. Tonbko Ipyu TaKOM CO-
YeTaHMM CUMIITOMOB TUZIPOHe(PO3 CBUIETETbCTBYET O

CBs13aHO
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KpailHell CTEIeHM 3AIYIIEHHOCTU OIIyXOJIEBOTO IIPOILeC-
ca M JeNICTBUTENbHO PAaClieHMBAeTCsl KaK TepMMHA/TbHAs
¢dasa 3aboneBanus. Hammure ke mpsIMOro IpopacTaHus
CMEXXHBIX C IIEKOI MaTKyM OPTaHoB (CIAM3NUCTON MOdYe-
BOTO IIY3BIPS U IPsAMON KUIIKM) B HAacTOsIIee BpeMs He
SIBJIAIOTCS A0COMIOTHBIM IIPOTUBONOKA3aHUEM JISI XUMM-
OJIy4eBOro yedeHus [1].

B Hamrei1 paboTe 10 pe3ynbTaTaM KOMIUIEKCHOTO 00-
CIelOBaHMA BCe NALMEHTKYU NPU3HAHBI KypabelbHbIMIU.
ITo mkane ECOG-BO3 6onbmmucTBo (21/87,5 %) manu-
€HTOK YyBCTBOBa/IM ce0s 310poBbIMuL. Tonbko y 3 (12,5 %)
6OJIBHBIX MMeTach 2 CTelleHb HapylleHNs QYHKIMOHAIb-
Horo craryca. OOyclI0oBIeHO 9TO OBUIO OCHOBHBIM 3710Ka-
YeCTBEHHBIM IIPOIIECCOM, OONEBbIM CUH[POMOM M HajM-
YyeM MOYEeYHON HETOCTATOYHOCTH I CT.

Kypabenbroe MAalMeHTOK II03BOJINIIO
HaM BBICKA3aTbCs B IIO/Ib3Y TY4EBON Tepamnmi, T.K. JIUIIb
ONHO- WIM [BYCTOPOHHUII ypeTeporuapoHedpos, Ha
Halll B3I/IAJ], IPeIATCTBOBAJ IIPOBEIeHNIO TY4eBOM WIn
XVMMOTY4eBOIl Tepamuim.

HeO6XOI[I/IMO OTMETUTDH, YTO OTHOILICHVE OHKOIMHE-
KOJIOTOB K ypeTeporupponedposy y 6onpabix PIIIM, B oc-
HOBHOM, ITACCYBHOE, IOCKO/IBKY €T0 Ha/Mdle CBUeTeb-
crByeT muiub o IIIB crapum omyxonesoro npomnecca. B o
BpeMs KaK B YPOIOIMYECKON NpaKTUKe BOCCTAHOBJIEHME
maccaXka MOYM IO BepXHUM MoueBbIM IyTsM (BMII) sB-
JISIeTCST BOKHOI 3afadell, TpeOyolleil sKCTPEHHOTO pe-
menvst. OgHuM u3 3¢ deKTNBHBIX U 6€30IacHBIX METOLOB
OTBelleHMsA MOYU I COXpaHeHUs QYHKLUMY MOYKY MU
IoYeK ABJAETCA gpeHnpoBanue BMII BHyTpeHHMMM MoO-
YeTOYHMKOBBIMIU CTeHTamu. KnmHudeckumu paboramm
OTeYeCTBEHHBIX U 3apyOeXXHBIX UCCIIefloBaTerell ObIIO 10-
Ka3aHo, 4To ipeHuposanyue BMII ¢ nomoupio Mo4eTOU-
HJKOBOTO CTeHTa MOXKeT OBITb METOIOM BbI6Opa y 6O/Ib-
HBIX, HYXXJAIOIIUXCA B IINTETbHOM WU ITOXU3HEHHOM
npenyposanuy BMIIL. CreHTrpoBaHMe MOYETOUHUKOB Y
MaIYIeHTOB IPeKIOHHOI0 BO3PacTa U ¢ OHKOJIOTMYeCKUMU
3a0071eBaHMAMM HO3BOJIAAET COXPAHUTD Ka4eCTBO VX XKI3-
HU M COIMANBHYIO alaliTaluio. B cydae HEBO3MOXXHOCTH
YCTaHOBKM MOYETOYHMKOBOTO CTE€HTa IIPOBOAMTCS He-
¢pocromus [9, 14]. B cBsA3M ¢ BblllleyKa3aHHBIM, OIPaB-
IaHO O Hadasa CIelMaJbHOTO IIPOTUBOOIYXONIEBOTO Jie-
YeHMUs IpeHMpPOBaHIe IOYKM VU TToYeK [5, 7, 8, 11].

B npoBopyMoM Hamu uccnefoBanun y 11 manyueHToK
BBIIIOJIHEHO OJHOCTOPOHHEe, ¥ 3 OO/NbHBIX — JIBYCTOPOH-
Hee CTEHTUPOBaHVE MOYETOYHMKOB, Y 9 ITIAIIMEHTOK BbI-
HOJIHeHa IYHKI[MOHHAs 4Ype3KO)KHasi HeppocToMusA u y
1 >KEHIIMHBI — C OTHO CTOPOHBI TPOM3BEieHa YCTAHOBKA
MOYETOYHIKOBOTO CTEHTA, a C IPYTOJl CTOPOHBI HAJIO>KEHA
HedpocToMa. VIHTepBeHIIMOHHbIE BMEIIATeNbCTBA IIPOBe-
JieHbI 6€3 OCTIO>KHEeHMIL.

ITocne afexBaTHOTO yCTpaHEHUS OOCTPYKLMM MoOde-
TOYHMKA/OB y 23 OONBHBIX ObI/Ia PasTpy’KeHa ModKa (M
[IOYKM) 10 HayasIa 0Ony4eHns 1 y 1 manyeHTKy B IpoLiec-

COCTOAHME
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ce Kypca JIy4eBOJ Tepalmyu U, TakuMM 00pasoM, y 60/b-
MIMHCTBA OOJMBHBIX CO3[AHBl YCTIOBMA [/ peanusalyn
JTy4eBOV VIV XVMMMOJTy4eBOM TEPAIMM IO PaiVKaTbHOMN
[IporpaMme, a y eAMHCTBEHHOI IAlIEHTKN — IIPOOJDKe-
Hue 06/1y4yeHus 6es IepepbiBa B JICUCHUN.

ITporpamma pajuKanbHON Ny4eBONl Tepamuy Ipef-
[o7araet He TO/MbKO auddepeHIpoBaHHOe O [03aM U
ob6beMaM 00/1ydeHMs, HO ellle ¥ IPOBefileHne Kypca jede-
Hust y 60npHbIX PIIIM 0611jeif IpOfOIKUTENBHOCTBIO He
6oree 8 Hep [1]. Cuntaercs, 4TO IPOJ/IeHNe BpEMEHN Jie-
YeHMs IPUBOANUT K CHYDKEHUIO TOKATbHOTO KOHTPO/IS OT
0,3 7o 1,6 % B menn (Bese NS, 2007).

Pabora, mpoBefeHHAs aMEPUKAHCKUMM UCCIIENO-
BaTe/sIMM, IIOKa3aja, YTO IpefBapuTelbHOEe OTBefieHue
Mouy (CTEHTMpPOBaHNUe MIN HalOXKeHVe HepOCTOMBI) y
6ombHbIX PIIIM ¢ yperepornapoHepo3oM He BBI3bIBAET
3HAYNTENBPHOTO YBeMMYEHNUs] OOI[ero BpeMeHM JeYeHUsI.
CpepHssA NPORO/DKUTENBHOCTD Kypca OOMydeHNs: cocTa-
Bu/Ia 61 [ieHb B TPyIille ALMEHTOK Oe3 ruapoHedposa 1o
CpaBHEHMIO C 66 THAMMU B IpYIIIie NAVEHTOK C TUpOHed-
PO30M, Y KOTOPBIX IO Hauaja Je4eHNs] OCYLeCTBIAIaCh
mepuBanus moun (p = 0,18) [7].

B Hamrem uccnegoBanuu y 70,8 % (17) 601bHBIX Kypc
00JTy4eH1sI YAATIOCh BBIIIOTHUTD 6e3 MepephIBOB, CPefHee
BpeMs nedeHnst coctaBmio 50 cyT (ananason: 37-64 cyT)
y nanyeHTok nepsuynpiM PIIIM u 28 cyT (guanason: 11-
47 cyt) y 60onbHBIX peryausHbIM PIIIM. ¥V 1ByX 60MbHBIX
He Y[Ja/IOCh 3aBepIUNTD IIOJHBI KypC Ty4eBOil Tepammu
13-3a HEKYIIMPYEMBbIX sIBlIeHMII eoHepuTa, OHM ObIIn
onepupoBaHbl. Y 5 MAI[MEHTOK IIEPEPbIB B JI€YEHUN CO-
craBun oT 10 cyT 1o 3 Heq, B CBA3K C IMCTUTOM, S3HIOMeE-
TpuToM, aHemueit 11 cTeneny, n3 Hux 4 mManMeHTKN OBUIN
¢ nepsuunbiM PIIIM u 1 6onbHast perupnsasiM PIITM.

VsBecTHO, dTO CTaQHJAPTOM JIeYEeHMUs
MecTHOpacnpoctpanenHoro PIIIM siBisieTcst XMMuMosnyde-
Bas Tepamlys Ha OCHOBe HucIUIaruHa. Ilpu sTom nmcma-
TYH ITIOMUMO Helpo-, MIEJIO- ¥ OTOTOKCUYHOCTU obafa-
eT eltle ¥ HepPOTOKCUYHOCTBIO. P1icK HEDPOTOKCUIHOCTHI
LYICIUIATVHA 3HAYMTE/IbHO BO3pacTaeT B YCTAOBMUAX CHIU-
KeHUs (QYHKIMU ITI0YeK J/MIM OOCTPYKTUMBHON ypoIa-
TUM. AJbTepHATMBHBIE CXEMBbI BK/IIOYAIOT TeMUIMTAOMH
WM KapOoniaTuy, o6afaoie MEHbIIYM TOKCHYECKIM
BO3/IEICTBMEM Ha MOYKM, M II0O3TOMY OHM MOTYT MCIIO/Ib-

«30/I0TBIM»

30BaTbCA Hp]/[ XI/IMI/IOHY‘IeBOM JICYCHUN y IIAIIMEHTOK C
IOYEYHON HeLOCTAaTOYHOCThI. O6 3TOM COOOLIAIT OT-
[eNbHBbIe OHKOMOrM4Yeckye yupexpaenns. Onnaxko sgdex-
TMBHOCTb KapOOITaTMHA U TeMIMTA0MHA T10 CPABHEHUIO C
LVICIUTATVHOM B Ka4eCTBe PajyoCeHCHOMIN3aTOpa MOXKET
OBITH OIpefieeHa TObKO B PAaHLOMU3NPOBAHHBIX KIMHI-
YECKMX MCIIbITAaHUAX.

ITo HaimmeMy MHEHMIO, TPV IIPOBENEHWM XVIMMONY-
YeBOTO Jie4eHMs Y OOJNbHBIX C ypeTeporujpoHedgpo3oMm
JO/DKHBI OBITb B3BeLIeHHble IIOKa3aHMA K MCIIONb30Ba-

HUI0 PafMoOMOAM(UKATOPOB, IOCKOIBKY IapEeHXMMATO3-
Hasi QYHKUVMS MOXET IPOJO/DKUTEIbHOE BpeMsi OCTa-
BaTbCs CHIDKEHHOIT, HECMOTPS Ha TO, YTO OTTOK 13 ITOYKN
BOCCTAHOBJIEH ITyTeM CTEHTMPOBAHMs /WU Ha/IOXKEHUs
HedpocTombl. UeM mosbie ObUTO CAB/IEHNE MOYETOYHM-
Ka, TeM II03)e IT0YKa BOCCTaHaB/IuBaeTcs, a B 30 % cmyda-
eB (QYHKI[UA OBIBAET yTEPsHA.

B Hacrosiiiee BpeMsi IPORO/DKAETCS ITOUCK CIIOCOOO0B
[IpUMEHEeHMsI PagMoCeHCUOMIN3aTOPOB C MeHbLIeN 06-
IIell TOKCUYHOCTBIO, HAaIllpUMep, HAIlpaB/IeHHAs JOCTAaBKa
5-¢ropypaumna 1 MeTpOHKAA30/Ia K OLIYXOMU B BUJE all-
IUIMKALUIA Teqlsl, TeKCTUIBHBIX MaTepPUajioB, TUAPOTesie-
BbIX AuckoB («Komerekc») [15].

B Hamelt pabote npu BbIbOpe MeToAa nedeHus (Iy-
YeBOe MM XUMMONY4eBOEe) YYUTBIBAIOCh, B IIEPBYIO
odepefb, YHKIMOHATBHOE COCTOSIHME ITOYEK OOBHOIL.
Y 7 (29,2 %) GonbHBIX IpOBefeHa MydeBasd Tepamus U y
17 (70,8 %) malMeHTOK — XMMUONy4deBas Tepamus. B ka-
4ecTBe PaguoMOgupUKaTOPOB ObUIM MCIONB30BAHbI IIM-
CIIATUH, KapOOIUIaTUH 1 5-PTOpypaLiL.

CrefiyeT OTMETHUTD, YTO 13 17 GONBHBIX, ITOTY4YUB-
MINX XMMUOJy4eBOe JiedeHne, NUCIUIATYH [IPUMEHNIN Y
7 MalMeHTOK B cymMapHbIX fo3ax (CII) ot 90 mo 240 mr.
Y 2 naumeHToK ucronb3oBanu kapoomarut B CII 600 mr.
Y ocTanbHBIX 8 >KeHUMH 5-propypanun BBORUIN 1160
BHyTpuBeHHo (CJ] = 2000 Mmr), 1160 alIUIMKAIMOHHO B
Bupe rupporeneBbix auckos (CIT = 1500-2250 mr) K omy-
XOJIEBO M3MEHEHHOI mielike MaTku [13, 15].

B cpoxu Habmonenus ot 0 mo 77 mec (cpefmHee Bpe-
Ms HaOmogeHus 29 Mec) 16 malMEHTOK >XUBbI, U3 HUX
12 - 6e3 npu3HaKOB peLupuBa 00me3HN. Y 6 MaIeHTOK
BOCCTaHOBJIEH €CTEeCTBEHHBINI MacCaXx Mo4u. Y 4 00b-
HBIX HedpocToMa
CTeHT. Y 3 MalUMeHTOK C MOYETOYHMKOBBIMM CTEHTa-
MU IPOU3BONUTCS UX CMeHa. Tpoe GONbHBIX OCTAIOTCS C
HePOCTOMOIL.

BoceMb >XeHIUH MOTU6/IN OT MPOrPecCUPOBAH OC-
HOBHOTO 3a6oneBaHuA. VI3 HIX 6 6OMbHBIX UCXOMHO JIEYN-
muchk y Hac ¢ perupausoM PIIIM B manom Tasy. OTMeTum,
YTO y BCexX 6 MAI[EeHTOK B pe3y/bTaTe IPOBEJEeHHOro 00-
JydeHUs OBUI TOCTUTHYT BBIP)KEHHBIN ITa/IMATHBHBII
a¢pdext B BuAe KymmpoBaHUs OONIEBOTO CHUHAPOMA I
KPOBOTEUEHII.

3aMeHeHa Ha MOYeTOYHUKOBBIN

3axmioueHune

IlonyyeHHble HaMM pe3ynbTaTbhl CBUJETE/IbCTBY-
10T O TOM, 4TO HeJIb3sl OIIPOMETUYMBO OTKA3bIBATDb B CIle-
nuanbHoM JtedeHun OGonpHbiM PIIIM ¢ HapylieHumem
YPORMHAMUKM.

B ouenke kypabembHOCTY GOTBHBIX ¢ MECTHOPACIPO-
cTpaHeHHbIM M penyuanBHbIM PIIM, OC/TOXHEHHBIM I'M-
npoHepo30M, [OKEH NCIONb30BAThCSI KOMIUIEKCHBIN
[IOZIXOX, KOTOPBII BK/IIOYAET B cebs1 orpeneieHne oo1ero
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COCTOsIHMSI OOIBHOM M MECTHOTO cTaryca (CTelmeHu pac-
[POCTPaHEHHOCTYI OITYX0JIEBOTO IIPOLiecca).

BeInonHeHMe aIeKBaTHOTO [PEHMPOBAHMSA MOdYe-
TOYHJKA/OB MO3BOJIsIET PAaCUIMPUTh MOKA3aHMs K IpO-
BeJIeHNIO JTy4eBON MIM XMMMOIY4eBOIl Tepammy MO pa-
[MKaMbHOI TmporpaMMe 6e3 MepPepbIBOB U VIMHEHUS
0611ero BpeMeHM jIedeHust y GONbHBIX MIEPBUYHBIM MeCT-

Radiation Therapy

HOpAcIpoCTpaHeHHbIM mmu penuausHeiM PIIIM, ocnox-

HEHHBIM IMAPOHEPPO30OM.
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Abstract

Purpose: To justify the expansion of indications for radiation or chemoradiation therapy in patients with primary or recurrent
cervical cancer complicated by hydronephrosis by eliminating obstruction of the ureters.
Material and methods: The study included 24 patients who received radiation or chemoradiotherapy from 2012 to 2018.

17 patients among them had primary cervical cancer and the other 7 had a relapse of cervical cancer in small pelvis. In accordance with
FIGO and TNM classification (2009), stage IIIB was diagnosed (cT5,N,_;M,) in 16 patients and stage IVB (cT5,N;M,, metastasis in
para-aortic lymph nodes) in 1 patient. Prior to the start of special treatment, in all patients was detected one- or two-sided
hydronephrosis associated with a neoplastic process and accompanied by varying degrees of impaired parenchymal-excretory
function of one of the kidneys.

Results: 11 patients had unilateral stenting, 3 patients had bilateral ureteral stenting, nephrostomy was performed in 9 patients
and 1 woman had an ureteral stent installed on one side, nephrostomy was performed on the other side. In 70.8 % (17) patients, the
irradiation course was performed without interruption. From 5 to 3 weeks (due to cystitis, endometritis, anemia). In 2 patients, it was
not possible to complete the full course of radiotherapy because of the intractable effects of pyelonephritis, they were operated on. In
the observation period up to 77 months (average observation time 29 months) 16 patients are alive, 12 of them are without signs of
disease recurrence. In 6 patients, the natural passage of urine was restored. In 4 patients, the nephrostomy was replaced with a ureteral
stent. In 3 patients with ureteral stents they are replaced. Three patients remain with nephrostomy. Eight women died from the
progression of the underlying disease, of these, 6 patients are with recurrent cervical cancer in the pelvis. Note that in all 6 patients, as
a result of the irradiation, a pronounced palliative effect was achieved in the form of relief of pain and bleeding.

Conclusion: Performing adequate drainage of the ureter(s) allows to expand the indications for radiotherapy or chemoradiation
therapy under the radical program in patients with primary or recurrent cervical cancer.

Key words: radiotherapy, cervical cancer, locally advanced and recurrent, hydronephrosis, urine diversion
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Pedepar

Ilenb: MopepHusanys 1 OljeHKa KINHNYeCKoiT 3¢ PeKTUBHOCTU TeXHOJIOTMU HEeIPepPhIBHOTO PaiiOMeTPUIECKOr0 KOHTPOIA,
IIPOBOJMMOTO ITPY BBICOKOIO3HOM XMMIOTEPANUN XUPYPIUIECKY U30/IMPOBAHHOM KOHEYHOCTH C OIIYXO/I€BbIMY OYaraMiu.

Marepuan u metonst: ITpenoxeHa MofepHU3MPOBAHHAS TEXHONIOTHS PaMIOMETPUYECKOr0 KOHTPOIIA PEerMOHAPHOI Tepdysnn
koHeyHOCTH. OHa OCHOBAaHA Ha if Vivo MeYeHNM 3PUTPOLUTOB 3M0aToM **™Tc ¢ TOCIeAyIIM HellpepbIBHBIM MOHUTOPUHTOM aK-
TUBHOCTY MEYEHBIX SPUTPOLNTOB KaK MMUTATOPA XMMMOIIpenapara Haj 006/acTbio ceppa. Ee oTInunTe/IbHBIMI 0COOEHHOCTAMY
ABJISIETCS BHYTPUBEHHOE BBefleHMe mpdoTexa cpe3y Ioc/ie Ja4y MHTATALMOHHOIO HapKo3a C Lie/Iblo 00eCIeYeHns JOCTATOYHOTO
YPOBHA XelaTUPOBAHNA SPUTPOLNTOB, a TAKXKeE MCIOIb30BaHMe aKTUBHOCTY **™Ic MeHee ee MUHMMAJIbHO JOIYCTUMOTO YPOBHH,
YTO HO3BOJISIET IIPOBOAUTDH PAOOTBL C OTKPBITHIM MCTOYHIKOM VOHMSMPYIOLIETo M3/TydeHus 6e3 HapyleHus TpeOoBaHMil HopMa-
TMBHbIX JOKYMEHTOB I10 00eCIIedeH IO paj1alliOHHO 6€30I1aCHOCTI.

Pesynbrarsl: PagpaboTaHHas1 TeXHOIOIMA Obl/Ia yCIEIIHO UCII0NIb30BaHa Ipy 106 pernoHapHbIX epdy3nsax BepXHMUX M HYDKHIX
KOHEYHOCTell y 60/IbHBIX MeTTaHOMOJT M/IV CAapKOMOJ MATKMX TKaHell. B 4 clyJasx mo pesynbraTaM pafiioMeTPUYeCKOTO KOHTPOJLA
MOHAZO0OMIOCh BMEIIIATeIbCTBO XUPYPTUYeCKOlt OpUraibl A7 yMEHbILICHN IIPOMCXOAALIEH YTeYKI XMMMOIIpenapara.

