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Past and present of radiotherapy
in management of malignancies

O.P. Trofimova, S.I. Tkachev, and T.V. Yuryeva
ABSTRACT

The article describes the stages of emergence and develop-
ment of radiotherapy in management of malignancies of
various locations, covering the period from the discovery of
X-rays to the use of ®°Co artificial isotope and development
of the linear electron accelerator. Currently, radiotherapy is
required for 70 % of cancer patients at some stage of tumor
treatment. Improvements in radiotherapy technologies and
development of new irradiation techniques made possible
to solve the main task of radiotherapy, i.e. tumor destruction
with minimal radiation exposure to surrounding healthy
tissues, at the time being. This paper describes the radio-
therapy techniques and explains in detail the differences
between conventional and conformal radiotherapy. Also,
preparation of patients for radiotherapy and the features of
various conformal radiotherapy technologies are included.
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therapy, linear electron accelerator.

N.N. Blokhin Russian Cancer Research Center, RAMS
115478, Kashirskoye shosse, d. 24, Moscow, Russian Federation

0.P. Trofimova, PhD, Assistant professor, Leading scientific worker,
Radiology department of Radiation oncology division
dr.Trofimova@mail.ru

S.I. Tkachev, DSci, professor, Head of Radiation oncology division

T.V. Yuryeva, PhD, assistant professor, Head of department of radiotopometry
and clinical dosimetry

Correspondence should be sent to 0.P. Trofimova
115478, Kashirskoye shosse, d. 24, Moscow, Russian Federation
Tel. +7 (499) 3241070

Koppecnoxgentckuit agpec:

0.N. Tpochmmosa

115478, Kawwpckoe wocce, a. 24, Mocksa, Poccuitckas Deaepaumst
Ten.: +7 (499) 3241070

p B nevarb: 7 2013 r.

KIMNHUYECKASA

| KIMHHUYECKAR
OHKOremaTonorus

OB 30PHbI

[Ipoiusioe u HacTosilee JyueBO

TEpAanuu B OHKOJIOI'MH
O.11. Tpogpumosa, C.H. Tkaues, T.B. IOpvesa

PE®EPAT

B cTtaTbe OTpakeHbl 3Tanbl CTAHOBSIEHUS U Pa3BUTUA Ny4EBOW Tepanum
3/10Ka4ECTBEHHbIX OMYXONen pasfinyHbIX Jlokanu3aumih — OT OTKPbITUS
X-nyyen B.K. PeHTreHOM OO MCNONb30BaHUS MCKYCCTBEHHOrO M3oTona
80Co, cosmaHuns NMMHENHbIX YCKOPUTENEN 3NeKTPOHOB. B HacToswee Bpe-
Ms OKOMO 70 % OHKONOrMYECKUX BOSIbHBIX HYXOAKTCA B MPOBEAEHUN Ny-
YeBOW Tepanuu Ha TOM WM MHOM 3Tarne NPOTMBOOMYXONEBOro NEYEHMs.
YCcoBepLUEHCTBOBAHNE TEXHONOMMU O NPOBEOEHUa JIy4EBOW Tepanuu,
pa3paboTka HOBbIX METOAMK OO6yHYEHUsi MO3BOMSIOT PELUNTb OCHOBHYIO
3afja4y — paspyLleHne onyxonn ¢ MMHUMasIbHbIM Jy4eBbIM BO3OENCTBU-
€M Ha OKpyXatwLlme ee HopMasbHble TKaHu. B pa6oTe onucaHbl cnoco-
6bl NpoBedeHua NyYeBOW Tepanuu, nogpobHO MpencTaBfeHbl OTNNYUA
KOHBEHUMOHANbHOM U KOHGOPMHOW fydeBor Tepanuun. OcCBeLLEHbI 3Tanbl
npensiy4eBor NoAroToOBKMN NauneHToB. [aHbl XapakTepUCTUKM PasfinYHbIX
TEXHOSIOrNIN KOHOPMHOW fy4EBOW Tepanumu.
KnioyeBble cnosa:
pagMoakTUBHOE M3NyYeHne, NyveBast Tepanus, npensiyv4eBas noaroToBka,

NVHENHBIN YCKOPUTENb 3NEKTPOHOB.

BBEAEHNE

Jlyuesast repanus (JIT) ucnosnnayercsi
B oHkoJloruu nouytn 120 jer. He-
MeUKku# ¢usuk Busbressm Konpan
Pentren otkpbist X-yun («HEeHU3BeCT-
Hble JIy4H>» ) U HCCJIe0BaJ HX CBOHCTBA
B 1895 1. ¥ke B caenytouiem, 1896 .
ero gpaniysckuil KoJsiera Aupu bek-
Kepesb COOOUIMJI O eCTeCTBEHHOM
pafiHoaKTHBHOM M3JIydeHUH, HCITYCKa-
€MOM COJISIMH ypaHa, cO CBOHCTBaMH
PEHTreHOBCKHX JIyueH.

B 1902 r. cynpyram [1bepy u Mapu
Kiopu (puc. 1) ynanoch BbIeNUTb U3
HeCKOJIbKMX TOHH CMOJISIHOH ypaHOBOH
pyabsl 0,1 T HOBOTO XHMHUECKOTrO 3Jie-
MeHTa, pPajMOaKTHBHOCTb KOTOPOTO
OKazaJlaChb B MUJIJIHOH pa3 BbIllle, YeM Y
ypana. OHu Ha3BaJu ero paduii (ot nar.
radium — JY4UCTBIH). DTOT JEMEHT
JaJ] Ha3BaHWe HayKe — pajoJIOTHH,
MeTOJly JIeUeHHss — pajuoTepanun u
crielagucTaM — pajadoJsioram, paama-
[IHOHHBIM OHKOJIOTaM.

C 1896 1. Hayasoch NpHMEHeHHe
PEHTTeHOBCKUX Jiydedl JyIsi  JieueHHsi

KOXKHbIX 3a60JleBaHUi, a uyTb M03Ke
ObLIW TIPENPUHATBI MOMBITKH HX MC-
MOJIb30BAHUSI TPH  3JI0KAUECTBEHHbIX
OITyXOJISIX.

OTKpbITHE PAIMOAKTHBHOCTH BblI-
3BaJI0O HeObIBaJIbIl HHTEpeCc B cpejie
yUeHbIX U MEJHKOB, KOTOpble HeMes-
JIEHHO CTaJIM UCIOJIb30BATH HOBLIH BHJIL,
SHEPrUM He TOJbKO B 3KCIepUMeHTe
Ha J1abopaTOPHBIX JKUBOTHBIX, HO U
HernocpeCTBEHHO B KJIMHUUECKHX YCJI0-
BUsIX. BO3HMKHOBEHHE 0XKOTOB KOXKH Y
(hM3MKOB-9KCIIEPUMEHTATOPOB HABEJIO
YU€HbIX HA MbICJIb O HAJMUHU TIOBPEXK-
JIalollero  JIEUCTBUSI  PEHTTeHOBCKHX
Jlyded, a MmozaHee W pajusi, a TaKkKe Ha
WIE MCMO0JIb30BaHusl 3TOoro 3cdekra
JUISl  YHUUTOXKEHHS] 3JI0KaueCTBEHHBIX
oryxoJsieli.  YaydilleHHe — pe3yJbTaToB
JleueHHs OHKOJIOTHUECKHX 3a00J1eBaHUH
Bcerga OblLI0 BaxKHOH 3anaveil. B Ha-
yase XX B., KOrJa MoKasaTeJsu S-JeTHel
BBIXKHBAEMOCTH OHKOJIOTHYECKHUX OO0JIb-
HBIX TPU BCEX CTA/MSAX B LEJOM ObLIH
menee 5 %, paspaGoTKa HOBOTO METO/1a
BO3JIEACTBHS Ha OMyX0JIb Obl1a YPE3BbI-
4aiiHO aKTyasbHOH.

OIBY «PoCCicKNii OHKONOTYECKII Hay4HbIiA LEHTP uM. H.H. BroxHa» PAMH
115478, Kawwpckoe wwocce, 4. 24, Mocksa, Poccuitckas defepauus
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Puc. 1. Cynpyru Neep n Mapu Kropu

OtcyTcTBHE 3HAHUE O TIPUPOJIE JyUel U UX BO3/IEHCTBUU
Ha »KUBOH OPraHu3M MpPHUBEJO K MOPaXKEHHIO KOXKH M I10J1-
JIeKALKMX TKaHeH Kak y JIML, MMPOBOJALLMX SKCIEPUMEHTDI
¢ obJlyueHHeM, TakK M Y 3HAUMTEJBHOIO YHCJsa MaLHEeHTOB.
Y MHOTHX PajMoJIOrOB B Te TIOJbl OTMeYaJoch MOsIBJCHHE
MOCTJIYYeBbIX 3B, Pa3BUTHE MHIYLHMPOBAHHBIX 3J/l0Kaye-
CTBEHHbBIX OMyXoJei, JIeHKO30B B CBS3H C MOCTOSIHHBIM BO3-
JeiicTBueM paauauuu [ 1, 2.

