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HacTosuas ctatbst COQEPXUT 0630P OCHOBHbIX IMTEPATYPHBIX AAHHbIX, MOCBALLEHHbLIX GOXUMUYECKMM OCHO-
BaM Y KJIMHUYECKOMY MPUMEHEHUIO MO3UTPOHHOM 3MUCCUOHHOM TOMOrpadumn — OAHOWM N3 MePCMNEKTUBHBIX TEXHO-
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This article provides an overview of the main literature data of biochemical basics and the clinical application
of positron emission tomography, one of the promising technologies of radiation imaging in oncology.

In the final part, the biokinetics of radiopharmaceuticals that display the proliferative activity of malignant cells
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MponundepaTnBHbIE NPOLLECCHI.
CUHTE3 HYKJIEMHOBbIX KUCNOT

18F-TUMNONH

MNMepBoe cooblleHMe 06 aHanore as3oTUCTOro
OCHOBaHus TumuamHa - '8F-3’-pmeokcu-3’-L-Tumu-
onHa — '8F-dpTopTummamHa ('8F-PJIT) maTupyeTtcs
1998 r. [1].

TUMUONH MCNONb3yeTCd NPOJNGEPUPYIOLLUMN
knetkamun gns cuHTtesa OHK Bo Bpems S-dasbl kne-
TOYHOro umkna. B xope cnHtesa JHK B kneTke peanu-
3yeTcs ABa Tvna NoCTynaeHns HyKneo3ngos: “cnacu-
TenbHbIN” NyTb U CUHTE3 de novo. lNpu “cnacuTenb-
HOM” NyTW NPEeKypcopbl HYKNeo3naoB MOCTynawT
M3BHE, a NMpu CUHTE3€e de NoVO 3HAOrEHHbI OE30KCU-
ypuaonH moHodochaT METUIMPYETCA TUMUAMNATCUH-
TeTason 1 npespawaeTca B TuMnamH mMoHodocdaTt
[2] (puc. 1).

Mocne BHyTpuBeHHOro BBeaAeHUs '8F-OJIT npoHun-
KaeT B KNeTKM C NOMOoLLbio Na*-3aBMCUMbIX aKTUBHbIX
HYK1I€03MHbIX TDAHCNOPTEPOB U B MEHbLLIEN CTENEH
nytem obneryeHHon AMpady3nn. AKTUBHbIE TPaHC-
nopTepPbl B OCHOBHOM PAaCMONOXEHbI B HOPMasibHbIX
TKaHsX, Torga kak TpaHcMemOpaHHble 6enku ans 0b-
JIEr'YEHHOro TPaAHCNopPTa 3KCNPECCUPYIOTCH B OMyXO-
NneBbiIx kneTkax [4].

MonaB B unTo30nb, '8F-OJIT nogeepraetca doc-
dopunnposaHuio TuMnamnHkmHasom-1 (TK1) ¢ nocne-
noBaTtenbHbiM  obpaszoBaHuem  '8F-DJIT-MOHO-,
an- n Tpudocoara. IMeHHO B 3TOT MOMEHT Ha nyTu
kK cuHtesy AHK metabonuam 8F-DJIT octaHaBnnBa-
eTCs: rMOpPOoKCUbHAasa rpynna B nNonoxeHun 3’ 3ame-
HeHa Ha atom ¢Topa-18, 4to He nossonsetr OHK-
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nosiMMepase BKIIIOYUTb Takyto Monekyny B octos JHK
(no apyrum gaHHbIM, MeHee 2% '8F-DJ1T BkntoyaeTcs
B AHK [5]). JlumnTnpyowmm npoueccomM npu Hako-
nneHun '8F-QJIT B kneTkax BoicTynaet docdopunn-
poBaHne TK1, aKkTMBHOCTb KOTOPOW 3HAYUTENbHO
MOBBbILLEHA B 3/10KAYECTBEHHbIX KeTkax [6].

Taknm obpasom, HakonneHue '8F-PJIT-mMoHO-,
on- n Tpudocdarta B 3aBUCMMOCTN OT aKTUBHOCTU
TK1 saBnseTcss MONEKynspHOM OCHOBOW M300paxe-
HWIA, Nnonyvaemblx npu MN3T ¢ 8F-OJIT [7-10].

YcTaHOBNEHA BbICOKAs KOPPENAUMs MeXOy WH-
nekcoM Ki-67 n HakonneHnem '8F-DJIT B pasnimyHbIx
3/10KaYECTBEHHbIX OMNyX0NaX, Hanpumep npu Koso-
pektanbHoM pake, HMPJ1, rnmomax n numdpomax.
B cBsau ¢ atum MIAT/KT ¢ "8F-DJIT MoxXeT ObITb Mo-
JIE3HBLIM MHCTPYMEHTOM HaBUrauuu B xoae npoBene-
HUM Broncum ans Bbibopa onTUMasbHOW To4KM 3a60-
pa maTepuana.

OpHako HakonneHue '8F-MJ1T B onyxoneBoii TKaHu
no cpaBHeHuto ¢ '8F-PLI (cooTHOLEHMEe o4var/poH),
Kak NpaBuo, HUXe, YTO OrpaHMYMBaeT UCMOb30Ba-
HWe paHHoro PP ona nepBUYHON OMArHOCTUKM
n ctagmpoBaHusa. Kpome Toro, BbiCOKasi MIHTEHCKB-
HOCTb dur3monormyeckoro HakonneHus '8F-OJIT B ne-
YEHU 1N KOCTHOM MO3re 00yCOBNNBAET OrPaHNYEHUS
B Bu3yanumsaunmn 3HO pgaHHbIX nokanusauuii [2].

B cpaBHUTENLHOM aHanM3e AMarHoCTUYECKOWN
apdekTuHocTn MIT ¢ BF-PAl, '"C-MEeTUOHMHOM
n '8F-®J1T nokasaHo 3Ha4YMMOe pasnnyme NHTEHCUB-
HOCTW HakomnneHns gaHHbix PP B rmnomax pasnuy-
HoW cTeneHn auddepeHumpoBku (puc. 2). Kpome
TOro, YCTQHOBJIEHA MNONOXMUTENbHAd KOoppenauus
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Puc. 1. MexaHn3m BHYTPUKJIETOYHOr0 TpaHcrnopTa u HakornneHus '8F-PNT. TM® — tumuanH moHodocdart, dYMD - d-ypa-
unn moHodocdat, TK1 — TummnamHkmHasa-1, TC — tTummanHenHtasa, dNT — 5'(3’)-aeokcmpuboHykneotnaasa [3].

Fig. 1. lintracellular uptake and accumulation of '®F-FLT. TMF — thymidine monophosphate, dUMP — d-uracil monophosphate,
TK1 - thymidine kinase-1, TC — thymidine synthase, dNT - 5’(3’) deoxyribonucleotidase [3].

MEDICAL VISUALIZATION 2020, V. 24, N2



METHIIHCKAS BUYATHBALIA

Puc. 2. CpaBHeHue SUV,,, 1 cooT-
HoweHun T/N (tumor to normal) ons
BF-dAr (a, r), ""C-meTnoHuHa (6, A)
n 8F-ONT (B, ) B muromax -1V cte-
nexn gnddepenHumposku. Mpu MIAT
c "F-QAI [ocToBEpHbIX pPasnuyunii
He BbIgBneHo. Mpu M3T ¢ '"C-meTuro-
HUHOM padnunymna SUV, ., 1 COOTHO-
weHuit T/N Oblin CTATUCTUYECKM
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3HAYUMbIMK Mexay rmuomamm Il n IV
ctenenu (*p < 0,05), HO He3Hauum-
TenbHbIMK Mexay rmvomamn 1l n il
ctenexeit. Mpu N3T ¢ "8F-DJIT pas-

AR

mvama SUV,,, n cooTHowenunn T/N
OblNMN  CTATUCTUYECKN 3HAYMMBIMU
mexay rnnomamu Il n IV ctenenu,
1151 IV cTenenn (**p < 0,01).

