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YO «lpopHeHCKMM rocyLapCTBEHHbIM MEAULMHCKMIA YHUBEPCUTET D

Jlyuesas mepanusi A61s1emcs 0OHUM U3 8E0YUUX MEMOO08 eueHUs 310KauecmeenHblx onyxonel. Ee pazeumue cesszano
€ BHEOPEHUEM COBPEMEHHBIX MEMOO08. KOHPOPMHOU, UHMEHCUBHO MOOYIUPOBAHHOU IyHeB0l Mepanuu, 1y4esol mepanuu
KOPPEKMUPYeMOU N0 U300padNCeHUSIM, KOHMAKMHBIM 00IyYeHUeM N0 MEeXHOIO0SUU APMON0OUHE U CUCTIEMHBIM OOTYYeHU-
em. B cmambe npedcmasnen ananusz memooos 1yye8o2o NeueHusl, npuseoeHsvl Hauboee cyujecmeennbie 00CMUNICEHUsL 8

omotl 06aacmu MeEOUYUHbL.

Knrwueevle cnosa: 3nokauecmeenmvle onyxoJiu, ducmaHL;uOHHa}z Jayudeeas mepanus, KOHMAaKkmuas iydeedas mepanus,

cucmemHast jiydeeas mepanus

Radiotherapy is one of leading methods of treatment of malignant tumours. Its development is bound to introduction
of modern methods: conformal irradiation, intensity-modulated radiation therapy, image guided radiation therapy, a
contact irradiation on technology after loading and a system irradiation. In article the analysis of methods of radiotherapy
is presented, the most essential achievements in this area of medicine are resulted.
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B Pecniyonuke benapych, kak 1 BO BceM MHpe, IPOMCX0-
JIIT POCT 3a00JIEBaEMOCTH 3JI0Kau€CTBEHHBIMH OITYXOJISIMH
[6], moaToMy mpobseMbl MPOGUIAKTUKH, JUATHOCTHKH U
JIeYeHHsT OHKOJIOTMYECKOW MaTOIOTHH SIBIISIIOTCSL 0C000 aK-
TyanbHbIMH. Cpeii TpeX OCHOBHBIX METO/IOB JICUEHUSI 3J10-
KaueCTBEHHBIX HOBOOOPa30BaHUH (XMPYPTUUECKOTr0, XUMH-
OTepareBTUYECKOT0, JTy4eBOTO0) JTydeBasi Teparnus 3aHIMaeT
MepBOE MECTO MO YaCTOTE U IIUPOTE CIIEKTPa IPUMEHEHHS
[11,12].

JlydyeBas Tepanusi B COBpEeMEHHOI OHKOJIOTUH SIBIISETCS
OJIHAM M3 BEIYLIMX METO/IOB JICYEHHUSI 3JI0KaUEeCTBEHHBIX OITy-
xoneii [3, 4, 10]. IIporpecc B 001acTy ie4eHHs1 OHKOJIOTHYeC-
KuX 3200JI€BaHHI B TIOCIIETHUE JECATHICTHS] BO MHOTOM CBSI-
3aH ¢ ycrexaMi JiydaeBoit Tepanuu. Tak, B EBpore u3 10 miH
YeJIOBEK, )KUBYIIUX B HACTOSIIIEE BPEMS ITOCIIE IIEPEHECEH-
HOTO OHKOJIOTMYECKOTO 3a00JIeBaHUsl, JIyYEBYIO TEpPaITHIO
nionyuniy Oonee 50%. B sakoHOMHUYECKH pa3BUTHIX CTpaHaxX
JydeBas Teparusi exXeroaHo ucnonesiyerca y 60-70% oHko-
JIOTUYECKHX OONBHBIX. B mocneqHee necsaTuierre nporpecc
JIy4eBOM Tepanuy CBsi3aH MPEUMYILIECTBEHHO C €€ KOpEH-
HBIM TEXHHYECKUM IIEpEBOOPYKEHUEM. Pe3ynmbsrarhl yue-
BOW Tepartiy 3aBHUCST OT KauecTBa KIMHUYECKOH TOMOMET-
pHH, TIpeHa3HAuYSeHHOM JJIsl TOYHOTO MO3UIIMOHUPOBAHHUS
mydka n3iaydeHus. OmmoOKa B TOYHOCTH HABEICHUS MTydKa
M3JIyYeHUs JoIyckaercs He ooee 2%. J03a n3mydeHus mpu
JIy4eBOH Teparyy 3JI0KaueCTBEHHBIX OITyXOJICH HaXOMUTCS Ha
TIpesiesie TOIEPaHTHOCTH OKPYKAOITHX 30POBBIX TKaHeH [ 13,
14]. U3menenue 10361 Bcero Ha 5% MOXKET IPUBECTH K OT-
CYTCTBHIO [UNIAHUPYEMOTO TepaneBTHIeCKOro s dekra. Itn
KECTKHE TPeOOBaHUsI BEIYT K MOCTOSTHHOMY TEXHHYECKOMY
COBEPIICHCTBOBAHUIO JTy4eBOW Tepamuu. B cBsi3u ¢ 3TuM
BaXHEHIIIMM TpeOOBaHUEM SIBIISIETCS OOECIIedeHHe rapaH-
TUH KauecTBa JIydeBoi Tepanuu. CucTema rapaHTUH Kade-
CTBa JIy4E€BOH Teparuy OXBaThIBAET BECH IPOLIECC TYy4EBOTO
JiedeHus OONBHBIX, U B TIEPBYIO OYEPEIb 3a]1a4y ONTUMAaIIb-
HOH TOCTaBKH JI03bI U3JIYYESHUsI K MaTOJIOTHUECKOMY ouary
[2].

Ha npotsprkennn nocneanyx 30 JieT mydeBast Tepamust mpe-
Tepresa 3HaYNTeNbHbIE U3MEHEHUs], CBSI3aHHBIE C HAYyYHO-
TEXHHYECKUM IPOrPECCOM B METOAAX TTOJYUEHHUS JUATHOC-
THUYECKUX W300pakeHNH U JO3HOTO pacIlpe/ieeH s B HEO-
JTHOpOZIHO# cpene. Bce 3T0 MO3BONMIO 3HAYUTEIBHO YCO-
BEpPIICHCTBOBATh ILUIAHUPOBAHUE U NPOBEICHUE JIy4EeBOU
Teparnuu.