OnHofi M3 MepBbIX MOIMBLITOK PEHTreHOTEeparMH OITyXo-
JIeBBIX HOBOOOPA30BaHHUIl CUHTAIOT PaboTy (hH3NKa IMHJIS
Ipy66e. C BblpaKEeHHbIMH MOCTJIy4eBbIMH MOBPEXKACHUSIMH
KOXKH PYK M0CJIe CaMOCTOSITEJIbHO IPOBOJAMMbIX OINBITOB €
X-styuamu, 1oJiydaeMbix ¢ nomoltiibto Tpyoku Kpykcea (1poo6-
pasa 3/1eKTpOHHO-JIy4eBoH TpyOKH ), 27 suBapst 1896 1. o 06-
patuiics K jokropy J.P. Cobb us Hahnemann Medical School
B Hukaro. Bo Bpemsi KOHCyJLTaLdK [PUCYTCTBOBAJIH Bpayul
J.E. Gilmann u R. Ludlum, kotopble, olleHHB Takoe JelicTBHe
PEHTreHOBCKUX JyueHl, HanpaBuiu K J. [py66e 6osbHyto Rose
Lee ¢ HeonepaGesibHbIM PaKOM JIEBOH MOJIOUHOH »KeJsle3bl
J1s1 Jiedenust. TlepBblil ceaHc Jieuenust coctosiicst 29 siHBapst
1896 r. R. Lee BriepBble Hayasa 11oJyyaTb CeaHChl PEHTI€HO-
Tepariiu, exKeHeBHO, M0 Yacy B 1eHb. PU3HK HCI10J1b30Ba 1151
sT0r0 TPpyoKy Kpykca, HernocpeCTBEHHO KOHTAKTHPYIOLLYO
C MOJIOYHOH 2KeJIe30M, a OCTajlbHble YacTH Tesla NalMeHTKH
YUeHbIfl 3alluilal, YKpbIBas MX CBHHLOBBIMHM JIHCTAMH OT
KUTANCKUX YailHbIX KOPOOOK [3].

HauaJio ucnosib3oBanust X-Jyuedt npu sumgpome XomK-
kuHa (JIX) otHocutest k 1901 1. Torma n-p A.J. Ocshner
nocjie  HeyJayHoro OlepaTHBHOrO  yaajeHHs OGoJIbLIOH
OMNYyXOJIM B MOAYENIOCTHOH 00J1acT y Majbuuka ¢ JIX Ha-
npasuJ ero kK npog. W.A. Pasey, KoTopblii mpoBes NalueHTy
peHTreHoTeparnuto (21 skenosutusi no 10—15 MUH) Ha 30HY
OBICTPO pacTyLlel MJIOTHON HEMOABUKHOM OMyX0JIM B PAaBOH
N0OJ4eJIOCTHOH 30He. Hepe3 2 Hell. ONyXoJslb 3HAYUTEJNbHO
yMeHblUIMJIAach B pasMmepe, a ellle yepes 2 Hei. nepecrala
onpenensitbest. B 1902 . npod. W.A. Pasey onucan cBou
HabJoeHus B »kypHasie Mennunncko# accounanun CIIA B
cratbe «CJyuaii capkombl M 60Jsie3HH XOJLKKMHA, JIedeHHbIX
¢ nomolpbio X-Jyuelt: npeaBapuTebHbii oTueT». B 1925 1.
cnemytom stanom npumenenus JIT npu JIX crano o6ay-
YeHHe He TOJIbKO MOpaXKeHHOTo JNM(aTHIECKOTO y3Ja, HO 1
BCell aHaTOMUYECKOH 30HbI [4].

B 1898 r. B MockBe 10 HHMIMATHBE BbIIAIOIIMXCS
xupyproB — mpod. Mockosckoro ynuBepcurera JI.J1. Jles-
IMHA U ero ydeHnka mpocg. B.M. 3bikoBa — OblT OTKPBIT
WMHetutyT 17151 iedenust onyxodieft M. Mopo3oBbIx (ceityac —
Wucruryr um. [1A. Tepuena). Mucrutyr 6bl1 mocTpoeH Ha
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M0KePTBOBAHHUST MOCKOBCKOTO KyTeueCTBa, B OCHOBHOM CeMbH
Mopo3soBbeix. B ToM ke romy B MHCTHTyTe OBbIO OTKPBITO
nepeoe B Poccun paanosiornyeckoe («cBeTosieqeGHOE> )
OT/leJieHHe, a TIepBble Mpenaparbl paaust ObUIM MOAapeHb
cynpyramu ITbepom n Mapu Kropu. B 1906 r. 3aBenytornii
«CBeToJIeYeOHBIM»  OT/eJIeHHeM HHCTHTYTa JA-P MeIUIUHbI
J1.B. Perietnsiio BbITyCTH/I MEPBOE B Hallleil CTpaHe pyKOBOJ-
ctBo 1o JIT «Jleuenne siyuamu Penrrena ¢ npenaputesibHbIM
U3JI0’KEHHEM PEHTTeHOJIOTHH U PEHTTeHOUAarHOCTHKI > [ 2].
[Tosiesienue JIT kak HOBOM MEIMUMHCKOHW JAUCLMIJIMHDI
NPUBEJIO K PA3BUTHIO HOBBIX OTpacjell HayKH U TEXHUKH —
pamo6UONIOTHH, MEAULIMHCKON (DH3UKH, a TaK:Ke CO3AAHHIO
BBICOKOTEXHOJIOTHYHOTO 060PYy/I0BAHHSI.

NEPBbLIE ANMAPATbI N9 NPOBEAEHNSA

AVNCTAHLMOHHON NYYEBOIA TEPAMUM

[lepBbie annapartbl adsi npoBefeHust aucraHuuoHHoi JIT
(1920—1921) 6blM TPOMO3IKUMH C MajleHbKUMH BBIXOJ1-
HBIMH OTBEPCTUSIMH AHa(parmbl, YTO CO3ABAJO0 CJ0KHOCTH
MpH JiedeHuH onyxoJielt (puc. 2).

PagueBass 6omba Cuayuca-Kecaepa Oblia cHaGxKeHa
MacCHBOM  allIIMKaTOPOB JYIsl  CO3/laHUsi  HEOOXOAMMOro
oobema o6uydeHusi. Ceanc JIT Ha sTom annapare 3aHumait
NPOJIOJKUTEJILHOE BPEMSI.

PagueBas 6omo0a Peiiabl otyinyasach OOJbIIEH MOLLL-
HOCTBIO JI03bl, HAJIMUHEM (UABTPOB, YJIydllIeHHOH 3alIUTOH U
KOJUIUMalHel.

B 1934 r. dpanuysckue yuenbie @penepuk u Mpen JKo-
JIM0-Kiopu OTKpbIM (heHOMEH MCKYCCTBEHHOH paHOaKTHB-
HOCTH, OblJ1 11POsiBJIEH OOJIbLIONH UHTEPEC K PajMOaKTUBHbIM
M30TONAaM Pas3J/IHYHbIX 3J1EMEHTOB, B T. 4. W KobaJbsTa. Hau-
6oJiee LIMPOKOE MPAKTHUECKOe NPUMEHEHHE MOJYYHJI H30TOI
89Co. BblI0 yCTAHOBJIEHO, UTO €ro Jiydd 06/1aal0T BbICOKOH
NpoHUKatoleld crnocobHocTbio. [To MOLIHOCTH M3Jy4eHHsI
17 r pannoakTHBHOTO KoOaJbTa SKBUBaAJIEHTHbI | KI paaus —
CamMoro MOLIHOTO MPHPOJAHOr0 MCTOYHUKA paiauauuu. Bot
noyemy IpH NoJlydeHUH, XpaHeHHH U TPAHCIIOPTHPOBKE 9TOr0
M30TOIa, KakK, BIIPoYeM, H APYrHX, TILATEJAbHO COOJ/II0AaI0TCs
CTpoxKaiillMe npaBusa TeXHHKM GesonacHocTd. [IpuHuma-
10TCSl BCe HEOOXOAMMblEe Mepbl, YTOObI HAlEHKHO OrPAUTbH
JroJiell oT Jiydei, KoTopble 06/1aIaloT He TOJBLKO Jle4eOHbIMU
CBOHCTBAMH, HO NPH HECOOJIOAEHHHU NpaBuJ 6€3011aCHOCTH
MOTYT CTaTb U cMepTe/bHbIMU. [Tocse Toro Kak B siiepHOM
peaktope OOBIYHBIA MeTa/lJIMYeCKHH KoOaJbT TMpeBpalla-
€TCsl B PAJMOAKTHBHBIH, €ro «3aTo4alT» B CIelHasbHble

Puc. 2. PagneBas 6omb6a Cnynca-Kecnepa (cpotorpacmsa cnesa) u
papveBas 6om6a Perinbl (hoTorpacms cnpasa)

KIIMHUYECKAS OHKOTEMATOJIOTUS



JIT B oHKONOrMN

Puc. 3. Annapat A3-398 Puc. 4. Annapar «'YT Ko6anbst-400»

MacCHBHblE KOHTeHHepbl. B atux Koureitnepax ®Co, okpy-
JKEHHbIFl CJ1I0eM CBHHLA, TPAHCIOPTUPYIOT HA CHeLHabHbIX
MallHHaxX K MECTY PUMEHEHHUSI.

Hckycersennbiit udotorn Co GbICTPO BBITECHU] pajiii
B JIMCTAHLUMOHHBIX raMMa-armnaparax B KayecTBe HCTOUYHHKA
U3JIyYEeHHUS.