3akmoyeHue: MofepHU3MPOBAaHHAA HaMJ T€XHOJIOTMsI HEIIPEPhIBHOIO Pa/iIOMeTPMUYECKOT0 MOHUTOPUMHTA i Vivo MeYeHHbIX
99mTe SPUTPOLUTOB OTINUYAETCS MPOCTOTON BBIIONHEHMS, KIMHNIECKOH 9 PeKTUBHOCTDIO 32 CYeT CBOEBPEMEHHOTO IIPUHSITIS
Mep IO IIPENOTBPAILEHUIO UM CHIDKEHMIO YTeYKM XMMUOIPeIapara U3 U30/IMPOBAaHHO KOHEYHOCTH, BBIIIOTHEHUEM PaIMaIIOH-
HO-TUTMEHNYEeCKUX TpeGOoBaHMil 10 paboTe ¢ OTKPBITHIMYU MCTOYHMKAMYU MOHMU3UPYIOLIMX M3TydeHNIT HEIIOCPEACTBEHHO B XUPYP-

TMYeCKOil ONePAIMIOHHOIA, @ TaK)Ke HU3KOJ Ty4eBOJl Harpy3Koil Ha 60IbHOTO U IIePCOHAJL.

KrioueBble clI0Ba: 66/C0K0003HAA XUMUOMEPANUS, XUPYPUHECKU US0TUPOBAHHASL KOHEUHOCTNDb, PE2UOHAPHAS nepPy3us, ymeu-

Ka XumMuonpenapama, paouomempusecKuti KOHMponv

IMocrymmma: 22.01.2019. Ipunara x my6mvkarnym: 21.05.2019

BBenenue

Cpeny IalVeHTOB, CTPajaloLIMX TaKuMM 3aboreBa-
HMAMY, KaK MeTaHOMA KOXXM, PaK KOXMJ U CApPKOMBbI MAT-
KUX TKaHell, BBIE/IAIT IPYIITy C MECTHOPACIIPOCTPaHeH-
HbIMU opMaMu omyxoneBoro mporecca. CraHZapTHbIE
METOIbl JIeYeHMsA MOPaKeHHBIX KOHEYHOCTell, BKIIIO-
Jalolye XMPYprudeckoe JedeHMe, XMMUO- M JIy4eBYIO
Tepanyio, He BCerJa OKasblBaloTCA 3¢ QeKTUBHBIMIUL.
OcobenHocTy TeyeHus GONIE3HM MHOITA HE IO3BOJIAIOT
UCIIONb30BaTh COXPAaHHbIE ONlePATUBHbIE BMEIIATeIbCTBA,
a Kajleyale OIepalMy, HalpUMep aMIIyTalus Iopa-
JKEHHOJ KOHEYHOCTM, Pe3KO CHIDKAIOT KadeCTBO XKM3HU
MalVeHTOB. B HEKOTOPBIX CIy4Yasx TOT MM MHOM METOR,
JIeYeHNs U3 YKa3aHHBIX BbILIE He MOXeT OBITb MCIIO/Nb30-
BaH BooO11e.

TpaH3uTOpHBIE MeTacTasbl METaHOMBI BCTPEYAIOTCH
B 5-8 % cCiy4aeB y IaLMEHTOB C METAHOMONM BBICOKOTO
pucka. JlednTb 3TUX OOIBHBIX HEIIPOCTO U3-3a OMOIOrU-
4eCKMX XapaKTepMCTVK MeTaHOMBI, TaKMX KaK pasMep U
KO/IMYeCTBO 0YaroB HopakeHM:A. Xupyprudeckoe mccede-
Hy€ BO3MOXXHO /INIIb IIpU He60}IbIIIOM KO/INYECTBE TAKUX
OIyXOJIEBBIX 06pa30BaHMIL, HO 3aTPYAHUTENbHO KaK IIpK
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KOPOTKOM IIPOMEXYTKe BPeMEeH! MEXJY BO3HMKHOBEHMU-
€M HOBBIX 04YaroB, TaK ¥ IIPM MacCUBHOM U KPYITHOM IIO-
PaXeHNM, a TaKXXe IIpU IIPOBOAVMMBIX NOIIO/THMUTEIbHbBIX
MeTopax nedenys. JIokaabHble (OPMBI METTaHOMBI C TPY-
JIOM IOfJAI0TCA CHCTEMHON TepaInu.

CapKoMbI MATKUX TKaHeil, IpY UX BBICOKOI CIIOCO6-
HOCTM JaBaTh OT/ja/IeHHble METAacTasbl, TAK’Ke MOIYT Bbl-
3pIBaTh IpOOEMBbI, BBI3BaHHBIE JIOKAJIbHBIM POCTOM.
Hanuaue KPYIIHBIX IIE€PBUYHBIX MM PpEUVANBHBIX OIIy-
XOJIEBBIX 0Opa3oBaHMII MOXKET HOTPeOOBaTh MCIIOIB3O-
BaHMA arpecCUBHON XMPYPIMYECKON TAKTUKM, 4acTO B
COYEeTaHMN C JIYYeBOJ TepaImmeli, YTO MOXKeT IPUBOJUTD
K morepe (QYHKUMOHAIBHOCTY KOHeuHOCTH. IIpu HeBO3-
MO>XHOCTHM BBIIIOTIHUTD COXPAHHYIO ONlepanuio, aMIIyTa-
LV BBICTYIAeT KaK eIVHCTBEHHBII CIIOCO0 JIOKa/lIbHOIO
nedeHus. C y4eTOM HAHHBIX Pa3NIMYHBIX MCCIETOBAHUI
0 TOM, YTO KaJjieJalljyie BMeIIaTe/IbCTBA He YIy4LIaloT 00-
I[yI0 BBDKMBAEMOCTb, ITOBCEMECTHO HapacTaeT TeHHeH-
LV K BBIITOJTHEHUIO OPTaHOCOXPAHHbIX OIePALIVIL.

Vicrionp3oBaHye IpefnoxXeHHOII eltje 6oree 60 et Ha-
3aJl METOAVIKM M3ONMPOBAHHON PETMOHAPHON XMMMOTe-
pamneBTIYecKolt epdy3un KOHEUHOCTH O3BOJISAET B 9TUX
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CIIy4asx JTOKaJbHO BO3ZEIICTBOBATDH TONMBKO HAa MOPa’KeH-
HYIO OIIyXOJIbl0 00/MacTb. VI30/MMpoBaHHAs pervoHapHas
nep¢ysus — MeTOR BpPeMEHHOJ XMPYpPTUYecKOl M307s-
LU TIOpaKEHHOV KOHEYHOCTY € OCYIeCTBIEHMEeM MCKYC-
CTBEHHOTO KPOBOOOpAllleHUsI M IPOBEleHNEeM XMMUOTe-
panuM TONbKO B ee Tpefieiax, IIpY 9TOM caMa KOHEYHOCTD
MOfIBEPTraeTCsl OKCUI€HALIMY VM YMEPEHHON IUIepTepMUNL.
OCHOBHO€ [JOCTOMHCTBO PerMOHApHOI mepdysum cocro-
UT B TOM, YTO OHA ITO3BOJISIET VICHIO/Ib30BATh TAKYI0 MeCT-
HYI0 KOHIEHTPAlMI0 XVMMOIIPENapaToB B KOHEYHOCTHU
C OIIyXOJIbI0, KOTOpasA B 15-25 pas mpeBbIIaeT TAKOBYIO
IpY CUCTEMHOM BBefleHuy, 6e3 BHICOKOTOKCUYECKUX I10-
60uHbIX 3¢pPeKTOB /151 OpraHn3Ma 6OIBHOTO B L{ETIOM.

B Hacrosuee BpeMs omucaHo 6onee 40 BapuaHTOB U
PEeXVMOB IpOBefeHNs 3Toil mpouenypst [1]. V3omsamus
MIOPXEHHOJ KOHEYHOCTM J[IOCTUTAETCA IIOCPEACTBOM
KIUNVMPOBAaHNUS U TOC/IEAyIoIiell KaHIOMALUMY Maru-
CTPa/IbHBIX COCYZIOB KOHEYHOCTY (apTepuM U BEHBI), CO3-
JaHNS M30MMPOBAHHOTO KOHTypa KpOBOOOpalleHUs ¢
IpOBeeHNeM OKCUTEHAI[N B ero Ipefesiax ¢ IIOMOIIbI0
anmapara MCKYCCTBeHHOro KposooOpamenns (AVK),
JIMTaIyell KoIaTepanabHBIX COCYNOB, Yepe3 KOTOpble MO-
KeT OCYIUIeCTBIATbCA OTTOK MM IPUTOK KPOBU CKBO3b
TPaHMIIBI KOHTYPA, IIyTeM Ha/IOXKEHNS XXTyTa Ha 3apaHee
BBIOpaHHOM YpOBHE KOHEYHOCTH. BBeleHme XumuoIpe-
[IApaTOB HAYMHAIOT TOJIbKO IOC/Ie CTAOMIBHON M30MIALNN
CHCTEMHOTO KPOBOTOKA OT KPOBOOOpaIljeH!sI B KOHEYHO-
ctin. B xopne nmepdysun temneparypa TKaHell KOHEYHOCTHU
MOCTOSIHHO MoHMTopupyercs. ITocne 60-90 MuH nepdy-
3UM KOHEYHOCTb OTMBIBAaeTCA PacTBOpPaMU KPUCTAJUIO-
UMIOB, KAHIONMN YHAIAIOTCA, XIYT CHUMAIOT, U IIPOXOIM-
MOCTb COCYTOB BOCCTaHAB/IMBACTCA.

BcnepcTBue 4YpesBBIYAiHO BBICOKOV TOKCUYHOCTH
BBICOKMX [03 XVMUONIPEIApaToB IpM WX IONaJaHUM B
CHCTEeMHYI0 TeMOLVIPKYILALINIO, 00513aTeIbHbIM YCTIOBMEM
IpOBeJieHNs PETMOHAPHOI Hep(y3un AB/AETCI KOHTPOIb
VX BO3MOXXHOJ YTE€YKM U3 M30NMPOBAHHON KOHEYHOCTH.
ITpenmoXeHo TOCTATOYHO MHOTO T€XHONOTUII TAKOTO MO-
HUTOPUHTA, MEHBUIMHCTBO 13 KOTOPBIX OTHOCATCS K Me-
TOZIVIKaM IIPSIMOTO KOHTPOJs. B 4acTHOCTH, 37eCh MOXKHO
OTMETUTb OTOOP NMPOO BEHO3HON KPOBU M3 CUCTEMHOI
OUPKYIANUM € HOCAEAYIOIUMM UMMYHOXMMUYECKUM
aQHAJIM30M COJEepXKaHMsA B HMX XUMMOIIpenapaTa IIOCiIe
nep¢ysun [2], olleHKY reMaTOKpUTa B BEHO3HON KPOBU
u B AVIK o u nocne nepdysun [3], onpenenenne ypos-
HA KpeatnH(}ocOKMHA3hl TaKXe [0 U moce nepdysnun
[4]. OgHako Bce 3Ty METONMKYM HENb3S CUUTATh ITOIHO-
I[eHHBIM KOHTPOJIEM YTEeUKH, IIOCKONIbKY pe3y/IbTaThl Io-
HOOHBIX M3MepeHMII MOIyT OBITh IOTy4YeHbl TOIBKO IO
3aBepuIeHNI0 Iepdysum 6e3 Kakoi-1mbo BO3MOXXHOCTHU
MIpefOTBpAlleHNsT HEOXKNUJAHHO BO3HMKIIEN B XOfie Iep-
¢dysun cepbesHON yTEUKM VM HPUHATUS CBOEBPEMEHHBIX
Mep TIo ee ycrpaHeHno. Heckonbko 60ee IpoiBUHY THIM
BBIIVIAAUT MeTOAMKa 3abopa mpob xposu m3 AVIK u us
CHUCTeMHON DVPKyIAnyM Ha 5, 30 1 60-it MuHyTaX nepdy-

3 C OTCPOYEHHBIM MX aHAIM30M METONOM BBICOKO3(-
(heKTUBHOI XIAKOCTHO Xpomarorpaduu [5], Ho u 3xech
IO-TIPeXXKHEMY OTCYTCTBYeT BO3MOXKHOCTb YPreHTHOTO
UCIIpaB/IeHNA Y>Ke COCTOSBINETICA YTeUKM.

OT 3TOro cepbesHOro HeflOCTaTKa CBOOOJEH METOf
PafoMeTpUYECKOTO KOHTPO/A YTE€UYKM C MCIONIb30Ba-
HUEM TOrO MMM WMHOro papmodapmmpemnapara (POII).
[IpyHUMI MeTOHAa COCTOUT B TOM, YTO B XUPYpPrU4YecKu
U30/IMPOBAHHYIO CUCTeMy KOHe4HOCTb + AVIK BBOmMTCA
PO®II B kayecTBe MEYEHOrO MMMUTATOPA XMMMOIIpenapaTa.
IIpn Hammuuy yreukn us Hee POII momagaer B cucreM-
HYIO TeMOLIMPKY/IALNIO, T7ie CKOPOCTb €r0 MOCTYIIEHNA U
yPOBeHb ITOCTEIIEHHOTO HAKOIJIEHVST MOT'YT OBITh 3aperu-
CTpUpOBaHbI yTeM 160 0TOOPa M pajyroMeTpuu Ipobd
BEHO3HOJ1 KPOBY, MO0 HEMHBA3UBHO C MOMOIIBIO JleTeK-
TOpa TaMMa-U3/Ty4YeHUs, YCTAHOBJIEHHOTO HaJl XOPOIIO
BaCKy/IAPM30BaHHBIM y4YaCTKOM Tella 0OJbHOTO, HaIpH-
Mep, Haj ceppueM. IIpenmodrurenbHee BTOpas MX 3TUX
IIBYX TEXHOJIOTHI, IOCKOJIBKY TO/IBKO OHA [03BOJIsieT 0be-
CIEYUTDb HETIIPEPbIBHBII MOHUTOPUHT comepkannusa POIT B
CUCTeMHOJI FeMOLMPKYIALIMKA C BO3MOXKHOCTBIO CPOYHOTO
HOPUHATUA TeX VWIM VHBIX Mep IO IIOJTHOMY OlOKMpOBa-
HUIO WIN CHVYKEHMIO TeMIIOB yTe4KY XMMUOIIpeIapara.

XoTA XMpypruyeckue M XUMMOTEpaNeBTUYECKUE
aCIIeKThl PErMOHApHON Nepdysun K HACTOSAIIEMY BpeMe-
HJ IpopabOTaHbl JOCTATOYHO IYyOOKO, O CUX HOp He
CYL[ECTBYeT YHMU(UIMPOBAHHON TEXHOMOTMU KOHTPOJISI
YTEUKM, CYIIEeCTBYIOT pa3aMyYHble IOAXOABI K OpraHm3a-
LU M IPOBEJIeHNI0 U3MEPEeHMIT M Iaxke K MHTepIIpeTallnn
Ppe3y/nbTaToOB 3TUX M3MEPEHMIA.

B cBA3M ¢ 3TUM LieIbI0 JAHHOTO MCC/IENOBAaHNUA ABJLA-
eTcsi popaboTKa BCeX METORMYECKUX ACIEeKTOB Pajyo-
METPUYECKOr0 KOHTPOJIA YTeYKM XMMUOIIpelapara U3
XMPYPTUYeCK! M30IMPOBAHHON KOHEYHOCTM C BO3MOXK-
HOCTBIO MX ONTMMM3aLMy Ha KadeCTBEHHOM YPOBHE M C
obecrieyeHneM pagMaLOHHO-TUTIEHNYECKNX TpeboBa-
HUII 110 paboTe C OTKPBITHIMY UCTOYHIKAMIU IOHU3UPYIO-
mux usnydennit (VMIVIV) HemocpencTBEHHO B XUPYprude-
CKOI1 OIlepaliOHHOIA.

Ma’repnan M METOIbI

B kavecTBe MMuTaTOpa XMMHOIpenapara ObIIM Bbl-
OpaHpl MedveHHble in vivo %°MIC 3pUTPOLUTEI, paHee
YCIIELIIHO KUCIO/Ib30BaHHble Hamy s AuddepeHnyab-
HOJI IVaTHOCTMKY 37I0Ka4eCTBEHHBIX OIyXOJIeN M Te€MaH-
ruoM nedeHy [6]. CyliecTBO 3TONl METOZMKM COCTOMUT
BO BHYTPMBEHHOM BBE€IEHUM X€IaTUPYIOIIETO areHTa
nupdorexa (craHfaprTHasA fo3a 50 Mr), IOC/Ie 4ero yepes
20 MMH TAaLMEHTy TaK)XXe BHYTPUMBEHHO BBOmguTCca 300-
500 Mbk amoara *°™Tc, n manee 60MbHOMY IPOBOAUTCS
AVHaMMYecKasd M CTaTMyecKas CHMHTUTpadusA IIeYeHM.
3a 9t 20 MUH XeNaTUPYIOLMIT areHT agcopbupyercs Ha
000/I0YKM 3PUTPOLIUTOB, U BBefEHHBIN MICc mpucoenu-
HAETCA K Xe/laTy, T.e. II0JIy4aeTcs MedeHVe SpUTPOLUTOB
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in vivo. Takoe MedeHMe He NPENATCTBYeT Ia3000MeHY B
OpraHusMe, KOTOPbII B Jja/IbHeliIeM IIpoTeKaeT 6e3 BO3-
HUKHOBEHMS KaK I'MIIOKCUM, TaK ¥ TUIIepKaIlHUL.

Yro6b!I yHOBIETBOPUTD TPeOOBAHUAM HOPMATUBHOTO
mpokymeHTa OCIIOPB-99/2010 [7] mo BO3MOXHOCTHU pa-
60TbI ¢ OTKpBITBIMU VIVIV B XUPYpIU4ecKolt omeparoH-
HOJT 63 IIOTy4eHNUs CHeLVaTbHOTO Pa3pelleHNsl OPraHoB
Toccananuanazzopa PO, Mbl 6bU1M BBIHY>KIAEHBI BBOGUTD
B CHUCTEMY M3ONMPOBaHHAaA KoHeyHOCTb + AVIK smooar
99mTc ¢ akTMBHOCTBIO He 300-500 MBK, Kak B [6], a He 60-
nee 100 MbBx (paspemernoe OCIIOPB-99/2010 10-kpat-
HO€ 3Ha4eHle TaK Has3bIBa€MOJ MMHMMA/JIbHO 3HAYMMOI
akTMBHOCTM — M3A). TIo3TOMy HpMIIIOCh YBEINYMBATD
IPOJIO/DKUTENTbHOCTD MPOIiecca XeNaTUPOBAHNUA He MeHee
4yeM 70 1 4, 4TOObI 0becreunTd OOMbIIIEe COflep>KaHye Xe-
JaTYPOBAHHBIX 3PUTPOLUTOB B CUCTEMHON I'eMOLMPKY-
JAIVYM U B IIOKA ellle He M30/IMPOBAaHHO KOHEYHOCTH 1,
TEeM CaMbIM, 60JIee BBICOKYIO BEPOSITHOCTD IIPUKPEIUIEHNS
MeTky *°MTc K XeaTupoBaHHBIM sputponuTam. [Ipu pea-
NM3aLUM CTAHJAPTHONM XMPYPrUdecKoil IpoLenypsl obe-
CIIeYeHMs IOCTYTIA K MaTUCTPAIbHBIM apTepUIL M BeHe KO-
HEYHOCT! IPOXOAWUT MMEHHO CTONbKO BPEMeHN, B CBS3U
¢ 4eM B/B BBefieHNe NUp¢oTexa Terepb Mbl IPOBORUIN
cpasy moc/e fauy ofliero Hapkosa, a BBefieHue ™Tc B
KOHEYHOCTb — TONbKO 4epe3 1,0-1,2 4, HermocpegcTBEHHO
Ioc/ie KaHIONMU3aIM ee COCYAIOB U HANOXeHUA U30IUpy-
IOIIIETO KTy Ta.

C yd4eToM Bcex 3TUX 0OCTOSATENbCTB ObUTa paspabdo-
TaHa CeAyIolas MOC/IeN0BATENbHOCTD TeXHOMOTMYECKUX
Iporenyp:

o IlpoBopurcs papumomeTpust ABYX (acoOBOK aKTUBHO-
ctbio 3-6 MbBk u 80-100 MbBk %°™Tc Ha papmomeTpe

PUC-1A (HIIO «Amnuryna», Poccus) B dpacoBo4HOI
nmabopaTtopun pafMoOU30TONHOI AMATHOCTUKM, I KO-
TOPOJT ¥IMeeTCsl paspellieHye POBefeHns pabor ¢ oT-
kpbiTeiMu IVIV o II xmaccy. Peructpupyrorca akTuB-
HOCTU A} M A, COOTBETCTBEHHO.

B xupyprudeckoii onepanyoHHOM, Ky/ja JOCTaB/IA0TCA
06e (acoBKM B CBMHIIOBBIX KOHTEIIHEPaX, BBITONHET-
Cs1 MOBTOPHasi Ka/mMbpOBKa TeX e ABYX (acoBok 6e3
KOHTEeJIHepOB B OIMHAKOBOJI TeOMeTpUY M3MepeHMIt Ha
Crenuanu3poBaHHoON PaJMlOMETPUYECKON YCTaHOBKE
ISOMED 2166 (Med Nuklear-Medizintechnik Dresden
GmbH, Tepmanmus). Peructpupyiorcss cKopocTu cyera
nmnynbcoB N; u N, cooTBeTcTBeHHO. OTHOImEHNA A,/
A, v N,/N, [O/DKHBI pa3nnyarbcs He 6onee yeM Ha 5 %.
KonnmumupoBaHHbBI  CUMHTWIIALMOHHBINA  JI€TEKTOP
YKa3aHHOM pafMOMEeTPUYECKON YCTAaHOBKY, YIIaKOBaH-
HBII B CTEPUIbHBIN IJIEHOYHBIN 4YeXOJ/, pa3MeljaloT
HaJl 00/acTbI0 PACIONIOKeHNs CepAlia Ha PacCTOSHUM
2-3 cM oT moBepxHOCTH Tema 6onpHoro. IllTaTns gerek-
TOpa JO/DKEH He MelllaTb paboTe aHeCTe3MOJIora, XUPYP-
ra u nepQysmoora, a Takxe UX acCUCTeHToB (puc. 1).
Cpasy mnocrie BBIIONHEHNSA MHTAIALMOHHOTO HapKO-
3a BHYTpUBeHHO BBoamrcsa 50 mr nmpdorexa B 5 M
(U3MOIOTMYEeCKOTO pacTBoOpa.