B Hacrosiiiee Bpems JiydeBast Tepamusi OHKOJIOTHYECKUX
OOJIBHBIX OCYIIECTBIISIETCS ITyTEM HCIIOJIb30BaHUS TPEX OC-
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HOBHBIX CIIOCOOOB MOJIBEIEHHS] MOHU3UPYIOLIMX U3JTydeHHUM:

1) nqucraHIMOHHOE, TpuMeHseMoe y 95-98% OObHBIX,
MOIeKAIINX JTy4eBOH TEPaIIHH;

2) KOHTaKTHOE (aIUTMKAlMOHHOE, BHYTPHUIIOIOCTHOE,
BHYTPHUIIPOCBETHOE, BHYTPHUTKAHEBOE);

3) cucreMHOE (BHYTPHCOCYIHICTOS, BHYTPHILICBPATBLHOE ),
ucroib3yeMoe He Oonee yeM B 0,5% cirydaes.

OCHOBY TEXHHYECKHX CPEICTB COBPEMEHHOM JIy4eBOU
Teparuy COCTABISIIOT raMMa-TepaneBTHIECKHE armapaThl 1
nuHelHble yekoputenu. [Ipuyem, B mocneqHeM cirydae Mo-
KeT OBITh HCIOJIB30BAaHO KaK (DOTOHHOE, TaK U 3JIEKTPOHHOE
U3JIy4eHUE.

B Hacrosiee BpeMs yCIIOBHO BCE METO/IBI TUCTAHIIMOH-
HOH paJroTepanuy MOXXHO pa3zeiuTh CIEMYIOIUM 00pa-
30M: KOHBEHIIMaIbHOE 00myueHue (conventional irradiation),
koH(popmHoe (conformal irradiation) 1 ”HTEHCHBHO MOIY-
JTUpoBaHHas paguoTepanus (intensity-modulated radiation
therapy — IMRT), xoppektupyemas 0 U300paKeHUSM
(image guided radiation therapy — IGRT).

KonBeHnmanbsHOE (TpaJUIMOHHOE) JIyUeBOE JICUCHHE
0azupyeTcsi B OCHOBHOM Ha HCIIOJIb30BaHHH CPABHUTENBHO
MPOCTBIX METOMUK OOIYUCHHS MAIEHTOB ((hOPMHUPOBAHH-
€M TIoJIel OOTydeHUsl TIPH IIOMOLIH TradparM ¢ Hen3MeHs-
€MOI1 CTETICHBIO MOIONIEHHST HOHU3UPYIOIIETO H3ITy4eHHSI,
CTaHIAPTHBIX CBUHIIOBBIX OJIOKOB M KITHHOBH/IHBIX (DHIIBTPOB,
00mocoB). BeIOOp IIeHTpa M IpaHUII TOJA TPU KOHBEHIIH-
aJIBHOM JTy4eBOW TepanHy OCYIIECTBIISIECTCS. HA OCHOBE IPO-
€KIIMOHHOTO W300pakeHHs, MOTYYSHHOrO 0] 3aJaHHBIM
YIJIOM.

J1J151 KOHBEHIINATILHOT'O JTy4E€BOTO JICYEHHS TAKKE XapaK-
TEpHO NMPUMEHEHHE JIByMEPHOTO IJIAHUPOBAHUS C HCIIOJTb-
30BaHUEM JUIsl MTO3UIIMOHUPOBAHMS 00JTydaeMoro odbema
peHTreHorpaduu WiK IIaroBoi KOMITBIOTEPHOIH ToMorpa-
(UM ¥ pEHTTEHOBCKOTO CUMYIIsiTopa o0ydeHus. B koHBeH-
LMAILHOM JTY4EBOH TepaIny, Kak IPaBUII0, HE BBOIATCS IA(-
POBBIE KOITHUK PEHTTEHOTPAMM U KOMITBIOTEPHBIX TOMOTPAMM
B KOMITBIOTEPHYIO CHUCTEMY IUIAaHHPOBAHUS OOJIydeHUs
(KCIIO), a ucrionb3yrorcst TBEpAbIE KOITUH JTy4eBbIX H300pa-
xeHui. [Iman oOmydeHus mpoBepseTcs HA CUMYISTOPE U
peayu3yercsl Ha JIMHEWHOM YCKOPHTEINE 3JIEKTPOHOB WIIH
JIMCTaHIIMIOHHOM ramMMa-armapare. J{jist J03MMeTpudeckoro
obecriedeHus JIe4eOHOr0 Mpoliecca HCIOb3YITCs BOJHBIC
(aHTOMBI C YCTPOWCTBAMH MEPEMEIIICHHUSI JATYMKOB U IPO-
CTeiilne TKaHeIKBUBAJICHTHBIC (haHTOMBIL. TpaauiioHHas
JIydeBast Teparus 10 CUX MOp UCTONb3YeTCsl B KIIMHUYECKOH
npaxtuke [10, 41].
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KongopmHoe obmyuenne (conformal irradiation) sBuiock
CIIEAYIOIIMM 3TAIloM pa3BUTHUS TydeBoi Tepanuu. [Ipu koH-
(OPMHOM paJMalMOHHOM BO3JIEHCTBHU 00S3aTENIbHO UC-
TMIOJIB3YETCsl TPEXMEpPHOE IUIaHUpOBaHKue 00ydeHus. [1pu-
MEHSIOTCS aNNapaThl, BKIIOYAIONINE PEHTT€HOBCKUI CUMY-
JATOp OOJyYEHHs M KOMITBIOTEPHYIO TOMOrpaduiecKyro
npucraBky (cumynsarop-KT), uto nmo3Bonsier mpoBectu 60-
Jiee TOYHYIO MOATOTOBKY MAallMeHTa K JIy4eBOW Tepamuu, B
TOM YHCIIE U Yepe3 Mol 00TydeHH s CIIOKHOM KOHpHUTypa-
wau [30, 32, 35,37].