NEPBbIE OTEYECTBEHHbIE AUCTAHLIUOHHbIE

TAMMA-AMNMAPATbI C 3APA/10M 6°CO

Annapar A3-398, npumensisiuiniicsi B 40—50-e rojbl XX B.
(puc. 3), 661 cHaGKeH TYOYCOM BLICOTOH 6 CM U IUAMETPOM
BBIXO/IHOTO OTBEPCTHSI 7 CM.

Annapar «['YT Ko6anbt-400» ¢ tyGycamu BbICOTOM
351 60 cm (puc. 4). Pasmepbl BbIXOIHOTO OTBEpCTHST TyOyca
9TOTO anmnapara cocTaBJsiiin oT 4 X 4 1o 10 X 15 cm.

3-3a neGoJibilioro pagmepa TyOycoB, HerslyboKoi npo-
HHUKalollell cocOGHOCTH MPUXOAUIOCH TPUMEHSITh GOJBILIOE
KOJINYECTBO ToJiell 06 TyueHts 1azKe MPH OTHOCHTENBHO MO-
BEPXHOCTHBIX OMMyX0JIsiX (pHc. 5)[5].

Texnuueckoe ycoBeplieHCTBOBaHKE aNNnapaToB AJs TPoO-
Benenusi JIT npuBesio K cosnanuio ycKopuTesen 3apsizkeHHbIX
YacTHIL.

B ocHoBe paGoThl JUHEHHOTO YCKOPUTEJST 3J1€KTPOHOB
3aJ10;KeH0 B3aUMOJIEHCTBHE 3apSKEHHBIX YAaCTHIL C 3JIEKT-
pPUYECKMMH W MarHUTHBIMH MOJSIMH. DJIEKTPHUECKOe MoJie
Croco6HO YBEJMUMBATDL SHEPTHIO YACTHIBI, MarHUTHOE »Ke
1oJie OTKJIOHSIET YACTHIIbI, CO31aBast opeHTY, 10 KOTOPOIl OHHU
JIBUIKYTCSI.

Haa  JIT wucnonbsyioress JMHEHHble YCKOPHUTENU
anekTpoHoB (J1YI). B ux BosHOBO/HON cucTeMe npouc-
XOIUT PasroH (ycKopeHHe) 3/JeKTPOHOB, KOTOpbIE 3aTeM

Puc. 5. Cxema pacnonoxeHus
none obnyyeHus npy nposepe-
HUW Ny4eBOW Tepanuu Ha Lien-
Hyto o6nacTb

www.medprint.ru

Puc. 6. AmepukaHckuin paguonor eHpu KannaH (creBa); ceaHc
Ny4eBOW Tepanuu Ha JIMHEHOM YCKOPUTENE 3NIEKTPOHOB (cripaBa)

CTaJIKMUBAIOTCS C PENSITCTBUEM H3 TS2KEJ0r0 MeTaJjla, YTo
COMNpPOBOXKAAETCsl BbIPAGOTKONH BbICOKOIHEPreTUYeCKOro
peHTreHoBcKoro uasydenusi. Ha Boixone us JIVD dopmy
MOJy4eHHOTO MyyKa Jiydel MoJcTpauBatoT Moj napameTpbl
OIyX0JIeBOr0 oyara, 4yto obecreyuBaer ero TouHoe obJy-
yeHue. Miamenenune hopmbl MydKa MPOUCXOIUT C TIOMOLIbIO
KOJIJIMMATOpa, BCTPOEHHOIO B YCKOPHUTEJ/b, WJH CHELH-
a/JlbHbIX OJIOKOB, KOTOpble YKPEIUISIOTCS Ha annapare
U3BHE.

B konue 1940 r. rpynmnoit yueHbix, TeCHO CBSI3aHHBIX CO
CraHdopacKUM yHHBepcHTeTOM, Oblia o6pa3oBaHa KOM-
nanust Varian Associates. B uucsio ocHoBartesiell KOMIaHUH
Bxoausin Opatbst Paccen u Curypn Bapuan (Russell and
Sigurd Varian ), uso6peTatesin KIMCTPOHA — BBICOKOYACTOT-
HOI0 YCHJIMTEJIS], UCII0JIb3YEMOT0 Y15l TeHEPUPOBAHHSI MHUKPO-
BOJIH, KOTOPbIH CTaJl OCHOBHBIM 3JIEMEHTOM COBPEMEHHOI0
MeauiHekoro JIYD. B 50-e u 60-e roubl npolioro Beka
B paMKax JesiTeJbHOCTH Komnauuu Varian Associates 6b110
M300pETEHO U 3aMyLLEeHO B CepUHHOE NPOU3BOJCTBO MHOXKeE -
CTBO TEXHOJIOTHH, BKJOYAsl M3TOTOBJEHHE PEHTIEHOBCKHUX
TpyOOK M JiMHeHHbIX yckoputeseh. B kouue 1960-x romos
KOMIIaHHSl co3jasa MeAMUMHCKUI JIYD, npenHasHayeHHblH
st JIT. B koneunom utore JIYD BbiTecHnn annapartypy
C 3apsiloM PajMOaKTHBHOrO KoOasibTa, ObIBLUYIO 10 3TOrO
0CHOBHBIM 060pynoBanuem st JIT.

[Tepsbiit ceanc JIT Ha JIYD npouten B 1956 1. B Ct3H-
tdopre. IlepbiM nauueHToM Obll peGEHOK, CTpajaBLINi
petuHobJactomoil. Ha cdhotorpadusix (puc. 6) aMmepruKaHCKHil
panuodior Tenpu Kanusian npoBogut ceanc o6J/ydyeHHst 3TOMY
naiuenry [6].

Heo6xonuMo oTmeTuTh, uto MMeHHO ja-pom Henry S.
Kaplan us CraHdopaa u ero kojuieroit ja-pom Vera Peters
u3 Princess Margaret Hospital Gblio HayuHo 060CHOBaHO
pacliMperie 30Hbl 00JyYyeHHUs1 MPH JleyeHUH GodibHbIX JIX
¢ Mpo¢HUIaKTHUECKUM O6JydeHHeM 30H, COTIPeNeNbHBIX C
NMopaKeHHbIMH (paciipenHble moJisi 00Jydenust). Mmenno
3TH PajIMoJIOTH BIepBble MPUMEHNIH paanKasabhyio J1T, 3a-
KJII0YaBIIYIOCS B JIy4€BOM BO3EHCTBHU Ha 30HBI MOPAKEHHS
W BCe corpe/e/bHble JUM(aTHuecKHe KOJJTeKTOPBI (BhIlIe
WK HKe nadparmbl ) y 6odibHbIX JIX.

Kak cnpasemuo otmerust H. Kaplan (1980), «sum-
(orpanynemaros (aumpoma XomKKHHA) 3aHUMaeT 0co00e
MeCTO B HCTOPHHU TTOHMMaHHUsT OHKOJIOTHUECKHX 3a60/1eBaHuil,
MOTOMY UTO MHOTHE TMPHHIIUIIbI, BaXKHbIE [T COBPEMEHHOM
JIMarHOCTHKH, CTaJMpPOBAHUS W JiedeHWs, ObIM BIIEepBble
MCIOJIb30BaHbl B yNpaBjeHHH 3TOH 0oJjie3Hblo» [4]. Mbl
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Puc. 7. CoBpeMEHHbIV NIMHEVHbIA YCKOPUTENb 3MEKTPOHOB

eXeJlHeBHO ybexkjaemMcsi B MPaBUJILHOCTH 3TOrO YTBEPXK-
JleHus1 Ipy 060CHOBAHMH Ha3Ha4yeHHUs! TPOMUIAKTHIECKOTO
JIydeBOTo BO3JIEHCTBHSI Ha 30HbI PETMOHAPHOTO METACTA3UPO-
BaHUst GOJIbLIMHCTBA 3JI0KAY€CTBEHHBIX OMYXOJIeH.

B koneunom urore JIYD npakTHueckd MOJHOCTHIO Bbl-
TECHUJIM JUCTAHIMOHHbIE ramMMa-annapatbl ¢ 3apsiioM pa-
JIMOAKTHUBHOIO KOOAaJbTa, CUMTABIIMECS JI0 3TOIO OCHOBHBLIM
o6opynoaunem st JIT. Ha puc. 7 nokazano kKak BbITJISIIUT
coBpeMmennblii  JIYD,  uMeoUMi  MHOroJIeNecTKOBYIO
nuadparmy ¢ 56— 120 nnactuukamu wpuHoi 0,2—1,0 cw,
KOTOpble MOTYT CO3JaTh PasjiuuHyto (opmy 06JydaeMoro
ob6bema.

Heob6xonumo otmertuthb, uto B 1922 1. na MexmnyHa-
pPOJHOM OHKOJIOTHYeCKOM KoHrpecce B [lapuxe Briepsbie JIT
Obla BblIeJeHA B HOBYIO CAMOCTOSITEJIbHYIO MEIUIIUHCKYIO
KJIMHUYECKYIO IMCLUITINHY.

