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PE3IOME CrepeoTtakcuyeckasi paiMoxupyprus — oiuH U3 Haubonee cOBpeMeHHbIX METOAOB IeYeHNs MeTacTa-
30B B rOJIOBHOM MO3T, OAHAKO ee orpaHuyeHHas 3pdeKTUBHOCTb U 6€30MacHOCTb NpU onyxonax 60nb-
LIMX pa3MepPOB NPeACTaBNSET COBOM U3BECTHYIO KMHUYECKY0 npobnemy. [lo cux nop BeAyTcs Cropbl
0 TOM, ClleayeT K U B KaKoW MocnefoBaTeNlbHOCTU HEOBXOAMMO CoYeTaTh CTEPEOTaKCUMYECKYH paamno-
XUPYpruto LepebpanbHbiX METACTa30B C XMPYPrudecKoii pesekLmeid 1 4To NpeanpuHaTb B Clyyae He-
BO3MOXHOCTM yaneHus onyxonu. HeaoctaTtoyHo mM3yyeHa B3aMMOCBS3b CNeUndUUHbIX NapamMeTpoB
paamMoxvpyprum u paamobuonormyeckoro acddekTa: ONTUMasbHbIX XapaKTEPUCTUK Kypca 0bnyyeHus B
3aBMCMMOCTH OT 06beMa 06/1y4aeMoit OMyxonu, ee rMcTonorMyeckoro Tuna. B o63ope paccmatpusatoT-
CS1 BO3MOXHOCTU MPUMEHEHUS CTEPEOTAKCUYECKON PAaMOXMPYPrUM AN NEYEHUS KPYMHbIX METACTa30B
B FOJIOBHOM MO3r B COCTaBE KOMOMHMPOBAHHOM TEXHUKM, @ TakxKe B opMaTe rMnodpakLMOHUPOBAH-
HOM CTEPEeOTaKCUYECKOM PagnoXUpypruu.
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KoHgpnuKT uHTepecos ABTOpbI 3as1BAOT 06 OTCYTCTBUM KOH(INKTA MHTEPECOB

BnaropapHocTb, puHaHCMpoBaHue MccnenoBaHue He MMeeT CMOHCOPCKOM NOAAEPKKM

T'®CPX — runodpakuMOHMPOBAHHAS CTePeOTaKCUIeCKast
pasmoXupyprust

OB — 0011ast BbDKMBAE€MOCTh
OBI'M — o6yueHye BCero roloBHOro0 Mo3sra

KPP — KOJIOPEeKTaIbHbIN pak I, — mpenmucaHHas f03a (J03a, TOABOAMMAsI Ha Kpail OITyX0mn)

JIK — JIOKaJIbHBI KOHTPOJIb PM)X — pak MOJIOUHOI1 Ke/e3bl

JIMJl, — nenTOMeHMHTreanbHas JMCCeMMHALMS PH  — pagmanyOHHBIV HEKPO3

JIT — JlyuyeBasi Teprnus CPH — cuMnTOMHBIN pagyalOHHbII HEKPO3

MIM  — MeTacTassl B TOJIOBHOI MO3T CPX — cTepeoTakcuueckas pagyoxupyprus

MPT  — MarHMTHO-pe30HaHCHas ToMorpadus XP  — xupypruueckasi pe3eKuys

HMPJI — HeMeJIKOK/JIETOUHbIN PaK JIerkoro PTV — Planning Target Volume, muianupyeMbiii 06beM 061ydeHunst
BBEOEHUE

MertacTasbl B rosoBHOJM mo3r (MI'M) mpencTaB/siiOT
co6oit Hambosiee paclpoCTpaHEHHbIe MHTPaKpaHUalb-
Hble 3JI0KaueCTBeHHble HOBOOOPA30BaHMS y B3POCIOTO
HaceneHud [1, 2]. Yacrora Bcrpeuaemoct MI'M y oHKO-
JIOTMYECKUX GONbHBIX Koymebnercst B mpepenax 10-30% u
3aBYUCUT OT TUIIA IEPBUYHOTO PaKa U CTaguy 3a601eBaHUS
[3-5]. B GombimmHcTBe ciyuaeB MI'M 0GHapy>KMBarOTCS
P HEMEeJIKOKJIeTOYHOM pake jerkoro (HMPJI), pake
MOJIOUHOJ >kesne3bl (PMJK), mesraHOMe KOXM M KOJIODEK-
TaibHOM pake (KPP) [4] M OuarHOCTUPYIOTCS ONHOBpe-
MEHHO C [epBUYHOII OIyXomblo y 12-20% nauueHTos [1,
6]. CoBepllIeHCTBOBaHME CUCTEMHO} Tepanuy yBelIUuu-
BaeT MPOJO/DKUTENBHOCTD KM3HM OHKOJIOTMYECKUX OOIb-
HBIX [7-9], HO TOJIBKO HEKOTOPbIE XMMMOTEparieBTuYecKye