Iocte xaHONMM3aLMM COCYROB KOHEYHOCTH, IIPUCOEN-
HeHysa K HuMm AVIK n Hanmoxenus xryra, B AVIK BBo-
putcst POIT akTuBHOCTBIO A, 3 BTOPOIT (hacOBKIL.
Yepes 3 mun (Bpems monHoro pasmerunBanus POII B
TeMOLMPKY/IALMM M30/IMPOBAaHHOJ KOHEYHOCTH) [ie-
TEKTOPOM PEeTUCTPUPYETCA CKOPOCTb CYETA UMITY/IbCOB
Noopes XapaKTepusyiollasg «IOACBEeTKY» YCTaHOBJIEH-

MOAIC
HOI'O HaJ cCepAaueM [OeTeKTOpa BCIENCTBUE HE3HAYM-

Puc. 1. O61mmit BUE paconoXXeHNs pafioMeTpUYecKoro ieTeKTopa Hajj 001acThI0 cepAlia MalieHTa
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TeJIbHOTO TIPOHMKHOBEHMs raMMa-KBaHTOB oT POII u3
M30/IMPOBAHHOI KOHEYHOCTH 4Yepe3 OOKOBYIO 3aIUTY
JeTeKTopa Ha ero CUMHTWIIALVIOHHBI KPUCTaIIL.

» B cucreMHyI0 reMOLVPKY/IALNIO BHYTPMBEHHO BBOIUT-
cst POIT akTMBHOCTBIO A U3 I1epBOIt (HacOBKIL.

o Yepes 3 muH (BpeMs momHoro pasmemusanus POIT B
COCyfaXx CUCTEMHOI TeMOLUPKY/IALuy 6e3 M301Upo-
BAaHHOI KOHEYHOCTU) [IeTeKTOPOM PeruCTPUPYeTCs
CKOpPOCTh CYeTa MMIYIbCOB N, XapaKTepusymolas
001y aKTVMBHOCTb B CUCTEMHOJ TeMOUMPKYIALUU U
CYET OT «IIOJICBETKI».

o VYCTaHOBKa IIEPEK/IIOYAETCA B PEXKMM HEIPEpPbIBHOM
perucrpanuy CKOpoCTH cyeTa MMIIY/IbCOB, ¥ IIPU OT-
CYTCTBUM B TedeHMe MOCNeAYIoMX 3 MUH U3MEeHEeHMIt
BermanHbl N, 6ombine yeM 0,5-1,0 % nepdysuonor BBo-
mut B AVIK TepameBTMYecKylo JO3y XMMMUOIIpeNapara,
noce 4yero B redenue 1,0-1,5 4 mpoBOgUTCA pernoHap-
Has nep@y3nst KOHEUHOCTH.

VnTepnperanusa pe3ynbTaToB M3MepeHUIl IPOMU3BO-
IOUTCA TIO CrefyiollleMy anroputmy. Ilpeamnonoxum, uTo
nponsonuia nonHas yredka POII (t.e. 100 %) 13 koHed-
HOCTM B CUCTEMHYIO LMPKyaAuuio. Torsa BUpTya/ibHas
CKOPOCTb CYeTa MUMIYIbcoB N, o, OyzeT:

A+ A4,

Ny =k ,
o VBT + VAVIK

(1)
rze k — K09 PUIMEHT IPONOPIIIOHATIBHOCTY, 3aBUCAIINIT
OT F€OMETPUM PAJUOMETPUA U YyBCTBUTE/IBHOCTY JIETEK-
Topa, A, — akTuBHOCTb POII B cucTeMHON LIMPKYIALUY,
BBEJIEHHAA BHYTPUBEHHO, A, — akTuBHOCTb P®II, BBefEH-
Hasg B AVK n nupkynupyomas 8 AVIK, xoneunoctu u B
CBA3aHHBIX C HUMU TPyOKaX, Vi — 00beM LMpPKyIUpyio-
1eil KPOBY BO BCeM Telle, Vyx — 00'beM IUPKYINPYIolLeit
KpOoBM B cucTeMe Tonbko AVIK+ Tpy6xu.

Torpa peanmpHasg CKOpoCTb cyeTa N, 3aperucTpupo-
BaHHasA IOC/IE HAJIOXEHMSA >XIyTa HEMOCPENCTBEHHO IIe-
pen BBefleHMeM XMMMOIIpenapaTa B M30/IMPOBAHHYIO0 KO-
HEYHOCTD, €CTb:

A
N, =k—2

-+t Nno CB? (2)
VBT - VKOH g

rie Vion — 00beM LMPKYIMPYIOLell KpPOBY B M30/IUPO-
BaHHOI KOHEYHOCTH, Ny, — CKOPOCTD CYeTa MIMIIY/IbCOB
BC/IE[ICTBIE «IIOfICBETKM» [IeTeKTOpa raMMa-U3Iy4yeHueM,
BBIXOZAIMM U3 M30NMPOBAHHON KOHEYHOCTU. Ecnu BBI-
pasutb mapametp k us ¢opmyrsl (2) u mopctaButh B (1),

TO IIO/TY49VIM:

A+ A4 Var =V,
Nl()(): l+ 2 (NO—N BT KOH .

oaCB (3)
A, 8 )VBT +

VAI/IK

B dopmyne (3) Bce BeMMUMHBI M3BECTHBI, IIOCKONBKY
3HaueHUst Ay, Ay, No 1 Ny, ., HETIOCPENCTBEHHO PETUCTPH-
pytorcs, sHaueHua Vyr U Vg BBIYUCIAIOTCA aBTOMATH-
YeCKM B 3aBUCUMOCTH OT BUJIA M30/IMPYEMOIl KOHEYHOCTH
(HOra MM pyka), Macchl Tejia ¥ IoJIa MallieHTa C UCIO/b-

30BaHUeM IIPOrpaMMHOr0 obecledeHMs pafuoMeTpude-

CKOJl YCTaHOBKM, a 3Ha4YeHne V. IPpUBELEHO B MHCTPYK-
yuu 1o sxcrryarauuu AVK.

ITpy HamM4YUM B MOMEHT BpeMeHM  peabHOM YTeUKN
[eTEKTOPOM PEeTUCTPUPYETCsI CKOPOCTh cueTa N(t), u Tor-
la HAKOIUIEHHAas K MOMEHTY BpeMeHU f OTHOCUTe/IbHas
yreuka POII u3 koHewHOCTN L(f) MOXKET OBITH BBIUMCIIEHA
o gpopmyrne:

N()—-N,
MJOO %. (4)

100

L(#) =

Hapmo oT™MeTuTbh, 4TO B CTAaHAZAPTHOM IPOrpaMMHOM
obecrieyeHNy YKa3aHHON pPafMOMETPUYECKOI YCTaHOB-
Ku BMecTo (opMynbl (1) MCIONB3yeTcs MeHee TOYHAs

dopmyma:

Nmo“kiz’ 5
Var +Vank )

OCHOBaHHAas Ha IPAKTUYECKU 0eCIIONe3HOM [OIyIIeHUN
A, << A,, us-3a dero touHas Qopmyna (3) CTaHOBUTCA
IpUOIN3UTETBHOIL:

Nlooz%(NO_Nnoncn)%' (6)
1 BT AWK

BerepctBue aToro Tekyuue abCOMIOTHBIE 3HAYEHUS
OTHOCUTENBHOI yTeuky L(f) OKa3bIBAIOTCS 3aBBIILIEHHbI-
Mu Ha 5-7 %.

PaccunranHble ¢ ncrnonb3oBanueM ¢opmymsl (6) Te-
Kylliyie 3Ha4eHNs] HaKOIUIeHHON yreuku L(f) u ee u3Me-
HeHVsI BO BpeMEHN BBIBONATCA HA 3KpaH KOMIIbIOTEpa
pagMoMeTpUIecKoil YCTAHOBKYU B Bufe TaOy/IMpOBaHHbIX
udpoBBIX [TOKa3aTeneit u rpaduka.

PesynbraTsl 1 06CyKeHne

PaspaboTaHHas TEXHOJOIUS PafUOMETPUYECKOTO
KOHTPO/IA yTeukyu OblIa YCIIENIHO MCIO/Nb30BaHa B 106
HpoIleflypax perroHapHOi Nepdysuyu XMMHUOIpeIapa-
TOB. B mopasisoiieM GONBIINHCTBE CIy4aeB yTeYKa OT-
CYTCTBOBAJIa, U pe3yIbTUPYIOIAs KpUBas HAKOIUIEHHON
yTedKy IpeAcTaBisaa coboii IUIaTo, 3allyM/IIeHHOe CTa-
TUCTUYIECKUMU (PIIOKTYALMSAMIU CKOPOCTH cyeTa (puc. 2).
OpHako B BOCBMM CIydYasX yTedKa MMeNa MecCTo, HO B
npefeNiax MONYCTVMOTO YPOBHsS 0O0llell HaKOIIEHHON
yreuku 10 % (puc. 3), M TONBKO B TpeX CIy4asdx IOTpe-
60Ba/JIOCh BMEIIATE/IbCTBO AHECTE3MOMOra (IOBBILIEHE
[aB/IeHMsI B CUCTEMHON TeMOLVPKYIALMM) U/UIK TIep-
¢dysmornora (moHmxenne fasnenns B cucreme AVIK + xo-
HEYHOCTb) (puc. 4), a ellle B OZHOM CIIy4ae XMPYpry npu-
IIIOCh YBEMNYMBATh HaTsDKEHNe XryTa (puc. 5).

ITonyueHHble pe3ynbTaTbl CBUJETENILCTBYIOT O peajb-
HOJI KIIMHIYeCKOit 3 PEeKTUBHOCTI HEIIPEPBIBHOTO pajyi-
OMETPUYECKOT0 KOHTPOJIA YT€UKM M €TO IPeVMYIIecTBax
10 CPaBHEHMIO C JPYTMMM METOHaMM, peanusyeMbiMu 6es
ucnonb3oBanusa POII, ockonbKy, Ipexie BCero, Bce 3Tu
MEeTOZbI OTpaHMYEHBl BO3MOXKHOCTBIO IIPOBEJIEHN:A JIUIIDb
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Puc. 2. TUIIMYHBI BUJ KOHTPOIBHOTO IpaduKa Ipy OTCYTCTBUN
YTeUKM XMMUONPeNapara 13 U30/IMPOBAHHON KOHEYHOCTH
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Puc. 4. TunyHblil BUI KOHTPOIBHOTO rpaduKa Ipy HaIMunm
HEJIOIYCTVMOI1 yTeUKy, 67T0KMPOBAHHOI Ha 23-11 MUHYTe
nepdysun myreM cHbKeHus fapnernda B AVIK u nosbienna
TaB/IeHNA KPOBYU B CUCTEMHON UUPKYIAINN

OITHOKPATHOTO ITOC/IE0NEePALVIOHHOTO KOHTPOJIS YXKe IIPo-
M30LIEIIEN YTEUKN.

[l1a MeTofoB pafyoMeTpUIecKOro KOHTPOJS yTed-
K/ CyLIeCTBYeT oIpefeneHHass cBobopma Bei6opa POII.
CpaBHUTEIBHO HEYACTO C TAKO IIe/bI0 MCTIONMb3YIOT allb-
OyMMH CBIBOPOTKM KPOBM 4eloBeKa, MedeHHbIiT 1251 mmn
131] [8, 9]. 3-3a HM3KOII SIHEPTUM XaPAKTEPUCTUIECKOTO U
ramma-u3nrydeHus '2°I (okono 30 ksB) mpuxomnTcsa oTKa-
3bIBATHCSI OT HENPEPBIBHOTO KOHTPOJISI YTEUKY U UCIIOTb-
30BaTh TEXHOIOTMIO MHOTOKPAaTHOTO 0TOOpa PO BEHO3-
HOJl KPOBM C MX IOCHIEeNYIOLIeil pafuoMeTpuen in vitro,
IIOCKO/IbKY CTAaHOAPpTHbBIE KO/IMMVPOBAaHHbIE NETEKTOPDI
Ha ocHoBe cumHTWUIATOpa Nal(Tl) He 0b6mamaroT HEO6-
XOIMMOM YYBCTBUTEIBHOCTDIO [ U3MEPEHMIT in vivo.
Yro kacaercsa !3]-anpbymyHa, TO BCIEICTBME BBICOKOI
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Puc. 3. TUOMYHBIN BUJ KOHTPOIBHOTO rpaduKa Ipy HaImunm
TOMYCTUMOI yTeUKM XMMUOIPeIapara 13 U30/1MPOBaHHOI
KOHEYHOCTH

Count rate [cps]
5000

4500
4000
3500
3000
2500
2000
1500
1000 |-
500

0

0O 10 20 30 40 50 60 70 80 90 t[min]

Puc. 5. Bup koHTpo/nbHOTO rpadyKa Ipy HaIMIuy HelOMyCTUMOI
YTEUYKY, YACTUYHO CHIDKEHHOIT Ha 10-71 MuHyTe nepdy3un myTeM
cuipkeHns fasnenus B AVIK i OMHOCTBIO 6/I0KMPOBaHHOI Ha
17-it MyHYyTe Iepy3uu IIyTeM IIOBBIIICHNA HATKEHNUA KIyTa Ha
KOHEYHOCTU

sHeprum ramma-usnrydenus 1311 (364 xaB) n Hamuunsa 6e-
Ta-U3/Iy4eHns UCIonb3oBaHye atoro POII obycnosnusa-
eT 60jIee BBICOKYIO JIYYEBYI0 HAarpy3Ky Ha IIepCOHAN M Ha
60JIbHOTO, 13-3a Yero, HallpuMep, aBTOpbI paboTs! [3] oT-
Kasamuch oT ucronb3oBanns POII Boobue u orpanmnym-
JIMCh TOCTIEONEPAIVIOHHBIM KOHTPOIEM II0 TeMaTOKPHTY.
Kpowme Toro, 3a 2 cyT j0 onepanyuy 60TbHOMY IIPUXOAUT-
¢ NIPMHMMATDb Iperapar Jfopuja Kamus Uit OIOKMPOB-
KI IUTOBUIHON >Ke/esbl, a JIydeBas Harpyska oT 6era- u
raMMa-usnydenns 1311 Ha 60/IbHOTrO 1 Ha IEPCOHAII Cyllje-
CTBEHHO BBIIIE [10 CPAaBHEHNIO C YPOBHAMYU OOTydeHNA OT
9mTe,

Yaurie Bcero ncrnonb3yot PMTc-anpOyMuH, s KOTO-
POro yKasaHHBbIe HEOCTAaTKM OTCYTCTBYIOT [1, 8, 10], HO
HOCKOJIBKY B X0fie Hepdysum uMeeT MeCTO OIpele/IeHHbII
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BBIXOJI a/bOYMMHA, B TOM 4NC/Ie M MEYEHHOrO JIIOOBIM
PaMOHYK/INAOM, U3 KPOBEHOCHBIX COCYZOB BO BHECOCY-
AMCTOe MPOCTPAHCTBO, IPUXOAUTCA BBOJUTH HE COBCEM
TOYHYIO IOIPaBKy K PerMCTpUPYeMBbIM 3HA4eHUAM Ha-
KoIUIeHHOM yreuku L(t). Kpome Toro, B Hamem crydae
MBI He MOITIM MCIONB30BaTh Haubojee paclpoCTpaHeH-
HYI0 B 3apy0eXHBIX KIMHMKAX TEXHOJIOTUI0 KOHTPOJA C
99mTc-ampOyMUHOM, ITOCKO/IBKY OTeYeCTBEHHAS IIPOMBbIII-
JIEHHOCTb IIepecTana BBITYCKaTb HeOOXOAMMble HaOOPBI
711 €TO CUHTe3a.

bonee mpopsuHyTOI ABIAETCA TEXHONOIMA MCIIOJNb-
3oBaHuA B kayecTBe POII sputponuTos, MedeHHBIX M T¢.
B ee nepBoit pa3HOBUIHOCTY IPMOETAIOT K IpOLieAype Me-
4eHUsI in vitro, COCTOsIIEN B TOM, YTO IPOOY KpoBMU 6OTIb-
HOTO MHKYOMPYIOT CHavasa ¢ CoefHeHEeM, COeP)KaIlM
MOHBI SN+, TI0CTIe 4ero — ¢ a/moaToM **MTc-neprexHeTara,
U MOC/Ie OTMBIBKM MEYEHBIX SPUTPOLUTOB (UIUOIO-
TMYECKMM pacTBOpoM mpurorosineHHblit POII BBOAAT
6ompHOMY BHYTpuBeHHO [11]. DddekTUBHOCTD Meue-
HUSL 9PUTPOLUTOB 3hech mocturaer 100 %, Gmaromapst
4yeMy pe3y/lbTaTbl IPMMEHEHNA TaKOJ TeXHONOTUM C OT-
6opoM u papmomerpueit mpoO BEHO3HON KPOBU CUM-
TAIOTCA «307I0TBIM CTaHZAPTOM» [JIA CPaBHEHUS C [Ipy-
TMMU TEXHONOTMAMM PaJyOMETPUYECKOr0 KOHTPO/A
[12-14]. Teopermuecky BCsA 9Ta IpOLEAypa 3aHMMAeT
oxo7o 30 muH. OnHako Bce paboThl ¢ HEOOXORMMOI AL
MeYeHUs in Vitro aKTUBHOCTBIO 2*™Tc, B COOTBETCTBUU C
tpeboBanmsivu OCIIOPB-99/2010 [7], npuxoputcs npo-
BOJUTb He B XMPYPrU4IecKoil OIepaliOHHON, a B yhaJleH-
HOJ OT Hee Tab0paTOpUN PafON30TOMHON AMAaTHOCTUKI,
YTO CYI[ECTBEHHO YBe/INYMBaeT IPOJO/DKUTENIbHOCTD
npurorosaeHns u ucnonbzosanus POIL. Kpome Toro, B
P® raxke mpekpalieH BBIIYCK HAOOPOB s in vitro me-
YEeHMsI SPUTPOLIUTOB.

Hamu 6bi1a mcronb3oBaHa BTOpas PasHOBUIHOCTD
YKa3aHHOM TE€XHOJIOTUY — MEYEHNe IPUTPOLUTOB in Vivo,
OIMICAaHHAs BbIIIE ¥ HECKONIbKO MOAUPUIVPOBaHHASA
HaMI 110 CpaBHeHUIo ¢ obmenpuuATeiMu [11, 15]. Ee oc-
HOBHBIM JIOCTOMHCTBOM ABJIACTCS OTCYTCTBUE BCEX Iepe-
YJC/IEHHBIX BbIIlle HEIOCTATKOB OCTa/JIbHBIX T€XHOIOTUIA,
peannsyembIx kak 6e3 mpumeHeHus VIV Boobuie, Tak
u ¢ ucnonb3oBaHueM POII, a mmeHHO: 1) HempepbIB-
HOCTb KOHTPOJIAA; 2) IPOCTOTA BBIIIOMHEHNU s, 0COOEHHO II0
CPaBHEHMIO C TIPOLIEAYPOIl in Vvitro MeuyeHMs SPUTPOLMU-
TOB; 3) OITMMAa/IbHAs SHEPTUA PETUCTPUPYEMOTrO in Vivo
raMMa-usny4eHns; 4) HEeHY)KHOCTb BBENEHMs IIONPaBKMU
Ha Bbixon POII u3 cocymmcroro pycnma; 5) obecredeHue
BBICOKOTO YPOBHS XeIaTMPOBAHNUA 9PUTPOLIUTOB; 6) BO3-
MOXXHOCTD MICTIONTb30BAaHMA aKTMBHOCTH 3mi0aTa ¢ He
6oree 10-kparHOit M3A HelOCpeNCTBEHHO B XMPYprude-
CKOJ1 OllepalliOHHOM.

IMocnenHee 06CTOATENBCTBO OOYCIOBNINBAET TydeBble
HArpys3Kky Kak Ha GOJIBHOTO, TaK M Ha MEPCOHAN XUPYp-
TMYeCKOll Opurajibl Ha ypoBHe NPUMEPHO B 2 pasa HIDKe
€CTeCTBEHHOIO pajuanuoHHoro ¢poHa u B 10 pas Hmxe

mpefenia J03bl MPOdeCcCHOHaIbHOTO OONMydYeHNUsT IepCo-
Haia rpynmsl b. B yactHOCTH, 3¢ dexTuBHaA H03a BHY-
TpeHHero o0/y4eHs MalMeHTa He mpessliana 400 Mk3B,
a cpepHsisa 9 deKkTUBHAs H03a BHELIHEr0 raMMa-obmyde-
HUSA NepcoHaa (OHA MMena MeCTo y mep¢ys3mosora) Ha
OZIHY IPOLeAyPY PeTMOHAPHOI Mepdy3nu He MpeBbIIIaa
30 Mx3B, T.e. He 6omee 1 M3B B rox npu 30-35 omepanyax
3arop [16].