B Hacrosiiiiee Bpewmst ysydllieHHe pe3yJbTaToB JieueHHUst
60JIbHBIX CO 3JI0KAYeCTBEHHLIMH HOBOOHPA30BAHUSIMH OCHO-
BaHO HA pa3paboTKe M COBEPILIEHCTBOBAHUH METOJOB paH-
Hero pacrio3HaBaHusi OMyxoJieH (B T. 4. U MeTOJIOB JIy4eBOH
JIUATHOCTHKH ), PA3BUTHU U COBEPIIEHCTBOBAHUN MPUHIMITIOB
KOMIIJIEKCHOTO JIEUE€HHS] OHKOJIOMMYECKHX OOJIbHBIX, BKJIIO-
Yalollero XMpypruueckoe BMeIATeNbCTBO, JIEKAPCTBEHHYIO
1 JiydeBylo Tepanuio. TosibKo pagymHast KOMOHWHALIUST THX
Tpex MeTOJIOB MO3BOJISIET JOCTHUb HAWOOJbIINX YCHEXOB B
JIeUeHHH TALMEHTOB C Pa3JIMUHbIMA OHKOJOTHYECKUMH 3a-
60JIeBaHUSIMH.

JlyueBas Tepanusi — 3T0 MeTOJ JIeUeHHsI C HCIOJb30Ba-
HHUEM HOHH3UPYIOILETO U3JTyUeHH s, TPH KOTOPOM MPOUCXOJUT
nepejiaua ero SHePruu B TKAHW veJsioBeKa, JJISIIIASCS J0JH
CeKyH/Ibl W TpPUBOASLIAS K 11eJI0H Lenu OMOopU3MIeCKHX,
MOPGhOJIOTHUECKHX M (DYHKIIMOHAJIbHBIX MK3MEHEHHH B KJI€TKaX
U TKaHSIX.

B Hacrosiiiee Bpemsi f0cTaToOdHO GOJIBIIOE  YHCIIO
OOJIbHBIX, CTPAJAIIIMX OHKOJOIHUECKHMH 3a00J1€BaHUSIMH,
Hyxnaercs B JIT Ha TOM WM HHOM 3Tarne KOMOHHUPOBAHHOTO
JIeYeHusl.

YcoBepLIEHCTBOBAHHE TEXHOJIOMHH, pa3dpaboTKa HOBBIX
METOJIMK 00JIydeHHsl TIO3BOJISIOT PEIIUTL OCHOBHYIO 3a1auy
JIT — paspyiieHde onyxoJu ¢ MUHUMAJbHBIM JyuYeBbIM
noBpex/aloUiMM BO3/I€HCTBUEM Ha OKpYXKaloUlye ee HOp-
MasbHble TKaHu. CpelcTBa /s JIOCTHXKEHUST TOH 3a1auu
MOCTOSTHHO COBeplleHCTByloTCs [7, 8].

Heo6X0MMOCTb  CHMXKEHUSI  JI030BOH  HArpyskH Ha
HOpMaJibHble OpraHbl U TKAHW HATJISJHO JIEMOHCTPUPYETCH,
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HanpuMmep, pesyJbTaTaMu JYIMTENbHOro HabJIoIeHHsT 3a
4401 GosbubiM JIX, mnpeacraBieHHBIMH EORTC/GELA
(cpoku sieuennss — 1964—2000 rr.). KymysisiTUBHbBIH PHCK
CMEepPTH B TevyeHHe 25 JieT HEerocpeICTBEHHO OT IMporpec-
cupoBanusi 3abosieBanus coctapasger 24,2 %, no apyrum
npuunam — 26,2 % (Bropble onyxoan — 13,5 %, kapauo-
BacKyJsipHble ocaoxkHenus — 6,9 %)[9].

METO/bl IYYEBON TEPANUU

Hucmanyuonnoe (Hapyocnoe) obayvenue (MeTol
JIeYeHHsl, MPU KOTOPOM HCTOYHHK M3JIy4e€HHs] HAXOAUTCS
Ha PacCTOSIHUM OT OIYXOJIM) — JIMUCTAHLIMOHHAs ramMma-Te-
panusi, Teparnus TOpPMO3HbIM H3Jly4eHHEM BbICOKOH SHEPTHH,
Tepanust ObICTPbIMH 3JIEKTPOHAMHM, IPOTOHHAS U HEUTPOHHAs!
Teparnsi, 6JM3KO(OKyCHasT PEHTTeHOTepanust | Jp.

Bnympennee obayuenue (MeTO/IbI JieUeHHs], TIPH KO-
TOPbIX HCTOYHHKH H3J1yYeHHs! BBOJAT B TKAHH WJIM B I10JIOCTH
opraHuama, a Tak:kKe TIPUMEHSIIOT B BUJE pagnodapMalleBTH-
4ecKoro rpernapara, BBOAMUMOIO B OPraHu3M NalueHTa):
® Opaxumepanus (0T rped. fpayvs — KOPOTKUI) — Me-

TOJL, NPH KOTOPOM HCTOYHHUK M3JIYYEHHS! PacliosioKeH

BOJIM3U OT OMYXO0JIM; 00JyueHHEe MOXKET ObITb BHYTpH-

MOJIOCTHBIM, BHYTPUTKAHEBbIM;
® cucmemHas paduoHyKAUOHAS mepanus — MeETOJ

JiedeHHsI C HCIOJIb30BaHHEM paarodapMalleBTHIeCKHX

npenaparoB (CoOeIMHEHUH, TPOMHBIX K ONpee/ieHHON

TKaHH), BBOAMMbIX NauueHty. HMcnosnbaytores panuo-

HyKJauabl B (151 JleueHust 310KaUeCTBEHHBIX OMyXO0-

JieH IHTOBUIHON KeJiesbl), 89S, ¥3Sm (/151 sedenusi

KOCTHBIX METACTa30B).

Bo3MOoXKHOCTH PaIMOHYKJIMIHON Teparuud B HacTosillee
BpeMsl PACLIMPSIOTCS B CBSI3H C JIOCTHXKEHMSIMH B 06J1acTH
UMMYHOJIOTHH. Tak, HelaBHO MOSIBUJICS HOBbBIA BHJL JIeYeHHUSsI
onyxoJiel — pajMOUMMyHOTeparnust — C HCIO0Jb30BaHHEM
MOHOKJIOHAJIbHBIX aHTHTEJ, CBA3AHHBIX C PAHOHYKJIHIAMM.
[1pu BBeieHHH B KPOBb OOJILHOIO MEYEHHbIE PAIHOM30TOIIOM
MOHOKJIOHAJIbHbIE aHTHTEJIa CBS3bIBAIOTCS C OMYyXOJE€BbIMH
KJIEeTKaMH, 4TO o0ecrneyuBaeT BbICBOOOXKICHHE BbICOKOMH
JI03bl  M3JIydeHMsl HenocpeiacTBeHHO B oryxosu. Celuac
JUISl  TIPOBEJICHUSI  PAJMOMMMYHOTEPANUH  UCHOJIb3YIOTCS
npenapatbl Ha ocHoBe naotonoB uttpust (°Y) u ioma (3'1).
PajronMmyHoTepanusi pUMEHSIETCSl B JIGYEHUH Pa3JIMUHbIX
BAapPHAHTOB HEXOLKKHHCKHX JINM(OM.

Cospemennasi JIT — BbicOKOTeXHOJMIOTMUHAST LIETIb
CJIOXKHBIX B TEXHHYECKOM M MHTEJJIEKTYaJIbHOM IJIaHe 3a7ay.
CHHKEeHHMEe KauyecTBa JaXKe OJIHOrO W3 3BEHbEB 3TOH LielH
nepeBoaut JIT B 1enom Ha GoJiee HU3KMH KaueCTBEHHBIN
YPOBEHb.

[lepBblil aTan — TonomeTpuyeckasl MOArOTOBKA, TakK
HazblBaeMasl « pa3aMeTKa», OCHOBHasl 3a/ia4a KOTOPOH 3aKJ1t0-
yaeTcsl B OMNpeJieJJeHHH PACTIOJIOKeHHsT OMyXOJH, CyOKIUHH -
YeCKOTo ee pacrpocTpaHeHusi, 30H JUMMOOTTOKA, pa3mepa
noJied oOJrydeHus.

[TpennyueBass moxarotoBka OGOJIbHBIX pa3jnyaeTcss B
3apucumocty oT Buaa JIT. Tlpn koHBeHuMoHasbHOH (2D)
JIT oHa MpOBOAMTCS Ha PEHTIEHOBCKUX CHMYJATOpax To
OpTOTOHAJILHBIM peHTreHorpamMmam. [1o 1eHTpy BbIOpAHHOTO
noJist oburydenusi BoinosiHsoT KT-ncenenoanve ¢ ToyHbIM
oTtoOpaKeHHeM BCeX OpraHoOB-MHIIEHEH, OPraHoB pHUCKa Ha
MOJIy4eHHOM Cpe3e, OrpeJiesieHHeM MIOTHOCTHBIX XapakTre-
PHUCTHK TKaHeH (NMpu HEOOXOAMMOCTH KOJIMYECTBO CPe30B
MOKET ObITh YBEJUUEHO ).