Bornee coBpeMeHHBIE CpeCTBa ONpeeneHus o0Iydae-
Moro oobema mpencrasieHsl KT-cumynsitopoM, B OCHOBE
KOTOPOTO CIUPaJIbHBIA PEHTTEHOBCKHI KOMITBIOTEPHBIN TO-
Morpad), 00eCIeUnBarOIIN TPEXMEPHOE H300paXKEHHUE OITy-
XOJIA ¥ OKPYKaIOIIUX 3/I0POBBIX TKaHek [33].

[Tpu xoHOpMHOM 00ITYYEHHUH TSI CO3JaHMS Ooree To-
HOT'0 JIO30BOTO PacIpeieieHns B 00 IydaeMoM 00beMe Npu-
MEHSIIOTCS Pa3IMYHbIE BAPHAHTHI PUTYPHBIX OJ10KOB [ 1].

OnHO¥ U3 pa3HOBUIHOCTEH KOH()OPMHOM JTy4eBOil Te-
panuu sBisiercs TexHosorus ramma-Hox (Leksell Gamma
Knife) — ycraHOBKa [T CTEpEOTAKCHYCCKON pauoOXUpyp-
MU NPEUMYIIECTBEHHO MATOJNIOTHH TOJIOBHOTrO Mo3ra. c-
TOYHHKAMH MOHU3UPYIOLIETO M3JIy4eHUS] B TaMMa-HOXe
stBistioTCst 201 MCTOYHMK paiHoakTHBHOTO Kobasta (“Co) ¢
HavyajbHOU akTHBHOCTHIO okono 30 Ku (1,1 Thk) kaaprid.
Hcrounnku 3apuKcUpoBaHbl B 3aIIUTHOM KOXYyXE TI0 TUa-

MeTtpy norycdeps! (puc. 1).

Pucynok 1 — Yemanoska zamma-Hodnc u mpexmepHoe
naanuposeanue o0nyueHun

Jlo30BO€ pacnpenenieHne, MopoXKaaeMoe NCTOYHUKAMH,
0m3Ko K cepuueckomy. M3ayueHrne oT BCeX UCTOYHUKOB
cobupaercsi BMECTe U IeHCTBYET 000HO HENHBa3UBHOMY
XHPYPrUYeCcKOMY HOXY (K MaTOJIOTMYECKOMY O4ary OIfHO-
KpaTHO noABoAUTCS A03a 10 60-70 I'p, nocTaroynast aJis ru-
0eIu OITyXOJIM WJIH OOJITEpaIii COCYANCTON Manbdopma-
un). Jlmamerp u301030B0OH Cephl ONpeAeNnseTcss BTOpHY-
HBIM CMEHHBIM KOJUIMMAIIMOHHBIM IIIEMOM U3 BOb(dpama.
[Tono6HO HEHPOXUPYPTUUECKON OMepaliy, Ipoleaypa Jie-
YEHHs MPOBOJMTCS OJHOKPATHO, OJHAKO IPU 3TOM OTCYT-
CTBYIOT pa3pe3bl KOKH U HET HEOOXOMMMOCTH IPOBOIUTH
TpenaHaluio Yepena. Paquoxupyprus cunTaercs caMbiM
3HAYUMBIM JTOCTIDKCHUEM B Pa3BUTUH HEHPOXUPYPTHH 33
nocneaaue 20 net. braarogaps cBoeit HaeKHOCTH, TOUHOCTH
1 3()(HheKTUBHOCTH raMMa-HOXK CYUTAETCS «30JI0THIM CTaH-
JTAPTOM» B PaIMOXUPYPTHH.

[NepBas oneparust Ipy MOMOILY 3TOM TEXHOIOTHH ObLIa
npoBezieHa B 1968 romy, 3a nporeniiee BpeMsl IpojieueHo
OKOJIO MIJIJTHOHA MalMeHToB. Ha cerogHsiHuii 7eHs cyie-
ctByet Oosiee 300 yCTaHOBOK raMMa-HOXK BO BCEX CTpPaHaX
Mupa. CTOMMOCTH MPOLENYPHI JIEYEHUsI C TIOMOIIBIO CTe-
PEOTaKCHYECKOH paguoOXUPYPrHYECKOW CUCTEMBI ramMMa-
HOX JIellIeBJIe, YeM XHUPYpruuecKasi ornepanus BMEcTe CO
BCEM KOMILIEKCOM JIeueOHBIX M PeaOMITUTAIlMOHHBIX YCITYT.
l'amma-HOX pUMEHsIeTCsl IPH JIeUeHUH 3a007IeBaHUH TPy/I-
HOU M OPIOIIHOMW IMOJNOCTEN: paK MeYeHH, paK JIETKUX, paK
MHUIIEBO/IA, PaK HKEITYIKa, PAK MOYEBOTO ITy3bIPs, PaK Kerd-
HBIX IPOTOKOB, a0JOMHHAJIbHBIE TUM(AaTHIECKIE METacTa-
3Bl paKa; Ipy JIeYeHnH 3a00I€BaHUH TOJIOBBI: OMyXOJIb T'H-
no¢u3a, OIyxoJIb CIIyXOBOI'O HEPBA, OITYX0JIb TPOHHIYHOTO
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HepBa, MEHWHTHOMA, YepeIHO-MO3TOBbIE METAcTa3bl OIy-
XOJHU, XOpZOMa, COCYTHCTasi PETUKYJIOKJIETOUHAs CapKoMa,
IJIMOMa, paK HOCOIJIOTKY, MeJTaHOMa CETYATKH; epedpab-
HO-BaCKYJISIpHbIE OOJIE3HH: apTepHOBEHO3HAsI Majb(popma-
LIS, aHEBpU3Ma, KaBepHO3Hast aHruoma, Oones3Hs [lapkun-
COHa, HEBpPAIITHsl TPOWHUYHOTO HEepBa, snmiencus. [1pu ne-
YEHUH ITUX MAaTOJIOTHYECKUX COCTOSIHHUM JIydeBasi Tepamns
0 TEXHOJIOTMU TaMMa-HOX 00ECIIeYUBAET COMOCTaABUMBbIE
WJIW JTy4IIIUE PE3YIILTaThl 10 CPABHEHUIO C XUPYPTHIECKUMU
MerofaMu. Metos 3p(heKTHBEH U MOXKET TPUMEHSITHCS ITPU
HAJTMYMH [TATOJIOFMYECKUX 0YaroB pa3mepoM He Oosee 3-3,5
cM [24, 28, 37]. OOGYCIOBICHO 3TO TEM, YTO HPHU OOJIBIINX
pa3Mepax JTydeBasi Harpys3Ka Ha 3/I0pOBYIO TKaHb, a, CIIeI0-
BaTEJbHO, U BEPOSITHOCTh PAa3BUTHSI ITOCTITYYEBBIX OCIIOMKHE-
HUM, CTAHOBUTCS YpE3MEPHO BBICOKOM [27].