JIns mpoBemeHMs PamgMOMETPUYECKOTO KOHTPOJIA
YTeYKNM KCIONb3YI0T pas/iMuHble CPeCTBa sNEpHON Me-
AVILVHBL, B TOM 4NC/Ie TaMMa-IpoOHMKM (yIpaBisieMble
U yCTaHaBlMBaeMble BPYYHYI0 aBTOHOMHbIE CLVMHTWII-
JSIIVOHHBIE feTeKTopbl) [8, 14, 15], ramma-kKamepsl C
pa3/IM9HbIMI Ma/IOpa3ME€pHbIMI TTO3MIMOHHO-IYBCTBU-
TEeNbHBIMU fleTeKTopaMu [8, 17] m croenumanusupoBaH-
Hble pajyuoMerpuyeckue ycraHosku [10, 12, 13, 16, 18].
TamMMa-IpOOHVKY He CHaG>KeHbI HU JOCTATOYHON pajua-
LVIOHHOJ 3aILUTON OT 60KOBOTO MPOHVKHOBEHMS raMMa-
M3Ty4eHMs] Ha CLUMHTIIIALMOHHBIN AE€TEKTOpP, HU pery-
JIMPYeMBIM IITATVBOM M/Isi IPOLO/DKNUTENbHOM (puKcanm
[leTeKTOpa OTHOCUTEIBHO Tejla HalMeHTa B XOfe HOCTa-
TOYHO IPOJO/DKUTENbHON Iepdysun. Vlcmonb3oBaHue
raMMa-KaMepsl, JjaKe IOPTaTMBHON, YCIOXKHSAET IpolLie-
LypY M3MepeHWIT I MHTEePIIPETALNIO NX Pe3y/IbTaToB, I10-
CKOJIbKY MH(OPMAIVs O IPOCTPAHCTBEHHOM pacIipefierie-
Huyu POII B BacKynsApu3oBaHHOM y4acTKe Te/a SABIAETCA
M30BITOUHON /151 0OecleyeHNs] HelPpephIBHOTO MOHMTO-
PUHIa TOMBKO BpeMeHHOro pacnpenenenus POIT va satom
ydactke. CrienManu3upoBaHHbIe PaMiOMETPbl CBOOOIHEI
OT 9TUX HEJIOCTATKOB, K TOMY e OHM, KaK IIPaBUJIO, CHab-
JKEHBI [IPOTPAMMHBIM ObecIiedeHneM Mjisi HelpepbIBHOI
perucTpanyuy HaKalauBaeMoOl OTHOCKUTENBHOM yTeYKI.
Bornee TOro, CyiecTByI0OT MHOTOQYHKI[MOHAIbHbIE Bapy-
aHTBI NMOJOOHBIX YCTAHOBOK, HANIPMMeEp, C OXHOBpEMEH-
HOII perucTpanyment He TOIbKO yTEYKN, HO ¥ TEMIIEPATYPBI,
CKOPOCTY KPOBOTOKA UM [aB/IeHUA KPOBM B M30/IMPOBaH-
HOIT KOHeYHoCTH [18].

K coxanenuio, B pacCMOTpPEHHBIX 3eCh paboTax MH-
TepIpeTaLUy Pe3yIbTATOB KOHTPOJA YTEUKU YHAETSIETCS
MaJI0 BHUMaHMs, KaK IPaBUIO, OTCYTCTBYIOT PasbsCHe-
HUS — YTO VIMEHHO aBTOPBI IOf[Pa3yMeBal0T IIOf] YTEIKOIN
(leakage), MHOrME (OPMY/IBI NpeNCTaBACHBl B HEUNTA-
eMOM BHJie, MHOT/A C OIIMOKaMM BIUIOTDH [JO HapyIIeHNUs
[paByIa COXpAaHeHNs pasMEPHOCTM BXOAAIINX B HUX Be-
nn4yH [8, 14, 15]. VI B HameM ciydae, Kak ObI/IO YKa3aHO
BBIIIE, B PafilOMETPUYECKOl YCTAHOBKE IIOYEMY-TO JLS
MHTepIpeTanyu ObUIa UCIIONb30BaHa HOPMY/Ia C TOYHO-
CTBIO MEHbIIIeil, 4eM 3TO OBITIO ObI BO3MOXKHO.

B paboTax 4mcTo KIMHMYECKOTO ITaHA METORMYe-
CKIE aCII€KThI O6I)I‘{H0 WUTHOPUPYIOTCA, a aITOPUTMbI NH-
TeprpeTaluy BooOIle He paccMaTpuBaIoTCs. [laxke Takoit
Ba)XHBIIT BOIIPOC O TOM, KaKyI0 YTEeUKY CIefyeT CUUTATh
KPUTUYECKOIL, 0ObIYHO He ob6cyxaaercs. [lo ymomuanuio
OOIBIIMHCTBO aBTOPOB IIOJIATAIOT TAKUM KPUTUYECKUM
ypoBHeM 10 %, XOTsI pyrue CYUTAIOT, 9TO A/Is epysun
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MesdasaHa IOpOT JO/DKEH COCTAaB/ATb 5 %, a [yid ¢akro- 3. V3 106 mpoBefeHHBIX IIPOLIEyp PerMOHAPHOII Iepdy-
pa Hekposa onyxomu TNF-a — He 6omee 1 % [8]. 31U B 4 CJTy4asix IOHAJ00MIOCh BMELIATeIbCTBO XUPYP-
TMYeCKOT OpUrambl st IPEeKPaIe sl WIN OCTabIeHst

BoiBopsI yTeuky papmodapmipernapara, 4eM Oblia IOSTBEpPK-

meHa kamHU4YecKas 3((eKTUBHOCTh pa3pabOTaHHOI
TEXHOIOTUM PafMOMETPUYECKOTO KOHTPOIA YTEUKU
XMMUOIpeIapaTta U3 M3OAMPOBAHHON KOHEYHOCTU B
CHCTeMHYIO TeMOL PKY/IALUIO.

4. JlydyeBasd Harpyska Ha OO/IBLHOTO 3a CYeT BHYTPEHHETO
o6myuenns cocrasisaet Bcero 200-400 Mx3B 6maropaps
OTMBIBKE BC€Jl BBEJEHHOM B KOHEYHOCTb aKTMBHOCTU
[0C/Ie OKOHYaHMsI epdysun, a CpefHsis rogoBast ag-
(exTMBHaA 032 PO eCcCUOHATBHOTO 00Ty4eHNs TIep-
COHaja He mpesbllraeT 1 M3B, 4YTO B 2-2,5 pa3a HIDKe
FOZOBOIT f03bI OO/IYUEHNS OT eCTECTBEHHOTO pajualiy-
OHHOTO (OHa.

1. TexHomorum pagMoMeTPUIECKOTO KOHTPONIA YTeUKM
XUMMOIIperiapaTa IpY PerMOHapHON Iepdysuym Xu-
PYPIUYeCKM M3O0NMPOBAHHON KOHEYHOCTY TIPUHIIN-
I1aJbHO TIPEBOCXOJAT BCE OCTa/JbHble TEXHOOTUU
KOHTpOJISl, He CBA3aHHBbIE C MCIIO/Ib30BAaHMEM Pajyo-
(apmIperniapaTos, 3a C4eT BO3MOXHOCTY BBIIIO/THEHS
HeTPepbIBHOTO MOHUTOPUHIA YTEYKM U, C/I€f[OBATENb-
HO, CBO€BPEMEHHOI0 IIPUHATUA Mep IO ee IpeKpalle-
HIO MU OC/Ia6TIEHNIO.

2. IlpemoxxeHHast B aHHOI paboTe TEXHOIOTUs pajyo-
MeTPUYECKOTO KOHTPOJIA C in Vivo MeYeHbIMU 3PUTPO-
LUTaMy 0oOecIeunBaeT ONEPAaTUBHOCTb UM HEOOXOMu-

. . Hna mutuposanua: Hapkesuy b.41., llupsies C.B., Jlarytuna J1.B.,
MYI0 TOYHOCTb KOHTPOJIA TEKYIEeN ¥ HaKaIlJIMBaeMOM

byipenox 10.B., Xaparmmsumm T.K., Iletpouenko H.C. Pammo-
YTEYKU, IMO3BOIAA pa60TaTb C MMHUMAJIbHO BO3MOXK- MeTpUYeCcKUil KOHTPO/Ib yTeYKY XMMMOIpenapaTa IIpy permoHap-

HOJl AKTMBHOCTBIO 9"TC HEIOCPEICTBEHHO B XUPYP- HOJI Tepdysum XMpyprudecky M30MMPOBAHHON KOHeuHocTH //
. . MenuiyHCKas pagyonorns 1 pafualionHast 6e30macHoCTb. 2019.
TMYECKOM OIlepalOHHON 6e3 HapylieHus YCTaHOB- T 64. Ne 4. C. 48-55.
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Leakage Radiometric Control of Chemical Drugs with Regional Perfusion of Surgical Isolated Limbs
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Abstract

Purpose: Modernization and evaluation of the clinical effectiveness of the technology of continuous radiometric monitoring
carried out during high-dose chemotherapy of a surgically isolated limb with tumor foci.

Material and methods: A modernized radiometric control technology for regional limb perfusion is proposed. It is based on
in vivo labeling of erythrocytes with %™Tc eluate followed by continuous monitoring of the activity of labeled erythrocytes as a
simulator of a chemotherapy drug over the heart region. Its distinctive features are intravenous injection of a pyrfotech slice after
giving inhalation anesthesia to ensure a sufficient level of red blood cell chelation, as well as using *™Tc activity less than its minimum
significant level, which allows working with an open source of ionizing radiation without violating the requirements of radiation
safety regulations.

Results: The developed technology was successfully used with 106 regional perfusion of the upper and lower extremities in
patients with melanoma or sarcoma of soft tissues. In 4 cases, according to the results of radiometric control, the intervention of the
surgical team was required to reduce the chemical preparation leakage that was occurring.

Conclusion: The technology upgraded by us is characterized by ease of implementation, the ability to take timely measures to
prevent or reduce the leakage of a chemotherapy drug from an isolated limb according to the results of continuous in vivo radiometric
monitoring of 2™Tc-labeled red blood cells over the heart, as well as low radiation load on the patient and staff.

Key words: high-dose chemotherapy, surgically isolated limb, regional perfusion, chemotherapy leaks, radiometric monitoring
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Abstract

Purpose: Investigation of the relative errors of absorbed dose measurement based on polymer films Gafchromic EBT3 for clinical
electron and photon beams of medical accelerators.

Material and methods: Polymer Gafchromic EBT3 films were calibrated using different radiation beams, namely photon and
electron beams of Elekta Axesse medical accelerator with beam energy equal to 10 MV and 10 MeV, correspondingly, and electron
beam of a betatron for intraoperative radiotherapy with beam energy equal to 6 MeV. The film pieces were irradiated by the uniform
dose field in the dose range from 0.5 to 40 Gy. The dose value was controlled by cylindrical ionization chamber on Elekta Axesse
accelerator and by the Markus parallel-plate ionization chamber on betatron. The irradiated films were scanned using Epson
Perfection V750 Pro flatbed scanner in 16 bit RGB color mode with 150 dpi resolution. The red and green channels were used for
further analysis. The central part of each film was used for calculation of average values of net optical density and its root-mean-
square. As a result, the calibration curves, i.e. dependence on the reference absorbed dose measured by ionization chamber on the net
optical density were constructed taking into account uncertainties of dose measurement and optical density measurement.

Results: The relative uncertainty for the dose measurement lies within 7 % for low doses (less than 1 Gy) and within 4 % for
higher doses. The green channel is less sensitive to the radiation, but its relative uncertainty values are in general 1-2 % lower than
the ones for the red channel. The use of different calibration sources results in different calibration curves with difference up to = 6 %
for the green channel.

Conclusion: The polymer Gafchromic EBT3 films can be used for absorbed dose measurement for the doses not less than 0.5 Gy.
For lower dose values the dose measurement uncertainty caused by statistical reasons amounts 15 %. For dose values of about 1 Gy
and higher the dose measurement uncertainty amounts 5 % that allows to use the films for transverse and longitudinal prescription
treatment dose distribution measurement with very high spatial resolution.

Key words: radiation therapy, Gafchromic EBT3 film, clinical dosimetry, medical accelerators, absorbed dose, uncertainties
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Introduction

Radiation therapy is widely used for treatment of
malignant tumors all over the world. The development
of radiation therapy is based on the development of dose
delivery techniques that include Intensity Modulated
Radiation Therapy and Volumetric Modulated Arc
Therapy. These techniques allow high-quality dose delivery
that results in possibility to carry out hypofractionated
radiation therapy. This fractionation type is effective
for example in the cases of prostate carcinomas [1] or
lung cancer [2]. IMRT and VMAT techniques are also
effective in the case of irradiation of brain [3] or liver
metastases [2]. Each dosimetric treatment plan which
use high gradient dose fields should be verified before
implementation and patient treatment. One of the widely
used ways to check the treatment plan quality is based
on the using of radiochromic polymer films that have
the best spatial resolution among all dosimeters used in
the medical physics. The typical spatial resolution of the
polymer films is about 0.1 mm. That is why radiochromic
dosimetric films are widely used in clinical dosimetry of
photon, electron and proton beams mainly for obtaining
of dose spatial distributions of a radiotherapy device.
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Such films are not exposed by the visible light that makes
them more reliable in routine operation. In 2011 third
generation of radiochromic film Gafchromic EBT3 was
presented. The film is a tissue-equivalent dosimeter with
the dose measurement range 0.1-20 Gy according to the
manufacture specification [4]. The film has low energy
dependence and could be used for dosimetry of both
electron and photon beams.

The main question that appears while operating
any dosimetric system is its measurement uncertainty.
According to the International Committee on Radiation
Units the clinical dose delivered to the patient should lie in
the range D*34¢ (D is the prescribed dose) resulting in the
demand to clinical dosimetry be more accurate than +5 %.
Measurement uncertainties of the main types of ionization
chambers (“golden standard”) could be found in the
international dosimetric protocols TRS-398 and TG-51
[5, 6]. For the ionization chambers the uncertainty values
lie in the range 1.5-3.6 % depending on the radiation type
and quality.

The possible sources of errors in the dose
measurement using Gafchromic EBT3 film were analyzed
by J. Sorriaux et al. [7]. In the cited reference the dose
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measurement uncertainty was estimated to be equal to
0.55 % neglecting the local inhomogeneity of the film. Up
to the best of our knowledge there were no investigations
of the dose measurement uncertainties caused by local
inhomogeneity (non-uniformity) of the dosimetric system
based on the Gafchromic EBT3 film. Investigation of the
previous generation of the film, Gafchromic EBT2, showed
that the film local inhomogeneity was equal to 3.7 %
while the uncertainty of the absorbed dose obtained using
calibration curve counted more than 6 % [8]. According to
the manufacture information the film uniformity is better
than 3 % in the dose range 0.1-10 Gy [4]. It was also stated
that for dose values more than 10 Gy the uncertainty may
increase.

In the clinical practice the films are used for
measurement of highly gradient transverse beam
distributions [9]. In this case it is hard to estimate the
value of dose measurement uncertainties caused by
random reasons that include both film non-uniformity
and statistical errors that appear in detector during
film scanning. However, the value of the possible
dose measurement uncertainties could be estimated
during irradiation of the film by the flat field during
film calibration routine. In this case one could rather
simply calculate the statistical uncertainty of the dose
measurement from calibration curve. In spite of the fact
that Gafchromic EBT3 film non-uniformity and scanner
statistical error could be calculated separately in our
opinion in clinical practice understanding of the whole
system is more reliable.

In this paper we present our investigation of the dose
measurement uncertainties of dosimetric system that
consisted of Gafchromic EBT3 film and Epson Perfection
V750 scanner. In our investigation we used three different
treatment beams, namely 10 MV photons (doses up to
40 Gy), 10 MeV and 6 MeV electrons (doses up to 30 Gy).
The investigation of the film response to the MeV electron
beam irradiation was carried out due to our interest to
intraoperative radiotherapy (IORT). The delivered dose
for this treatment modality amounts 10-22 Gy per single
fraction according to Ref. [10].

Material and methods

Gafchromic EBT3 film

Gafchromic EBT3 polymer films are widely used as
a reliable secondary dosimeter due to the facts that film
effective atomic number ( Z;ff = 6.84) is close to the
water one (Zeff" =7.3); the film is self-developing and
the spatial resolution lies in the sub-millimeter range while
using flatbed scanner [4, 11].

Interaction of the ionizing radiation with the film
results in the film darkening that could be expressed using

net optical density value:

PV, — PV,
NetOD = lOg before bckg
PVafter - PVbckg

(1)

where PV is the pixel value as read by the scanner, and
indexes before, after u bckg denotes film before irradiation,
after irradiation and scanner background caused mainly
by dark current [12]. The film darkening is caused by
polymerization of the monomers in it under irradiation
that defines the maximal achievable spatial resolution and
time that is needed for film processing.

The Gafchromic EBT3 film consists of a single active
layer with nominal thickness equal to 28 pum that is
situated between two protective polyester layers with
nominal thicknesses equal to 12 pm each. Thus, the third
generation of the film is insensitive to the film overturn
upside down during the scanning procedure according
o [13]. The film characteristics could vary from a batch
to a batch that should be taken into account. During
our experimental study we used the films with the batch
number Ne 04041202.

Calibration routine

Because of film non-uniformity each pixel could
darken to a different value during film irradiation.
Stochastic process during scanning procedure adds
uncertainty to each pixel value. It is hardly possible to
predict the exact value of this uncertainty during the
measurement of the dose spatial distribution of the
highly gradient field. However, it is still possible to
estimate the expected uncertainty value of the whole
system while irradiating the films by the uniform flat
fields. In our research we combined Gafchromic EBT3
calibration procedure that assumes the use of flat fields
with estimation of the measured dose uncertainty caused
by the film non-uniformity and scanner processes. In our
assumption such an approach could help a lot to have at
least a feeling of relative dose error expected during the
film irradiation by the arbitrary fields.

The film calibration procedure is needed to assign the
absorbed dose with the film net optical density. One should
be aware that each particular dosimetric system that
includes radiation source, radiation conditions, detectors,
scanner model could have different reply and in the
most of the cases should be calibrated as a whole system.
Change of any component may result in a necessity of new
calibration. In the case of the film dosimetry one could
use different color channels (red, green, blue) that usually
have different reaction to the irradiation. This is the basis
of multichannel dosimetry that is widely developed these
days [14]. However, in our work we used red and green
channels of the film separately for better understanding of
their difference that should be taken into account during
multichannel dosimetry.

Procedure of the film calibration can be divided
into two stages. At the first step the radiation source is
calibrated using the ionization chamber following the
routines described in protocols TRS-398 or TG-51 [5,
6]. At the second step the characterized radiation source
is used for irradiation of the film pieces that should be

57



Radiation Physics, Technology And Dosimetry

MenunimHcKas pagyuooryis U paguaryionHas 6e3onacHocTb. 2019. Tom 64. Ne 4

situated at the same conditions as the ionization chamber
before. One of the conditions of the film calibration
routine is its irradiation in the flat field that is at least
twice larger than the film size in order to avoid penumbra
influence. The fact that the film is irradiated by the flat
field allows combining film calibration and relative dose
uncertainty evaluation.

During our experiments we irradiated film pieces
5x5 cm? using the field size 10x10 cm?. The irradiated film
pieces were scanned in transmission regime 24 hours after
the irradiation in order to finish self-development process.
The scanning was carried out at 150 dpi resolution and
the color depth was chosen to be equal to 48-bit (16-bit
per color channel using RGB mode). Region of interest
(ROI) was used for obtaining of data for calibration
curve. Following Refs. [15-17] the ROI was chosen to
be equal to 1x1 cm? in the center of the field resulting in
approximately 3600 pixels that were used for calibration.
This ROI was also used for estimation of statistical
uncertainty of the measured pixel value.

Net optical density was obtained from averaged pixel
value (PV;) taken from the scanned film ROI basing on
Eq. (1). Knowledge of pixel value standard deviation (cpy,)
allows obtaining uncertainty of the net optical density
Onetop in the following form:

2
E 9pv; 2
ONetop = <a—> Ax? 2)
™ Xi

L
where x; are the variables in the Eq. (1) and Ax? are their

uncertainties.

Dependence of the absorbed dose on film net optical
density, namely the calibration curve could be described
by the following equation [12]:

D¢y = a X NetOD + b X (NetOD)" (3)

where a,b,n are the free fit parameters.
The uncertainty of the dose definition based on
calibration curve is given by the following equation [12]:

Opyy = [NetOD? x 62 + NetOD?" X of +

+ (b X NetOD™ x log NetOD)? X o +

+ (a+nxbxNetOD™" )2 x JI\Z,ewD]O'S 4)
where ¢, 5, and o, are the uncertainties of the fit param-
eters a,b,n respectively.

Algorithm of uncertainty calculation

The scanned data treatment program code was
developed using Wolfram Mathematica software [17].

The film calibration routine assumes irradiation of the
film pieces by the flat field. This fact allows us to estimate
the statistical changes in the film darkening due to random
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reasons both is the film and in the scanned image. The
following algorithm has been developed:

1. The starting point of the data treatment was the
scanned film pieces in the 48-bit TIFF format. In our
experiment each film piece was irradiated by the known
dose D,,rand scanned before irradiation and 24 hours after
the irradiation. Thus, the sets of values PV 4., PVjp ; at
each i-th pixel of the film within the whole film piece were
obtained. The values of PV}, and 6py,,, , were obtained at
advance from the scanning of the dark field (the scanner
lamp was closed by the opaque screen).

2. As the next step the ROI was defined. The average
pixel values and their uncertainties were calculated within
ROI resulting in average values PVafter and PViesore
, as well as their standard deviations O PV afier and O PV efore:
While calculating the standard deviations the points
within ROI where PV — 5apy < PV; < PV + 50p;, were not
taken into account in order to avoid standard deviation
overestimation due to artifacts. Such values were changed
by the mean value of two nearest pixels. The cleaning
procedure was iterative and two iterations were enough in
our case.

3. Basing on obtained pixel values the average NetOD
value and its standard deviation oy, were obtained.

4. Experimental calibration curve (dependence of D,
on NetOD) was fitted by Eq. (3), resulted in fit parameters
a,b,n and their uncertainties. The fit was based on the least
squares algorithm using Wolfram Mathematica built-
in function NonlinearModelFit based on Levenberg-
Marquardt algorithm.

5. The film pieces irradiated during the calibration
procedure were assumed to be irradiated by the unknown
dose Dy, Based on the film NetOD value and calibration
curve the dose of irradiation Dy, was calculated. Based on
the fit uncertainties obtained earlier and Gy,,p value the
dose uncertainty Opp, Was calculated using Eq. (4). The
relative dose uncertainty Opge | Dy Was the main point of
interest that described the expected error values caused by
combination of the local film inhomogeneity, stochastic
scanning processes and random reasons.

Source

R--

Solid state phantom :

=]

T

lonization chamber

EBT3 film/

Fig. 1. Film irradiation scheme used both at the Elekta Axesse
accelerator for electron and photon beams and at the betatron
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Experimental equipment

Experimental irradiation of the Gafchromic EBT3
films was carried out using 10 MV photon beam and
10 MeV electron beam of the Elekta Axesse accelerator
(Meshalkin ~ National —Medical Research  Center,
Novosibirsk, Russia) and 6 MeV electron beam of betatron
for IORT (Tomsk Polytechnic University, Tomsk, Russia).