KIIMHUYECKAS OHKOTEMATOJIOTUS
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Jlis KaxKaoro naudeHta H3roTaBJMBAeTCsl MHAMBH-
JlyaJIbHbIH  OJIHOIMJIOCKOCTHONH aHATOMHYECKHH cpe3, Mpo-
XOASLIMH uepe3 1EeHTp BbiGpaHHOTro noJst obJydenus. [Ipu
JIByXMEPHOM IJIAHHPOBAHUH pacyeT J103bl MPOBOAUTCS MO
LeHTpaslbHOMY cpedy. ToroMeTpHuecKyto KapTy paHblie U3-
roTaBJ/IMBa/IM C MOMOLLbIO KOJIeL, ¢ MeTaJIJIMYECKHMH CTepK-
HAMH. BO MHOTMX KJHHHKaX €€ roTOBAT C MOMOLLbIO THOKOH
CBMHIIOBO# JieHTbI (puc. 8) [5, 10].

[1pu noxprotoeke K Kondopmuoi JIT wucnosib3yercs
TpexMepHoe 3D-nnanuposanue (ot anra. dimensional —
pasMepHoe ), N03BOJISIOLLEE YBUAETh OMyX0JIb U KpUTHUECKHE
opraHbl B 0o0beMe, CO31aTb HEeOOXOAUMOE paclipejesieHne
JI03bl 110 BceMy 00beMy MHULLIEHH C MAKCUMyMOM B 30HE OI1y-
XOJIM M PE3KUM CHH2KEHHEM JI030BbIX HArPy30K 10 MMHHMYMa
B OKPY2KaIOLLMX OIyXO0JIb 310POBbIX TKAHSIX.

[Ipu mpoBeneHHH BBICOKOTEXHOMOTHYHON KOH(OPMHOH
JIT Heo6XomMMO HCIOJIb30BAaTh BCE OTKPbIBAIOLLMECS BO3-
MOKHOCTH COBPEMEHHbIX MeToa0B auHarHoctikd — KT,
MPT, TIST — B couetanuu ¢ COBepllIEHCTBOBAHHEM KOM-
NbIOTEPHBIX NPOrpaMM 0ObEMHOIO I03HOTO TJIAHUPOBAHHSI.

FLEEZR mie

Puc. 10. CnusHue n3dobpaxkeHui, nony4eHHbIx npu KT- n MPT-
ncenepoBaHusx

www.medprint.ru

Puc. 9. KomnbloTepHbIn
Tomorpad (creBa) u
MarHUTHO-PE30HaHCHbIN
Tomorpad (cripaBa)

[Taumnenry nposoautcst KT 3oHbI npeanosiaraemoro 06-
Jydenusi ¢ warom ot 0,625 no 20 mm. Illar ckanupoBanus
onpeessieTcs B 3aBUCUMOCTH OT KOHKPETHOH KJIMHHYECKOH
cutyauuu. Tak, Mpu onyxoJisix JIErKoro, CpelocTeHusi, npo-
CTaThl OH COCTABJISIET 5 MM, IIPH OIMyXOJsIX OPOUT, XOPHOUJIEH,
roJioBHoro mosra — 1,25—2,5 mm. KomrbloTepHble 1 Mar-
HUTHO-pe30HaHCHble ToMorpadel (puc. 9), HucroJb3yeMble
JYIsl TOMOMETPUYeCKON noarotoBku GousbHbX K JIT, nmetor
LIMPOKYIO anepTypy M MJIOCKYI0, KakK Ha JIYD, moBepXHOCTh
cToJa.

[Tpu naanuposannu JIT npu 6osbLIMHCTBE JIOKAIU3ALMH
3JI0KQUECTBEHHBIX ~ HOBOOOPA30BaHUH  JIOMOJHHUTEJNbHYIO
LleHHYI0 HH(OPMALIMIO O IpaHHULAX OMYXOJH M KPHUTHUECKHX
cTpyKrypax nojydaior npu MPT-ucenenoBanuu. B nasb-
HelinleM uH@opmaius o6oux MetonoB ucciaenoBanui (KT
u MPT) o6pabarbiBaercst 1yisi 60ji€e TOUHOTO OMpeJiesieH st
rpanuil onyxos (puc. 10)[7, 8, 11, 12].

[TonBonumble Bbicokue no3bl JIT K omyxosu, Hasmvuue
PacnoJIOXKEHHbIX PSIOM KPUTHUECKMX OPraHOB W CTPYKTYP,
jurenbHocTh Kypea JIT (yacro cocraBasioniasi 6—8 He.)
TPpeOYIOT TOYHOIO [OBTOPEHHUS MOJIOKEHHS! MalHdeHTa BO
BpeMsi Kaxjaoro ceasca. s 9ToH UesM MCHOJB3YIOTCS
(bUKCHpYIOLLHE MPUCIIOCOOMEHHUS: TIJIaCTHKOBbIE MAacKH, Ba-
KyyMHble MaTtpalpl, NpUHUMaloline GopMbl Tesia GOJIBHOTO,
NOJCTaBKH M0Jl BEPXHHE M HHXKHME KOHEYHOCTH, LUeto, Ha
KOTOPbIX NAaLMEHT [TPOXOAUT BCE ITAIbl [IOANOTOBKH U CEAHChI
JIT. Ha puc. 11 mpencraBiena yacTb (pUKCHPYIONUIMX TIPH-
€roco6JIeHU T, TPUMEHSIEMBIX B PAJIHOJIOTHUECKOM OT/IEIEHHH
PI'BY «Poccuiicknuit  OHKOJIOMMYECKMI Hay4HbIH LEHTP
um. H.H. Baioxuna» PAMH.

[TostyyeHHble 1udpoBble nzobpaxenus KT u MPT
nepefaloT Ha pabovylo CTAHIMIO C TTOMOIBIO HH(OPMAIHU-
OHHO-yMpaBJsitoliel cucrembl. [Ipoliece niaHupoBaHus Ha-
UHHAETCS1 C TeHePUPOBAHHUS TPEXMEPHOH MOJIE/IH MallHeHTa.
[Ipu sTom ucnosib3yeTest cepusi napasesnbHbix KT-ckaHoB.
AnaToMHUeCKHe CTPYKTYpPbI U TJIAHHPYeMbIi 00beM MHILIEHH
OMPEJIENISIIOT HA KAXKJIOM H3 CKAHOB BPYUHYIO HJIH C TOMOIIILIO
ABTOMATHUECKOH MaTeMaTHUeCKOH MPOrpaMMbl, OCHOBAHHOH
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0.11. Tpochumosa u ap.

Puc. 11. dukeupytowme npucnocobneHns Npu NPOBEAEHUN NyYeBON Tepanvmn

Ha 3HAHUU JUanazoHa eIMHUL XayHChuaaa aisi KazkIoro U3
KPUTHYECKHUX OPraHOB W JPYrHX aHATOMHYECKHX CTPYKTYP.
[lnanupoBaHue JOJKHO OCYLIECTBJISITBCS € Y4eTOM He
tonbko KT-nHcpopmaimu, HO W BCeX HaHHBIX O MalHeHTe,
UMelolUXCsl B uctopuu Goseauu [11, 12].

B noknanax MexiyHapoiHOH KOMHCCHH 110 pajHali-
OHHBIM e/iMHHIAaM U u3MepeHusim NSO 1 N62 Gbliu 10/103KeHbI
OCHOBHblE KOHLIEMLMH, CBA3aHHblE C BbllesJeHHeM 00beMOB
00JIyYeHHUs.

GTV (Gross Tumor Volume) — maxkpocKonuueckui
00beM OIyXOJIM, MPEACTaB/seT cOO0H MajdbIUpPyeMbli WU
BU3ya/IU3UPYEMbIl  HHCTPYMEHTa/NIbLHO  00bEM  OIyXOJIH.
Makpockonnyeckuii 06beM MOXKeT COCTOSITh U3 MEPBHYHON
OMyXOJIM, METAcTa3oB B JMMMATHUECKHX Y3J1aX MJH JIPYTHX
meTtactazoB. OGbIYHO OH COOTBETCTBYET TOH YACTH OIMyXOJIH,
rjle KOHUEHTPaLHUs OMyXoJIeBbIX KJIeTOK HauOoJbuias. Eciau
onyxoJib Oblja ylajeHa pajlKajbHO, ONpPENe/HTb AaHHbIH
00beM HEBO3MOXKHO.

CTV (Clinical Target Volume) — KjnuHHYeCKHil 06beM
MHULLEHH, BKJOYaeT Bce 00beMbl, B KOTOPbIX HEOOXOAUMO
JIMKBUMPOBATL MAKPOCKOMHUYeCKHe H/HJIH  MUKPOCKOIH-
yecKHe [pOsIBJICHHSI 3JI0KAYECTBEHHON OMyXOJH: Makpo-
CKOINUYECKUI 00'beM OIYXOJIM U TKaHHU, B KOTOPbIX UMEETCsl
BEPOSITHOCTb ~ MMKPOCKOIHYECKOH  OIyXOJIeBOH — MHBA3HH
(uacto TosiMHA Tako# oGJactu coctaBiserT 1 cm). Ecou
NPOBOAUTCS Nocseonepalnodtbiid kype JIT, To moxer ObITh
3ajat ToJibko 06bem CTV.