K crepeorakcuueckoil painoXupypruu OTHOCUTCS TaK-
e TIPUMEHEHHE B JICYEOHBIX LENISIX 3apsKEHHBIX YaCTHIL —
IIPOTOHOB. 3a CUeT peau3aliu nmuka bpara u gpopmupora-
HUSI BCETO IBYX-TPeX KOHPOPMHBIX MOJIeH ynaeTcst TOOUThCs
TaKOr0 e JI03HOTO PaCIIpEIENIeHNs], KaK 1 MPH HCI0Ib30Ba-
HUM MHOTONONBHOU (5 u Oonee moneit) MOTYIHMPOBAHHOM
10 MHTEHCUBHOCTH JIy4eBOl Tepanuu. B HacTosmee Bpems
B MUpe QYHKIHOHUPYIOT 28 LIEHTPOB MPOTOHHOW JTy4eBOH
Teparui. OCHOBHO# YacThIO armaparos JJIsl IPOTOHHOM Te-
parnuu SBISeTCs UUKITNYECKUN WY JINHEHHBINA YCKOPHUTETb.
Hanmydmux KIMHHYECKUX pe3y/IbTaToB IPOTOHHOE 00ITyye-
HHE TIO3BOJIMIIO IOCTUYb TIPU XOPJIOMaX OCHOBaHHMS Yepera,
capKoMax, o TaIbMOIOrMYECKUX OIMyXoIsiX. Tak, AecsaTuier-
HSIsl BEDKMBAEMOCTh OOJIbHBIX C MEJIAHOMOM CETYAaTKH JI0C-
Turaet 98% npu coxpaHeHHoM 3penud [5]. [Ipumenenne sTix
YCTaHOBOK JUJISl JTy4€BOM TEpaIiy CAEPKUBAETCS X BBICO-
Kol croumocTsio (7100 000 0008).

CrenyronmM N1aroM B pa3BUTHH JIy4€BOU TEPAITHH CTa-
JI0 UHTEHCHBHO MOIY/IMpPOBaHHas paauorepanus (intensity-
modulated radiation therapy, IMRT). JlononaurensHoe Ghop-
MHUPOBaHHE MTy4YKa JOCTUTAETCS KCIIOJIb30BAHHEM MHOTOJIe-
MIECTKOBOTO KoyutuMmaropa (puc. 2).

Pucynok 2 —
Mmnozonenecmkoeguwlit
KOJmuMamop

OH uMeeT MOBIKHBIE JISTIECTKU, OJIOKUPYIOIIIE OIpe-
JIETICHHYIO YacTh PaJfalMoHHOrO Iyyka. OOBIYHO MHOTO-
JIETIECTKOBBIE KOJITUMaTophl uMetoT ot 20 1o 80 u Goiee ne-
TMIECTKOB, PaCIIONIOXKEHHBIX TapaMu. KoMIibrorepHoe yrpas-
JICHUE TTOIOKEHHUEM JICTIECTKOB JaeT BO3MOYKHOCTh TeHEPH-
poBarth noJye HeoOX0AMMOit (OpMBI. YcTaHaBIHMBAs JIEHECT-
KU B TpeOyeMyIo MO3HIIHIO, TIONTy4aloT 1ojie, Hanbosee co-
oTrBeTcTBYIONIEe (hopMe ormyxonu. PerynupoBka mons nemna-
€TCsl TIOCPEJICTBOM U3MEHEHUI B KOMITBIOTEPHOM (aiie,
cozep KallieM YCTaHOBKH JUIs JienecTKoB. [Jis pacrio3HaBa-
HUS TIOJIOXKEHHS JIETIECTKAa BUICOONTHYECKAsl CHCTEMa HC-
TIOJIB3YET TOT K€ UCTOYHUK CBETA, YTO M JISl TO3ULIMOHHUPO-
BaHus narmenTa. OOpaTHbIN pedIeKTop MOHTUPYETCS BOJIH-
3W KOHIIA KaXKJI0T0 JIeriecTKa. BuaeocurHan onudpoBbIBaeT-
csl U opMUpYeTCst U300paKeHue, JeMOHCTPUPYIOIIEE T10-
JIoKeHus pediekTopos [4, 5].

IIpu IMRT umeer MecTo HempepbIBHas pEryInpoBKa
(OpMBI TEpareBTUYECKOr0 paJualiiOHHOTO MO B MPOEK-
LMY 3aITaHUPOBAHHOTO 00beMa MUILIEHU BO BpeMs ceaHca
obyyenus [34, 38, 39]. Ucnonb3osanue IMRT B xinHuKe
TpeOyeT abCOIIOTHO 0053aTEIHHOTO BHITIOTHEHHSI CIIETYFO-
[HMX YCIIOBUH:
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« HaNIU4usl KOPPEKTHOrO M300paskeHHs MEepBHUYHOMN
OITYXOJIM ¥ OKPY)KAIOUINX €€ CTPYKTYP, MOIYIEHHOTO C TI0-
MOLIBIO JIy4eBBIX METOIOB THATHOCTHKHY;

« ydera BO3MO)KHOTO (PH3HOIOTHYECKOTO JBMIKEHUS
MHUILIEHH (OITyX0JIb) U APYTHUX OPTaHOB;

« JKECTKOW MMMOOWJIM3ALUM MAalleHTa Ha JIeYeOHOM
CTOJIE PaIMOTEPaNeBTUIECKOrO anmapara.

st ummobwuzaruu pu IMRT ucnones3yercs Oomee
KECTKass UMMOOWITU3aIMsl, YeM IIPH KOH(POPMHOH U KOH-
BEHIIMAILHOM TydeBoii Tepariy. OOBIYHO Ha CTOJ HAKJIA TbI-
BaeTcsl CrelraibHas UIaHKa U3 KapOOHOBOT'O BOJIOKHA, KO-
TOpas, B COYETAaHUU C IPUMEHEHHEM TEPMOILIACTHYECKUX
MaTepHAJIOB, €T BO3MOXXHOCTh COXPAHSAThH OJJHO U TO K€
TIOJIO)KEHUE MAlUeHTa B TEUSeHNUE BCETO BPEMEHH IPOBeE/Ie-
HUS ceaHca paauoTepanuu [36].

