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9PPEKTUBHOCTb BOP-HEUTPOHO3AXBATHOWU TEPANUA
B OTHOLUEHWU KONMOPEKTANbHOU AOEHOKAPLUHOMbI
YENOBEKA: 3KCNEPUMEHTANBbHOE UCCINEOOBAHUE
HA MbILLWHOW MOLOENU

A.WN. KacatoBa'?, C.lI0. TackaeB'?

MHeTutyT agepHoit pmankn CO PAH, r Hoocubupck, Poccus’
HoBocubupckuii rocyaapcTBeHHbI yHMBepcUTeT, I HoBocubupck, Pocens?

AHHoTauus

Bop-HeWiTpoHo3axBaTHasa Tepanus (BH3T) MoxeT BbITb NepCcnekTUBHBEIM METOAO0M NEHEHUS KOMOPEKTanbHOM
afleHoKapLMHOMbI. BbINoNHeHHbIe paHee Ha YCKOPUTENbHOM UCTOYHWKE HENTPOHOB in vitro aKCnepuMeHThl
nokasbiBatoT 3PPEKTUBHOCTb B OTHOLLEHUW KNeTOK NMMHUM SW-620. B gaHHOM nccnegoBaHum 6bino npoee-
LeHo obrnyyeHune MelLLel ¢ NOAKOXKHBIM KceHorpadpTom SW-620. BopdeHunanaHuH, 6opkanTtar 1 TIMNocombl
¢ 6opkanTaTom UCMonb3oBanu Kak npenapartkl JocTaBku 6opa v BBOAUIW BHyTpUBEHHO. HabrnogeHue no-
cne BH3T npoeogunock B TedeHue 60 fHel: M3Mepanu NUHeHble pasMmepbl ONyXonen, BeYUCIANN 06beM
1 nHgekc npupocta onyxonu (UMO). Y4oBNeTBOPUTENBHOE COCTOSAHUE XUBOTHBIX COXPAHANOCh B TEYEHne
BCero nepuoga HabnogeHus, netanbHOCTU He Habnroganoce. Haunyywmnin pesynsrat 6bin JOCTUTHYT B
rpynne BH3T ¢ 6opdeHnnanaHMHoM: NnepBble JOCTOBEPHbIE OTNINYNSA B 06beMax onyxonei no cpaBHEHUIO
C KOHTponem Obinu oTMedeHbl Ha 9-e cyT nocne BH3T, B KoHUe HabntogeHa HauMeHbLLINA cpefHUi 06beM
KceHorpadTa 6bin Takke oTMedeH B aTol rpynne, MO B nepsom nepuoge HabntogeHns 6bin paBeH 5,23 + 2,32,
BO BTOpOM nepuoge — 21,46 + 13,87. Ob6bembl B rpynnax EH3T ¢ 6opkantatom u ¢ nunocomarsnsHeiM 6op-
KanTaToM TakKe UMenu JOoCTOBEPHbIE OTINYWSA OT KOHTpOrbHOW rpynnel: UIMO 3a nepsbii nepuog cocTaBui
5,42 + 0,87 n 8,91 + 7,87, 3a BTopoi nepuog — 19,47 + 10,18 n 31,00 + 22,69 cooTBeTCTBEHHO. B rpynne
obny4eHun 6e3 npenapaTtoB Takke Habnwoganu ymeHblleHWe 06beMOB KCeHorpadpToB MO CPaBHEHMWIO C
KOHTPOIbHOWN rpynnoii, YTo MOXeT ObiTb 0OyCnoBMeHo NpUCYTCTBMEM [03 OT BbICTPLIX HEWTPOHOB, raMMa
06ny4YeHnsa 1 as3oTHOW J03bl. bonee BelpaxeHHbIN 3hdeKT 3amenneHnss pocTa onyxonei B rpynnax BH3T
Habntogancs B nepsbli MecsL nocre nposegerHus BH3T, 4To MOXeT BbITh CrefCTBMEM HE[OCTaTOMHOMO Ha-
KonneHus nsotona '°B B onyxonun. Tak kak Bo Bcex rpynnax BH3T nporpeccupoBaHue pocta KceHorpagToB
SW-620 6b1no JOCTOBEPHO MEHbLLE, YeM B KOHTPOIbHOK, BH3T MOXHO cynMTaTh NoTeHUMansHO NMPUMEHUMONR
METOLWNKON NeYeHUs KorlopeKkTanbHoro paka. [JononHuTenbHble NCCneaoBaHnsa HeobxoMel, YTo6bl cosgaTh
ONTUManbHYH KOHUEHTpauuto °B B onyxonu 1, COOTBETCTBEHHO, YBENNYUTL MNOMy4aemyto eo 403y.