PTV (Planning Target Volume) — nuianupyembiii
00beM MHILIEHH, BKJIOYAeT KJIMHHUECKHH 00beM ¢ J100aB-
JieHHeM (JuIsl HaJleXKHOCTH ) IONOJIHUTEJILHOTO OTCTYyNa, YTO
CBSI3aHO C BO3MOXKHBIM M3MEHEHHEM [10JI0XKEHHUs1 OpraHoB
NpU JbIXaHWM MalUKMEeHTa, [OABHKHOCTBIO OIpeleseHHbIX
OpraHoB (2KeJy10K H J1p.), 0COOEHHOCTSIMH 060pyL0oBaHUsl (B
YACTHOCTH, OTCYTCTBHEM BO3MOXKHOCTH KeCTKOH (pUKCALUH
NalUMeHTa) U ¢ y4eTOM MNOTPeLIHOCTel MPH YKJaaKax MaLu-
eHra. DTo reoMeTpUyecKoe MOHSTHE OIpeIesIsSieTes sl TOTO,
4TOGBI, MPUHSIB BO BHUMAaHHe CyMMapHbIi 9(h(eKT BcexX BO3-
MOKHbBIX [€OMETPHUYECKHX HETOYHOCTEH, BbiOpaTh HauboJee
MOIXOASIIINE pa3Mep U KOH(HUTYpalMIO MoJell oGaydeHnst 1
ObITb yBEPEHHbIM B TOM, YTO Ha3HauyeHHas j03a JCHCTBH-
TEJILHO NOIVIOTHIACh B 00beMe KJIMHUYECKOH MULLIEHH.

TV (Treated Volume) — o0beM, mnoasepraemblii
JieyeGHOMY BO3JICHCTBHIO; OIpeseJisieTcst Kak oObeM, orpa-
HUYEHHbBIH JI0O3HOH KPUBOM, KOTOPBIH BbIOPAH pajlosioroM
KaK HanOoJiee MOAXOMALLMH ISl IOCTHKEHHUST L JIeYEeHHUSI.
B nneane TV nosmken Obith uaentuued PTV.

IV (Irradiated Volume) — o6ayuaembiii 0oGbeMm,
K KOTOPOMY MOJBOJAUTCS J103a, CIOCOOHAs MOBJHATH Ha
TOJIEPAHTHOCTb HOPMaJlbHbIX TKaHel. PacueT no3Horo pac-
npejesieHuss B o6beMe TKaHel, MojiBepraeMbix 00Jy4eHHIO,
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HeoOX0UM YISl OIIpele/IeHHs] 103bl, 110Jly4aeMoi B IpoLiecce
JIEYEHHUs] OKPY:KAIOLLMMH OMNyXOJ1b 30POBbIMH TKaHSMH H
KPUTHYECKUMH opraHamu. BbiGop napamerpoB o6JydeHHsI
MPOBOJIMTCS C YH4ETOM YPOBHSI TOJIEPAHTHOCTH OKPY2KAIOLLIMX
HOpMaJibHbIX TKaHel (puc. 12)[13, 14].

JlocTHaKeHMe  TAaKOro JI03HOTO —pacrpeiesieHust, Mpu
kotopoM PTV 6bl1 6b1 0XBaueH BbICOKOH OIHOPOAHON J1030H,
CYMTAETCS BaykHEHLIeH Lesblo 00beMHOro MJaHHPOBaHMSI.
[eomerpus JieyeGHON /103bl TIPH 3TOM JIOJIXKHA [OBTOPSATH
dopmy PTV.

CyieylollMii 3Tan — pacyeT J03HOr0 pacrpeesieHust
C TIOMOLLbIO CIeLHaJIbHbIX MaTeMaTHUYeCKHX Iporpamm
npsiMoro U uHBepcHoro 3D- u 4D-nuanupoBanusi Ha KoM-
NbIOTEPHBIX cTaHUMsAX. [Ipouenypa niaHupoBaHUst COCTOUT
13 BbIOOPA ONTUMAJIbHBIX M0J1eH 00JIy4eHHsl C yHeTOM BKJ1a1a
KaXKJI0r0 U3 HUX, MCIIOJIb30BAHUS YCTPOHCTB (DOPMHUPOBAHHUS
noJsiell (KJIMHOBHAHbIE (UJIBTPBI, 6J10KH). J1OMOMHUTENBHBIM
CPEJICTBOM JUIsl OLLEHKHM KayecTBa IJ1aHa 00JIy4EeHHs! CILY2KHT
UCI0JIb30BaHKE TUCTOrpaMM «J103a-06beM» (DVH — Dose
Volume Histogram). DVH npencrapssier co6oil rpaduk
pacripesiesiennsi 103bl B 06siydaeMoM o6beMe. O6bIUHO TPO-
BOJIUTCSl PacyeT HECKOJIbKHX MJIaHOB 0O0JIydeHHsl, CTPOSITCS
DVH nnist kazknoro nnana: PTV u kaxmoro Kputuueckoro op-
rana. Ha ocnose ananusza DVH BbiGupaetcst ontumMasibHbIi
IUIaH: T0ABOAMMAs J103a Ha OIyX0Jlb MaKCHMaJjbHa, a Ha
KPUTHYECKHE OpraHbl — MHHHMAaJIbHA.

[TepBblil ceanc koHdopmuoi JIT HauuHaercs ¢ npo-
Besiennst KT B konunueckom nyuke Ha JIVD B Jjieue6HOM mo-
JIOXKEHUH NauueHTa. 3areM, NocpecTBOM aBTOMAaTHYECKOro
wiu pydHoro coBmetlenust KT-uzo0paxKeHuil, noJydyeHHbIX
Ha crojie JIVD ¢ KT-uccnenosanuem Ha srarne npeajydeBoi
TONOMETPUYECKON MOAIOTOBKH, TPOBOAUTCST KOPPEKLHUs M0-
JIOXKEHHS NaLLMeHTa.

— Gross Tumor Volume
Clinical Target Volume
Planning Target Volume
Treated Volume

— Irradiated Volume

- J

Puc. 12. Cxema o6bemMoB 065y4eHus [13, 14]
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Puc. 13. [lo3Hoe pacnpegeneHve npuv KOHBEHLMOHaNbHOM
2D-nnaHnpoBaHuu 0651yHeHMs OMyxXosnn pOTOrMOTKM

Jlns nosyueHust n300paykeHHsi HCIOJb3yeTcsl Mera-
BOJIBTHOE H3JsydeHne camoro JIYD ujn KuioBoJIbTHOE H3JTy-
yeHHe BMOHTHPOBAHHOTO B TOJIOBKY YCKOPHUTEJSI HCTOUHHKA
PEHTTeHOBCKOT0 H306payKeH sl U IeTEKTOPa.

[Tosienennto kongopmuo# (3D CRT) JIT cnoco6erBoBanu:
@ passutve HOBbIX TexHoJsoruit KT u MPT, nossosus-

ux 6oJiee 4YeTKO YCTaHABJAUBATD MPAHULBI OMYXOJIH U

KPUTHYECKHUX OPTaHOB;
® paspaboTKa MporpamMM MaTeMaTHUYeCKHX pacueToB

pacnpejeienus 103bl B o6beMe (3D-nnanuposanue);
@ COBEpILIEHCTBOBAHHE YCKOPUTEJIbHON TEXHUKH (TOSIB-

JieHHe MHOTOJIeNeCTKOBBIX KOJJHMAaToOpoB JAHadparm

C IUMPHUHON TJIACTHH MeHee | CcM, BOCIPHHHUMAIOIIUX

nporpaMMbl 06bEMHOTO I03HOTO TJIAHUPOBAHHS).

COBPEMEHHBIE METOAUKMN NYYEBOW TEPANUK

Copemennble MeToukn JIT BKIIOUaIoT ciejtytoiye:
® |)xouBenuuonasbHasi syueBasi Tepanus (2D RT);
® 2)KoHdopmHas syuesas Tepanus (3D CRT) u ee yco-
BepLIeHCTBOBAHHbIE BAPHAHTHI:
a) crepeotakcudeckast JIT (SRT);
6) cTepeorakcuueckast pandoxupyprusi (SRS);
B) JIT ¢ monynsiumeit unrencusroctu (IMRT);
r)JIT ¢ momynsiiiMeli HUHTEHCHBHOCTH MOLIHOCTH
103bl B inHamuke (RapidArce);
1) JIT ¢ koHTposiem no uzo6paxenuto (IGRT).

[losiBnieHne HOBBIX BUIOB AucTaHuroHHol JIT Ha ocHoBe
3D-nnanuposanus (3D CRT, IMRT, IGRT, amantupnasi
JIT, crepeorakcuueckasi JIT u paanoxupyprusi) no3BoJiuiio
3HAYUTEJIBHO YMEHBIINTh Jy4eBYI0 HarPy3Ky Ha HOpMaJibHble
TKaHH, YBEJUUYUTb TOTJIOLIEHHYIO 103y B OMYXOJIH, TIOBBICHTD
YacTOTy TOJHOH PErpeccHu OIMyXoJH, MoKasaTean obliel u
6e3pelUBHON BbKUBAEMOCTH 6e3 yBeJHYeHHs] PaHHHUX U
MO3/IHUX M0GOUHbIX 3dekToB JIT.