K mnanupoBanmio IMRT npenssBisioTcss AOCTaTOUHO
xKecTkue TpedoBaHus [ 1, 26] B COOTBETCTBHH C peKOMEH1a-
IUAMH, cAeJaHHBIMU B mokiamax Ne 50 m Ne 62 ICRU
(International Comission Radiation Units and Measurement).
B o0iyuaemom o0beme Bhimenstor mnonsatue GTV (gross
tumor volume) — GOJBIIIOH OITYXOJIEBBIH 00bEM, T.€. OITy-
XOJIb OTIPe/IENSIeTCs KITMHUYECKUMU, JTy4eBBIMH, HHCTPYMEH-
TaJbHBIMH METOJaMHU U KIMHUYECKHH 00bEM MUIICHU
(clinical target volume — CTV), T.¢. 30HY, B KOTOpOii HEOOXO-
JIMMO JIMKBUAMPOBATh MaKpO- M MUKPOCKOITMYECKHE MPOSIB-
JIeHHs 3710KadecTBeHHOM omyxonu. CTV BritodaeT B ceOs
MaKpOCKOMNYECKUI 00bEM OITyXOI! U TKAHH, B KOTOPBIX €CTh
BEPOSITHOCTh MHUKPOCKOIIMYECKOW OITyXOJI€BONH WHBA3WH.
[Tnanupyemsrii 00beM mumienu (planning target volume —
PTV) npencrasnsier co0oii 30HY, BKITIOYAIOIIYIO KITHHUYEC-
Kuii 00beM ¢ JO0OaBIICHUEM I HAJCKHOCTHU IO Kparo J0-
TIOJTHUTENILHOTO 00beMa 00 TydeHusl, CBI3aHHOTO C U3MEHe-
HHUEM IOJIOKEHUSI OPTaHOB IMPH AbIXaHUU OOJILHOTO, MOJ-
BIMKHOCTBIO OPTaHOB W TMOTPEIIHOCTSIMH OOOpYIOBaHUSI.
[nanupyemsrit 00beM opraHa pucka (the-organ-at-risk-OAR)
— 3TO 3/I0POBBIE TKAHH M OPTaHbI, MOMA JAFOIIHE B I10JIE BO3-
JIeWCTBUSI HOHU3UPYIOIETO M3JTydeHUs TIPH JIy4eBOi Tepa-
TTHH.

Bce nepeuncnenHbie 00beMBbI U KOHTYPBI KOXKH JOMIKHBI
OBITh M300paKeHBI Ha BCEX CpPe3ax, UCTONb3yeMBIX IS Ilj1a-
HUpOBaHMs. J{JIs1 IepeuncIeHHbIX CTPYKTYpP HY)KHO 00s13a-
TENBHO BRINIONHUTE pacyeT DVHs (dose volume histograms)
— rucrorpammy nmo3a-oobeM [1, 40]. lo3Hoe pacmpenere-
HHE JIOJDKHO TIOJTHOCTHIO COOTBETCTBOBATH CIIEYIOIIMM KPH-
TEPHSIM:

<5% ot OAR nomyuaer <60% OT IIIaHUPyEMOH JT03BI;

>95% PTV nomydaer >95% ot rmanupyeMoii 10351,

<10% PTV nomnyuaer >120% oT riaHupyeMoii J03b1.

IMRT obecnieunBaer Ooiee M30MpaTEIBLHOE JIY4eBOE
BO3/ICHCTBHE Ha OITyXOJIb TI0 CPABHEHUIO C KOHBEHIIMAIBHON
1 KOH(OPMHOI#1 TydeBoi Tepamuel (puc. 3).

BrIcTpo pa3BUBaIOTCS TAKXKE METOBI [PEOIONIEHUS ITPO-
OJIeMBI epeMellieHusI OIyXoJieit u opraHoB. YacTtu Tena ne-
peMeIaroTcsl Kak B IEPHO/] CEaHCOB JIy4eBOW Teparny, Tak
W MEXJLy HOIMH BCJIC/ICTBHE JIBIXaHHs, TIHIIIEBAPEHUS 1 He-
OOJIBIINX OTIIMYMH B TIOJIO)KEHHUH MAIIMEHTa BO BPEMsI KaXK-
JIOTO ceaHca JIy4eBoi Teparmuu. Takoe repeMerieHue Mo-
JKET MPUBOJUTH K ITOJYUYEHUIO Ype3MEPHOH J03bI U3ITyUe-
HUSI HOPMAJIBHBIMH TKaHSIMH, OKPYXXaIOIIUMH OIyXOJIb, U
HEMPaBUILHOMY JICYSHUIO CAMOH OITYXOJIH.

JlyyeBas Tepanusi, KOppeKTHpyeMas 0 H300paKeHHAM
(image guided radiation therapy — IGRT), nmpemaycmarpusaet
TIOJTyYEHHUE JTY4EeBbIX H300paKEHHUH OITyXOJIH, OKPY)KaIOIINX
3JIOPOBBIX TKaHEH HETOCPEICTBEHHO NIEPEe] CEaHCOM JIyde-
BOW Tepanuu 1 BO BpeMs ero. DT N300paKeHHs UCTIONb3Y-
FOTCS TSI OTIPE/IeIIeH S IEPEMETIIEHHS OITyXOJIH U 37I0POBBIX
TKaHeH ¥ KOPPEKIMU HAIIPaBJICHHs TEPAIeBTUIECKOTO ITyd-
Ka M3JIy4eHHUsS] B COOTBETCTBHU C BBILIEYKAa3aHHBIMU Iepe-
MEIEHUSIMHA. B COOTBETCTBUM C CUCTEMOM JIBIXaTEILHOTO
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Pucynok 3 — /lozoeoe pacnpedenenue npu panuyunovlx 6uoax
OUCMAHYUOHHOIL JIy4esoil mepanuu