KnioueBble crnoBa. Bop-HellTpoHo3axBaTHasA Tepanus, koropekTanbHasa ageHoKapLuMHOMa YenoBeka
SW-620, yckopuTenbHbIA UCTOYHUK 3MUTENNOBLIX HEMTPOHOB, NMpenapaTthbl AocTaBku 6opa.

EFFICACY OF BORON NEUTRON CAPTURE THERAPY
ON HUMAN COLORECTAL ADENOCARCINOMA:
EXPERIMENTAL STUDY IN THE MOUSE MODEL

A.l. Kasatova'?, S.Yu. Taskaev'?2

Budker Institute of Nuclear Physics, Novosibirsk, Russia’
Novosibirsk State University, Novosibirsk, Russia?
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Annotation

Boron neutron capture therapy (BNCT) may be a promising method for the treatment of colorectal ad-
enocarcinoma. Previous in vitro experiments at accelerator based neutron source show effectiveness on
SW-620 cells. In current study, mice with subcutaneous xenograph SW-620 were irradiated. Boron delivery
drugs: boronphenylalanine, sodium borocaptate and liposomes with borocaptate were administered intrave-
nously. Follow-up period after BNCT lasted for 60 days: linear sizes of tumors were measured, volume and
tumor growth index were calculated using formulas. Satisfactory condition of the animals was maintained
throughout the observation period; no lethality was observed. The best result was achieved in BNCT with
boronphenylalanine group: the first significant differences in tumor volume compared to the control were
noted on the 9th day after BNCT; at the end of the observation, the smallest average xenograft volume was
also noted in this group; tumor growth index was 23 + 2.32, in the second period it was 21.46 + 13.87. The
volumes in BNCT groups with borocaptate and liposomes with borocaptate also had significant differences
from the control group, tumor growth index for the first period was 5.42 + 0.87 and 8.91 + 7.87; for the sec-
ond period - 19.47 + 10.18 and 31.00 + 22.69, respectively. In the irradiation group, a decrease in xenograft
volumes was also noticed compared to the control group, which may be due to the presence of fast, thermal
neutrons and gamma irradiation in the epithermal neutron beam. A more pronounced effect of tumor growth
inhibition in all BNCT groups was observed during the first month after BNCT, which may be due to insufficient
concentration of "°B isotope in the tumor. Since the progression of SW-620 xenograft in all BNCT groups
was significantly slower than in the control group, BNCT can be considered a potentially applicable method
for the treatment of colorectal cancer. Additional studies will increase the concentration of "B in the tumor
and the dose it receives.

Key words. Boron neutron capture therapy, human colorectal adenocarcinoma SW-620, accelerator based
epithermal neutron source, boron delivery drugs.

AxktyanbHocTb. bop-HelrponosaxsarHas Tepamus (BH3T) siBnseTcs mepcneKTHBHBIM METO-
JIOM JICUCHHSI MHOTHX OHKOJIOTMYECKHX 3a001eBaHui. MIMeeTcs KITMHNYECKHUM OIBIT MPOBEACHUS
TEPaHH NAUCHTAM C ITHOMAaMH BEICOKOU CTCTICHH 3TTOKAICCTBCHHOCTH [ 1 |, MemanoMOiH [2], pakoM
TOJIOBHI U II¢H [ 3], METacTa3aMu NeUCHU [4], pakoM JeTKOTO [ 5], 370KaIe CTBEHHON ME30TCIMOMOU
[6] u mpourmu HO30MOTHsIMU. OHA OCHOBAHA HA B3AUMOACHCTBUN HAKOILJICHHOTO B OIYXOJICBOM
TKaHU u30Tona '“B U TEIIOBOrO HEWTPOHA, B PE3YIIBTATE YEro 0OPa3yIOTCs O-4acTHIA U SAPO
JUTHS, ATHHA Mpodera KOTOPBIX HE MPEBBIIIACT pa3Mepa KICTKHU, UYTO MO3BOJIIECT H30HPaTEeIbHO
VHHYTOXKaTh KJICTKH 37I0KaYCCTBCHHBIX OMyXounei [7].