Elekta Axesse irradiation procedure

The films were irradiated by 10 MV photon beam in
the dose range 0.5-40 Gy and by the 10 MeV electron
beam in the dose range 0.5-30 Gy. Fig. 1 shows the general
irradiation scheme used both at Elekta Axesse accelerator
for electron and photon beams and at IORT betatron.

The film pieces with sizes 5x5 cm? were irradiated in
the standard conditions: field size was equal to 10x10 cm?,
and Source-Axis Distance (SAD) amounted 100 cm.
The accelerator dose rate was equal to 460 + 50 MU/
min, resulting in 4.6 + 0.5 Gy/min. Each film piece was
irradiated perpendicular to the beam axis in the solid
state phantom MatriXX (Ser.No.13042, IBA Dosimetry,
Germany) [18].

Due to the fact that Elekta Axesse accelerator was
calibrated earlier with respect to dose depth distributions
the irradiation dose was controlled by internal dosimeter
(MU values). The reference dose was measured using
clinical dosimeter DOSE1 (DOSE-1) [19] and cylinder
ionization chamber Farmer FC65-P (S/N 2519).

The dose depth distribution maximum at 10 MV
photon beam was situated at d = 2.6 cm depth in the
solid phantom. For 10 MeV electron beam the same value
amounted d = 2.2 cm. The film pieces were situated at
these depths.

In order to obtain reference doses from ionization
chamber D, all routine procedures were carried out
according to TRS-398 and TG-51 protocols [5, 6]. For
the 10 MV photon beam the value %dd(10), = 73 %
and TPR,;,, = 0.738 resulting in k, = 0.985 both for
TG-51 and TRS-398 protocols. In the case of 10 MeV
electron beam the beam quality factor Ry, = 4.33 g/cm?
resulting in k{®7*%® = 0.898 according to TRS-398 [5]
and k(SG_Sl = 0.894 according to TG-51 [6]. Since the
difference is less than 0.5 % we decided to use the quality
factor value defined by TRS-398 protocol.

Betatron irradiation procedure

For the film irradiation 6 MeV betatron developed
at Tomsk Polytechnic University for IORT was used.
The calibration of the betatron was carried out using
UNIDOS-E dosimeter (PTW Freirburg, Germany) [20],
plane-parallel ionization chamber PTW 23343 Freirburg
Markus PTW Freirburg, Germany) [21] and solid state
phantom RW3 Slap Phantom T29672 [22]. Due to the
fact that the internal dose control unit had not been
developed up to the experiment, the irradiation dose was
controlled by irradiation time. At the first stage the dose

was measured by ionization chamber versus time and at
the second stage the films were irradiated during the same
time using the ionization chamber to control dose stability.
The irradiation scheme is shown in Fig. 1. The difference
was the presence of applicator with diameter 8 cm installed
between radiation output window and phantom surface.

The films were irradiated in the dose range 1-25 Gy.
The dose depth distribution maximum in the solid stated
phantom was situated at the depth d = 1.0 cm. The beam
quality factor Ry, = 2.2 g/cm? resulting in kGRST3% = 0.924
according to TRS-398 [5] and k5°°! = 0.941 according to
TG-51 [6]. Due to the significant difference in the values
we decided to use the mean value of k, quality factor
equal to k, = 0.933. Significant difference of the k,, values
obtained from the same dose depth curve using different
protocols is very interesting. However, investigation of this
fact is out of the scope of this paper.

Scanner

For the film scanning Epson Perfection V750 Pro
scanner was used [23]. The films were scanned at 150 dpi
resolution in 48-bit color mode. The scanner background
average values and their uncertainties amounted:
PVierg =570 £80, PV9, - = 630 + 81, PVig = 540 £ 66,
Indexes 1, g b define «red», «green» and «blue»,
respectively. Uncertainty values are given at confidence

interval p = 0.95.

Results

Photon beam of Elekta Axesse accelerator
During the film calibration at 10 MV photon beam of
Elekta Axesse accelerator the following calibration fitting
equations for red and green channels were obtained:
DJi¢(x) = (11.8 % 0.6) X x + (79 % 3.8) x x(63£03) -
quit(x) = (16.9 + 0.5) X x + (30 + 0.4) x x(2.7£0.07) )

0 0.2 0.4 0.6 0.8
40F p=o095 ) ' T ]
b
30F Z{
> =
0 e,
® 20F - 4
& _ .,r/
10f i
"*.-‘-* rrl_'*-r'r.‘ﬂ_
0'_‘__-_,_,-_"-'—'-*—-_-—
8 p=095 ) ' )
° s * =
O\:. oF " - ."‘ .".
& . s & & & *
Q# ak "
bQ'J; L L T - & . .
2k e .
ok . - —s — —
0 0.2 0.4 0.6 0.8

NetOD, dimensionless units

Fig. 2. Calibration dependences and fitting curves according to
Eq. (5) obtained at 10 MV photon beam of Elekta Axesse (upper
plot). Relative uncertainty of absorbed dose calculated from
calibration curves Eq. (5) (lower plot). Red dots - red channel,
green dots — green channel, lines - fit curves
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Fig. 2 shows the experimental calibration dependences
and calibration curves given by Eq. (5). The error bars in
dose values were assumed to be 2 % according to TRS-
398 [5]. Error bars in NetOD values were calculated at
confidence interval p = 0.95.

Fig. 2 and uncertainty values in Eq. (5) shows that
green channel better fits the experimental data.

Lower plot in Fig. 2 shows the dependence of relative
dose uncertainty on net optical density for both red and
green channels at confidence interval p = 0.95 that was
calculated using Eq. (4). In Fig. 2 one can see that the
values of relative dose uncertainty lie within 7 % level for
both channels. For red channel uncertainty varies in the
range 5-7 % for the whole range of NetOD values. For
green range the dose uncertainty decreases with increase
of NetOD values and lies within 5 % range for doses larger
than 1 Gy.

Electron beam of Elekta Axesse accelerator

During the film calibration at 10 MeV electron beam
of Elekta Axesse accelerator the following calibration
fitting equations for red and green channels were obtained:

Dfy(x) = (10.2 + 0.3) X x + (56 + 2) x x*#8£0.16)
D;?L.t(x) = (16.2 4+ 0.3) X x + (29 4 0.2) x x(246£0.05)

(6)

Fig. 3 shows the experimental calibration dependences
and calibration curves given by Eq. (6). The error bars in
dose values were assumed to be 2 % according to TRS-
398 [5]. Error bars in NetOD values were calculated at
confidence interval p = 0.95.

Lower plot in Fig. 3 shows the dependence of relative
dose uncertainty level on net optical density for both
red and green channels at confidence interval p = 0.95.
In Fig. 3 one can see that the values of relative dose

0 0.2 0.4 0.6 0.8
40F Tp-005 ' )
E N
= 30f e 1
s 20f et #/'"/ :
Q 1 ._J--"' -___‘_‘b-- ]
10 __.._-4""H_'___H_..-4"‘
Ofpmswmmte=—""" , k
8, p=095 ' ) 1
X 6f .
G‘i
S 4 L I T
d * L ™ - . ® -
© 2k ., I I R, 4
= & ...
0 L L " i L
0 0.2 0.4 0.6 0.8

NetOD, dimensionless units

Fig. 3. Calibration dependences and fitting curves according to
Eq. (6) obtained at 10 MeV electron beam of Elekta Axesse (upper
plot). Relative uncertainty of absorbed dose calculated from
calibration curves Eq. (6) (lower plot). Red dots - red channel,
green dots — green channel, lines - fit curves
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uncertainty lie within 7 % level for both channels. For red
channel uncertainty varies in the range 3.5-5 % for the
whole range of NetOD values. For green range the dose
uncertainty decreases with increase of NetOD values and
lies within 4 % range for doses larger than 1 Gy.

Electron beam of betatron

During the film calibration at 6 MeV electron beam of
betatron the following calibration fitting equations for red
and green channels were obtained:

DJi(x) = (10.3 £ 0.3) X x + (59.2  2.6) X x(+61£016) (
Dﬁu(x) = (16.5 4 0.5) X x + (34.2 + 0.7) x x(259£0.09)

Fig. 4 shows the experimental calibration dependences
and calibration curves given by Eq. (7). Error bars in
NetOD values were calculated at confidence interval
p=0.95.

Lower plot in Fig. 4 shows the dependence of relative
dose uncertainty level on net optical density for both
red and green channels at confidence interval p = 0.95.
In Fig. 4 one can see that the values of relative dose
uncertainty lie within 5.2 % level for both channels. For
red channel uncertainty varies in the range 3.5-5 % for
the whole range of NetOD values. For green range the dose
uncertainty decreases with increase of NetOD values and
lies within 4 % range for doses larger than 1 Gy.

Comparison of calibration curves

In order to compare film response to different kinds
of radiation the dependences of curves ratios were
plotted versus NetOD values. Fig. 5 shows comparison
of calibration curves obtained at electron (10 MeV) and
photon (10 MV) beams of Elekta Axesse accelerator taking
into account the uncertainties of calibration both for red
and green channels.
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Fig. 4. Calibration dependences and fitting curves according to
Eq. (7) obtained at 6 MeV electron beam of IORT betatron (upper
plot). Relative uncertainty of absorbed dose calculated from
calibration curves Eq. (7) (lower plot). Red dots - red channel,
green dots — green channel, lines - fit curves)
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Fig. 5. Ratio of calibration curves obtained at 10 MeV electron
beam and 10 MV photon beam of Elekta Axesse accelerator. Color
region show uncertainty region due to uncertainties of calibration

curves. Upper plot - red channel, lower plot — green channel

In Fig. 5 one can see that ratio of calibration curves for
the red channel lies in the range 0.86-1.06, and maximal
uncertainty value amounts +8 % in the range of net optical
density values NetOD = 0.6. Green channel coincidence is
better resulting in the ratio values 0.96-1.04 and maximal
uncertainty 4 % (NetOD =0.5).

Fig. 6 shows comparison of calibration curves
obtained at electron beams of Elekta Axesse accelerator
(10 MeV) and electron beam of betatron (6 MeV) taking
into account the uncertainties of calibration both for red
and green channels.

In Fig. 6 one can see that ratio of calibration curves
lies in the range 0.96-1.09 for the red channel, and in the
range 0.96-1.06 for the green one.

Discussion

Polymer radiochromic film Gafchromic EBT3 was
calibrated at electron and photon beams of two different
accelerators. The uncertainties of the absorbed dose
values calculated from the measured NetOD values using
calibration curves (Dj,) were obtained taking into account
statistical distribution of the measured PV within ROL

The results of film calibration both at electron
(10 MeV) and photon (10 MV) beams of Elekta Axesse
linear accelerator show that the film response to different
kinds of radiation is similar ie. there is no significant
difference between calibration curves for electron and
photon beams. Both calibration curves were fitted well
by the curve type, described by Eq. (3). The results of film
calibration at electron beams of different energy (10 MeV
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Fig. 6. Ratio of calibration curves obtained at 10 MeV electron
beam of Elekta Axesse accelerator and 6 MeV electron beam of
IORT betatron. Color region show uncertainty region due to
uncertainties of calibration curves. Upper plot - red channel, lower
plot — green channel

and 6 MeV) show that the film response to different
particle energy is similar ie. there is no significant
difference between calibration curves.

In comparison with results of Gafchromic EBT2 film
obtained in Ref. [8] our results show that Gafchromic
EBT3 film dose measurement uncertainties are less than
Gafchromic EBT2 ones being within 5 %. Obtained
uncertainties of unknown dose measurement show
that film green channel is better while irradiating films
to the dose values higher that 1 Gy due to the fact that
uncertainty values lie within 4 % range (at p = 0.95). Such
uncertainty level allows to use the film for absolute dose
measurement. In our opinion the difference between red
and green channels should be taken into account while
using film multichannel dosimetry.

If one irradiates a film by the dose equal to
1 Gy the following uncertainties values could be
obtained. Uncertainties caused by fitting curve error:

ADP"= 45 o, ADE" = 43 9% ADE = +32 %,
ADE' = +1.8 %. If one additionally takes into account
distribution within ROI the
uncertainty values could be obtained:ADF" = + 5.5 %,
ADY" = +4.5 %, ADZ = +3.7 %, ADS' = + 3.2 %. Such high
level of local inhomogeneity uncertainty does not allow

statistical following

measuring absorbed doses less than 10 c¢Gy (uncertainty
amounts 15 %). Uncertainty values for the doses larger
than 20 Gy lie within 5 % that extends manufacturer
information.
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Conclusion

The polymer Gafchromic EBT3 films could be used
for absorbed dose measurement for the doses not less
than 0.5 Gy. For lower dose values the dose measurement
uncertainty caused by statistical reasons amounts 15 %.
For dose values of about 1 Gy and higher the dose
measurement uncertainty amounts 5 % that allows to
use the films for transverse and longitudinal prescription
treatment dose distribution measurement with very high
spatial resolution.
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Llenp: Viccnemobarh BeTMYMHBI OTHOCUTENIBHBIX HEONPENENTEHHOCTEN B U3MEPEHMUM TIOIIOUIEHHOM I03bI C IIOMOLIBIO Pajilio-
XPOMHBIX TTo/MMepHBIX IeHok Gafchromic EBT3 mist KIMHIYECKUX SMeKTPOHHBIX U (POTOHHBIX ITYYKOB MEAUIIMHCKUX YCKOPUTe-
ne.

Marepuan u metonst: I[Tommmepusie wieHku Gafchromic EBT3 xann6posanuck Ha pOTOHHOM ¥ 37IeKTPOHHOM ITYYKaxX Mefy-
nuHckoro yckopurters Elekta Axesse ¢ sHeprueit 10 MB u 10 MaB cooTBeTcTBEHHO, @ TaK)XKe Ha 9/IEKTPOHHOM IIy4Ke OeTaTpoHa /I
MHTPAOIIePaLIOHHOI Ty4eBOIl Tepamny ¢ sHepruelt my4uka 6 MaB. [I1eHkn 06/1y4anuch B OfHOPOFHOM JO3HOM IIOJIe B JMalla3oHe
ro3 ot 0,5 0 40 Ip. BetmunHa OITIONEHHO KO3BI B IIPOLiecce KaMOPOBKM KOHTPOIMPOBAIACH LVIMHAPUIECKOI MOHU3ALVIOHHOI
KaMepoii Ha iHeitHoM yckopurerne Elekta Axesse 1 ¢ mOMOLIBIO ITIOCKOIIApaJUIe/IbHON MOHM3ALMOHHOI KaMepbl Tuia Markus Ha
6erarpone. O6Ty4eHHbIe IVIEHKM CKaHMPOBA/IMCh C TOMOIIIbIO IVIAHLIeTHOTO ckaHepa Epson Perfection V750 Pro ¢ rmy6uHoit 1iBe-
Ta 16 6uT Ha KaHan (1BeToBasg Mofienb RGB) mpy mpocTpaHcTBeHHOM paspenteHun 150 Toyek Ha mioiim (dpi). [Jnsa manbHeiiero
aHa/IM3a MICIIONIb30BA/INCh TONbKO KPACHBII M 3€/IEHDIN 1JBETOBbIE KaHa/bl. JI1a pacyeTa cpefHell BeIMYMHbBI YMCTON ONTIYECKON
IVIOTHOCTY U €€ CPeJHEKBAJlpaTMYHOIO OTKIOHEHMS MCCTEI0BAACh LeHTPalbHAA YaCTh KaXK/I0il U3 IUIeHOK. IIpu moctpoenun
Ka/IM6pOBOYHOI KPUBOII IVIEHKIA, T.€. 3aBUCUMOCTI pedepeHCHOI HOITIOLIEHHO J03bI, 3MEePEHHOI MOHN3ALMOHHOI KaMepOoli, OT
YVICTOV ONITUYECKOI IITIOTHOCTH, CTIONb30BA/IVICh HEOIIPENETIEHHOCTY M3MEPEHHOI TO3bI ¥ ONITUYECKOM IIJIOTHOCTH.

PesynpraTpl: OTHOCKTENIbHAA HEONPEIEIEHHOCTh MI3MEPEHHON € IIOMOLIbIO IIJIEHKM [03blI IEKUT B TIpefienax 7 % 1A HU3KUX
3HaYeHMit 03 (MeHee 1 Ip) u B penenax 4 % my1s BICOKUX 3HaUYEHMUIT 103. 3e/IeHblil KaHaJl IIBETHOCTU OKa3aJICs MeHee YyBCTBUTEIb-
HBIM K MOHM3UPYIOLIEMY U3/Ty4YEHMIO, OJHAKO BENMYMHA OTHOCUTE/IbHOI HEONIPEeeTIEeHHOCT 0Ka3a/loCch B cpefHeM Ha 1-2 % Hipke,
YeM Y KPacHOro KaHasa. VICIo/b30BaHMe PasHbIX MCTOYHMKOB M3IyYeHNs I KaMOPOBKM PUBE/IO K Pa3HBIM Ka/lIMOPOBOYHBIM
KPMBBIM C pasHuIei 1o + 6 % (I/1s 3e7IeHOro KaHasa).

3akmodenue: [TomimepHble mnenkn Gafchromic EBT3 MoryT ObITb MCIIONIB30BAHBI 1A M3MEPEHMs 3HAYEHMIT TIOI/IOIEHHO
nosbl He Meree 0,5 Ip. s 60mee HU3KMUX 3HAYEHUIT O3Bl HEONPee/IeHHOCTh M3MePEeHHbBIX 3HAUeHNIT, 00yC/IOB/IeHHAS CTATUCTH-
4eCKMMM IPUYMHAMM, COCTaBAeT 6omee 15 %. [Ipu sHaueHUAX Bo3bl opsfka 1 Ip u 6osee, HeoIpeneIeHHOCTb U3MePEHNIT JO3bI
cocraByseT 5 %, 4TO IO3BOMAET VICIIOIb30BaTh IJIEHKY /ISl U3MEPEHNA IIOIIEPEYHOTO ¥ IIPOJIONIbHOTO PacIpefie/eHNs NO3bl C 04€Hb
BBICOKMM IIPOCTPAHCTBEHHBIM PaspeIleHMEM.

KiroueBsie cnoBa: nyuesass mepanus, nnenku Gafchromic EBT3, knunuueckas 003umempusi, MeOUUHCKUE YCKOPUMENU, noeio-
wieHHas 003d, HeonpeoeneHHoCmu
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The review examines the general principles of capacitive electromagnetic hyperthermia (EMHT), the distribution of
electromagnetic energy in various experimental models and in patients’ tumors, the design features of applicators from various
capacitive hyperthermic systems and their role in achieving hyperthermic mode in tumors of deep localization. In classical capacitive
EMHT, the main obstacle in achieving the required temperature in such tumors is overheating of the subcutaneous fatty tissue
under the electrodes. For some capacitive hyperthermic systems, the heating of adipose tissues is enhanced due to the fact that the
applicator design does not conform to certain technical requirements. In capacitive EMHT at frequencies of 8-13.56 MHz, obtaining

the minimum hyperthermic mode is possible with output powers of 500-800 W, maximum - 1000-1200 W and above.
The results of the use of various hyperthermic capacitive systems in patients with malignant tumors of internal organs are

analyzed.
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Abbreviations

HT - hyperthermia

RT - radiation therapy

LRHT - loco-regional HT

CT - chemotherapy

CRT - chemoradiotherapy
EMHT - electromagnetic HT
SAR - specific absorption rate
EM - electromagnetic

SCF - subcutaneous fat
RFHT - radiofrequency HT

Introduction

Experimental and clinical studies have shown that
loco-regional hyperthermia (LRHT) at temperatures of
40-46 °C is a powerful adjuvant of radio- (RT), chemo-
(CT) and chemoradiotherapy (CRT). This is explained
by the variety of its biological actions: direct cell kill,
radio-, chemo- and immunomodulation, as well as
suppressing the development of drug resistance of tumor
cells [1-17]. In most studies, the dependence of the
results of hyperthermia (HT) on the temperature level
and the duration of heating, i.e. on the heat dose, has been
demonstrated [8, 18-23]. For LRHT, electromagnetic field
(EMF) in the microwave and radio frequency range is
mainly used. With EMHT, the intensity of heat generation
and the temperature distribution depends on the dielectric
and thermodynamic properties of the tissues, the blood
perfusion, and the method of heating. Therefore, there is
a variation in temperature in the heated volume of tissue
and it may change during the HT session. Thermometry
is mainly carried out by invasive methods, by introduction
of thermal sensors into the tumor. In clinical conditions
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however, this method of thermometry does not allow
the evaluation of the quality of treatment very well, since
the number of thermometry sensors introduced into the
tumor is limited, and temperature indicators are largely
dependent on their location.

The quality of EMHT depends on the degree of
temperature rise in the entire heated volume and the
temperature distribution in the tumor. The most recent
European Society for Hyperthermic Oncology (ESHO)
guidelines for deep LRHT prescribe a temperature increase
of preferably 1 °C per 5 min heating, ranging from 0.6 to
2.0 °C. In the calculated SAR (specific absorption rate)
distribution, the ratio between the average SAR in the
target and the average SAR in non-target should be at least
1.5, and the maximum SAR in 0.1 % of the total volume of
normal tissue (hot spot) not larger than 4 times the SAR in
the target [24]. With an excessive accumulation of energy
in certain parts of normal tissues, so-called hot spots are
formed. In this case, patients subjectively feel a burning
sensation and pain under the applicators, which do not
allow a further increase in output power, respectively,
temperature in the tumor [25].

In hyperthermic oncology, tumors, according to the
depth of location, are divided into 3 types: superficial
(up to 3 cm in depth), subsurface (up to 3-6 cm deep)
and deep (more than 6 cm) [26]. HT of superficial
tumors is mainly carried out with the help of installations
generating microwave radiation (434-915 MHz), and the
required temperature level is achieved without special
difficulties. While the creation of a hyperthermal regime
in subsurface and deep tumors, especially internal organs,
is problematic. For these purposes, radiofrequency HT
(RFHT) is used and the energy is supplied to the target
in two ways: multi-phase irradiation and capacitive. In
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multi-phase irradiation heating, the effect of RF radiation
(70-120 MHz) on the tumor is carried out using 4-8
synchronously operating antennas. They are enclosed in a
frame in the form of a ring or ellipse, placed around the
treated area of the patient’s body. To achieve maximum
energy in the target, the phase and output power are
adjusted for each antenna separately. In capacitive heating,
an alternating EM power (8-40.68 MHz) is created
between two or three electrodes opposite each other or at
an angle.