PTV CTV GTV

KondopmHas tydesas Tepanus

JlyueBas Tepanus ¢ MOyIMPOBaHHOH

HUHTCHCHUBHOCTBIO

«3aTBOpPay», KOTOPAas BKIIOYAET M OTKIIIOYAET TepareBTHYeC-
KUH Iy4OK U3TY4EeHUs] CHHXPOHHO C JbIXaHHEM, MOXKHO OT'-
PaHHYHTB JICYCHHE YACTHIO JBIXaTEILHOTO IIMKIIA, KOTIA OITy-
XOJIb HAXOJUTCS B TIOJIE TEPAIIeBTUYECKOTO ITy4Ka, ¥ TEM ca-
MBIM OI'paHHYHTh IUIAHUPYEMBIH 00beM oOiydeHHs. ITo
JIaeT BO3MOXXHOCTh YBEJIHMYHUTH MOIIOIIEHHYIO 703y B OITy-
XOJU ¥ YMEHBUINTb J03Y, IPUXOJSIIYIOCS HA OKPY)KAFOIIHe
ee 3/710poBkIe TKauu [4, 5, 7, 19, 29]. TIpu sToii TeXHONIOrUU
MOYKET UCIIONIb30BaThCSl KOHYCHBII WITH BEEPHBIH ITy4OK Te-
PareBTUYECKOTrO U3ITYIEHHSI.

BeepHblii My4oK M3ITy4eHHs] UCTIONB3YeTCsl B Hanbosee
COBPEMEHHOM METOJIE JIy4E€BOH TEpanuy — TOMOTEPAITHH.
Tomorepanuis npezncTapisier cO00H HHHOBAIIMOHHBIN paino-
TepaneBTHYECKUI METOI, TO3BOJISIOIINI PeaTn30BaTh HH-
TEHCHUBHO MOAYTUpoBaHHyto paauorepanuto (IMRT) u my-
YeByIO Tepanuio ¢ koppekuuen nzodpaxenus (IGRT). Me-
TOJl OCHOBaH Ha MMOCIOHHOM OOJYYEHHH BEEPHBIM ITYYKOM
(hOTOHOB C MOIYIIAIME HHTEHCUBHOCTH U PEajn3yeTcsl Ipr
MOMOIIIM YCTaHOBKH, KOMOMHHUpYIOIIEH B cebe QyHKIHO-
HaJIbHBIE BO3MOXXHOCTH JIMHEWHOTO YKOPHUTEIIS ¥ CIIUPAJTh-
HOT'0 KOMITbIoTepHOro ToMorpada [8, 29].

YcraHOBKa /1151 TOMOTEPAITUH MTPECTaBISIET COOOH KOJb-
LIEBYIO KOHCOITb, B KOTOPOIl MOHTHUPYIOTCS TIOJICHCTEMBI JTU-
HEWHOTO YCKOPHUTEINS U IETEKTOPOB ISl KOMITBIOTEPHOH TO-

Morpaduu (puc. 4).
TomoTherapy \

Pucynok 4 — Cneea: noozomoska K ceancy nyueeoil mepanuu
Hna ycmanoexe TomoTherapy HI-ART; cnpasa:
cxemamuyecKkoe u3oopasxcenue NPUHYUNA ROCNOIIHO20
CRUPANbHO20 00NIYyUeHUA

B ToMoTepaneBTHUECKON CHCTEME BMECTO PEHTIE€HO-
BCKOT'O M3JIy4EHUsI, TCHEPUPYEMOT0 PEHTTEHOBCKOH TPYO-
KO JUIA TIOMy4EeHUs] KOMIIBIOTEPHBIX TOMOIPaMM, UCIIONb-
3yeTcsl TepaleBTHUECKOE TOPMO3HOE HM3JIydeHHE BBICOKUX
(MeraBoJIBTHBIX ) SHEPTHI, KOTOPOE KOJTTUMHUPYETCS B Beep-
HBI{ Iy4OK IPY TTOMOIIH IIENIEBUIHOTO MHOTOJIETIECTKOBO-
IO KOJJTMMATopa.

Monynsiyst ”HTEHCUBHOCTH paJAUalliOHHOTO ITy4Ka J10-
CTHUTaeTcs MpU IOMOIIY MHOTOJIETIECTKOBOTO KOJITUMATopa,
COCTOAIIET0 U3 Habopa IIaCTUH WK JIeTlecTKoB. B mpouec-
ce 00JTydeHHs JITIECTKH MOTYT IepEMEIaThCsl MEXKITY IBY-
MsI TIOJIOKEHUSIMU — «3aKPBITO» U «OTKPBITO», OIOKHUPYS
PpaauaOHHBIN y4OK B COOTBETCTBUH C 33JaHHBIM ITAHOM.
W3MepeHnss HHTEHCUBHOCTH U3Iy4eHMs, MPOIIEALIEro ye-
pe3 TeNo MalyeHTa B JaHHOM CJI0€ M IOCTUTLIET0 CHCTEMBI
cOopa JaHHBIX, TIO3BOJISIOT PEKOHCTPYHPOBATH METaBOJIBT-
HbI€ KOMIIBIOTEPHBIE TOMOTPaMMBI, HA OCHOBE KOTOPBIX IIPO-
W3BOJMTCS KOPPEKLUSI YKIIA/IKU TTal[ieHTa B JE4eOHOM I10-
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JIO)KEHHH, a TAKOKe J03UMETpUYECcKast BepUpUKaAIHsI cCeaHca
panuoTepanum.

Tomorepanus obecrieunBaeT 3aMKHYTBIN IIMKIT TSI TI1a-
HUPOBAHUS, CHMYJISILIMH, TOABE/ICHHUS JIeueOHOM IOTTIONIEH-
HOU 10351 ¥ BepUPUKAIIMY PaJIMOTEPATIHY B PAMKaX €IMHON
ycTaHOBKH. OTHUM U3 CAMBIX BO)KHBIX €€ IPEHMYIIIECTB SIB-
JISIeTCSI 3HAYUTEIIBHOE YIIPOLIeHHe KOH()OPMHOM TepaIuy 1o
CPaBHEHHUIO C Tepalvel KOHyCHBIMU Iy4KaMu 0e3 yXyiie-
HUSI BO3MOXHOCTEH (DOPMHUPOBAHUS TO3HBIX TIOJIEH.