Fig. 2. Comparison of SUV,,, and
T/N ratios (tumor to normal) of '8F-
FDG (a, r), ""C-methionine (6, &) and
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8F-FLT (B, €) in gliomas grade II-IV.
No significant differences were found
in '8F-FDG PET parameters. There
were statistically significant differences
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between grade Il and IV gliomas (*p <
0.05), but not significant between
grade Il and Ill gliomas in SUV,,,, and
T/N ratios in ""C-methionine PET. The
differences in SUV,,,, and T/N ratios
were statistically significant between
grade lll and IV, grade Il and IV gliomas

FLT SUV max
O = N W A

* % ‘

N
o

B

FLT T/N ratio
o o o O

in '8F-FLT PET (**p < 0.01). I

Mexay ypoBHeM uHaekca Ki-67 n SUV,,, npu MN3T
¢ "C-metnonuHom (r = 0,32, p = 0,02) n npn MaT
c 'F-PJIT, npuyem ¢ 6onblUeli NHTEHCUBHOCTLIO
(r=0,73,p<0,001) [11]. 3TO NO3BONSAET paccMaTpu-
BaTb WHTEHCMBHOCTb HaKOMIEHNS JAHHBIX MapKepoB
B KayeCTBe MPOrHOCTUYECKNX HakTopoB 3PDEKTUB-
HOCTM NPEACTOSsILLEN Tepanun 1 oOLLEl BbIXXMBAEMO-
ctn [12].

Hanbonee nepcnexkTVBHbLIM NPELACTABASETCS NPU-
MeHeHue '8F-DJIT ana oueHkM oTBeTa OMNyXxonn Ha
Tepanuio 1 NPOrHo3a paHHero oTBeTa B X04e Iy4EBOWA
TepanMm 1 NeYeHns LMTOoCTaTMYecKuMn npenapa-
Tamu, BbI3bIBAIOWNMUK apPecT S-dasbl KIETOYHOro
LMKIa 3a CHET MEeXaHM3MOB akTuBaLmm “cnacutenb-
Horo” nytu cuHtesa AHK.

8F-FMAU

CX0XMM MexaHM3MOM HakornieHns obnagaert eLle
oavH POI - '®F-1-(2’-Deoxy-2’-fluoro-B-D-arabino-
furanosyl)thymine ('®F-FMAU). NepBoHayanbHO AaH-
HbIi Mpenapar — aHanor ypauuna — paspabaTbiBancs
B 1960-70-x rogax B KayecTBe nekapcTsa NpoTuB
BMPYCa NPOCTOro repreca, 0Hako B CBSI3U CO Clyya-
MW HENPOTOKCUMYHOCTW Y MPVHUMABLUMX ero nawuu-
EeHTOB KIMHWYeckoe BHeapeHue OblI0 UCKTIOYEHO

T
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[13]. NHTepec k FMAU yxe kak K NepCnekTUBHOMY
P®MN ona MOT Bo3poanncs okono 15 neT Haszapg,
B KayeCTBe paaMomMeTknm npumeHsnuce '""C un '8F
Mo pesdynbtatam NepBoro onbita npumMeHexus MNaT
¢ '®F-FMAU B pa3HOPOAHOM rpyrnne OHKONOrMYeCKNx
NauMeHTOB OTMEYEHO, YTO YPOBEHb (POHOBOIO HaKO-
nnexHns gaHHoro PPl B KOCTHOM MO3re HUXE, YeM
y aHasora TMMUAMHA, YTO NO3BONSET C OOMbLUEN YyB-
CTBUTENBHOCTBLIO OMNPEAENsATb KOCTHblE MeTacTasbl,
O[lHAKO B TO X€ BpeMs BbICOKME (POHOBbLIE YPOBHM
HaKOMIEeHMs B MEYeHN, NoYKax u Mmokapae no cpas-
HeHuto ¢ '8F-PJIT MoryT BbICTYMUTL TUMUTUPYIOLLUM
dakTopoMm WMPOKOro BHeApeHus fdaHHoro POI [14].
B HacTosiLLee BpeMs JaHHbIX O KIIMHUYECKOM npume-
HeHun MN3T ¢ '8F-FMAU HeMHOro, B ony6nkoBaHHbIX
paboTax onuncaHbl eaMHUYHBIE Clly4au, a Takke, B CKO-
pPOM BPEMEHU, OXWOAETCS BbIXOA PaboThbl, MOCBSA-
LLLEHHOW OLeHKe NHHOPMATUBHOCTU LAHHON MeToau-
K1 Npwn pake npeacTaTtenbHom xeneabl [15-17].

OkcureHauunsa TKaHen

CocTosiHME TMMOKCKM pa3BUBAETCS B TKaHW, eCin
pacctosiHie o Gnuxaiwero cocyga npeBblillaeT
100-150 MKM 1 napuuanbHoOe AaBfieHne Kucnopoaa
coctaBnsietT meHee 8—-10 mm pT.cT. deHOMEH rnnok-
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Puc. 3. MexaHnambl HakonsieHmss POI, otobpaxatowmx cTeneHb runokcum tkaim — '8F-FMISO (a), 8°Cu-ATSM (6).
Fig. 3. The mechanisms of accumulation of radiopharmaceuticals reflecting the degree of tissue hypoxia — 8F-FMISO (a),

80Cu-ATSM (6).

CUM NPUBOANT K Kackady peakumin KneTo4yHoW aganTa-
LN U CBSAI3aH C M3MEHEHUSIMN 3KCMNPEeCCUn reHos,
B OCHOBHOM koaupytowmx HIF-1o 1 HIF-2. YpoBeHb
aKTMBaLMN 3TUX FEHOB MPSIMO 3aBUCUT OT KOHLLEHTpa-
umMn kucnopoga. lMpu Bblweyka3aHHbIX 3HAYEHUSX
napuuanbHoro pgasnenus kucnopoga HIF vHuum-
VPYIOT aKTMBaLMIO FTEHOB, YYaCTBYIOLLMX B MNKONIN3E
(Tak Kak B aHa3pPOOHbIX YCNOBUAX MMNKONNS CTAHOBUT-
CSl OCHOBHbIM WUCTOYHMKOM 3HEPrumn), reHoB nposm-
depaumm n BbXXMBAEMOCTU KINETOK, a Takke CTUMY-
JIMPYIOT aHrmoreHes. MNpun HM3KOM caTypaumn TKaHemn
KMCNIOPOAOM CHUXAEeTCs KOJIMYECTBO CBOOOOHbLIX
pagukanoB KMCopPoaa, Bbi3biBAOLMX HEOOPATUMbIE
nospexaeHna JHK onyxonesbix KNeToK Npu Jiy4eBomn
Tepanun, U COOTBETCTBEHHO ee 9(PPEKTMBHOCTD.
OnyxoneBble KNETKW, WUCMbITbIBAKOLWLME TUMNOKCUIO,
npumMepHo B 3 pa3a bonee paamMope3nCTEHTHbIE, a X
HanMyne B oNyxonm cnocobCcTByeT NOTepe NOKanbHO-
ro KOHTPOJIS B Mpouecce paguotepanun. Takum
06pas3omM, CnocoBHOCTb OMYXOJNIEBLIX KNETOK NEPEHO-
CUTb rNyOOKY0 TMMOKCUIO YKa3biBaeT Ha TO, YTO UX
aganTtauma K rmnoKCMYECKUM YCIOBUSM SBASIETCS
peLlaiowmm 3TanomM B NPOrpeccmpoBaHnm onyxone-
Boro npouecca [18-20].