This review analyzes the possibilities of heating deep
seated tumors using the capacitive RFHT method of
various hyperthermia systems.

Capacitive hyperthermic systems

In clinical practice, mainly 2-electrode capacitive
HT devices are used. There are 3-electrode, as well
as coplanar types, that is, 2 multipolar annular or flat
electrodes located in one plane [27, 28]. However, these
did not find application in the clinic. In recent years, there
was a 2-channel, 4-electrode installation on which only
experimental studies were started [29]. In all capacitive
hyperthermic systems, the electrode device has a similar
construction: on its working surface there is an insert filled
with circulating fluid with a high dielectric constant. The
side of the insert adjacent to the patient’s body is covered
with an elastic membrane, which allows you to effectively
cool and level the body irregularities in the heating zone.
The electrode and the insert form the applicator as a
whole. Sometimes, in order to better fill the space between
of the applicator and the patient’s body, additional bags
(boluses) with water are used.

Currently there are 5 capacitive systems that are
commercially available internationally: Synchrotherm
(13.56 MHz), Andromedic (13.56 MHz), Oncothermia
EHY-2000 (13.56 MHz), Thermotron RF-8 (8 MHz) and
Celsius TCS (13.56 MHz). The remaining systems relate to
experimental installations, or concern devices for which
further information is not available (in particular, systems
produced in China).

The Synchrotherm RF (13.56 MHz) and Andromedic
(13.56 MHz) devices were designed in Italy and are
rather similar. They are equipped with 2-3 pairs of round
applicators of different diameters. Heating is carried
out by the classical capacitive method. The maximum
output power is 600 watts. The water temperature in the
applicators can be adjusted from 6 °C to 20 °C. These
installations have four major drawbacks. The first - is that
the electrodes are made of a bending material, the second -
is that during the HT session, the pair of electrodes are not
fixed rigidly relative to each other. This design can create
an unstable and unparallel placement of the electrodes
on the patients body, and thereby an uncontrolled
distribution of the EM field, which may result in the
development of burns on the skin, and/or underheating

of the tumor. Thirdly, the applicators are attached to the
patient’s body using a bandage that interferes with visual
monitoring of the water level in them. Fourth, the bolus
is as large as the electrode and thus a pronounced edge
effect is present. In the available literature, we did not find
data on tissue temperatures achieved with these systems,
nor on results in cancer patients (to our knowledge, these
installations are no longer being made).

The Oncothermia system was developed in Hungary
and operates at 13.56 MHz. The system which has been
installed most (EHY-2000) has a maximum output power
of 150 W, other systems have a maximum power output
of 250 W (EHY 2030) or 600 W (EHY 3010). Oncotherm
systems have an active applicator with a diameter that
range from 10 to 30 cm and a second passive applicator
which is a large plate covering the entire upper surface
of the couch, fixed and grounded. With such a large
difference in the size of the electrodes, the energy is
concentrated in the superficial tissues under the small
electrode. The thickness of the applicator membrane is
about 1.5 mm. Due to the large thickness of the membrane
of the applicator, when water is circulated under pressure,
during the HT procedure, a convex surface is created and
thus the possibility of its close contact with the patient’s
body is excluded. Temperature control on this unit is not
provided.

Celsius TCS (13.56 MHz), hereinafter Celsius, was
developed in the Federal Republic of Germany and
appeared on the medical equipment market in 2006. The
unit has a maximum output power of 600 watts. Of the
pair of electrodes, the upper one moves with the help of
the bracket in horizontal and vertical directions, the lower
one - only horizontally by manually moving it from one
connector to the other. Thus, the electrodes in relation
to the patient can be placed only vertically, a horizontal
arrangement is not provided. To control the temperature,
fiber-optic flexible thermal sensors are attached to the
installation. The main disadvantage is also the high density
of the applicator membrane, which has a thickness of about
1.5 mm. Therefore, during treatment under the pressure of
circulating water, the membrane of the applicator acquires
a convex shape and thereby reduces the area of contact of
the applicator with the patients body. This significantly
impairs the main function of the bolus: smoothing out
body irregularities and cooling the skin.

Thermotron RF-8 (8 MHz) was developed in Japan
in the early 1980s. The unit has a maximum output power
of 1500 W and is equipped with 6 pairs of applicator
electrodes with a diameter of from 70 to 300 mm. A pair
of applicators are enclosed in a 360-degree gantry frame
and their displacement relative to the patient occurs
synchronously in a circle in one plane. Temperature
control is carried out by flexible or needle 1-4 element
thermoresistance sensors. The membrane of the applicator
has a thickness of about 0.7-0.8 mm. The temperature of
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the circulating fluid in the applicator can be reduced to
5°C.

The Cancermia system (8 MHz) was developed in
South Korea and is mainly used for scientific purposes
within the country, and there is no detailed information
about its technical characteristics available.

The hyperthermic complexes Superterm EP-
40 (40.68 MHz) and Extraterm (40.68 MHz), with a
maximum output power of 600 W, was developed in
Russia and from 1995 to 2017 was used for scientific
purposes at the A.E. Tsyb MRRC. Devices were equipped
with applicators of different sizes and shapes (round,
rectangular) in the amount of up to 10 pairs on the
installation Superterm EP-40, 6 pairs on the installation
Extraterm. The applicators met the basic technical
requirements: their membranes were made of latex rubber
0.6-0.8 mm thick, the side walls had the shape of a bellows
(with corrugated ribs) and covered the electrode area by
1-3 cm.

General principles of capacitive HT and EM
energy distribution in modeling or phantom
measurements

The advantages of capacitive RFHT are mainly
associated with the simplicity of the equipment and the
heating procedure. The disadvantage is the overheating of
the SCF under the electrodes due to the perpendicularly
directed vector of the electric field on the surface of the
body [30]. To reduce overheating of the acids, the salt water
(0.4-1.0 %) with a temperature of 5-10 °C circulates in the
applicator. With larger sizes of the applicator, compared
with electrodes, it is possible to avoid overheating of
the skin and along the edges of the electrodes, that
is, to minimize the so-called edge effect. The cooling
efficiency depends on a number of circumstances: the
temperature of the circulating fluid in the applicators,
the duration of the cooling before the HT procedure, the
thickness of the SCE. Therefore, it is recommended to start
cooling down 20-30 min before the beginning of HT with
a thickness of SCF not more than 2 cm [30-35]. In model
calculations and experiments on pigs, Kato H. et al. [34]
the cooling effect was observed when the SCF thickness
was up to 1.6 cm. According to Brezovich I.A. [30], with
the thickness of SCF more than 1 c¢m, even preliminary
cooling cannot bring about the desired result.

The dependence of the efficiency of cooling of the fat
tissue is shown in fig. 1 [35].

From fig. 1 it follows that with pre-cooling the surface
of the body of patients with water at 10 °C for 20 min,
the temperature in the SCF decreases by approximately
3 °C when the thickness is 2-2.5 cm, by 5 °C when the
thickness is 1.5 cm, and by 7.5 °C when the thickness is
0.5-1 cm. Thus, the largest effect of pre-cooling the SCF is
seen at a thickness of less than 1 cm.
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Fig. 1. The degree of cooling SCF with water at 10 °C, depending

on its thickness

It should be borne in mind that the bolus can not
always fill the space between the patient’s skin and the
electrode. When even small gaps appear between the
applicator and the patient’s body, SAR sharply increases on
the skin of these areas [36]. To avoid such gaps, Brezovich
I.A. et al. [31] recommends that the membrane material
should be elastic and have an electrical conductivity, a
thickness of 0.1 mm, and recommends further that the
bolus should be circulated with 0.4 % saline solutions.

The distribution of absorbed EM power and the
resulting temperature in the volume heated with a
capacitive technique is determined, apart from the
dielectric properties of the tissues and shape and dimension
of the body, by the size of the electrodes, the distance
between them and their location relative to each other [26,
31, 37, 38].

Of the capacitive hyperthermic systems, the most in-
depth studies on the distribution of EMF in models and
phantoms were carried out using the Thermotron RF8 [26,
34, 37-39] and a few on Celsius [40, 41].

In fig. 2, shows the temperature distribution at RFHT
on the Thermotron RF-8 device in a phantom of different
volumes depending on the size of the electrodes [38]. The
skin surface was cooled with water at a temperature of
20 °C.

As can be seen in fig. 2, with identical electrode
diameters, which are commensurate with the thickness of
the object being heated, considerable part of the energy
reaches the deepest parts in a homogeneous volume.
If the diameters of both electrodes are less than the
thickness of the object, then heating occurs mainly under
the electrodes. In case of using electrodes of different
diameters, heating will predominantly take place under
the smaller electrode. In this case, the larger the difference
in electrode size is the more intense the heating will be
under the small electrode, and in the center of the target
less heat will be generated or it may be completely absent.
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Fig. 2. Temperature distribution in phantom heated with the device Thermotron RF-8. The phantom thickness on the top row is 20 cm, on
the bottom one 15 cm. The sizes of the applicators and the temperature levels, for different heating conditions, are given in the figures. The
shaded areas under the applicators are hot zones

In other model experiments and on phantoms
imitating the human body, for various hyperthermic
systems, the distribution of SAR and temperatures in the
pelvic organs and tumors was also studied [40, 41]. In the
work of Frija E., Cavagnaro M. [40], the phantom was
heterogeneous (skin, SCE, muscles) and had a cylindrical
shape 85 cm high with the base in the form of an ellipse
with semi-axes of 12 and 18 cm. The calculation was
carried out for the capacitive system Celsius TCS and
the radiative systems BSD-2000 and ALBA-4D, all with
an output power of 500 W. SAR was calculated for the
small pelvis, SCF, bladder and cervix. The conditions for
calculating SAR were as follows: when the bladder was the
target, the diameter of the ventral applicator was 15 cm
and that of the dorsal applicator 25 cm, when the cervix
was the target both applicators were 25 cm.

In fig. 3 and 4 show the distribution of SAR in
phantoms with SCF thickness of 1 cm ventrally and 2 cm
dorsally.

Calculations showed that the maximum SAR to se
Celsius TCS in the bladder was 46.1 W/kg, and in the
cervix 10.3 W/kg. The maximum SAR in the SCF under
the 15 cm diameter applicator was 2038.9 W/kg, and
under the 25 cm applicator it was 588.1 W/ g. Thus, the
maximum value of SAR in the SCF is 44 times higher than
in the bladder and 57 times than in the cervix. Such high
energy levels will result in a burning sensation, and require
a decrease of radiated power or, otherwise, significantly
increases the risk of burns in the SCF which significantly
limits the use of this device for HT tumors of internal
organs. For radiative systems this ratio was much lower:

0.5 and 1.1 for he BSD-2000 system and 1.0 and 2.7 for the
ALBA-4D system, respectively, allowing a higher energy
levels in the umors of these organs.

Beck M. et al. [41] studied the SAR distribution
achieved with the Celsius TCS in homogeneous phantoms
of 10 and 14 cm thickness. The applied power was 100 W
and both electrodes had a diameter of 25 cm. The results
showed a sharp decrease in UPM in depth, a decrease
by 50 % took place already at a depth of about 3 cm, by
75 % — by 5 cm. Since there is a between the SAR and the
temperature, a the same sharp decrease in the level of
heating in the depth of the fabric.

It should be noted that in studies of Frija E.,
Cavagnaro M. [40] and Beck M. et al. [41] do not take
into account the heat carryover by the bloodstream,
which during moderate HT rises in patients with tumors
and prevents the rise in temperature. In addition, in their
work did not take into account the fact that the applicators
on the Celsius TCS unit in clinical conditions does not
completely adhere to the heated surface, which further
increases the temperature gradient along the depth.

Kok H.P. et al. [42] performed calculations of the
distribution of the EM field for the irradiation (70 MHz)
and capacitive systems, in frequency similar to Celsius
TCS (13.6 MHz), in heterogeneous phantoms, imitating
human pelvis, without SCF or with its thickness of 1 and
2 cm. The SAR was calculated for conditional tumors
located in the center of the phantom (cancer of the cervix
and prostate gland) and eccentric (cancer of the bladder
and rectum). In addition, the calculations were also
carried out for modeled patients with cancer of the pelvic
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Fig. 3. Distribution of EM energy in the phantom simulating the pelvis with the uterine cervix, when heated with the Celsius TCS.
1 - applicators, 2 - cervix

Fig. 4. Distribution of EM energy in the phantom simulating the pelvis with the bladder, when heated with the Celsius TCS.
1 - applicators, 2 -bladder

organs, with various types of bolus filling and skin cooling.
The authors showed that with capacitive heating, any fat
layer reduces the energy transmitted in depth.

Only the lack of fat in patients allows to reach
temperatures above 40 °C in the selected target located.
Calculations on patient models showed that the T90 (the
temperature level reached in at least 90 % of the target) is
approximately 37.3 °C in cervical and prostate cancer, 38—
38.3 °C in bladder, and 37.5-38 °C in rectal cancer.

Results of experimental and clinical research on
capacitive hyperthermic systems

HTM3000P (13.56 MHz) system. Testing of this
system was conducted in Dutch in 11 patients with
recurrent rectal and sigmoid carcinoma. From 496
measurements of the temperature in the tumor in 288
(58 %), it was below 40 °C. The mean thickness of the
SCF in the anterior abdominal wall was 1.5 = 0.3 cm
(1-2.7 cm), in the dorsal region it was 2.1 + 0.7 cm (1.2-
3.1 cm). The skin was pre-cooled with water circulating
in the bolus at 5-10 °C for 30 min. RFHT was carried out
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using large electrodes (300 cm?) in various set-ups at an
average output power of 700 W (maximum power of the
unit was 1400 W). Heating with a higher output power was
limited due to patients’ complaints of burning sensations
and pain under the applicators due to overheating of the
SCE. The temperature at the border of the SCF-muscle was
above 44 °C [33].

Superterm EP-40 (40.68 MHz), Extraterm
(40.68 MHz). Clinical studies on these installations have
also shown that, with the thickness of SCF more than
1,5-2,0 cm, it is practically impossible to reach therapeutic
temperatures in tumors of internal organs. With a smaller
thickness of SCE, it is possible in malignant neoplasms of
the lung, liver and rectum, as well as soft tissue sarcomas
and osteogenic sarcomas with deep localization [43].

Cancermia GHT-RF8 (8 MHz). Experimental and
clinical studies on this setup are rare [44, 45]. Seong J. et
al. [44] LRHT performed 84 patients with unresectable
primary liver cancer on this unit. HT with a duration of
30-60 min was carried out for 30 min after the remote RT
(TD 30.6 Gy / 3.5 weeks). The maximum, minimum and
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average temperatures in the tumor were 41.9 £ 1.3 °C,
39.9 £ 1.0 °Cand 40.8 £ 0.9 °C, respectively. During
treatment, 51.2 % of patients felt pain in the area of
heating and as a result, 13.1 % developed SCF necrosis.
The results of the treatment, evaluated in 67 patients,
showed that in 27 (40 %) tumors regressed by more than
50 %, including 2 with a full response. Symptomatic
improvement was observed in 78.6 % of patients. Acute
toxicity in the form of pain was observed in 51.2 % of
patients, and necrosis of the SCF in 13.1 %. The actuarial
1, 2 and 3-year survival rates were 44.8 %, 19.7 %, 15.6 %,
respectively. The median survival was 6 months. Kim S-W.
et al. [45] compared the effectiveness of neoadjuvant CRT
and termochemoradiotherapy (TCRT) in patients with
locally advanced rectal cancer. In the group of patients
with TCRT, compared with CRT, there was a tendency to
a decrease in the stage of the disease (p = 0.060) and an
increase in the frequency of the pathological complete
tumor response (p = 0.064). Overall survival was
significantly higher (p = 0.014) in the study group.

Oncothermia (13.56 MHz). Lee S-Y. et al. [46] report
temperatures during treatment of 20 patients with cervical
cancer (FIGO stage IIb-IVb). Patients were treated during
60 min, with a 30 cm diameter electrode at power levels of
80 W for10 min, 120 W for10 min and 150 W for 40 min.
The temperature in the lumen of the cervix had increased
from 36.7 + 0.2 to 37.5 = 0.5 °C after 30 min from start of
treatment, and to 38.5 + 0.8 °C at the end of the session.

One of the authors (Kurpeshev O.K.) has observed
a treatment with the Oncotherm device in one of the
oncological centers of Russia, in a patient with cervical
cancer [8]. The patient was frail physique with a height
of 164 cm and weight of 50 kg. The anterior-posterior
diameter in the pelvic region was 13 cm, and the
thickness of the SCF in the anterior abdominal wall was
0,9 cm. Thermometry was performed using an alcohol
thermometer and fiber optic sensors. The pelvic region
was treated by using an active electrode of 30 cm in
diameter. The exposure was started with 60 W, and power
was stepwise increased to 110 W within the next 60 min
and continued with the same power level until the end of
treatment of total 90 min. A further increase in power was
impossible, because of a strong burning sensation in the
skin under the active electrode. At the end of the session,
the temperature in the rectum was 37.2 °C, in the vagina
37.1 °C, and in the urethra 36.9 °C.

The data suggests that on the Onkoterm facility, in
tumors of deep localization, it is not possible to create a
hyperthermic regime in a classical sense. Moreover, the
developers of the method themselves, in the description
of this technology approved by the ministry of Health of
Russia [47] also point out the absence of a hyperthermic
regime in the tumor. On page 5, they write: “... in the
theory of oncothermia (this is the name of the treatment

named after the device - authors’ notes), the static /
hyperthermic phase is perceived as undesirable”. But,
further they write: “.. the temperature during oncothermia
is responsible for less than a quarter of the total efficiency
of the method, while the rest % provide non-thermal
factors (field, electrodynamic)”. We can agree with the
authors’ statements about the minimal contribution of HT
to the therapeutic effect; moreover, we believe that at such
temperatures that are achieved at this facility in tumors of
the internal organs, it can be completely absent.

Celsius TCS. During the existence of this facility on
the market of medical devices (over 12 years), full-fledged
thermometric studies in the clinic have not been carried
out. The failure of achieving therapeutic temperatures in
a patient with rectal cancer treated with this device was
observed by one of the authors (Kurpeshev O.K.) in one of
the oncological clinics in Russia [8]. The anterior-posterior
size of the patient in the pelvic region was 13.5 cm, the
thickness of the SCF in this region was maximum 1,2 cm.
RFHT was applied to the pelvic region, during 60 min
with a pair of electrodes of diameter of 25 cm each. The
temperature was monitored intrarectally using an alcohol
thermometer with a 0,5 cm reservoir in close contact to
the tumor. The heating was started with an output power
of 50-60 W and for 40 min it was brought up to 130 W,
for 50 min - up to 150 W. A further increase in power was
not possible due to the appearance of a strong burning
sensation on the skin under the applicators. Peritumoral
temperature on the 40th minute of heating was 38 °C, and
at the end of the session (60 min) - 38.5 °C.

Experiments on pigs also have shown the problem
of heating at depth with this device Noh J.M. et al. [48].
Pigs weighing 40 kg were treated under general anesthesia.
During one day the animals were exposed to 6 treatment
sessions of 60 min, at intervals of 30 min. Despite the
decrease in blood flow in the liver and thereby decrease
in heat removal, due to general anesthesia, the maximum
temperature increase of 2.7 °C took place only at the end
of the sixth session when the power input had increased
to 200 W. Thus, even in this experiment on a low-weighted
and anesthesized pig, it was not possible to obtain
therapeutic temperature.

In the absence of clinical research, the developers of
Celsius TCS recommend using specific schemes of power
increase for clinical applications. The treatment involves
10 sessions of HT for 60 min, with a gradual increase in
the radiation power during the procedure. In particular,
in the treatment of patients with liver tumors in the 1st
session, treatment begins with 40 W and ends at 100 W.
In each subsequent session, the output power is increased
by 10-20 W. At the 10th session, treatment begins with
100 W and for 50 min increases to 170 W, then for 10 min,
if the patient’s condition allows, it is allowed to rise to

69



Review

MenunimHcKas pagyuooryis U paguaryionHas 6e3onacHocTb. 2019. Tom 64. Ne 4

the maximum tolerated power. But, as practice shows, an
output of 200 W with HT tumors of internal organs in this
unit is very problematic.

Such a scheme of power increase for the Celsius TCS
device was applied by Yu J.I. et al. [49], in combination
with radiation therapy, in patients with metastases (MTS)
of colorectal cancer in the liver. As can be seen in table,
they started with 40 W at the beginning of the first session
and increased power during 60 min to 100 Watts. In the
subsequent 4 sessions, the starting power was increased
from 50 to 85 W, and the maximum power from 120 to
200 W. Five sessions of HT and seven fractions (3 Gy each)
of total liver irradiation were applied. Unfortunately, the
authors did not measure the temperature in MTS. Taking
into account the general laws of distribution of EM energy
at this facility [40, 41] and the results of research on other
such systems, it can be assumed that in MTS, at the EMF
facilities used, the hyperthermic regime was not achieved.
Perhaps for this reason, the contribution of HT to the
effectiveness of RT was not obtained. The treatment results
in ten patients were as followed. Within 1 month, a partial
response was achieved in 3 (30 %) patients, stabilization
in 4 (40 %), and pain reduction in 4 (40 %). At 3 months,
local progression free survival was 30 % (median 2.2
months) and pain progression free survival was 58.3 %.
At that time, 1 patient had died from progression of MTS
in the pleura, and 3 patients had developed grade III
toxicity. Comparison of the obtained results with previous
studies of MTS of colorectal cancer in the liver, including
Radiation Therapy Oncology Group (RTOG) studies, did
not show clear differences in effects on pain [50-52]. In
the RTOG study, pain decrease 1 month after treatment
was observed in 50 % of patients, which was higher than
in the group treated with thermoradiation (TRT). The
liver function and general condition of patients tended
to worsen after TRT, whereas in the RTOG study these
improved in 40 % and 49 %, respectively. That is why, Yu
J.I. et al. [49] conclude that they could not demonstrate an
improvement in results of the treatment with the Celsius
device.