KiroueBbIM KOMIIOHEHTOM TOMOTEPAIHH SBIISIETCS de-
TBIPEXMEPHOE NIPE/ICTABIICHUE MHUIIICHN Y OKPYXKAIOIINX TKa-
HEl, T7ie YeTBepTasi BpeMEeHHast KOOp/IMHATA JIOJDKHA paccMar-
pHUBaThCSl B KOHTEKCTE U3MEHEHUS YKa3aHHBIX CTPYKTYp B
TeyeHue JieueOHOro Kypca. CunTaeTcs BaKHBIM, YTO KOMITh-
I0TepHast ToMorpagust Ha MEraBOJILTHBIX (JOTOHAX TIPE/ICTaB-
nsieT “HPOPMAaLHIO 0 YhciIax XayHcuiaa, 3HaueHHEe, KOTO-
poe HeoOXOIMMO IS pacdeTa 103bl. B cooTBEeTCTBUM C 3TH-
MU JIAaHHBIMU TIPOBOJIUTCS aHAJTU3 JIEYEOHOTO IU1aHa.

Texunonmoruu IMRT u IGRT cyiiecTBeHHO yiTydIaroT pe-
3YIIBTaThI IY4EBOH TEPAITHH, TIOCKOIBKY Ial0T BO3MOYKHOCTD
TIOZIBENICHUS 3HAYUTEIHHO OONbILEeH 03Bl U3ITYYSHUS, YEM
TIpY KOHBEHIIMAIBHOM JieueHuH [ 18, 20, 22, 23, 31]. [Ipoene-
HHE JIy4EeBOTO JIeYEHHUS] HEMEITKOKJIETOYHOTO paKa JIETKOro B
YCIIOBUSIX KOH(OPMHOTO OOIy4EHHS TI03BOJIUIIO TTOBBICUTH
5-JIETHIOIO BEDKMBAEMOCTh OOJIBHBIX HeorepaOebHbIM He-
MEJKOKJIETOYHBIM pakoM Jerkoro ¢ 4% 1o 28% mpu MoBkI-
[IEHUH CYMMAapPHOM JT03BI U3JTyUEHHS Ha OIyXonb ¢ 63-69 I'p
110 92-103 I'p, coorBercTBeHHO [ 17, 25, 42].

IIpu IMRT paka npencraTenbHO jkefie3bl KOTHYeCTBO
PaHHUX JIy4eBBIX MOpakeHUH cHU3MIoch ¢ 16% o 8%, mo-
3nHUX - ¢ 15% 10 5% 1o cpaBHEHUIO C KOHBEHIIUAIBHBIM
METOJIOM JTy4E€BOH Teparuy. YBeIndeHHe CyMMapHOi o4a-
TOBOH J103BI Ha omyxoJib Ha 10-15% CHU3MI0 pHCK MECTHBIX
peumanBos Ha 20-30% [9, 15]. IGRT yBenuuuso yacToty mosn-
HOW pe30pOLHU HEMENKOKIETOYHOI0 HeonepalesbHOro
paxa serkoro - 90%[16,19.].

Bapuanrom IGRT siBnsiercst Takxke cucteMa KHOep-HOXK
(KyberKnife), B KoTopoii HCIOIB3YIOTCS ClIEIMAIIbHBIE KOM-
MaKTHBIE JIMHEWHBIE YCKOPUTEIH, YCTAHOBJIEHHBIE Ha KOHT-
polupyeMoil KOMIBIOTEPOM POOOTH3MPOBAHHOW pYyKe
(puc.5). B 310l TEXHOIOTUM UMEETCS CBEPXOBICTPasi KOMITb-
I0TEpHAs CHCTEMa [UIAHUPOBAHUS OOTYYEHHsI, B OCHOBE KO-
TOPOW JIEKUT COMOCTABIICHUE TPEXMEPHBIX PEKOHCTPYKLIUH
N300paKeHUI PEHTTEHOBCKUX KOMITBIOTEPHBIX TOMOTPaMM,
MarHUTHO-PE30HAHCHBIX TOMOIPaMM M IO3UTPOHHO-3MHC-
CHOHHBIX KOMITBIOTEPHBIX TOMOrpamMM. CHcTemMa KOHTPOIIs
10 M300paKeHHUSIM ONpeessIeT MECTOIIONIOKEHUE OIyX 0N
1 KOpPEKTUPYET HanpaBiieH!e Iydka GoToHOB. C TIOMOIIBI0
POOOTU3UPOBAHHOW PYKH TEXHOJIOTHU KHOEP-HOXK MOXKHO
MIPOBOJUTH OOITy4EeHHE 04aroB CIOKHOU (POPMBI C MOYITH-
POBaHHON MHTEHCUBHOCTBIO. Kypc srydeBoil Tepanuu mnpu
9TOM COCTOUT M3 OJHOW MJIM HECKONBKUX (hpakumii. B ormu-
YHe OT TEXHOJIOTHH F'aMMa-HOX, B CHCTEME KUOep-HOXK He
WCIIONIb3YETCSl MHBa3WBHAs CTEpeOTaKCHYecKas Macka 1
MOXXHO MPOBOJIUTH JIy4EBOE JICUEHHE OITyXOJIeH MO3BOHOY-
Horo kaHana. Toro ke MO)KHO JOCTUTHYTh TIPU MPUMEHE-
HHUH MHOTOJIETIECTKOBOTO KOJJIIMATOPa CO CTEPEOTaKCHIEC-
KHAMH [IPUCTaBKAaMH Ha COBPEMEHHBIX JINHEHHBIX YCKOPHTE-
I [26].