M3mepeHre napumanbHOro gaBaeHuns Kmcnopona
WHBaA3MBHbIM KMCIOPOAHbIM 3MeKTpoaoM obecne-
4yMBaeT MNPSIMYI0 KONMYECTBEHHYIO MHPOPMaLUMo 00
OKCUreHaumm TKaHen 1 cumTaeTcs “3010TbiM CTaH-
naptoM” ons obHapyxXeHust runokcuun. OgHako aToT
MeTo[, SABNSETCS MHBA3MBHbLIM, U €ro pe3ynbraTbl 3a-

BUCAT OT AOCTYMNHOCTX ONYyXONn AN 30H4A U ee rete-
poreHHoCcTU. B kavecTBe anbTepHaTMBHOW HeWHBa-
3UBHOM METOAMKN BU3yanusaummv TMNoKCUN MOXET
ObITb NpepnoxeHa MAT. B HacToswee BpeMs 60Jib-
LLUMHCTBO COOTBETCTBYOLWMX PDI oTHOCUTCS K rpyn-
ne coeanHeHNN, KOTOPbIE BOCCTAHABNBAIOTCS M MO-
nagatT B “NIOBYLUKY” B TKAHSAX, UCMbITbIBAKOLWMX M-
nokcuio [21]. Cpeamn HUX cnenyeT BblAENUTb HUTPO-
nMmmnaasonsl — '8F-FMISO ('8F-¢dpTop-mMun3oHnaason),
18F-FAZA ('8F-¢pTOop-azomunumHapadbuHosua), '8F-HX4
(3-"8F-2-(4-((2-nitro-1Himidazol-1-yl)methyl)-1H-
1,2,3,-triazol-1-yl)-propan-1-ol) n P®I, He OTHO-
cswmecs K aTon rpynne, — 6061.6264Cy-ATSM (Cu-
avauetun-éuc-N4-metutmnocemmkap0ba3oH).
MexaHn3am Hakonnexusa '8F-FMISO cesizaH ¢ pa-
00TOI BHYTPUKIIETOYHbIX pedykTas. byoyun nuno-
GUNBHON MONEKYSION, OH nerko anddoyHanpyeTt na
MEXKJIETOYHOrO MPOCTPAHCTBA BHYTPb KNETOK, U HU-
Tporpynna B ero CoOCTaBe BOCCTaHaBnvBaeTca dep-
MEHTOM HUTPOPEAYKTa30n, YTO NPUBOAUT K 06pa3o-
BaHMIO pagmkanbHOro aHnoHa. Ecnn gaBneHme Kuc-
fiopoda BHYTPM KJeToK OyaeT A0CTaTOYHbIM, Kak
B OU3MONOrMYECKNX YCNIOBUSX, STOT pPaaMKabHbIN
aHMoH ByaeT NOBTOPHO OKMcheH, 1 '8F-FMISO BbiBe-
OeTcs U3 KneTku. B cnyvyae HU3KOro YpPOBHS KOHLLEHT-
pauum KMCNopoda, XapakTepHOro AnAs KJAeTOK npu
runokeun, '8F-FMISO He MOXEeT BbITb MOBTOPHO OKUC-
JIeH, a ero MeTabonTbl HAKarNIMBaKTCA BHYTPU KeT-
KW, KOBaNEHTHO CBS3blBasicb ¢ Genkamu (puc. 3a).
OTnnYnTEenbHbIMU  HEraTUBHBIMM  OCODEHHOCTAMMU
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AaHHoro POl BeICTyNaloT HU3KME CKOPOCTU Hakomne-
HUS N BbIBEOEHUS, HU3KOE COOTHOLLEHMEe o4var/doH
B CBSI3M C BbICOKOW JIMMOMUSIbHOCTBIO MOJIEKYIT U aK-
TUBHbIM HaKOMMNEHNEM B MbilleyHon TkaHu [20]. 3To
notpeboBano co3gaHns HoBbIx POIT.

8F-FAZA, pa3paboTaHHbI NyTeM NPUCOEANHEHUS
apabuHo3bl k monekyne '8F-FMISO n cHuxeHusa nuno-
GUNBbHOCTN, COXPaHUN TOT XE MEXaHMU3M Hakor-
neHus, npenapar obnagaet nydiien ctabunbHOCTLIO
N NyyWwmmm GapMakoKMHETMYECKMMN NapaMeTpamu.

18F-HX4 xapaktepuayeTcs 60nee BbICOKMM COOT-
HoweHneM o4ar/PoH 1 6onee BbICOKUM KIIMPEHCOM
HeakKyMynmpoBaHHOW dpakumnm 13 opraHmama no
cpaBHeHwuio ¢ '8F-FAZA, ogHako BCneacTeume Toro, 4To
BbiBefeHue '8 F-HX4 npomcxoamT noykamm, pesynbra-
Tbl CKQHWMPOBAHUS B 3HAYUTENIbHOW CTeneHu OyayT
3aBUCETb OT COXPAHHOCTM QYHKUMK noyek [22].
Mo pesynbTaTtam cpaBHeHus '8F-HX4 ¢ 8F-FMISO unc-
cnepoBaTtenaMmm Bo rnaee ¢ L. Chen oTmeueHo, 4To
18F-HX4 moxeT obnapgatb 6onee BbICOKOW AMarHo-
CTMYECKOW TOYHOCTbIO, 6oNiee BbICTPLIM KIMPEHCOM U
6oJiee KOPOTKUM BPEMEHEM OXNOAHWUS MOCNE NHBLEK-
L1mM no cpaBHeHutio ¢ '8F-FMISO [23].

Cnocob6 BHyTpukneToyHoro Hakonnexnus Cu(ll)-
ATSM B HacTosiliee BpPeEMS OO0 KOHLA HE M3Y4eH,
HO cumuTaeTtcs, 4to Cu(ll)-ATSM NpoHMKaeT B KNETKM
nyTem npocton anddysnm n NnpeBpaLLaeTcs B aHn-
OH [Cu(l)-ATSM]- npu y4acTun BHYTPUKNETOYHbIX
Tnonos. lpu HopmokcunyeckoMm cocTosHum [Cu(l)-
ATSM]- 6bicTpo noBTOpHO okucnsetrca no Cu(ll)-
ATSM, n coeguHeHne CHOBa MOXET NOKUHYTb KIIETKY
nytem gnuooysnun. Korga nmeercs HeJoCTaTOK KUC-
nopopa, Heyctonumebln uHagmkaTop [Cu(l)-ATSM]-
MeLNeHHO anccounmpyet Ha H2-ATSM n atom megu
Cu(l), npnyem aTom n3oTona Meay 0CTaeTcs BHYTpU
KneTku, BCTynas B MeTtabosiMam MenbCoAep Kalimx
MeTannonpoTenHos (puc. 36) [24]. 3tot PP otnn-
yaeT MakCuUMasbHOEe B rpynne COOTHOLIeHMe ovar/
MbILLLbI.