rpenapatbl 3GHEKTUBHO TPOHUKAIOT yepe3 reMaTo3HIle-
dannueckuit 6aprep. DTo TpebyeT HajabHENIIero usyue-
HISI BO3MOXKHOCTEI MeTOHOB JIOKaJAbHOIO JeueHnuss MI'M.
B HacTosIIiee BpeMsi C 3TOJ 1e/1bI0 TPUGErarT K UCIOb-
30BaHMI0 XUPYPrUUECKOro JIeUeHUsI U OUCTAHLUMOHHOI
nydesoit Tepanuu (JIT):

1. Xupypruueckoe seyeHre MOXKET OCYILEeCTBISITbCSI B
cIefyoneM o6beme:
MUKPOXMPYpPTUYecKasi pe3eknusi MeTacTa3oB B
rOJIOBHOI MO3T;

— cTepeoTakcuyeckasi 6GUoICus;

— npuMeHeHMe HPaKIMOHHO-IPEHAKHOM CUCTEMBI.

2. OuctanuyoHHyio JIT OCylecTBASIIOT C MOMOILbIO
raMma-anmapaToB, JMHEHbIX YCKOPUTeeil 31eKTPOHOB,
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YCKOPUTEJIEN TSIKeNbIX 3apSIKEHHbBIX YaCTULL U BBITIOHSIOT
B BUZE:

— 06/TyueHMsI BCEro roJOBHOTO MO3Ta;

— cTepeotakcuueckoit JIT;

— CTepeoTaKCUIeCKOV paIyioOXUPyPrUn;

— IIPOTOHHOI Tepanuu.

3. KoMO6MHMPOBAHHOE JIEUEHME.

CoBpeMeHHbIN MOAX0H, K JIoKaabHOMY JeueHuio MI'M
MUHUMM3UPOBAJ [IPUMeHeHNe XUPYPruueckux MeToI0B B
CaMOCTOSITEJILHOM BapMaHTe B CBSI3U C HEOGXOMMMOCTHIO
YIIy4IlIeHMs JIOKaJbHOTO KOHTPOJISI Haf, OIMyXOJbl0, B TO
BpeMs Kak paAyKaabHble U IUTOPEAYKTUBHBIE Olepalyun
MOTYT SIBJISITCSI KJTIOUEBBIM (PaKTOPOM ITIPU peau3anumn
KOMOVMHMPOBAHHBIX METOIUK JiedeHusl 60MbHBIX ¢ MI'M,
BK/IIQUAIOIIUX TpeloNepalMOHHYI0 WK IOocIeorepanu-
OHHYVIO AVICTaHMOHHYIO JIT.

MUKPOXUPYPITMYECKAS PE3EKLIUSI METACTA30B
B rOJIOBHOM MO3r

Xupypruueckasi pesekumsi (XP) MpoyHO yTBepAuaach
KaK OCHOBHOJI MeToJ, JieueHsT 6ObHBIX C COMUTAPHBIM U
OJINTOMETACTaTUUECKMM TIOpaskeHueM TOJIOBHOTO MO3Ta
[10]. Llenp omepanyuu Nnpy MHTpaKpaHMUAJIbHBIX MeTacTa-
3ax — IpeOTBpallleHNe HajbHelllIero pocTa OMyXoau U
UIeHTUOUKALMUS MOJEKYISIPHON XapaKTepUCTUKU, KyTIu-
pOBaHNe HeBPOJIOTMYECKNX CUMIITOMOB.

OGIIEeNMPUHSTHIMY TTOKA3aHUSIMU IJISI XUPYPIUUECKOTO
snedyenyst MI'M [11-13] aBisroTcsl HaMume CynpaTeHTOpu-
aJIbHOTO COMTApHOIrO MeTacTasa 6osiee 3 ¢cM B quameTpe
WX MeTacTa3a MeHbIero pasmMepa, pacrolokKeHHOTO B
3a7iHeil yepertHoi siMKe Miau GYHKIMOHAJIbHO-3HAYMMOM
30He MpU HAIUYMUM HEBPOJIOTMYECKON CUMIITOMAaTUKA
BCJIe[ICTBME OTeKa MO3ra.