[Ipu KOHTaKTHOM OOJYYE€HHHM OCHOBHBIM TpEHMYIIe-
CTBOM JIy4€BOM TEpaIH SBISETCS PE3KUI TPpaJMeHT T03bI
10 MEpe yIaJICHUsI OT U3ITydaTest, YTO T03BOJISIET MIPH aJIeK-
BaTHOM OOJIy4E€HHH OIMYXOJIU IaJUTh HOPMaJIbHBIE TKAHH.
[TosTOMY KOHTaKTHOE OOJyUeHHE B CAMOCTOSITETEHOM BHJIE
HaXOJUT MPUMEHEHHE JIUIIb IPY HEOOJBIINX OITyXOJIsIX, HE
IpeBbIamuX 1,5-2 ¢M B AuamMeTpe, ero Takke Ha3bIBalOT
Opaxurepanuei — ot rpedeckoro brachys, koporkuii. I[Tpu
9TOM MOPa3yMeBAETCsl OJIM3KOE HAaXOXKJCHHUE MCTOYHHKA
M3JIydeHus! K 00bEeKTy BO3JeHcTBUs. B Hacrosiee Bpems
TIPUMEHSIFOTCSI 3aKPBITHIE H OTKPBITHIE PaJANOHYKIIH/IBI.
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Pucynok 5 — Yemanoexa kubep-noanc

Hawnbonee mupoko npuMeHsieTcsi KOHTAaKTHOE 00yde-
HHe MeTonioM adyrononunra (ot aHri. after — mocne, loab —
3apshKeH) Ha IIUIaHTOBBIX amiaparax.

BuytpumnonoctHoe 001ydeHre U BHYTPHTKaHEBOE 00ITy-
YyeHye (MCTOYHHK U3ITyIeHHST HAXOIUTCS B TKAHSX Tena 00Ib-
HOT'0) OCYILECTBIISIIOT, IOCIIEIOBATENLHO BBOMS SHIO- WIIN
MHTPACTAT B MOJIOCTh TeJa WM TKAHH, a 3aTeM UCTOUHHK U3-
JIy4eHUs 110 KOMaH/Ie C ITyJIbTa yIpaBJIeHUs 13 3aIIHICHHO-
T'O OT JIEWCTBHS PaJMaliiy IOMEIIEHHs TOCTYaeT B HO0-
WM MHTpacTtat. Bo BpeMst 3Toil mpoueaypsl 00 1ydeH s rep-
COHaJia He IPOUCXOJIUT.

[Tox 3aKpBITHIM UCTOYHUKOM M3JTy4eHUs (3aKPBITHIM pa-
JIMOAKTHBHBIM TIPENIapaToM ) IOHUMAIOT PaJJHOAKTHBHOE Be-
LIECTBO, 3aKJIIOYEHHOE B TaKyIO 000JI0UKY MIIM HaXOfsIIee-
s B TaKOM (PU3NYECKOM COCTOSIHUH, IPU KOTOPOM BO BpeMsi
WCIIOIb30BaHMS UCKITIOUYEHO PACIPOCTPAHEHHUE BEIIECTBA B
OKPY)KAIOIIYIO CPERy.

Hawnbonee mmpoko ucronb3yercs painoaKTUBHBII HPH-
qit (1Ir ? sneprus ramma-msydenns 0,30-0,61 M, nepu-
on nonypacmanaa 74,7 mHs), Tak Kak OH 00J1agaeT BRICOKOM
YIETbHOU PaIO0aKTHBHOCTHIO, YTO MO3BOJISIET PUMEHSTh
HCTOYHHKH U3TyICHHs HeOOIBITUX pa3MepoB. B mocnennee
BpeMsi BO3POIUIICSI MHTEPEC K Ipernaparam paioaKTUBHO-
ro kobansTa (“°Co, sHeprust ramma-usnydenus 1,17 u 1,33
MbB, nepuon nonypacnazaa 5,26 ronga), T.K. Ha €r0 OCHOBE
CO3/IaHBI UCTOYHHUKH C JIOCTATOMHO BHICOKOH YIENLHOM pa-
JIMOaKTUBHOCTHIO [ 11], a Gornee [uTUTeNNbHBII TEPHUOA TTOJTY-
pacnana *°Co aer eMy SKOHOMHYECKHE MPEUMYINecTa (arl-
napatbl «Arat-Br» u «Multisource»).

[Ipennourenue ornaercss BHyTPUIIOIOCTHOMY, BHYTPH-
MIPOCBETHOMY U BHYTPHUTKaHEBOMY OOJIYYEHHUIO C BBICOKOM
MOIIHOCTBIO 103b1. JleueHne 3aHMaeT HECKOIBKO MUHYT 1
MIPUMEHSIETCSI KaK B CAMOCTOSITENIbHOM IIIaHeE, TaK M B COUe-
TaHWU C TUCTaHIMOHHBIM oOydeHreM. PazpaboTansl cuc-
TEMBI TPEXMEPHOTO TUIAaHUPOBAHHUS, CHMYJISILIUK U BepUpH-
Kalli¥ TJIAHOB ATOTO BUJIA TEPaTInH.

[locrosiHHBIE MMIUTAaHTAHTHI, B OCHOBHOM 3epHa iona
('*1), mpUMEHSIOTCSI B TICPBYIO OUepe/ib IS JICUCHUS paH-
HUX (OPM pakxa IpeIcTaTelIbHON JKelle3bl KaK allbTepHATHBA
MIPOCTAaTIKTOMHH.

BHyTpuTKaHeBas ydeBast Tepanus sSBISETCS XUPYPIH-
YeCKOM MpOLEeaypoi, MOITOMY OHa JOIDKHA JOBOIUTHCS C
COOITIOIEHNEM OOIINX XUPYPTHYECKHIX TIPABHIL.

Crnenyer OTMETUTb, YTO BHYTPHIIPOCBETHAS JTydeBast Te-
pamus ¢ ’Ir sBrsercs 3pHEKTUBHBIM METOIOM JICUCHHS
PECTEHO30B B KOPOHAPHBIX apTepHUsiX MOCIe CTEHO3UPOBa-
HUS UX U3-32 H30BITOYHON NTponudepany HHTUMBI [21].

CucremHasi JTydeBasi Tepartiisi IPOBOIUTCS C PaIMOAKTHB-
HbIM HomoM ('T), pagroakTuBHbIM cTpoHImeM (¥Sr), KoTo-
pBI€ Ha OCHOBE OPTaHOTPOITHOCTH, CBSI3aHHOM ¢ MeTaboIu-
YECKUMH OCOOCHHOCTSIMH TKaHEH, MONagaroT B aTOIOTH-
YecKue ouard (MeTacTasbl) U peaju3yloT paIioTepaneBTH-
yeckoe aerictaue [10].
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