Ha rpynny P®I1-mapkepoB rmnokcum Bo3nararoT-
cs 6onblUNE OXMOAHWUS B OTHOLLIEHUM BbICOKOI Mpo-
FHOCTUYECKOW LLEHHOCTM NPW NAaHNPOBAHWW Iy4EBOM
Tepanuu. Tak, L.S. Mortensen n coaBsT. Ob1/10 NOATBEP-
XOEHO NporHocTuyeckoe 3HadveHme MIAT ¢ '8F-FAZA:
0e3peunanBHasn BbXXKMBAeMOCTb (MeanaHa — 19 mec)
nocne ny4yeson tepanum coctaeuna 93% ong nauu-
€HTOB C onyxonamu ronossbl 1 wewun (OrLL), y koTopbIx
no paHHbiM M3T He ObINO BbISBIIEHO MPU3HAKOB
rMnoKcum B onyxonm, n 60% — ana naunmeHToB € Nono-
XutenbHoiMn pesynstatamu M3T (p = 0,04) [25].
AHanorunyHble pesynstatbl ObUIM MONYYEHbI OPYroi
rpynnon wuccnegoBaTenen non pPyKkOBOACTBOM
M. Kikuchi (MegnaHa NpofomknTeNnbHOCTN Habnae-
Hua — 20 Mec): NOKOpernoHanbHbI KOHTPOSb Obin
3HAYUTENILHO HWXE B FPyMne Onyxonel C BbICOKUM
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HakonneHem 8F-FMISO. ABTOpbI NPULLIAK K BbIBOAY,
4YTO OLEHKA MMMOKCMYECKOro ctatyca onyxoniu ¢ no-
mMoupto MIAT ¢ '8F-FMISO oo nedeHns MOXeT UMETb
Oonbllee 3HaA4YeHMe Mpu COCTaBSIEHMM MPOrHo3a
BbKMBAEMOCTH (NOCSE NIy4eBON Tepanum Unmn xmpyp-
rMY4eckoro nevyeHuns), yem ctaamsa no TNM y naumen-
ToB ¢ Ol [26].

B pabote K. Tateichi n coaBT. oueHnBanace koppe-
NAUNS UMMYHOTMCTOXMMUYECKUX XapakTePUCTUK Mn-
OM C HakoryieHnem %2Cu-ATSM npu M3T (n = 22).
Bblno 06HapyXeHo, 4To HakonneHne atoro POl gaB-
NSETCS MOJIOXMUTENIbHLIM MPOrHOCTUYECKUM (PaKTO-
poM B OTHOWeHun akcnpeccun HIF-1o ¢ 4yBCTBU-
TenbHOCTbI0 92,3% 1 cneundpunyHocTbio 88,9% [27].

MepBble cBeaeHMs 0 NpuMeHeHnn '8F-FAZA B nna-
HUPOBaHMM pagnoTepanun choKyCnpoBaHbl Ha Gop-
MMPOBaHMM N30L03HbIX Nosiein 06nyyeHns y 18 naum-
€HTOB C pacnpocTpaHeHHbiMyn OFLL [28]. OAna nep-
BMYHbIX JIOKann3aumii o6bem 001y4aemMon Onyxonu,
pasrpaHnyeHHbIi No peaynbratam '8F-FAZA-N3T
(GTV-FAZA), npencTtaBnsi eguHyto “ClMBHYK” rMMNok-
cuyeckyto obnactb B 61% cnyvaeB 1 HECKOJIbKO pac-
cesiHHbIX obnacteit B 22%. OgHako BO BCEX Clyvasx
GTV-FAZA Haxogunack BHyTpU GTV, 0603Ha4YeHHOM
Ha KOMMNbIOTEPHOM TOMOrpamMMme.

B HepaBHeln pabote E. Melsens ¢ konneramm Ha
MOZEeNnN KCeHOTPaHCcnnaHTara paka nuiesona noka-
3aHo, 4To pe3ynbraThl M3T ¢ '®F-FAZA BbicTynaloT
NPOrHOCTUYECKMM HaKTOPOM OTBETA Ha Jy4YEBYIO Te-
panunio ¢ YyBCTBUTENbHOCTbIO 92,3% 1 cneunduyHo-
cTbio 71,4% [29].

B uenom knMHuyeckne paHHele 06 MHdopMaTUB-
HoCcTM aToi rpynnbl P®I pasHaTcs: HeT eamHoro
MHEHMS O NMPUMEHUMOCTU UX MPU HEKOTOPLIX BMAAX
3HO (Hanpumep, npu MNMKP 1 capkomax Markux Tka-
Hell), HeOHO3HaYHbI Pe3yNibTaThbl BANSHUS Ha 00LLYI0
BbKMBAEMOCTb, HELOCTAaTOYHO [AHHbIX O Lefeco-
06pa3HOCTUN 3cKanaumm 0o3bl NPy JIy4EBON Tepanum
no peaynstatam MN3T. Takke CTOUT OTMETUTb HEOOb-
Lo o6bemM BbIOOPKN B AaHHbIX UCcnenoBaHusx. Bece
BbILLEMNEPEYMCIIEHHOE [OEMOHCTPUPYET Heobxoam-
MOCTb [daflbHEMLINX WCCNEO0BAHNN, BKIOYAKOLLMX
0osbLLee KONMMYEeCTBO KIIMHUYECKOro Matepuana.

3aknoyeHue

MN3T - ogHa n3 Hanbonee AUHAMUYHO pa3BMBaIO-
WmMxcsa oTpacnen MeauunHCKOW BuU3yanusauunu.
B HacTosee BpemMs CNoXunach yHUKaslbHas cutya-
uusl, Koraa aktMBHas pa3paboTka HoBbix PPl 3Haun-
TENbHO onepexaeT X KIMHNYEeCKoe BHeOpeHne, 1 n3
BCeW Macchl HOBbIX PDI1 noka nuilb eauHuLLbI LINPO-
KO MPUMEHSIOTCA B MOBCEAHEBHOW npakTuke. MHorne
ncenenoBartenn nNoayYepkmBaloT He0OX0AMMOCTb 60-
nee petasbHOro n3yvyeHus mHpopmaTusHocTn MIAT
¢ HoBbIMY P®I1, ogHako Mo yxe MMeloLmMMest ceee-
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HNAM MOXHO YyTBEPXAaTb, 4TO AaHHAadA METOAMKaA CTa-
HET HE3aMEHNMbIM NMOMOLLUHMKOM B peLlEeHNN CaMbIX
pa3Hoo6pasHb|x KNMMHNYECKNX 3aJa4 B OHKOJIOrnn.

Yuyactue aBTopoB

JNeoHTbeB A.B. — 0TBETCTBEHHOCTb 3a LIE/IOCTHOCTb BCEX
yacTewn cTtaTby, NOArOTOBKA 1 PeaaKTUPOBaHME TEKCTA.

Py6buoBa H.A. — noarotoska, co3gaHne onybnMKoBaH-
HOW PaboThl.

XanumoH A.N. — HanncaHne TekcTa, NoAroToBKa U pe-
[AKTUPOBaHME TEKCTA.

Xamapeesa IM®. — cOop 1 06paboTka AaHHbIX, HAaNMca-
HWe TekcTa, NOAroToBKa 1 pefakTMpoBaHme TEKCTa.

Kynues M.T. — HanucaHne TekcTa, NoAroToBka 1 peaak-
TMPOBaHMeE TeKCTa.

Mbinosa N.B. — HanncaHme TekcTa, NOAroToBka U pe-
[aKTMpOBaHME TEKCTA.

NagytunHa T.H. — HanucaHne TekcTa, NOAroToBKa 1 pe-
[aKTUPOBaHME TeKCTa.

KocTuH A.A. — yTBEPXOEHME OKOHYATENIbHOMO BapnaHTa
cTaTby.