Thus, experimental studies on phantoms, animals,
as well as a single temperature measurement in a patient

Table

show that it is impossible to create a hyperthermic regime
in tumors of deep localization using the Celsius device. As
already mentioned, the table data offered for work in the
clinic (used and in the experiment) provide for an increase
in power from 60-90 to 160-190 W during the 40-50 min
of treatment, and for the remaining 10 min allowed to
increase it to the maximum portable.

However, due to the peculiarities of the applicator
design, the output of 200 W in the clinical environment
is very problematic. Comparative analysis with literature
data shows that the RF field used at the Celsius TCS turned
out to be significantly lower than at devices of this type
carried out by other researchers [33, 45, 53-55]. In these
studies, it was shown that with using capacitive RFHT at
frequencies of 8 and 13.56 MHz, the minimum RF field
required to achieve the minimum hyperthermic regime
in tumors of internal organs varies from 500-800 W, the
maximum - 1000-1200 watts and above. In particular,
according to Van Rhoon G.C. et al. [33] on the HTM3000P
device (13.56 MHz) with an average thickness of the SCF
of the anterior abdominal wall 1.5 + 0.3 cm (1-2.7 cm),
the sacrum area 2.1 + 0.7 cm (1.2-3.1 cm) and the use of
electrodes with an area of 300 cm?, the average power used
was 700 W, the maximum - 1400 W.

Kim S-W. et al. [45] for TCRT patients with locally
advanced colorectal cancer, the Cancermia GHT-RF8
(8 MHz) machine used an average output power of an
average of 800 + 229 W, and a maximum of 1005 + 232 W.

In studies of Harima Y. et al. [54-55] used output
power at Thermotron ranged from 800 to 1500 W. The
reason for the impossibility of increasing the power
of EMF to these values is the appearance of a burning
sensation on the skin and pain under the applicators,
which indicates a wrong approach to treatment and
selection of patients or non-compliance of the design of
applicators with the technical requirements.

On the basis of the available experimental clinical data
and the results of model calculations and measurements
on phantoms [8, 40, 41, 48, 49], we believe that the data
of some publications that are not fully justified say that
in tumors of the internal organs of patients (lung cancer,
cervix, rectum), on the installation Celsius TCS reaches a

The calculated settings used by Yu J.1. et al. [49] in the treatment of patients with metastatic colorectal cancer
in the liver*

Session Radiated power (W) for different levels (L) irradiation during the session The total dose (kJ)
NeNe L1 L2 L3 L4 L5 (60 min)
1 40 60 70 90 100 240
2 50 70 85 100 120 285
3 60 80 100 120 150 342
4 75 100 130 160 180 432
5 85 110 135 160 200 465

* — for clarity, the table is fully photographed from the article
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Fig. 5. Correlation between output power and minimum temperature in the esophagus (A), as well as the thickness of the SCF (B)

temperature of 41-45 °C [56, 57]. In this regard, the high
results of HT obtained in this setting in patients with these
tumor sites require careful analysis and discussion..

Thermotron RF-8. At this device, the largest number
of experimental and clinical studies on HT. Several of
these studies have shown a direct relationship between the
temperature in deep seated tumors, the EM power applied,
and the thickness of the SCF [6, 26, 32, 37-39, 53-55, 58—
70]. In this setting, 7 randomized studies were performed
on patients with malignant neoplasms of internal organs.
Five of them showed a high contribution of HT to the
antitumor treatment, 2 it was absent due to underheating
of the tumor and / or a small sample [8].

In an multi-institutional study, Abe et al. [26] showed
that the temperature and also the immediate response of
the tumor, depended on the depth of the tumor. In the
total group of 63 patients, the average temperature was
42.5 + 0.5 °C. In superficial tumors (depth up to 3 cm), the
complete response rate was 68 %, for tumors at a depth of
3-6 cm it was 54 %, and for tumors located at more than
6 cm depth it was 23 %. In seven of 20 (35 %) tumors
located at >6 cm depth, a temperature of more than 42 °C
was not achieved. In these patients, the SCF thickness was
more than 2 cm.

Ohguri T. et al. [53], in 35 patients with non-small-cell
lung cancer stage III, statistically significant correlations
were established between the esophageal temperature, the
output power, the thickness of the SCF, and the results of
treatment. Heating was performed using electrodes with
diameters of 30 cm, and with an output power ranging
from 548 to 1560 W. Thermometry in the esophagus
was performed in 22 patients. The temperature varied
from 39 to 48 °C and depended on the size of the thorax
and the thickness of the SCE A significant increase in
overall survival (p = 0.01), local control (p = 0.004), and
distant metastasis free survival (p = 0.02) was observed
when the median applied power was minimum 1200 W.

With such high power, the minimum temperature
in the esophagus was > 41.5 °C (fig. 5A). These high
temperatures were achieved in patients with a mean SCF
thickness of 0.75 cm. (fig. 5B). In these works, the median
intra-esophageal minimum (41.7 °C) and maximum
temperature (43.2 °C) highly correlated with the
corresponding medians of the output power, which were
548 and 1679 W, respectively.

According to Harima Y. et al. [54] in a multicenter
randomized clinical trial in patients with cervical cancer
with IIIB st. HT significantly increased the results of CRT.
In these cases, the average temperature of 40.6 °C in the
tumor was achieved with an output power of 800-1500 W.
However, with the expansion of patients to IIA-IVA st.
no significant contribution of HT to efficacy of CRT was
obtained, although 5-year survival rates (total, disease-
free, recurrence-free) were 9-13 % higher compared
to control [55]. The output power from 800 to 1500 W
was used in the work. At these capacities, the maximum
temperature in the rectum and vagina ranged from 40.1
to 44.6 °C (average 42.2 °C), the average - from 39.6
to 42.5 °C (average 41.1 °C), CEM43T90 - from 0.1 to
46.6 min (average 3.8 min).

Hiraoka M. et al. [58, 59] studied the relationship
between SCF thickness and maximum temperature in
tumors with a localization at a depth of more than 5 cm
(head and neck region, thorax, abdominal region, pelvic
organs, lower limbs). The skin was cooled with the bolus
water at 5-10 °C. The dimension of the water bolus for
cooling exceeded the size of the electrode by at least 6 cm.
In 38 % of tumors they achieved a temperature above
43°C, in 44 % between 41 and 43 °C, and in the remaining
18 % it was below 41 °C. The objective response rates for
these various temperature groups were 53, 82 and 33 %,
respectively. During treatment, 27 (68 %) of 40 patients
experienced pain, which had disappeared after completion
of HT in 20 patients. However, four (10 %) patients
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developed SCF necrosis, two (5 %) had a 2nd degree skin
burn, and four (10 %) had visible edema in the treated
area. When the SCF thickness was 0,5 cm, a maximum
tumor temperature of over 41 °C was achieved in 86 % of
cases (6/7), for 0.5-1.0 cm in 89 % (16/18), for 1.0-1.5 cm
in 95 % (18/19), for 15-20 in 60 % (6/10), and for more
than 20 mm in only 17 % (1/6). The authors conclude that
for capacitive RFHT, the thickness of the SCF should not
exceed 1.5 cm.

A randomized, multicentric study on the effect of
HT in cervical cancer showed that in only 2 of 4 cancer
centers, tumors reached temperatures above 41 °C. In the
two other centers this was from 40.2 to 40.6 °C, and from
37.5 to 39 °C [60]. It should be noted that patients with a
SCF thickness of up to 3 cm were included in this study,
and that at least half of the patients were treated with an
additional intravaginal electrode with the temperature
measured in contact with this electrode, where it can be
expected to be the highest. Even greater temperature
variations were noted in a study by Konishi et al. [61]
in patients with rectal cancer (n = 17). The intratumor
temperature varied from 38 to 44 °C, with an average of
41 °C. Low temperatures were also associated with thicker
SCF layers.

Similar results were obtained in patients with liver
and pancreatic cancer [26, 62-64]. Yoshida M. et al
[62] with capacitive RFHT, 24 patients with pancreatic
cancer in 15 (62.5 %) reached a temperature in the tumor
above 42 °C. Nagata T. et al. [63, 64] also showed the
dependence of achieved tumor temperature on the tumor
type and SCF thickness. In hepatocellular carcinoma,
the maximum temperature reached 41.2 + 0.2 °C, the
average temperature was 40.3 £ 0.3 °C, and the minimum
temperature was 40.1 + 0.2 °C. For a massive tumor these
values were 41.1 + 0.2 °C and 40.0 + 0.2 °C respectively,
for a nodal type 41.0 + 0.3 °C and 40.0 £ 0.4 °C, for diffuse
tumors 42.1 = 0.6 °C and 40.6 + 0,5 °C. For metastases
MTS the maximum temperature was 42.4 + 0.2 °C, the
average temperature 41.8 * 0.2 °C, and the minimum
40.7 £ 0.2 °C. The maximum temperature in the liver
parenchyma averaged 39.6 + 0.2 °C (38.2-41.4 °C), and in
the SCF - 40.3 + 0.3 °C (38.7-41.4 °C). The thickness of the
SCF ranged from 0.3 to 1.2 cm (with an average of 0.8 cm).
The immediate response of tumors were associated rather
with the maximum than with the minimum temperature.
Necrosis of SCF developed in 20 (12 %) patients, gastric
ulceration in four (2 %), and liver necrosis in one (1 %).
Consequences of thermometry were severe peritoneal pain
in seven (11 %) patients, intraperitoneal hematoma in one
(1 %) and pneumothorax in one (1 %).

In a modelled patient with hepatocellular cancer, the
calculated average tumor temperature during 50 min
heating with the Thermotron device was 39.7 °C. In the

72

real treated patient the average measured temperature was
40.3 °C, that is, it differed not much [39].

Hamazoe R. et al. [65] analyzed 318 hyperthermia
treatments of 39 patients with recurrent or inoperable
malignant tumors of the digestive system. Although it
was difficult to heat the bile duct and pancreatic tumors
to 42 °C, they observed a high correlation between the
maximum output power of EM energy and the maximum
temperature in the tumor (p < 0.001). Moreover, a
correlation was found between tumor response and
applied RF power. A high response rate was observed
with an average output power of 1000 W, a minimum
of 700 W, after four or more HT sessions. The authors
conclude that the level of maximum applied power can be
a good indicator of the effectiveness of the treatment for
abdominal tumors.

Further studies have shown that with the Thermotron
device, heating of deep seated tumors to temperatures of
40 °C and higher is possible when the SCF thickness is less
than 1.5 cm [66-70].

Discussion

The main problem of the classical capacitive EMHT of
malignant neoplasms of deep localization is overheating
of the SCE, up to the development of burns. Thermal load
on it can be reduced by intensive cooling of the skin. The
resulting high temperature can be decreased by extensive
cooling of the skin with the SCF less than 1.5-2 cm
thick. This means that the capacitive system is not always
applicable in patients with tumors of deep localization.
Another disadvantage of capacitive heating is the limited
ability to control power to bring maximum energy to
the tumor. This is achieved only by selecting the size and
location of the electrodes above the tumor. To improve the
depth of heating, when using these systems, it is necessary
to comply with a number of technical requirements
and conditions of the HT. First of all, it concerns the
characteristics of the membranes of applicators and
additional water boluses. They must be elastic and thin -
no more than 0.7-0.8 mm. This contributes to a better
fit of the membranes to the body of the patient, that is,
without the formation of air gaps between them and the
body of the patient. To reduce the edge effect, the size of
the bolus should be larger than the size of the electrodes,
that is, cover the heating area. In a capacitive RFHT at
frequencies of 8-13.56 MHz, obtaining the minimum
hyperthermic mode is possible with output powers of 500—
800 W, maximum - at 1000-1200 W and above.

Conclusion

The results of both experimental and clinical studies
show that with the help of some capacitive systems
presented in this review, it is impossible to create
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hyperthermic regimens in tumors of deep localization.
Such installations can be used for HT superficial, in
some cases, subsurface tumors. Finally, temperature
measurement with HT is the fundamental basis for
applying this type of treatment.
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Copepxanne

PaccMoTpeHbI 061ye TPUHINIIB IPOBEeHNA eMKOCTHON 3leKTpoMaranTHoit runeprepmunu (OMI'T), pacmpenenenne smek-
TPOMArHUTHOI SHEPINY B Pa3/INYHBIX SKCIIEPYMEHTAaIbHBIX MOME/ISAX U OIYXOJISIX 60/IbHBIX, 0COOCHHOCTY KOHCTPYKIMM allIlINKa-
TOPOB PA3/INYIHBIX IMIEPTEPMIIECKNX CICTEM ¥ X BOSMOXXHOCTI B CO3/JaHMI TUIIEPTEPMUYECKOTO PEXIMa B HOBOOOPA3OBAHMX
rry6okoii Tokamu3aanuy. Ipu knaccuyeckoit eMkocTHON DMI'T OCHOBHBIM HPENATCTBMEM B JOCTVKEHIY HEOOXONMMOrO TeMIIe-
PaTypHOTO peXMMa B TaKMX OIyXOJAX ABJAETCA IeperpeB MOAKOXHO-XMPOBOJ K/IeTYaTKM IOf 3nekTpopamu. IIpn HekoTopbIx
€MKOCTHBIX I'MIIEPTEPMIIECKIX CHCTEMaX HarpeB XMPOBOIL TKaHM ellle GO/IbIIle YCUIMBAETCS U3-3a HECOOTBETCTBIUS KOHCTPYKIINNI
aNIUIMKAaTOPOB TeXHM4ecKUM TpeboBanmsM. I1pn emxoctHoit DMI'T Ha yactorax 8-13,56 MIL nonydeHne MUHIMMAIBHOTO TAIIED-
TE€PMMYECKOTO PeXKMMa BO3MOKHO NP BBIXOGHBIX MOITHOCTAX 500-800 BT, MmakcumanprOro 1000-1200 Bt 11 BBIIIE.

AHaMU3UPYIOTCS Pe3yIbTAaThl IPYMEHEHVsI Pas/IMYHbIX eMKOCTHBIX IMIIePTEPMIIECKIX CUCTEM Y OOIBHBIX CO 3/I0KAYeCTBEH-
HBIMJ HOBOOOPa30BaHMUAMIU BHYTPEHHIX OPTaHOB.
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Pedepar

A 43-year-old man presented with a history of osteogenic sarcoma of lower third of the right femur bone. In dynamic monitoring
(2011-2018) in the Nuclear Medicine Department of N.N. Blokhin National Medical Research Centre of oncology, Moscow, Russia
a total of 48 radionuclide diagnostic studies were performed: 24 bone scans, 19 SPECT/CT (areas of interest) and 5 dynamic scintig-
raphies. The results of radionuclide diagnostics allowed to identify 6 episodes of progression of the underlying condition earlier than
X-ray methods of imaging in the form of appearance of new metastases in bones, right lung and continued growth of some previously
identified metastases in different periods of observation. Time between relapse detection and treatment ranged from 1 to 12 months.
First of all it was because of the clinicians distrust to the results of radionuclide studies that were not confirmed by X-Ray at early
stages. During the relapse treatment process patient received standard and innovative therapies: 10 courses of polychemotherapy,
two surgeries for endoprosthesis replacement of the right knee and femur, upper lobectomy of the right lung, radiation therapy for
metastasis in the left iliac bone (total boost dose — 52 Gy), radiation therapy on the CyberKnife device on metastases in the head of
the 7th right rib and metastasis in the right lung, 2 sessions of ultrasonic thermal ablation on the HIFU in the area of metastases in
the neck of the right femur,5 courses of bisphosphonates. The method of hybrid imaging of SPECT/CT allowed us to reliably monitor
the effectiveness of the therapy. Postradiation changes in osteosarcoma metastases consisted in a decrease bone (pathological) metab-
olism, while radio-intensity indices did not change. For the first time we observed the effect of ultrasonic thermal ablation in the
treatment of bone metastases. The effect of the treatment manifested very quickly and we visualized it as a defect of accumulation of
radiopharmaceutical, which is a consequence of damage to the tumor vessels and tissue necrosis. In the observation of osteosarcoma
recurrence SPECT with osteotropic radiopharmaceuticals demonstrates advantages over PET with 18F-FDG. Bone scan and SPECT/
CT have proven to be reliable methods of dynamic control of a patient with osteosarcoma.

Key words: SPECT/CT, bone scan, osteosarcoma, CyberKnife, HIFU
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Research description Patient (DOB 1976) ICD-10: C49.2 Malignant
neoplasm: Connective and soft tissue of lower limb,
including hip. Osteosarcoma of the distal right femur
p(T2NOMO, stage IIB). Body build: normosthenic type,
height 185 cm, weight 71 kg. The patient does not have
bad habits. First symptoms of the disease appeared in
December 2010 in the form of growing pains in the back
of the lower third of right femur. The patient does not
connect the appearance of the pain with any trauma. The
patient took NSAIDs (without prescription), and this
partially relieved the pain syndrome. He was consulted
by a traumatologist at the clinic. X-ray of the right
femoral bone revealed tumor pathology. A trepanobiopsy
was performed, the results were: osteogenic sarcoma,
osteoblastic variant. Appointed to N. N. Blokhin National
Medical Research Centre of oncology, Moscow, Russia.
Reexamination of histological blocks confirmed the
diagnosis. Bone scan revealed focal lesion of the distal
right femur without signs of secondary lesions in other
parts of the skeleton (Fig. 1).

Scintigraphy was carried out in 2 stages. The first
stage was a bone scan in 3 hours after the intravenous
administration of the radiopharmaceutical *°™Tc-MDP.
The scintigraphy was performed in the position of the

Osteogenic sarcoma and its metastases are among the
most difficult tumors in treatment. On the one hand we
have the improvement of traditional methods of systemic
treatment (chemotherapy), and the local methods of
treatment, on the other hand, thus allow us to hope that
the effectiveness of treatment will increase. Monitoring the
state of the disease is carried out using functional imaging
methods (bone scan, SPECT, PET) and anatomy imaging
methods (CT, MRI). In the past two decades, the hybrid
SPECT/CT imaging method is actively introduced into
clinical practice. The cause of usage of various methods of
diagnostics is the need to obtain information on the state
of perfusion of the tumor tissue and cell function, and
on the anatomical and morphostructural changes in the
focus of the tumor lesion at the same time[1]. Regarding
this, it is interesting to use hybrid SPECT/CT method in
the diagnosis and control of treatment of osteosarcoma
metastases.

The following clinical case demonstrates the potential
of bone scan and hybrid SPECT/CT methods in detecting
signs of progression and regression of osteosarcoma bone
metastases.
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Fig. 1. Bone scan on 28.02.2011 anterior (a) and posterior (b)
projections. Starting examination.Intense accumulation of the
radiopharmaceutical (1245 %) in the distal epimetaphysis of the
right femur. No metastatic lesions in other parts of the skeleton

patient lying on his back using low energy high resolution
collimator (LEHR). Gamma camera Symbia E or T2
Siemens Company was used. The radiopharmaceutical
activity was 444 MBq. The effective dose is 2.5 mSv. The
registration of impulses was carried out at an energy
peak of 140 keV. The duration of bone scan was 20
minutes (the movement of the table was 12 c¢cm/min).
After obtaining a scintigraphic image of the whole body,
a visual assessment was made in order to determine the
localization of the pathological lesions of accumulation of
the radiopharmaceutical and their sizes.

The second stage was SPECT/CT of the zone of
interest. Examinations were performed on a hybrid
SPECT/CT system Siemens Simbia T2 (low-energy)
system with a 2-sectional CT configuration (slice thickness
5 mm, spiral pitch 1.5 mm, focal spot size according to
TAC 60 360-0.80 0.4 mm / 8°, 0,8x0,7 mm / 8°). Radiation
exposure for scintigraphy and CT was calculated
according to the Russian guidelines (MU 2.6.1. 3151-13
and MU 2.6.1.2944-11 respectively). Radiation exposure
for planar scintigraphy was 2.5 mSv, for SPECT/CT varied
from 1.4 to 2.2 mSv. On early stages of observation (2011-
2013), the patient underwent 5 three-phase dynamic

scintigraphies to assess the perfusion of the primary tumor
and its metastases (examinations were conducted during
treatment and not reflected in the present work due to
non-systematic studies).

In 2011, the patient received a combined treatment:
neoadjuvant chemotherapy (2 courses of doxorubicin
and cisplatin, 3 courses of cisplatin), after that surgical
treatment was performed (03.08.2011): resection of
the lower third of the right femur with simultaneous
endoprosthesis of the right knee joint (Installed cement
titanium endoprosthesis company ProSpon (Czech
Republic). The histological conclusion: osteosarcoma of
the femur with a therapeutic pathomorphosis (the volume
of necrotic tumor 93 %). After surgery, 5 more courses of
adjuvant chemotherapy were performed. During a control
study (23.10.2012) a solitary metastases in the posterior
sections of the wing of the left iliac bone was revealed
(Fig. 2).

Radiotherapy of the upper half of the left iliac bone
was performed (20.11.2012 - 13.12.2012). Control
examination (15.11.2013) a metastasis in the neck of
the right femur was suspected on bone scan, but not
confirmed by X-ray (Fig. 3). Clinicians made a decision
about dynamic observation of the patient. Control bone
scan (06.02.2014), showed an enlarging of the lesion
in the neck of the right femur and the appearance of an
additional focus in the anatomical-projection of the
seventh thoracic vertebra. On CT, a concretion was found
in the head of the 7th right rib (Fig. 4). The council of
physicians has decided that metastatic lesion of the neck
of the right femur was proved. Changes in the head of the
7th right rib require dynamic observation. In March 2014
in the Central Research Institute of Traumatology and
Orthopaedics of N.N. Priorov, Moscow, Russia, 2 sessions
of ultrasound thermoablation on the HIFU on the area
of osteoplastic metastasis in the neck of the right femur
were conducted (Fig. 5). Control bone scan (15.04.2014)
an increase of accumulation of radiopharmaceutical in
the 7th right rib (Fig. 6). SPECT/CT of the chest was not
performed. The diagnostic CT scan was performed only
on 24.06.2014, which resulted in proving another relapse
of the disease (Fig. 6).The patient underwent stereotactic
radiotherapy on the CyberKnife robotic radiosurgical
system (14.07.2014 - 16.07.2014) in the region of the
right rib-vertebral articulation of the 7th thoracic vertebra
in 3 fractions of 15 Gy. A control check-up (06.10.2014)
confirmed the absence of relapse of the disease and the
effectiveness of previous treatment (Fig. 7). During 2015,
the patient was observed in the clinic without signs of
the progression of the disease. 3 control bone scans and
SPECT/CT of the pelvis (3) and chest (1) were performed.
At the control follow-up (14.03.2016) the recurrence of
the disease in the form of metastatic lesions in the apex
of the right lung and right femur bone was suspected
again (Fig. 8). Clinicians made a decision on dynamic
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observation of the patient. Six months later (12.09.2016),
forth relapses of the disease — metastases in the apical
mode of the right lung and right femur (Fig. 9) were
confirmed using the method of radionuclide diagnostics
in the patient. However, clinicians found evidence
only of metastatic lesion of the right lung proved. The
patient underwent stereotactic radiation therapy on the
CyberKnife radiosurgical system for metastases in the
right lung.