KomnopekranpHbIi pak SBISICTCS OZHUM U3 JTHACPOB MO PACHPOCTPAHCHHOCTH U HPUYHHAM
CMCPTHOCTH cpeau OHKomnaroaoruii [8]. [ lepcneKTHBHBIM METOAOM JICUCHIS 3TOH 37I0KAYC CTBCHHOM
OIIYXOITH MOYKET CTaTh OOP-HEUTPOHO3aXBATHAS TCPAIHS IPH VCIOBHH CEICKTUBHOTO YHUUTOKCHHUS
OIMYXONEBBIX KJICTOK H HHTAKTHOCTH 310POBbIX TKaHEH. PaHee yixe Oblia nokazana 3¢ peKTHBHOCTD
BH3T in vitro Ha K1€TOYHON JUHHHA KOMOPEKTAIBHON aacHOKAPIMHOMBI SW-620 Ha HCTOUHHKES
HEHTPOHOB YCKOPHUTEIBHOTO THIA. Jl0MTs BEDKHBINMX KICTOK MO AAHHBIM KIOHOTCHHOTO aHATH3A
B TpyImax, 0OMyUeHHbIX ¢ OOp(PEHUITATAHUHOM U C TUIIOCOMaMHU, COACPKAIINMU OOpKamnTar, co-
crasuia 14 %, ¢ Gopkanrarom — 11 % [9].

Hens uccnenoBanus — onpeaeautb 3GPEKTUBHOCTD OOP-HEHTPOHO3AXBATHOM TEParvy, HC-
MOJIBb3YSl PA3IHYHBIC MPETAPAThl JOCTABKH OOpa HAa MOACTIH MOJKOKHOTO KeeHorpadTa Komopek-
TanbHOH aICHOKAPIIMHOMEI YCTIOBCKA.

Marepuaj 1 MeToabI

Hccnenosanne rimonneHo Ha miomaake LIKIT «SPF-pusapuity ULlul" CO PAH Ha nmvyHO-
nedumuthex camnax Meimeit SCID (SHO-Prkdc“Hr'™) SPF-craryca B Bo3pacre 8—10 Hexn. Bee
SKCTIICPUMCHTHI MPOBOJUIH B COOTBETCTBHH C MEKAYHAPOIHBIMH MPABUIAMH PAOOTEI C JKHBOTHBIMH
(European Communities Counsil Directive 86/609 EEC).

B pabore ncrnons30Bany KICTOYHYIO KYJIBTYPY KOJIOPEKTATBHON aICHOKAPLIMHOMBI YCIOBEKA
(SW-620), monyuennyro u3 kpuodanka LIKIT «SPF-susapuity Ullul" CO PAH. Kietku kynpTu-
uposanu Ha cpeae DMEM/F12 (1:1), comepxaineii 10 % deranpHoi Obrubeli coIBOpoTKU. s
MOJYYICHUS COMUIHBIX OMYXONCH KaXKIOMY KHBOTHOMY MOAKOKHO BBOAWIN 100 MKIT cycnieH3UH,
conepkamed 10 MIH KJIeTOK B 00macTh mpasoro Oeapa. IKCICPUMCHT HAYUHAIH Yepe3 3 Hex
MOCIIC MHOKYIISILIUK OTYXOJICBBIX KICTOK MPH JOCTIKCHHH 00BbeMOB KeeHOTpahToB 20—-90 M.
JluneiHbIe pa3Mepr! 00pa30BaHUI H3MEPSIIH IITAHTCHIUPKYICM TPEXKPATHO, 00BEM PaCcCUNTHIBA-
7 o opmyne: (auHa cpeaHss < HpuHa cpeasist®) < 0,52, J{iist BEIMHUCICHHS HHACKCA IPUPOCTA
OMYXOJIH UCTONB30BaTd GopMmyny: 00beM KceHorpadTa B ONMPEACICHHBIN ACHb HUCCICAOBAHMS/
o0bpeM KceHorpadTa B ACH HauaIa sxkcnepumenta [ 10].
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OHKoNnorunsa