KanpuH A.[J. — yTBEpXAeHME OKOHYATEIbHOIrO BapuaHTa
cTaTby.

Authors’ participation

Leontyev A.V. — responsibility for the integrity of all parts
of the article, text preparation and editing.

Rubtsova N.A. - preparation and creation of the
published work.

Khalimon A.l. — writing text, text preparation and editing.

Khamadeeva G.F. - collection and analysis of data,
writing text, text preparation and editing.

Kuliev M.T. — writing text, text preparation and editing.

Pylova I.V. — writing text, text preparation and editing.

Lazutina T.N. — writing text, text preparation and editing.

Kostin A.A. — approval of the final version of the article.

Kaprin A.D. — approval of the final version of the article.

Cnucok nutepartypbl

1.  Shields A.F., Grierson J.R., Dohmen B.M., Machulla H.J.,
Stayanoff J.C., Lawhorn-Crews J.M., Obradovich J.E.,
Muzik O., Mangner T.J. Imaging proliferation in vivo with
[F-18]FLT and positron emission tomography. Nat. Med.
1998; 4: 1334-1336. http://doi.org/10.1038/3337

2. Barwick T., Bencherif B., Mountz J.M., Avril N. Molecular
PET and PET/CT imaging of tumour cell proliferation using
F-18 fluoro-L-thymidine: a comprehensive evaluation.
Nuclear Med. Communications. 2009; 30 (12): 908-917.
http://doi.org/10.1097/MNM.0b013e32832ee93b

3. Jensen M.M., Kjaer A. Monitoring of anti-cancer treatment
with '®F-FDG and '8F-FLT PET: a comprehensive review
of pre-clinical studies. Am. J. Nucl. Med. Mol. Imaging.
2015; 5 (5): 431-456.

4. Belt J.A.,, Marina N.M., Phelps D.A., Crawford C.R.
Nucleoside transport in normal and neoplastic cells. Adv.
Enzyme Regul. 1993; 33: 235-252.

5. Fanti S., Farsad M., Mansi L. PET-CT Beyond FDG.
A Quick Guide to Image Interpretation. Berlin; Heidelberg:
Springer-Verlag, 2010.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Pauleit D., Floeth F.,, Herzog H., Hamacher K., Tellmann L.,
Muller HW., Coenen H.H., Langen K.-J. Whole-body
distribution and dosimetry of O-(2-['8F]fluoroethyl)-I-
tyrosine. Eur. J. Nucl. Med. Mol. Imaging. 2003; 30: 519-
524. http://doi.org/10.1007/s00259-003-1118-0

Buck A.K., Hermann K., Shen C., Dechow T., Schwaiger
M., Wester H.J. Molecular imaging of proliferation in vivo:
positron emission tomography with ['8F]fluorothymidine.
Methods. 2009; 48 (2): 205-215.
http://doi.org/10.1016/j.ymeth.2009.03.009

Soloviev D., Lewis D., Honess D., Aboagye E. [(18)F]FLT:
an imaging biomarker of tumour proliferation for assess-
ment of tumour response to treatment. Eur. J. Cancer.
2012; 48: 416-424.
http://doi.org/10.1016/j.ejca.2011.11.035

Barwick T., Bencherif B., Mountz J.M., Avril N. Molecular
PET and PET/CT imaging of tumour cell proliferation using
F-18-fluoro-L-thymidine: a comprehensive evaluation.
Nucl. Med. Communications. 2009; 30: 908-917.
http://doi.org/10.1097/MNM.0b013e32832ee93b
Jensen M.M., Kjaer A. Monitoring of anti-cancer treatment
with (18)F-FDG and (18)F-FLT PET: a comprehensive
review of pre-clinical studies. Am. J. Nucl. Med. Mol.
Imaging. 2015; 5 (5): 431-456.

Miyake K., Shinomiya A., Okada M., Hatakeyama T.,
Kawai N., Tamiya T. Usefulness of FDG, MET and FLT-PET
studies for the management of human gliomas. J.
Biomed. Biotechnol. 2012. 205818.
http://doi.org/10.1155/2012/205818

Glaudemans A.W., Enting R.H., Heesters M.A., Dierckx R.A.,
van Rheenen R.W., Walenkamp A M., Slart R.H. Value of
11C-methionine PET in imaging brain tumours and
metastases. Eur. J. Nucl. Med. Mol. Imaging. 2012.
http://doi.org/10.1007/s00259-012-2295-5

Alauddin M.M. Journey of 2'-deoxy-2'-fluoro-5-methyl-
1-B-D-arabinofuranosyluracil (FMAU): from Antiviral
Drug to PET Imaging Agent. Curr. Med. Chem. 2018;
25 (16): 1867-1878.
http://doi.org/10.2174/0929867325666171129125217
Sun H., Sloan A., Mangner TJ., Vaishampayan U.,
Muzik O., Collins J.M., Douglas K., Shields A.F. Imaging
DNA synthesis with [18F]FMAU and positron emission
tomography in patients with cancer. Eur. J. Nucl. Med.
Mol. Imaging. 2005; 32 (1): 15-22.

Jadvar H., Chen K., Ukimura O. Targeted Prostate Gland
Biopsy With Combined Transrectal Ultrasound, mpMRlI,
and '8F-FMAU PET/CT. Clin. Nucl. Med. 2015; 40 (8): e426-
e428. http://doi.org/10.1097/rlu.00000000000008 14
Varghese B., Velez E., Desai B., Jadvar H. Incidental
Detection of Meningioma by '®F-FMAU PET/CT in a Patient
With Suspected Prostate Cancer. Clin. Nucl. Med. 2018;
43 (7): e245-e246.
http://doi.org/10.1097/RLU.0000000000002123
KnuHnyeckoe nccneposaxve “MIT/KT ¢ '8F-FMAU B au-
arHoCTWKE W XapakTepPUCTMKE paka NpeacTaTesibHON Xe-
nesbl”. JoctynHo no: https://clinicaltrials.gov/ct2/show/
NCT02809690 Cchinka aktneHa Ha 06.09.2019r.
Semenza G.L., Jiang B.H., Leung S.W. et al. Hypoxia
response elements in the aldolase A, enolase 1, and
lactate dehydrogenase A gene promoters contain
essential binding sites for hypoxia-inducible factor 1.
J. Biol. Chem. 1996; 271 (51): 32529-32537.
http://doi.org/10.1074/jbc.271.51.32529

MEDICAL VISUALIZATION 2020, V. 24, N2



0B30P JIUTEPATYPHI | REVIEW

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Semenza G.L., Roth PH., Fang H.M., Wang G.L.
Transcriptional regulation of genes encoding glycolytic
enzymes by hypoxia-inducible factor 1. J. Biol. Chem.
1994; 269 (38): 23757-23763.

Lopci E., Grassi I., Chiti A., Nanni C., Cicoria G., Toschi L.,
Fonti C., Lodi F, Mattioli S., Fanti S. PET radio-
pharmaceuticals for imaging of tumor hypoxia: a review
of the evidence. Am. J. Nucl. Med. Mol. Imaging. 2014;
4 (4): 365-384.