K coxanenunio, B GOJIBIIMHCTBE PafHOJOTHUECKUX OT-
nenennit Poccun npuMensieTcst KonBeHumoHnanbHas JIT, mpu
KOTOPOH  (DUKCHPYIOLIHE TMPUCTOCOOJNEHUST HCMOJb3YIOTCS
penko. JIist co3nanusi GUrypHBIX MoJIeH ¢ 1esblo 3alUTHTD
HOpMaJibHble TKAHH B OCHOBHOM TMPHUMEHSIOTCS TOJIbKO Kpa-
eBble CBHHIOBBIE GJI0KH. [Tnanuposanue JIT nposomures no
OJIHOMY LIEHTpAJILHOMY Cpe3y, a pasMmep roJieid o6JyueHHst
onpeJieNisieTcss Ha OCHOBAHMH aHATOMHUYECKHX MapKepOB, a He
M0 peasibHbIM Pa3Mepam OIyXOJIH.

Ha puc. 13 npencraBieH npumep J03HOrO pacripejie-
JIeHHs1 TIpH KOHBeHlMoHasnbHOM 2D-nyannpoBannu obJy-
YEHHs OTYyXOJIM POTOIJIOTKH C UCMOJIb30BAHHEM JIBYX MPOTH-
BOJIeKAILIUX OOKOBBIX MOJIEH.
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Puc. 14. ®durypHoe none, co3gaHHOE C NMOMOLLbIO MHOrONEnecTKo-
BOro Konnvmaropa gvadparmbl TIMHEHOTO YCKOPUTENS 3MEKTPOHOB

Kondopmuas ayuesas tepanus (3D CRT) xapaxrepu-
3yeTcst:
® TpexMepHOH PeKOHCTPYKLHeH MUIIEHH, PACUETOM 103~

HOrO pacrpejie/ieHds B TPeXMEPHOM TMPOCTPAHCTBE,

(hopMupoBaHHeM OJIOKOB TI0 TpeXMepHOMY H306paxke-

HUIO MUILIEHH;
® BO3MOXKHOCTBIO BBIMTOJHEHHST TU(DPOBBIX PEKOHCTPYH-

PYEMBIX PEHTIeHOTPaMM;

@ BLINOJHEHHEM OHO- U MHOT'OMJIOCKOCTHBIX MPOTPaMM
00JTyYEeHUSI.

AMepUKaHCKHE MeIMUMHCKUI dusuK rpod. JhKepasbi
Katuep nan cienyiouiee onpenenenne 3D CRT: «Ilonsitue
“KoHopMHasi JiydeBasi Teparnust’ MOxKeT ObITh ONpeeeHO
KaK TOMbITKA MPUAAHHsT 06beMy BBICOKOH J103bl (POPMBI OTTy -
XOJIH, YTO OrPaHUUMBAET 10 MUHUMYyMa 7103y Ha OKpYyrKatoline
3n0poBbie TKaHU. C KJIUHUUECKOH TOUKH 3PEHHs 3TO TOMbITKA
006eCreunTh MOJHYIO PErPeCcCHIo MepBUUHOTO oyara 6e3 mpe-
BbILLIEHHUS] TOJIEPAHTHOCTH HOPMaJIbHbIX TKaHel...» [7, 12].

Koudopmuasi JIT npoBoautesi Ha coBpeMeHHbIX JIYD ¢
MHOTOJIENIECTKOBBIMU  KOJIJIUMATOpaMu  Hadparm, T03BO-
JSIOLIMMH CO3/1aTh JieueGHoe noJie 060l Kondburypatum,/
tdopmbl (puc. 14). Takoil KoJuIMMATOp HUMeEET MOJBHKHbIE
JIEMeCTKH, KOTopble GJIOKMPYIOT —OIpeleseHHyl0 4acThb
panMauloHHoro nyyka. KommnbioTepHoe ynpasieHde ¢ Mo-
MOLIBIO GOJIBIIOr0 KOJMYECTBA Y3KHX, TVIOTHO TPUJIETaloIfX
JPYT K JPYry JIeMecTKOB JaeT BO3MOXKHOCTb TeHEPHPOBATh
noJie Jio60# TpeGyeMoit hopMbl. YcTaHABINUBAS JIEIECTKH B
omnpesieieHHOe 3ajlaHHOe TI0JI0’KEHHe MOXKHO CO3[aTh MoJle,
TMIOJIHOCTBIO COOTBETCTBYIOLEE (hOPME OITyXOJIH.

Kondopmuasi  JIT 103BosisieT  TOUHEe  ONPENESUTD
JIoKaJu3aluio, (opMmy, pasMep OIMyXoJM H COOTHOLIEHHE
OIyX0JIeBOTO 00'beMa ¢ HOPMaJIbHBIMH OpraHaMu M TKaHsIMH,
nposect GoJiee paBHOMepHOe 06JydyeHHe MHUIIEHH, Jydllle
9KpaHMpPOBaTh HOPMaJIbHble OPraHbl U TKAHH, CHU3UTh YaCTOTY
1 BbIPXKEHHOCTb PAHHUX H TO3/IHHX JIyUeBbIX TTOBPEXKIEHHH.

JlyueBas Tepanus no meroauke IMRT (Intensity
Modulated Radiation Therapy) — Hobiil noaxon B JIT,
KOTOPbIH OCYLIECTBJISIETCA C TyTeM M3MEHeHHs HHTEHCHB-
HOCTH JI03bl BO BpeMsi 00JIydeHHsl. DTa METOJMKA MO3BOJISET
NPOBOJIMTL  OOJyUeHHe CJOXKHBIX 10 (hopMe  OMyxoJiei,
rpaHUYalIiX ¢ KPUTHUECKUMH OpraHaMH, ¢ MHHHMaJbHbIM
JIy4eBbIM BO3JIEHCTBHEM HA HOPMaJibHble OpraHbl W TKaHH.
HcnonbzoBanue texnonornn IMRT B kinnnke npennosnaraer
00513aTeJIbHOE BBITIOJIHEHHE CJIEIYIOIINX YCJIOBUIL:
® KOpPEeKTHOe H300parKeHHe OMyXO0JIH H OKPYKaIoIIHX ee

CTPYKTYP, TOJYUEHHOE C MOMOULbIO JIyUEBbIX METOJIOB

JIMarHOCTHKH;

@ YUeT BO3MOXKHOIO (PU3HOJIOTHUECKOTO JIBUKEHHS OMy-

XOJIH ¥ OKPYKAIOIIUX CTPYKTYP;

@ KecTKas HMMOOHJIM3allus MallieHTa BO BpeMs MpoBe-

JIeHUst ceanca 00JydeHHsI.
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Puc. 15. MNpumep fo3Horo pacnpepenenus no texHonoruv IMRT Bo
(PPOHTASIBHOW MIIOCKOCTN Yy 6OMTILHOrO C OMyXOJbio POTOMIOTKM (06-
ny4YeHne npoBoauTcs ¢ 18 noner ¢ MakcMmarnbHOW 3aLLUTON CtOH-
HbIX Xenes)

Ha puc. 15 npencrapieHo no3Hoe pacrpenesieHne BoO
(hpoHTabHON MJIocKocTH 1pu nposesernd 3D CRT no Tex-
HoJsiorun IMRT 6osibHOMY € OITyX0J1bI0 POTOIVIOTKH.

M3BeCTHO, 4TO OTHOCHTEJIbHBIH PHUCK PAa3BUTHSI HH-
JyUHPOBAHHOIO paka MoJioyHoH kesiedbl (PMPK) nocae
JiedeHust 60bHbIX JIX W HEXOLKKHHCKUMH JIMM(OMaMK MpH
BKJIIOUEHUH YaCTH OpraHa B 30Hy 00JyueHHst (KaK MpaBuJIo,
9TO BHYTpPEHHHMe KBaJpaHTbl) 3aBUCUT OT Bo3pacra. [ak,
no nannbiM FE. Leeuwen u coasT., 83 % G6G0JBHBIX MHJTY -
uupoBanubiMm PMDK (n = 2637) nocne JIT 6buin Mosioxke
30 sier. ABropamu Oblia BbisiBjieHa YeTKas 3aBUCHMOCTb
MeX]ly paHee MOJBEACHHOH 030 Ha MOJIOYHYIO »KeJse3y H
pasButnem unayunpoanHoro PMJK. Tak, npu nopsenennu
103bl 24—38 Ip puck PMJK cocrabnsier 4,2 %, npu no3e
Gonee 38 Ip — 5,2 %. Cpeanuii HHTEPBAJ MEXIY BpeMeHeM
ycraHoBsieHust JIX U CpOKOM IMarHOCTUKH HHAYLMPOBAHHOTO
o6sydenrem PMOK cocrasiisier 18,7 roga [ 15].

[IpymMeHeHHe COBPEMEHHBIX TEXHOJIOTHH MO3BOJISIET
MHHHMH3HPOBATh /103y 00JIyueHHs1 Ha OpraHbl pUcKa.

[pumep. BosibHas M., 20 jiet. JInarHos — suMpoma
XomxkuHa IIA crajuu, cocrtosiHMe MocJje 3Tana Jekap-
ctBeHHOH Tepanuu. [19T-mosokuTesbHast pemuccus.