KontponbHoii rpynmne (n=6) He BBOIMJIM Mpenaparsl, coaepkaiiue 0op, u He o0ayyanu; 2-10
rpynny (n=4) obay4anu 6e3 BBefeHus1 OOpComep KaLNX MpenapaTos; 3-i rpynime (n=4) BBOAUIN
oopdenunananun (BPA) B no3e 350 mr/kr 3a 2 u no BH3T; 4-ii rpynine (n=4) BBomuiu Oopkamntar
Harpust (BSH) B mose 100 mr/kr taxoke 3a 2 u go BH3T; 5-it rpyme (n=5) sBomuiu PEG-nimocomst,
conepxamue BSH, B nose 100 mr/kr 3a 24 u no BH3T. Bee npenapatsl BBOAUIM BHY TPHBEHHO B
peTpoopOUTANBHBIN CHHYC. 'AHECTE3HIO MPOBOAMIIN BHYTPUOPIOIINHHBIM BBEICHHEM JOMUTOPA
0,1 % u 3oneruna 99,9 %. O0nyueHne NPOBOAUIIN HA HCTOUYHHKE HEHTPOHOB YCKOPUTEIBHOTO THIIA
B MA® CO PAH [11] B Teuenue 90 muH, pacuétHas no3a B omyxonu mist BH3T ¢ BPA cocrasmia
14,7 £ 5,9 I'p-skB, mst BH3T ¢ BSH - 6,6 £ 0,5 I'p-3ke, mist BH3T ¢ nunocomamu — 8,8 £+ 3,5 I'p-
9KB. YKJIAJIKy MBIIIEH OCYINECTBIISJIN 11O OMHCAHHON paHee meToauke [12].

Habmtonenue nposoaniu B Teuenune 60 queii mocie BH3T. 3annanupoBaHHyO 3BTaHA3KIO TPO-
Bofuy nepeno3nposkoin CO,, CONPOBOXIAEMON EPBUKATLHON TUCIIOKALMEN.

KonnuectBenHbIe maHHBIE BRIpAYKAJIN KaK CpefHee + CTaHmapTHoe oTkiIoHeHne. CtaTncride-
CKYI0 00pabOTKy IOy YEeHHBIX JaHHBIX MpoBoaun npu nomornn nporpammer STATISTICA 8.0,
ucnonb3ys Henapamerpuuecknit U kputepuit ManHa—YHTHH IPH YPOBHE NOCTOBEpHOCTH 95 %0

Pe3yabTarsi

JlocToBepHble pa3nuuusi B 3aMeIJICHHH POCTa omyxojell y skuBOoTHbIX u3 rpymnsl BH3T ¢
BPA oTHOCHTENBEHO KOHTPOJILHOM BIiepBbie OTMeTIIH Ha 9-€ cyT (p=0,019), u3 rpynnst BH3T ¢
BSH — na 28-e cyT (p=0,033), u3 rpynnst BH3T ¢ nunocomamu, conepkammmu BSH, — Ha 23-u
cyt (p= 0,028) (puc. 1). JJocToBEpHOCTE paznuunii Mekay 00beMaMu KCEHOrpadh)TOB B Ipymmax
BH3T u xOHTpONBHOI rpymiie COXpaHsulach B TEUEHHE BCcero mepuozaa Habmonenus. Haubonee
3aMeTHas AHHAMHKA POCTA OIMyXOoJel Oblia BhISIBIEHA B KOHTPOIBHOM I'PYIIIE, U, 10 3ITHYECKUM
CO00paXeHUsIM, JKHBOTHBIX ¢ 00BeMOM Kcenorpadta 6omee 4 MM® BHIBEITH U3 DKCITEPUMEHTA HA
30-e cyt nocne BH3T.

Puc. 1. InHamuka pocta nogkoxkHbix onyxonein SW-620 B pasHbIx rpynnax B NepBblii Nepuod HabnogeHns.
Ocb abcupce — cyTkm nocne BH3T; ocb opanHar— oGbem onyxonu (Mv®)

Taxum oOpasom, nepuon HabrOneH st pasaenmu Ha 2: nepebie 30 ¢yT, 31-60 cyT mocie BH3T.
Bo Bropom nepuone HabOIrONEH NS 3aMeUIEHE POCTA OMYXOJIed B OMBITHBIX TPYIINax ObLIO MEHEE
BLIPAYKEHO B CPABHEHHH C KOHTpOJieM (puc. 2).