Li F, Jorgensen J.T., Madsen J., Kjaer A. Pharmaco-
kinetic analysis of 8*Cu-ATSM dynamic PET in human
xenograft tumors in mice. Diagnostics. 2015; 5 (2): 96—
112. http://doi.org/10.3390/diagnostics5020096
Thorwarth D., Wack L.-J., Ménnich D. Hypoxia PET imaging
techniques: data acquisition and analysis. Clin. Transl.
Imaging. 2017; 5: 489-496.
https://doi.org/10.1007/s40336-017-0250-y

Chen L., Zhang Z., Kolb H.C., Walsh J.C., Zhang J.,
Guan Y. '8F-HX4 hypoxia imaging with PET/CT in head and
neck cancer: a comparison with '®F-FMISO. Nucl. Med.
Commun. 2012; 33 (10): 1096-1102.
https://doi.org/10.1097/MNM.0b013e3283571016
Shaughnessy F., Mariotti E., Shaw K.P.,, Eykyn TR.,
Blower P.J., Siow R., Southworth R. Modification of intra-
cellular glutathione status does not change the cardiac
trapping of 84Cu (ATSM). EJNMMI Research. 2014; 4: 40.
https://doi.org/10.1186/s13550-014-0040-8

Mortensen L.S., Johansen J., Kallehauge J., Primdahl H.,
Busk M., Lassen P, Alsner J., Sorensen B.S., Toustrup K.,
Jakobsen S., Petersen J., Petersen H., Theil J.,
Nordsmark M., Overgaard J. FAZA PET/CT hypoxia
imaging in patients with squamous cell carcinoma of the
head and neck treated with radiotherapy: results from the
DAHANCA 24 trial. Radiother Oncol. 2012; 105: 14-20.
https://doi.org/10.1016/j.radonc.2012.09.015

Kikuchi M., Yamane T., Shinohara S., Fujiwara K., Hori S.Y.,
Tona Y., Yamazaki H., Naito Y., Senda M. '8F-fluoro-
misonidazole positron emission tomography before
treatment is a predictor of radiotherapy outcome and
survival prognosis in patients with head and neck
squamous cell carcinoma. Ann. Nucl. Med. 2011; 25 (9):
625-633. https://doi.org/10.1007/s12149-011-0508-9
Tateichi K., Tateishi U., Sato M., Yamanaka S., Kanno H.,
Murata H., Inoue T., Kawahara N. Application of 62Cu-
diacetyl-bis(N4-methylthiosemicarbazone) PET imaging
to predict highly malignant tumor grades and hypoxia-
inducible factor-1a expression in patients with glioma.
Am. J. Neuroradiol. 2013; 34: 92-99.
https://doi.org/10.3174/ajnr.A3159

Grosu A.L., Souvatzoglou M., Roper B., Dobritz M.,
Wiedenmann N., Jacob V., Wester H.J., Reischl G.,
Machulla H.J., Schwaiger M., Molls M., Piert M. Hypoxia
imaging with FAZA-PET and theoretical considerations
with regard to dose painting for individualization of
radiotherapy in patients with head and neck cancer.
Int. J. Radiat. Oncol. Biol. Phys. 2007; 69: 541-551.
Melsens E., De Vlieghere E., Descamps B., Vanhove C.,
Kersemans K., De VosF., Goethals|., Brans B., De Wever O.,
Ceelen W., Pattyn P. Hypoxia imaging with 18F-FAZA PET/
CT predicts radiotherapy response in esophageal
adenocarcinoma xenografts. Radiat. Oncol. 2018; 13 (1):
39. https://doi.org/10.1186/s13014-018-0984-3

MEIVIUHCKAS BUSYATTUBALIAA 2020, Tom 24, Ne2

10.

11.

12.

13.

14.

References

Shields A.F., Grierson J.R., Dohmen B.M., Machulla H.J.,
Stayanoff J.C., Lawhorn-Crews J.M., Obradovich J.E.,
Muzik O., Mangner T.J. Imaging proliferation in vivo with
[F-18]FLT and positron emission tomography. Nat. Med.
1998; 4: 1334-1336. http://doi.org/10.1038/3337
Barwick T., Bencherif B., Mountz J.M., Avril N. Molecular
PET and PET/CT imaging of tumour cell proliferation using
F-18 fluoro-L-thymidine: a comprehensive evaluation.
Nuclear Med. Communications. 2009; 30 (12): 908-917.
http://doi.org/10.1097/MNM.0b013e32832ee93b
Jensen M.M., Kjaer A. Monitoring of anti-cancer treatment
with '®F-FDG and '"8F-FLT PET: a comprehensive review
of pre-clinical studies. Am. J. Nucl. Med. Mol. Imaging.
2015; 5 (5): 431-456.

Belt J.A., Marina N.M., Phelps D.A., Crawford C.R.
Nucleoside transport in normal and neoplastic cells. Adv.
Enzyme Regul. 1993; 33: 235-252.

Fanti S., Farsad M., Mansi L. PET-CT Beyond FDG.
A Quick Guide to Image Interpretation. Berlin; Heidelberg:
Springer-Verlag, 2010.

Pauleit D., Floeth F., Herzog H., Hamacher K., Tellmann L.,
Muller H.W., Coenen H.H., Langen K.-J. Whole-body
distribution and dosimetry of O-(2-['8F]fluoroethyl)-I-
tyrosine. Eur. J. Nucl. Med. Mol. Imaging. 2003; 30: 519-
524. http://doi.org/10.1007/s00259-003-1118-0

Buck A.K., Hermann K., Shen C., Dechow T., Schwaiger
M., Wester H.J. Molecular imaging of proliferation in vivo:
positron emission tomography with ['8F]fluorothymidine.
Methods. 2009; 48 (2): 205-215.
http://doi.org/10.1016/j.ymeth.2009.03.009

Soloviev D., Lewis D., Honess D., Aboagye E. [(18)F]FLT:
an imaging biomarker of tumour proliferation for assess-
ment of tumour response to treatment. Eur. J. Cancer.
2012; 48: 416-424.
http://doi.org/10.1016/j.ejca.2011.11.035

Barwick T., Bencherif B., Mountz J.M., Avril N. Molecular
PET and PET/CT imaging of tumour cell proliferation using
F-18-fluoro-L-thymidine: a comprehensive evaluation.
Nucl. Med. Communications. 2009; 30: 908-917.
http://doi.org/10.1097/MNM.0b013e32832ee93b
Jensen M.M., Kjaer A. Monitoring of anti-cancer treatment
with (18)F-FDG and (18)F-FLT PET: a comprehensive
review of pre-clinical studies. Am. J. Nucl. Med. Mol.
Imaging. 2015; 5 (5): 431-456.

Miyake K., Shinomiya A., Okada M., Hatakeyama T.,
Kawai N., Tamiya T. Usefulness of FDG, MET and FLT-PET
studies for the management of human gliomas. J.
Biomed. Biotechnol. 2012. 205818.
http://doi.org/10.1155/2012/205818

Glaudemans A.W., Enting R.H., Heesters M.A., Dierckx R.A.,
van Rheenen R.W., Walenkamp A M., Slart R.H. Value of
11C-methionine PET in imaging brain tumours and
metastases. Eur. J. Nucl. Med. Mol. Imaging. 2012.
http://doi.org/10.1007/s00259-012-2295-5

Alauddin M.M. Journey of 2'-deoxy-2'-fluoro-5-methyl-
1-B-D-arabinofuranosyluracil (FMAU): from Antiviral
Drug to PET Imaging Agent. Curr. Med. Chem. 2018;
25 (16): 1867-1878.
http://doi.org/10.2174/0929867325666171129125217
Sun H., Sloan A., Mangner T.J., Vaishampayan U.,
Muzik O., Collins J.M., Douglas K., Shields A.F. Imaging
DNA synthesis with [18F]FMAU and positron emission
tomography in patients with cancer. Eur. J. Nucl. Med.
Mol. Imaging. 2005; 32 (1): 15-22.