[Ipumenenue texHosornn IMRT nosBosusio mnposecTH
JloKaJibHoe 06Jydenne octatounoro [19T-nosokuTenbHOro
ouara B CpefoCTeHHH, 3HAUUTEJNbHO CHU3UB 03y Ha JIEBYIO
a cieoBaTebHO, YMEHBIIUB PHCK

MOJIOUHYIO KeJle3y,

Puc. 17. MNprmep [O3HOMO pacnpeneneHns npy noBTOPHOM JloKarb-
HOM 06J1y4EeHNUN METaCcTa30B B 3a6PHOLLMHHBIX TMMAATNHECKMX Y3-
nax no metoguke RapidArc

BO3HHKHOBEHHMSI HHYLIHUPOBAHHOTO JIyYeBbIM BO3JIEHCTBHEM
PM)K (puc. 16).

Texnosnorusi RapidArc («OblcTpast ayra») — Hau-
6osiee mnepejoBasi U3 poTalMoHHbIX TexHosoruit IMRT, B
Hell coyeraeTcsl poTaLMOHHOE OOJydeHHE C H3MEHEHHEM
MHTEHCUBHOCTH BHYTPH Ityyka Bo Bpemst JIT (puc. 17). [1pu
MCII0/Ib30BaHUH TexHoornu RapidArc npn:keHue JiernecTkoB
KOJJIMMaTopa MPOHUCXOMUT OJHOBPEMEHHO C BpalleHHEM
raHTpu (roJIOBKH anmnapara ). DTo 103B0JIsSIeT IPOBECTH CeaHc
JIT 3a Bpemst o/1HOro NOBOPOTa FAHTPH.

[IpumeHeHMe cOBpeMeHHbIX MeTOAMK KoHpopmHOH JIT
1103BOJISIET B psijle CJly4aeB POBECTH MaLlHEHTaM [TOBTOPHYIO
JIT, MUHMMH3UDYSl Jly4eBYIO Harpy3Ky Ha oprasbl pHcKa
(CMHHON MO3T, 3pUTEJILHBIN HEPB U T. 1. ).

Canenytomasi, ©GoJsiee BbICOKasi CTyleHb pa3BUTHS
TeXHUKH U TexHosorun JIT — crepeorakcuueckas
paaMoxupyprusi  (anmapartbl ramma-Hox, Kubep-Hox,

ycoBepuieHcTBOBaHHble JIYD), 1no3BosisieT ctpaTh rpaHu
PaZMOYyBCTBUTENLHOCTH U B TO K€ BpPeMsl C BbICOKOH Be-
POSITHOCTBIO IOCTUTaTh MOJIHON perpeccuu OMyXoJid JOoro
TUCTOJIOTHYECKOTO CTPOEHMSI.

CrepeoTtakcuuyeckasi paguoOXMpyprus — TEXHOJIOTHs
JIT HekoMIIaHAPHBIMH (HAXOASLLMMHUCS B PasHbIX MJIOCKO-
CTSIX) [y4KaMu C IPUMEHEHHEM CTePeoTaKCHYECKHX KOOop-
JIHAT JUISl HaBeJleHHsl Ha MULIEHb paamepoM He GoJjiee 3 cM
B IMaMeTpe U N0/ABEIeHUs pafMKaibHOM 103bl (15—21 Ip) 3a
ojiuH ceanc (puc. 18).

Pue. 16. KT-cpe3 c n3obpaxeHrnem 0CTaTO4HON ONyXonu B cpefocTeHun (ciesa) n fo3Hoe pacnpegenenve (metogmka IMRT) (cripaBsa)
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Puc. 18. MpyMep [O3HOTO pacnpeneneHust py CTePeoTakCUHeCKON paanoxMpypriv Metactasa B rofloBHOM MO3r

Crepeorakcuyeckasi JydyeBasi Tepamusi — BapHaHT
koHdopmuoit JIT, mpu KoTOpoil AecTpyKUHUsT OIMyXOJeBbIX
06pa3oBaHuil MPOBOAUTCS HECKOJBKUMHU (2—6) KpyrmHbIMHU
¢dpakuusiMu (o 5—12 Ip).

JIT ¢ konrposem no usod6paxkenuto (IGRT — Image-
Guided Radiation Therapy). Onyxosb MoxKeT mnepeme-
IAThCS OT (PPAKIUH K (hPaKIUK HJIH 1axKe BO BpeMsl (hpaKnu
00JlydeHHs1 B pe3yJibTaTe HOPMaslbHOH XKHM3HEesTeJIbHOCTH
yeJioBeKa (JbIxaHue, HaroJIHEHHe KHIIEYHHKA, MOYEBOro
1y3bIPsi U JIP. ) HJIH U3-3a HeOOJIbLINX OTKJIOHEHHH B yKJIaJIKe.
IGRT wucnosnbdyercsi mjsi JiedeHHs1 OMyXoJieH, KOTOpble
M0JIBEP2KEHbl IBMXKEHHUIO, TaKUX KaK PaK JIErKOro, MeyeHH,
NpOCTaThl, a TaKxKe 3JI0KaUeCTBEHHBbIX HOBOOOpPa30BaHMI,
pacnosioxKeHHbIX OJIM3KO K KPUTHYECKHM OpraHaM U TKaHsM
(cnuHHOW MO3r, 3puTesibHbIA HepB W Jp.). [Ipenmyuiecra
texHosiornd IMRT 6e3 ucnonbsoBanus IGRT, cocrosiniye
B BO3MOXXHOCTH BBICOKOKOH(OPMHOTO JIO3HOTO pacripejie-
JIEHHs1, MOI'YT CTaTh €€ HeJI0CTaTKOM, €CJIM HET KOHTPOJIsl 3a
OIyX0JIbI0 BO BpeMsi ceaHca 00J/1ydeHusl.

Jlnst mosydenust uso6paxkenns npu IGRT ucnosibdyerces
MeraBoJIbTHOE M3JjydeHue camoro JIVD WM KHJI0BOJILTHOE
BMOHTHPOBAHHOI'O B T'OJIOBKY YCKOPHTEJIs1 HCTOUHHKA PEHT-
IeHOBCKOIo H300paKeHHUs! U IeTEKTOpA.

OueHb BaxKHBIH 3Tarl B MOArOTOBKE U nposeneHuu JIT —
KOHTPOJIb KayecTBa PaAMOTepaneBTHYECKOro 000pYI0BaHHsI.
C NoMoLLBIO COBPEMEHHBIX METOAMK W NPELHU3UOHHBIX MPH-
6opoB Opuraza (PU3HKOB-I03UMETPHCTOB OCYLLECTBJISICT 103H-
MEeTPHYECKHH KOHTPOJIb OTITYCKa I10IJIOLLIEHHOH 103bl (KOHTPOJIb
JI030BBIX XapaKTEPUCTHK My4KOB (DOTOHOB U 3J1EKTPOHOB H in
VivO KOHTPOJIb J103, NoJydaeMblX MauueHtamu). Bee ycosep-
nieHcTBoBaHHble MeToaukd 3D CRT Tpebyior o6si3aresibHol
MPOBEPKH [10JIyHEHHOIO JIO3HOTO paclipeie/ieHsl ¢ M3mepe-
HUSIMH Ha paHTOME JI0 HayaJsla JIeYeHHs], YTO 3aHUMaeT JI0 He-
CKOJIbKHX YaCOB y GPUTa/ibl MEIMIIHHCKUX (PU3UKOB.

Bce npencraBnennbie nepenosbie TexHosorud JIT ue-
MOJIb3YIOTCS B MPaKTUYeCKOH padoTe OTHesa paadallMoHHOM
oHkoJsiorun PI'BY «Poccuiickuil OHKOJIOTMYeCKUH Hay4YHbIH
nentp um. H.H. Bioxuna» PAMH. Bosbiiasi yactb U3 HUX
NosiBUJIaCh HEJIABHO, MOCJe KOPEHHOH MOJIepHHU3alH 000-
pynoBanus B otese B 2009—2011 rr.

[TpuHIMnMa bLHBIN Mepexof; OT 6OJbIINX MoJiel 06ydeH s K
0oJiee OrpaHUYeHHBbIM TOJIBKO Ha 30HBI MOpaXKeHUs1 TpedyeT

www.medprint.ru

6oJiee TOUHOTO TIOABEIEHUsT J103bl U GOJIbLIEr0 BHUMAaHHUS
K mnpobJeMe MpeloTBpallleH sl MOBPeXkKAEHHsT HOPMaJbHbIX
TKaHeil. Bo MHOrHX c/iydasix TpexmMepHoe MJaHnpOBaHHe JaeT
MPEeNMYyLIECTBO TI€Pe/l CTAHAAPTHBIMU JiedeOHBIMH MOJISIMHU.
Brictpoe yBesnunuenune poctynnoctd [T umeer Gosbliioe
3HaUYeHHe MPH YCTAHOBJIEHWH CTaIUU 3a60JIeBaHUsT U OlleHKe
pe3yJibTaToB JieueHHus Tocje XuMmMuoTepanuu. bosee Toro,
YPOBEHb OCTATOYHOH MeTab0JIMueCKOH aKTHBHOCTH OIMyXOJH
MOXKET MOBJHUATb Ha OIpeaeseHHe CyMMapHOH O4aroBoi
103kl 06JtydeHusi. Hoebie TexHosorun [19T u KT ypesnun-
BaIOT TOUHOCTh JAMATHOCTHKH [7, 16].

KOH®JINKTbl NUHTEPECOB

ABTOpBI MOATBEPIKAAIOT OTCYTCTBHE CKPBITHIX KOH(JIHKTOB
MHTEPECOB.
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