Puc. 2. dnHamunka pocTa nogkoxHbIX onyxonein SW-620 B pasHbIx rpynnax Bo BTOPo Nepuog HabntogeHns.
Ocb abcuyce — cyTkm nocne BH3T; ock opamHar — o6bem onyxonu (Mm®)
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HI1O0 ysemwuuncs ¢ 5 10 20 B rpynmmax BH3T ¢ 6opdenunananunom u Gopkantarom 3a BTOPoi
riepuon HaOmoneHust. beictpee mporpeccuposaiu HoBooOpasosanus B rpyrme BH3T ¢ mumoco-
mansHbiM BSH: WO cocrasun 31+£22,7. B rpymime o0aydYeHus HHASKC IPHPOCTA OITY X0 TAKKE
VBCITUYUIICS B 4 pa3a 1o CPaBHCHHUIO C ICPBBIM IICPHOIOM HAOIIOACHUS U ObLT paBHbIM 44,39+24.9.
B rpynme oGnyucHus Takke HaOMIOIATOCh YMCHBIICHHEC 00BEMOB OMYXOJCH MO CPABHCHHIO C
KOHTPOJIbHOH IPyIIoi. DTO MOXKHO OOBSCHUTH MMPHUCYTCTBUEM OBICTPBIX, TCIIOBBIX HCHTPOHOB H
raMMa-oOTyYCHHS B ITYYIKE SITUTCIUIOBBIX HCHTPOHOB. briaroxaps ykiaaKe }KABOTHBIX B CIICLHAIIb-
HBIH KOHTCHHEP U3 JIMTHCBOTO MOIMATHICHA 0011ast 03, TIOTY ICHHAS TCJIOM MBILIH, ObLIA CHIDKCHA.
CocrosHHE B TCUCHHE BCETO NMEPHOA HAOMIOACHMS OBUIO YAOBICTBOPUTEIBHBIM, IBUTATC/IbHAS
AKTHBHOCTb U AIIETHT COXPAHSIMCH, HUKAKUX CEPhE3HBIX OCIMKHEHUH OTMEUEHO HE OBLIO.

3akirouenue

Iporpeccuposanne 00pEMOB kceHorpadros SW-620 B rpynmax BH3T nocrosepHo oTaranocs
OT CKOPOCTH POCTA OIYXOJICH B KOHTPOJIBHOM IPYIIIEC B TCUCHHUE BCETO NEPUOAA HAOTIOACHHS, YTO
TOBOPHT O MEPCTICKTUBHOCTH HCTOIb30BaHus Metoanku BH3T a7 neueHus konopekTansHOro paka.
Bosnee BoipaxkeHHBIH 3 (KT, 0MHAKO, OBLT OTMEUCH B MIEPBbIH Mecsl nocie nposeacHus BH3T.
[NpuuuHO 3TOr0 MOXKET OBITH HEOCTATOMHASI KOHLICHTpauws n3oTomna '°B B omyxomnu, BCICACTBHE
YEro 1033, MOIyUCHHAS KCCHOTPadTOM, MOTIa OBITh HEAOCTATOYHON IS IIOJTHOTO KOHTPOJIS HAJ
onyxombo. TpeOyeTcs MPOBEACHUE JOTIOTHUTETbHBIX HCCIICAOBAHUI ITO MOBBIMICHUIO J03HPOBOK
Oopcoaep AKX IPENAPaToB U BEIOOPY MYTH UX BBECACHUSL.

Paboma noooepocana apanmom PH® (npoexm Ne 19-72-30005) ¢ ucnonv3osanuem 060-
pyoosanus TIKI «Ilenmp eenemuueckux pecypcos aabopamopHuix scueomuvixy OUI] HIul’
CO PAH, noooepowcannoco Munobpuayxu Poccuu (Ynurxanvruiii uoenmuuramop npoexma
RFEMEFI62117X0015). Aémopul evipascarom onazooaprocms A.H. Maxaposy, J[.A. Kacamosy,
H M. H}yono, A A. Konecnurogy, E.O. Coxonoeoil, A.M. Kowrxapesy, T.A. bvikogy, C.C. Cagunogy
3a obecneyenue cenepayuu netimpornos, 1.B. Cvivegoil 3a npogedenue 003umMempudecKux pacye-
moe, B.B. Kanvieuny, E.JI. 3aevanogy, H.A. Pazymosy, A.H. Kuuueuny 3a nomowv 6 opeanuzayuil
OuonocUYECKUX UCCTeO008AHUT.
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