0B30P JIUTEPATYPHI | REVIEW

15. Jadvar H., Chen K., Ukimura O. Targeted Prostate Gland 24. Shaughnessy F., Mariotti E., Shaw K.P, Eykyn TR.,

Biopsy With Combined Transrectal Ultrasound, mpMRI, Blower P.J., Siow R., Southworth R. Modification of intra-
and 18F-FMAU PET/CT. Clin. Nucl. Med. 2015; 40 (8): e426— cellular glutathione status does not change the cardiac
e428. http://doi.org/10.1097/rlu.0000000000000814 trapping of 6“Cu (ATSM). EJNMMI Research. 2014; 4: 40.
16. Varghese B., Velez E., Desai B., Jadvar H. Incidental https://doi.org/10.1186/s13550-014-0040-8
Detection of Meningioma by '®F-FMAU PET/CT in a Patient 25. Mortensen L.S., Johansen J., Kallehauge J., Primdahl H.,
With Suspected Prostate Cancer. Clin. Nucl. Med. 2018; Busk M., Lassen P,, Alsner J., Sorensen B.S., Toustrup K.,
43 (7): e245-e246. Jakobsen S., Petersen J., Petersen H., Theil J.,
http://doi.org/10.1097/RLU.0000000000002123 Nordsmark M., Overgaard J. FAZA PET/CT hypoxia
17. Clinical trial “'®F-FMAU PET/CT in Diagnosing and imaging in patients with squamous cell carcinoma of the
Characterizing Prostate Cancer”. Available at: https:// head and neck treated with radiotherapy: results from the
clinicaltrials.gov/ct2/show/NCT02809690 (In Russian) DAHANCA 24 trial. Radiother Oncol. 2012; 105: 14-20.
18. Semenza G.L., Jiang B.H., Leung S.W. et al. Hypoxia https://doi.org/10.1016/j.radonc.2012.09.015
response elements in the aldolase A, enolase 1, and 26. Kikuchi M., Yamane T., Shinohara S., Fujiwara K., Hori S.Y.,
lactate dehydrogenase A gene promoters contain Tona Y., Yamazaki H., Naito Y., Senda M. '8F-fluoro-
essential binding sites for hypoxia-inducible factor 1. misonidazole positron emission tomography before
J. Biol. Chem. 1996; 271 (51): 32529-32537. treatment is a predictor of radiotherapy outcome and
http://doi.org/10.1074/jbc.271.51.32529 survival prognosis in patients with head and neck
19. Semenza G.L., Roth PH., Fang H.M., Wang G.L. squamous cell carcinoma. Ann. Nucl. Med. 2011; 25 (9):
Transcriptional regulation of genes encoding glycolytic 625-638. https://doi.org/10.1007/s12149-011-0508-9
enzymes by hypoxia-inducible factor 1. J. Biol. Chem. 27. Tateichi K., Tateishi U., Sato M., Yamanaka S., Kanno H.,
1994; 269 (38): 23757-23763. Murata H., Inoue T., Kawahara N. Application of 2Cu-
20. LopciE., Grassil., Chiti A., Nanni C., Cicoria G., Toschi L., diacetyl-bis(N4-methylthiosemicarbazone) PET imaging
Fonti C., Lodi F, Mattioli S., Fanti S. PET radio- to predict highly malignant tumor grades and hypoxia-
pharmaceuticals for imaging of tumor hypoxia: a review inducible factor-1a expression in patients with glioma.
of the evidence. Am. J. Nucl. Med. Mol. Imaging. 2014; Am. J. Neuroradiol. 2013; 34: 92-99.
4 (4): 365-384. https://doi.org/10.3174/ajnr.A3159
21. Li F, Jorgensen J.T., Madsen J., Kjaer A. Pharmaco- 28. Grosu A.L., Souvatzoglou M., Roper B., Dobritz M.,
kinetic analysis of 64Cu-ATSM dynamic PET in human Wiedenmann N., Jacob V., Wester H.J., Reischl G.,
xenograft tumors in mice. Diagnostics. 2015; 5 (2): 96— Machulla H.J., Schwaiger M., Molls M., Piert M. Hypoxia
112. http://doi.org/10.3390/diagnostics5020096 imaging with FAZA-PET and theoretical considerations
22. Thorwarth D., Wack L.-J., Ménnich D. Hypoxia PET imaging with regard to dose painting for individualization of
techniques: data acquisition and analysis. Clin. Transl. radiotherapy in patients with head and neck cancer.
Imaging. 2017; 5: 489-496. Int. J. Radiat. Oncol. Biol. Phys. 2007; 69: 541-551.
https://doi.org/10.1007/s40336-017-0250-y 29. Melsens E., De Vlieghere E., Descamps B., Vanhove C.,
23. Chen L., Zhang Z., Kolb H.C., Walsh J.C., Zhang J., KersemansK., DeVosF, Goethals|., Brans B., De Wever O.,
Guan Y. '8F-HX4 hypoxia imaging with PET/CT in head and Ceelen W., Pattyn P. Hypoxia imaging with 18F-FAZA PET/
neck cancer: a comparison with '®F-FMISO. Nucl. Med. CT predicts radiotherapy response in esophageal
Commun. 2012; 33 (10): 1096-1102. adenocarcinoma xenografts. Radiat. Oncol. 2018; 13 (1):
https://doi.org/10.1097/MNM.0b013e3283571016 39. https://doi.org/10.1186/s13014-018-0984-3

Ansa koppecnoHgeHumMn*: JleoHTbeB Anekcell Buktoposud — 125284 Mockea, 2-i1 BoTkuHckuii npoesa, a. 3. Ten.: +7 (495) 9458718.

E-mail: aleksleont@yandex.ru

JleoHTbeB Anekceil BUKTOpPOBUY — KaHA. Me[. HaykK, 3aBeAYIOLLMIA OTAENEHNEM PaanoHyknmaHon anarHoctrkn MHOW nvenn M.A. TepueHa —
dunnana Orey “HMUL, papuonorum” Munsgpasa Poccum, Mocksa. https://orcid.org/0000-0002-6345-9500. Ten.: +7 (495) 945-87-18.
E-mail: aleksleont@yandex.ru

Py6uoBa Hatanba AnedTuHOBHaA — [OKTOP Me[A. HaykK, PyKOBOAWUTeNb oTaena fyyesoi amarHoctkun MHWOW unmenn M.A. TepueHa —
dunnana Orey “ HMULL papmonorun” MunsgpaBa Poccum, Mocksa. https://orcid.org/0000-0001-8378-4338. Ten.: +7 (495) 945-59-39.
E-mail: rna17@yandex.ru

XanumoH Anekcanpp Uropeeud - Bpay-peHTreHonor otaenenns KT u MPT MHUAOW umenn M.A. TepueHna — dunmana ®reY “ HMUL, pagmonorun”
Mwuhnanpasa Poccumn, Mocksa. https://orcid.org/0000-0002-8905-4202. Ten.: +7 (495) 945-86-47. E-mail: markyhaws@gmail.com

XamapeeBa lNynbHapa PapuaoBHa — KIMHUYECKMIA OPAMHATOP OTAENEHUsI paauoHyknuaHow amarHoctukn MHUOW nmenn M.A. TepueHa —
dunnana Orey “ HMUL, pagmonorun” Munagpaea Poccun, Mocksa. https://orcid.org/0000-0002-4864-0643. Ten.: +7 (977) 400-71-89.
E-mail: g.hamadeeva@yandex.ru

Kynuee Maromepn TemMupnaHoBuY — KIMHUYECKUI OpAamMHaTOp kadenpbl OHKOMOMUM, paavoTepann 1 niaacTUYeckol XMpyprum nedebHoro
dakynsreta GrAQY BO Mepsbiit MITMY nmenn U.M. CeyeHoBa (CeueHoBCKMiA YHMBEPCUTET) Ha 6ase OTAeNeHUs PaayoHYKIMAHOW ANarHOCTUKN
MHWOW nmenn MN.A. lTepuera — dunmana ®rey “ HMUL, pagronorun” Munagpasa Poccun, Mocksa. https://orcid.org/0000-0002-3508-1782.
Ten.: +7 (929) 651-64-41. E-mail: kul502@yandex.ru

MbinoBa UpuHa BaneHTUHOBHA - KaH. MeA,. HayK, Bpay-pasuonor oTaeneHus pagnoHyknmaHon auarHoctrku MHAOW umenn M.A. TepueHa —
dunmana Orey “ HMUL, pagunonorumn” Munagpasa Poccun, Mocksa. https://orcid.org/0000-0002-1280-620X. Ten.: +7 (495) 945-87-18.