During the control examination (01.03.2017) we found
an increase in the accumulation of radiopharmaceutical
in the lesion in the right femur and an increase in its size,
which was a powerful evidence of a metastatic nature
and a reason to start the next stage of the antitumor

therapy. The accumulation of radiopharmaceutical in the
lesion in the right lung returned to normal levels, which
confirms the success of the radiation therapy (Fig. 10).
The patient underwent surgery on 15.07.2017: resection
of the proximal right femur with total endoprosthesis of
the right hip. Nuclear medicine study on 26.06.2017 did
not reveal any pathological process (Fig. 11). However
after 9 months, during the next control examination
(12.03.2018), an increase in the level of accumulation of
99mTc-MDP in the anatomical projection of the apex of the
right hemithorax was detected, it was an additional node
with areas of pathological bone formation in the apex
of the right lung, a relapse of the disease was suspected
(Fig. 12). The patient was left under dynamic observation.

Fig. 2. Control examination on 23.10.2012. State after endoprosthesis replacement of the right knee joint. On the bone scan (a, b) a single
focus of hyperaccumulation of the radiopharmaceutical in the wing of the left iliac bone (arrow). Physiologically increased accumulation
of the radiopharmaceutical is in the bones that fix endoprosthesis. SPECT/CT was not performed. No pathology revealed on X-ray of the
right lower limb in direct projection (¢, d). On the axial cuts on CT of pelvic bones (e) in the inner segment of wing of the left iliac bone a
high-density lesion (1086 HU) was detected - osteosarcoma metastasis. Progression of the underlying disease I
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4 Fig. 3. Control check up on 15.11.2013. On bone scan
¢ (a, b) a small focus of moderate hyperaccumulation of the
i radiopharmaceutical is determined in the neck of the right femur
¥ (arrow) — a new metastasis cannot be excluded. In the medialis
1‘ part of the left iliac wing, there is a defect in the accumulation of
radiopharmaceuticals due to post-therapeutic changes. SPECT/
CT was not conducted. On a direct X-ray of the pelvic bones (c),
a solid metastasis of osteosarcoma is visualized in the medial part
of the left iliac wing (arrow). No pathological evidence in the
neck of the right femur

Fig. 4. Control examination on 06.02.2014. Bone scan (a, b) and SPECT/CT of pelvic, axial sections fusion (d), SPECT (e) and CT
(f).Increased accumulation of the radiopharmaceutical in the right femur (arrow).On CT, a lesion of bone destruction with a high
level of accumulation of (7500 %, 958 HU). Progression of the underlying disease II. An additional focus of radiopharmaceutical
hyperaccumulation in the anatomical projection of the right half of Th7. On the axial cuts on CT (c) 07.02.2014, suspicion on metastasis in
the head of the 7th right rib
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In May 2018, the patient applied to the JCHO Tokyo
Shinjuku Medical Center (Japan) for consultation and
examination: bone scan and PET/CT (Fig. 13). Changes
in the presented bone scan remained without significant
dynamics. SPECT/CT was not performed. According to
PET/CT a tumor was determined in the apex of the right
lung without signs of metabolic activity. A hypermetabolic
lesion (SUV = 6,2) was found in the right iliac muscle.
In the medialis part of the left iliac bone, a center of
osteosclerosis with signs of hypermetabolic activity (SUV
= 2,8) was found. The conclusion of the Japanese colleagues
on PET/CT: an active tumor tissue in the left ilium and the
right iliac muscle. From May to August 2018 the patient
did not visit to the oncologist. Control visit to the Nuclear
Medicine Department of N.N. Blokhin National Medical
Research Centre of oncology, Moscow, Russia (27.08.2018)
showed increase in the level of radiopharmaceutical in
pathological lesion in the right lung and an increase in
their size (Fig.14). Additionally we found the destruction
of the 3nd right rib, caused by the effects of postradiation
osteoporosis  (pathological fracture). An additional
compaction of the bone tissue in the left iliac bone, with
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Fig. 5. Schematic drawing, reflecting the principle of HIFU therapy.
The main mechanism of therapy is thermal ablation of tissues.
High energy ultrasound has the unique property of penetrating
healthy tissues without damaging them, but when focused by the
emitter lens in a small area, it causes an instant, within one second,
temperature to 90 °C, enough for coagulative necrosis. So there is
a focus of damage and necrosis. At the same time, the surface and
surrounding tissues remain intact

Fig. 6. Control check-up on 15.04.2014. On bone scan (a, b) and SPECT/CT of the pelvis (d, e, f) increased accumulation of in the 7th
right rib (arrow). In the neck of the right femur, the center of destruction with low radiopharmaceuticals level of accumulation 44 % (977-
1096 HU). Positive dynamics.The state of the left ilium without changes. On the axial cuts on CT (c), performed on 24.06.2014 a plastic
metastasis in the head of the 7t right rib (arrow). The progression of the underlying disease III
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Fig. 7. Control check-up on 06.10.14. On the bone scan (a, b) and SPECT/CT of chest (c, d, e). Lower levels of accumulation of
radiopharmaceutical in relation to the normal accumulation in the head of the 7t right rib state after radiation treatment.
No new relapse sings
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Fig. 8. Control check-up on 14.03.2016. On bone scan (a, b) focus of hyperaccumulation of the radiopharmaceutical in the upper sections
of the right hemithorax is determined 300 % (arrow). Unevenly increased accumulation of radiopharmaceutical is noted in the area of the
right hip joint (1034 %), with an additional focus in the proximal zone (arrows). The accumulation of radiopharmaceutical in the area of
the 7t right rib and the left iliac bone is unchanged. On SPECT/CT of the chest (c, d, e) and pelvis (£, g, h) a tight focus of dense tissue
with hyperaccumulation of radiopharmaceutical in the anatomical projection of the apex of the right lung. Previously it is not determined
Focus of hyperaccumulation of the radiopharmaceutical in the proximal zone of the right femur. According to CT, areas of “gentle”
compaction of the bone structure. The focus was not previously determined
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Fig. 9. Control check-up on 12.09.2016. On bone scan (a, b) the focus of hyperaccumulation of the radiopharmaceutical in the upper
sections of the right hemithorax (arrow) remains the same. The level of accumulation of radiopharmaceuticals increased in the intertro-
chanter region of the right femur (arrow). The accumulation of radiopharmaceutical in the area of the 7t right rib and the left iliac bone

didn’t changed. SPECT/CT of the pelvis (c, d, e) and chest (f, g, h). An increase of the accumulation in the proximal metaphysis of the right
femur from 1034 % to 2798 %. On CT osteoblastic lesion, dense compact bone 15x17x22 mm. An increase in the size of the focus in the
apex of the right lung, from 38x21x5 mm to 45x33x5 mm and increase of the level of radiopharmaceutical accumulation from 300 % to
350 %. Progression of the underlying disease IV
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Fig. 10. Control check-up on 01.03.2017. Bone scan (a, b) and SPECT/CT of the pelvis (c, d, e) and chest (f, g, h). Hyperaccumulation of
the radiopharmaceutical in the area of the proximal right femur. On CT scan, the lesion increased in size 4.5x4x3.3 cm. Progression of the
underlying disease V. Accumulation of radiopharmaceutical in the lesion in the right lung normalized
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Fig. 11. Control check-up on 06.26.2017. State after resection of the proximal right femur with total endoprosthetic replacement
of the right femur 03.15.2017 bone scan (a, b) and SPECT/CT of the pelvis (¢, d, e) and chest (£, g, h).Hyperaccumulation of the
radiopharmaceutical in the bones fixing the endoprosthesis and the surrounding soft tissues of the right thigh. On CT ossification —
postoperative changes. No pathological accumulation of radiopharmaceuticals has been detected in other sites, no additional bone
destruction zones have been found

hyperaccumulation of the radiopharmaceutical anteriad
to the previously treated metastasis was detected. It is
confirmed the sixth relapse of the disease. According to
the ultrasound (28.08.2018) no enlarged retroperitoneal,
iliac and inguinal lymph nodes were detected.

Postoperative scars with no signs of relapse. The area
of increased accumulation of 18F-FDG in the right iliac
muscle corresponds to the attachment site of resected and
hemmed iliac muscle to the inner wall of the pelvis (the
state after the endoprosthesis of the right femur) - reactive
changes. The patient was discussed at the multidisciplinary
team meeting. Decision: upper lobectomy of the right
lung and dynamic observation of the metastases in the left
ilium. Surgical treatment was carried out on 18.09.2018
(right lung lobectomy). Histology: in lung tissue,
metastatic growths of osteosarcoma of a high degree of
malignancy.

Control examination (21.02.2019) no signs of
underlying disease progression. No change in the
left ilium, postradiation osteonecrosis suggested. We
continued dynamic observation of the patient.

Discussion

In this article, we demonstrated advantages of SPECT/
CT method with osteotropic radiopharmaceuticals over
other diagnostic methods, including PET/CT with FDG,
in the control of the patient with osteogenic sarcoma.
The presented patient was repeatedly examined, bone
scan from the first appointment to the clinic in 2011
to the present day [2, 3]. The results of radionuclide
diagnostics allowed to identify 6 episodes of progression
of the underlying disease in the form of the appearance
of new metastases in the bones, in the right lung and the
continued growth of old focuses at different periods of
observation and in some cases several months earlier than
the radiological imaging methods.Time between relapse
detection and treatment ranged from 1 to 12 months.
First of all it was because of the clinicians distrust to the
results of radionuclide studies that were not confirmed
radiologically at early stages. Only at the first recurrence
of the disease, the X-ray data, combined with the results
of scintigraphy, made it possible to start therapy. Whereas
during next relapses, the average period was 6 months.
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Fig. 12. Control check-up on 12.03.2018. Bone scan (a, b) and SPECT/CT of the pelvis (c, d, ) and chest different levels (f-n). On bone
scan in the anatomical projection of the apex of the right hemithorax, increased accumulation of osteotrophic radiopharmaceutical
(arrows) manifested again. SPECT/CT showed an additional node of pathological osteogenesis in the apex of the right lung, extremely
suspicious in a relapse of the disease (f, g, h). In previously identified metastases in the right lung, the level of accumulation of
radiopharmaceuticals returned to normal level (i, j, k).In the 7th right rib (I, m, n) and the left ilium (c, d, e) metastases in the phase of
complete reparation, with no signs of osteometabolic activity
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Fig. 13. Presented bone scan (a, b) on 16.05.2018 and PET/CT (c-i) on 14.05.2018 (translation). On the bone scan hyperaccumulation of
the radiopharmaceutical in the apex of the right hemithorax remains without dynamics from 12.03.2018. On PET/CT (h, i) a calcified
tumor is determined without pathological accumulation of 18F-FDG in the apex of the right lung (arrow). Pathological hyperaccumulation
of 18F-FDG in the right iliac muscle, a lesion (d) with (SUV = 6,2). In the medial part of the left iliac bone (g), a concretion with
signs of hypermetabolic activity (SUV = 2,8). Hyperaccumulation of the radiopharmaceutical caused by reactive changes around the
endoprosthesis of the right femur (e, f). Impression: active tumor tissue in the left ilium and the right iliac muscle

Thus with the lesion in the neck of the right femur the
observation period was 1 year.

It is well known that bone scan has high sensitivity
and low specificity in detecting bone metastases, on the
contrary CT scan has relatively lower sensitivity and
high specificity. Hybrid SPECT/CT method, is able to
identify nuances that could not be identified or interpreted
incorrectly if this methods used separately. The possibility
of simultaneous use of these two diagnostic modalities
can significantly improve the diagnostic efficiency of the
radionuclide diagnostic method.

Osteogenic sarcoma has high tropism to bone seeking
of radiopharmaceuticals. In addition, osteosarcoma
is the only tumor which extraosseous metastases also
accumulate osteotropic radiopharmaceuticals during bone
scan [4]. This is explained by the fact that its metastases
in soft tissues (in most cases we are talking about lung
lesions) at the final stage of their development acquire

histopathological properties similar to bone tissue - the
ability of pathological osteogenesis. Our patient has a
variant of osteoblastic osteosarcoma with a high degree of
calcification of both the primary tumor and its metastases
in the bones and lung.

Such features of the pathophysiology of the tumor
are clearly demonstrated by the possibilities of PET/CT
and SPECT/CT performed within a similar time frame
during the development of 6 recurrences of the disease
before the start of therapy. So 18F-FDG has intensively
accumulated in those areas of the tumor where the process
of osteogenesis has not been completed yet. PET has a
false-positive result due to incorrect identification of the
inflammatory focus. The Japanese colleagues did not
take into account previous surgical intervention. SPECT/
CT showed a high level of accumulation of osteotropic
radiopharmaceuticals in those areas of the tumor, where
active ossification occurs (dense focuses) and moderate
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Fig. 14. Control examination on 27.08.2018, bone scan (a, b) and SPECT/CT of the pelvis (c, d, e) and chest (f-n). On bone scan
pathological focus of hyperaccumulation of the radiopharmaceutical in the apex of the right hemithorax (arrows). Compared with
the presented Tokyo bone scans the accumulation level of the radiopharmaceutical has increased. On SPECT/CT there is an increase

in the accumulation of radiopharmaceutical in pathological focuses and an increase in their size. Additionally we found a focus of

accumulation of the radiopharmaceutical in the posterior segment of the 37d right rib with bone destruction on CT - pathological fracture
caused by post-radiation osteoporosis (1, m, n). In the medialis part of the wing an additional osteosclerotic formation was formed with
hyperaccumulation of the radiopharmaceutical near previously treated metastasis (i, j, k). Metastasis in the head of the 7th right rib in the
phase of complete reparation (f, g, h)

86



MenunimHcKas pagyuooryis U pagyaionHas 6esomacHocTb. 2019. Tom 64. Ne 4

B TIOMOIb MMPAKTUIECKOMY Bpady

in less dense areas, excluding the accumulation of reactive
changes in the right iliac muscle in the area.

In addition to high sensitivity and specificity in
detecting of osteosarcoma, SPECT/CT
allowed to monitor the effectiveness of the treatment.
Post radiotherapy changes in osteosarcoma metastases
manifested in decreased bone tissue metabolism below
normal levels. At the same time, the Hounsfield intensity
did not change. This observation demonstrates the obvious
benefits of SPECT/CT in the diagnosis and follow-up of
patients with metastatic bone lesions and suggests a wider
application of this method.

recurrences

Summary

1. The patient during the observation made 26
visits to the Nuclear Medicine Department of N. N.
Blokhin National Medical Research Centre of oncology,
Moscow, Russia. 48 examinations with osteotropic
radiopharmaceuticals: 24 bone scan, 19 SPECT/CT, 5
dynamic studies.

2. Bone scan and SPECT/CT allowed us to identify 6
episodes of progression of the underlying disease in the
form of metastatic lesions of the skeleton and right lung,
as well as continued growth of certain old metastasis at
different times of observation and 6 months (average)
earlier than X-rays and CT.

3. Hybrid SPECT/CT is a demonstrative method
capable of detecting nuances that could not be identified
or misinterpreted when modalities applied separately,
thus increase the diagnostic efficiency of the radionuclide
method.

4. For the first time we observed the effect of
ultrasound thermoablation in the treatment of bone
metastases [5]. The effect of treatment manifested very
quickly. Defect of accumulation of radiopharmaceutical

is a result of damage to the tumor vessels and the
manifestation of tissue necrosis.

5. Post radiotherapy changes in osteosarcoma
metastases showed in the reduction of bone (pathological)
metabolism [6]. Hounsfield intensity units do not change.

6. We demonstrate the advantage of SPECT with
osteotropic radiopharmaceuticals over PET with 18F-FDG
in the observation of osteosarcoma recurrence.
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MOHMUTOPHHI TEYEHUA METACTA30B OCTEOCAPKOMBI C IIOMOIIIBIO O®I3KT/KT*
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Pedepar

IpencraBneH KIMHUYECKUI cry4dart HabmromeHus ¢ 2011 mo 2018 rr. My>uuHbI 1976 T. pOX/eHNs ¢ [UAaTHO30M OCTEOTeHHOI
CapKOMBI HIDKHeII TpeTU MpaBoil 6efpeHHoIT KOCTI. B mpoliecce fuHaMM4IecKOro HabMoAeHNs B TaOOPaTOpUM Pafgron30TOIHOIN
muarnoctuky HMMUI onkonorun M. H.H. brroxmnna nanuenTy nposefieHo 48 paMOHYK/IMIHBIX AMATHOCTUYECKMX MICCIEIOBaHMIA:
24 ocreocuunTUrpadun B pexxume Bcero Tena, 19 OOPIKT/KT 3oHbI nHTepeca U 5 JUHAMUYECKUX CUMHTUTpaduil. Pe3ynbTaThl
PaaMOHYKIMAHON AMATHOCTUKY ITO3BO/IMIIN TIEPBBIMU BBISABUTD 6 SIM30/0B IIPOrPECCHPOBAHNS OCHOBHOTO 3a00/I€BaHMsI B BUJiE
IIOSABJIEHNSI HOBBIX METACTa30B B KOCTAX, IPABOM JIETKOM M IIPOJIOJDKEHHOTO POCTA OT/Ie/IbHBIX paHee BbLABIEHHbIX METACTa30B B
PpasHble CPOKM HAOIONEHNs, IPUYeM paHblile, YeM PEHTTeHOMTOTMYeCKMM METOLOM Busyanusauuu. Bpems or o6HapyxeHns perm-
fuBa 3a00/IeBaHMA 110 JAHHBIM CUVHTUrpaduy B0 Hadasa Tepamuy COCTaBIsIo ot 1 1o 12 mec. CBA3aHO 3T0, B IIEPBYIO OYepefb,
C HefloBepyeM KIMHMINCTOB K pe3y/bTaTaM PafiiOHyKIVIHBIX MCCIeTOBAHNIT, He MTOATBEP)KIeHHBIM Ha PaHHNX 3TallaX peHTre-
HOJIOTMYeCKH. B mporiecce jiedeHns penufMBOB OCHOBHOTO 3a00/eBaHMs MAlVeHT Oy CIefyole CTaHAapTHbIe U MHHO-
BaroHHbIe Buybl Tepamn: 10 kypcos IIXT, aBe omeparym 1o SHAOIPOTE3NPOBAHNIO IIPABOTO KOJIEHHOTO CyCTaBa U GeIpeHHOI
KOCTH, BEPXHsIsl I0OIKTOMYS [IPABOTO JIETKOTO, AMCTAHIMOHHAS TydeBasi Tepamys Ha MEeTacTas B 1eBoIi oas3poHoit koctu (COL
52 Ip), my4eBast Tepanus Ha anmnapare «KubepHoxx» Ha MeTacTas B rOJIOBKe 7-TO IPaBOro pebpa 1 MeTacras B IPaBOM JIETKOM, 2
ceaHca y/IbTPa3BYKOBOII TepMmoabmanyu Ha anmapare HIFU B o6mactu MeTtacTasa B 1eiike IIpaBoii GeApeHHOI KOCTY, BBeeHNE
6ucdocdonaros - 5 kypcos. Metop rubpupntoi susyanmusanuy OPIKT/KT no3Bomnt Hafie)KHO KOHTPOIMPOBaTh 3P PeKTUBHOCTD
IIPOBOAVMOIL Tepamui. ITocTIyueBble M3MEHEHMsI B METACTa3aX OCTEOCAPKOMBI 3aK/TIOYAI0TCS B CHIDKEHUHU KOCTHOTO (T1aToIornye-
CKOT0) MeTabo/I1M3Ma, TOT/ja KaK [I0KasaTe/In pagMofeHCUTUBHOCTY He U3MeHATCs. BriepBble Habmonamm ag ekt yIbTpasByKoBOIL
TepMOAOIALVM IIPY IeYeHNM METACTa30B B KOCTAX. PPEKT OT IedeHNsI MPOSB/AETC O4eHb OBICTPO 1 HATIALHO B BUfie edekTa
HakoruteHys1 POII, KoTopblil sAB/IAeTCA CIefCTBUEM IIOBPEX/eHNUA COCYI0B OIyX0/IU 1 IpOosIBIeHNeM HeKpo3a TKaHell. IIponeMoH-
crpuposaHo npenmyiectBo OPIKT ¢ ocreorpontsiM POIT Han I19T ¢ 18F-O/IT B Habmonernu penupusa ocreocapkoMel. OCI n
O®IKT/KT nokasanu cebst HaIEeKHBIM METOLOM [JMHAMIIECKOTO KOHTPOJIS 32 IIALMEHTOM C OCTEOT€HHOIT CApPKOMOIL.

Kmrouespie cnosa: OPIKT/KT, ckanuposarue ckenema, ocmeozeHHas capkoma, Kubepro, oxycuposanmblil yiompassyx evi-
COKOTL UHMEHCUBHOCU

IMoctynmna: 12.03.2019. ITpunsara K my6mukanum: 21.05.2019

* TIO/HBIIT PyCCKOSI3BIYHBII BAPUAHT CTaTh pa3MellieH Ha caifTe )XypHama « MeguIMHCKas payonors U pafualioHHas 6e3-
omacHoCTb» http://www.medradiol.ru B paszgene «Boimyck Ne 4 2019 roga».
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