E-mail: irinapylova@mail.ru

MEDICAL VISUALIZATION 2020, V. 24, N2



0B30P JIUTEPATYPHI | REVIEW

JNasyTtuHa TatbsiHa HukonaeBHa — kaHA. Mef,. HayK, Bpay-pajmnonor OTAeNneHus paguoHyknnaHon guardoctmkm MHUOW nmvenn M.A. TepueHa -
dunnana Prey “ HMUL, pagmonorun” MunsgpaBa Poccum, Mocksa. https://orcid.org/0000-0002-7835-4939. Ten.: +7 (495) 945-87-18.
E-mail: t.n.lazutina@yandex.ru

KocTtuH Anppeii AnekcanapoBuy — OKTOP Mefl. HayK, TPoheccop, NepBbiii 3aMecTuTeNb reHepanbHoro ampektopa ®reY “ HMULL paguonorumn”
MwuhHaapasa Poccuu; 3aBefytowmii kadeapon yponorum, OHKONOrMK, Pasnonoruy Gakynsteta NoBbiLLEeHNUs KBanupukaumm MeauumnHekux pabor-
HUKOB MeauumHckoro uHetutyta GrAQY BO “Poccuiickumii yHuBEpcuTeT apyx6bl Hapomdos”, Mockea. https://orcid.org/0000-0002-0792-6012.
Ten.: +7 (495) 945-07-25. E-mail: andocrey@mail.ru

KanpuH Augpeir AMutpueBud — akagemuk PAH, unex-kopp. PAO, fokTop Mea,. Hayk, npodeccop, MaeHbIi yponor PAH, 3acnyxeHHbIi Bpad PO,
reHepanbHblii aupektop ®reY “ HMUL, paguonorun” MuHsgpaBa Poccuw; 3aBemytowmii kadhenpoit yponoruu 1 onepaTuBHOW Hedbponorum
C KYPCOM OHKOYPOJIOrMm MEAULIMHCKOrO dhakynsTeTa MeauLmMHekoro nHetutyta @raQyY BO “Poccuiickuin yHnBepeuteT apyx6bl Hapoaos”, Mocksa.
https://orcid.org/0000-0001-8784-8415. Ten.: +7 (495) 945-19-35. E-mail: kaprin@mail.ru

Contact*: Alexey V. Leontyev - 3, 2th Botkinskij proezd, 125284, Moscow, Russia. Moscow Research Oncology Institute named after P. A. Herzen.
Phone: +7 (495) 945-87-18. E-mail: aleksleont@yandex.ru

Alexey V. Leontyev - Cand. of Sci. (Med.), Head of Nuclear Medicine Department of Moscow Research Oncology Institute named after P. A. Herzen —
branch of “National Medical Research Center of Radiology” of the Ministry of Healthcare of Russia, Moscow. https://orcid.org/0000-0002-6345-9500.
Phone: +7 (495) 945-87-18. E-mail: aleksleont@yandex.ru

Natalia A. Rubtsova - Doct. of Sci. (Med.), Head of Radiology Department of Moscow Research Oncology Institute named after PA. Herzen - branch
of “National Medical Research Radiological Center” of the Ministry of Healthcare of Russia, Moscow. https://orcid.org/0000-0001-8378-4338.
Phone: +7 (495) 945-59-39. E-mail: rna17@yandex.ru

Alexander |. Khalimon - radiologist of CT and MRI Department of Moscow Research Oncology Institute named after PA. Herzen — branch
of “National Medical Research Center of Radiology” of the Ministry of Healthcare of Russia, Moscow. https://orcid.org/0000-0002-8905-4202.
Phone: +7 (495) 945-86-47. E-mail: markyhaws@gmail.com

Gulnara F. Khamadeeva - Resident of Nuclear Medicine Department of Moscow Research Oncology Institute named after P. A. Herzen — branch
of “National Medical Research Center of Radiology” of the Ministry of Healthcare of Russia, Moscow. https://orcid.org/0000-0002-4864-0643.
Phone: +7 (977) 400-71-89. E-mail: g.hamadeeva@yandex.ru

Magomed T. Kuliev - Resident of Oncology, Radiotherapy and Plastic Surgery Department of Federal State Autonomous Educational Institution
of Higher Education I.M. Sechenov First Moscow State Medical University of the Ministry of Health of the Russian Federation (Sechenov University)
based at the Nuclear Medicine Department of Moscow Research Oncology Institute named after P. A. Herzen - branch of “National Medical Research
Radiological Center” of the Ministry of Healthcare of Russia, Moscow. https://orcid.org/0000-0002-3508-1782. Phone: +7 (929) 6516441.
E-mail: kul502@yandex.ru

Irina V. Pylova - Cand. of Sci. (Med.), nuclear medicine physician of Nuclear Medicine Department of Moscow Research Oncology Institute
named after PA. Herzen — branch of “National Medical Research Center of Radiology” of the Ministry of Healthcare of Russia, Moscow.
https://orcid.org/0000-0002-1280-620X. Phone: +7 (495) 945-87-18. E-mail: irinapylova@mail.ru

Tatyana N. Lazutina - Cand. of Sci. (Med.), nuclear medicine physician of Nuclear Medicine Department of Moscow Research Oncology
Institute named after PA. Herzen - branch of “National Medical Research Center of Radiology” of the Ministry of Healthcare of Russia, Moscow.
https://orcid.org/0000-0002-7835-4939. Phone: +7 (495) 945-87-18. E-mail: t.n.lazutina@yandex.ru

Andrey A. Kostin - Doct. of Sci. (Med.), Professor, First Deputy of General director of “National Medical Research Center of Radiology” of the
Ministry of Healthcare of Russia, Head of Urological, oncological and radiological department of Faculty of advanced training of medical workers of
medical institute of The Peoples’ Friendship University of Russia, Moscow. https://orcid.org/0000-0002-0792-6012. Phone: +7 (495) 945-07-25.
E-mail: andocrey@mail.ru

Andrey D. Kaprin - Full Member of the Russian Academy of Sciences, Corresponding member of Russian Academy of Education, Doct. of Sci. (Med.),
Professor, Honored Doctor of the Russian Federation, Chief urologist of the Russian Academy of Sciences, General Director of “National Medical
Radiological Research Center” of the Ministry of Healthcare of Russia, Head of Department of urology and surgical nephrology with a course of oncou-
rology at the medical faculty of medical institute of The Peoples' Friendship University of Russia, Moscow. https://orcid.org/0000-0001-8784-8415.
Phone: +7 (495) 945-19-35. E-mail: kaprin@mail.ru

METHIUHCEAS BUSYATIBAIINA 2020, o 24, N2