Xupypruueckoe BMelIaTeIbCTBO MOXKET ITOMOYb B ITOJ -
TBEPXKIEHUM Iuardosa y nauyeHtoB ¢ MI'M u3 HeusBec-
THOJ NepBMYHON onyxonu. BeisiBnenne MIM sgBnsiercs
TepPBbIM MPU3HAKOM 3a601eBaHus mpuMepHo y 10% OHKO-
JIoTMYecKuX GONMbHBIX. B cityyae, eciau cucTeMHOe Topa-
skeHue u MI'M 6bUIM 06HaApPYKEHbI CMHXPOHHO, XP MOXeT
ObITh TEPBbIM IIATOM B IUlaHe jedeHus. Kpome Toro,
MalMeHT C U3BeCTHbIM MEePBUYHBIM PAKOM MOKET UMeTh
MopaskeHue TOJIOBHOTO MO3ra C PeHTreHOJIOTMYeCKUMU
XapaKkTepUCTUKaMM albTePHATUBHOTO MMATOJIOTMYECKOTO
nnarHosa. B 11% crydaeB ouaroBble M3MeHEHMNS TOJI0BHO-
ro MO3ra SBJISIIOTCSI He OAMHOYHbIMY MI'M, a iepBUYHBIMN
OITyXOJISIMM, abCLIeCCaMy MJIY BOCTIAJIMTEIbHBIMU PeaKIy-
amu [14], yto npupaetr XP pemawliee AMarHOCTHUUECKOe
3HaUeHue.

IIpu oT6Ope MalMeHTOB, KOTOPbIM MpeacTout XP, cie-
IyeT YUUTHIBATh TPU (GaKTOpa: 0COGEHHOCTU BHYTpUYe-
PEIHbIX METACTa30B, KAMHMYECKOe U (YHKIVMOHAIbHOE
COCTOSIHME TMallyeHTa, a TaKkKe COCTOSIHMEe CUCTeMHOTO
3a00/1eBaHMSI.

ddderTrBHOCTL U 6e30MmacHOCTb XP 3aBUCSIT OT JIOKa-
nusauuu MI'M. Ilpu cpaBHeHUM pe3yabTaTOB TOTAIbHOI
XP omyxosneii ¢ ynaseHueM MHOUIbTPATUBHO MOPasKeHHOIA
MO3TOBOJI TKaHM, PACIIONIOKEHHBIX BHE (YHKIVOHAIBHO
3HAUMMBIX 30H, M XP B Ipefenax TKaHU OIyxoju 6e3 yma-
JieHUs TIpuiiexkalieil K MeTacTasy mapeHXMMbl TOJIOBHOTO
MO3Ta 4acToTa pa3BUTUSI pellIMBa B TeueHMe ABYX JieT B
TPYIIe TAIMEeHTOB C 6ojiee arpecCUBHOM XUPYPrUUECKOIA
TaKTUKON coctaBmwia 29,1%, a Bo 2-3i rpynme — 63,2%
[15]. Onst manyeHTOB C MeTacTa3aMM, PACIIONOXKEHHbIMU
B (YHKUMOHAJIbHO 3HAUMMBbIX 30HAX, PUCK HapacTaHUS
HEBPOJIOTMYECKO CUMITOMATUKK Tocne XP cocTasisieT
21% [16].
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PasMep meTacrasa Takxke SIBJSIETCSI OLHUM 13 (akTo-
POB pMCKa Ji/151 MPOJIO/KEHHOIO pocTa oIryXomu nocie XP.
Taxk, uccnenosanue Patel et al. (2010) moka3saso, 4To puck
MIPOZIOJDKEHHOTO POCTa YBEIMUMBAETCS IIPU 06beMe MeTa-
crasa 6osee 9,7 ¢cm® [17]. BeposITHOCTb pelyanBa yBeIu-
4yyBaeTCs IPU yIaJleHu! MeTacTasa 4acTsSIMy B CDaBHEHUM
¢ pesekuyeit equubIM 6;110k0M (bp. en bloc) [18].

I'McTonormyeckuii TUI OITyXOJM SIBJSIETCS BaKHBIM
roKasaTesieM, BAMSIOIIMM Ha BbDKMBAEMOCTb: JBYXJIET-
HSIg BbDKMBaeMocTh nociie XP MI'M okasanach Bbllle y
naiyeHToB ¢ PMJK (87,5%) mo cpaBHEHMIO C IIPOUYMMU
orryxoinsimu (67%) n otmensHo ¢ HMPIT (0%) [19].

CTEPEOTAKCHMYECKASA BUONCHA

CrepeoTakcuueckast GUOINCUS — 3TO MUHUMAIbHO
MHBa3sVBHOE BMeEUIATENIbCTBO B HeNPOXUPYyPIUYeCcKom
MpaKTHKe, TTO3BOJISIIOIIEe MOMYIUTh 00Pa3Lbl MMaTONOTH-
YecKkol TKaHU [Ji MpOBeAeHUs MPUKU3HEHHOTO TMaTo-
mopdonornveckoro uccienoBanus. IIpoBefeHne crepeo-
TaKCUUYECKOI GMOTICUM aKTyaJbHO TIPU COMUTAPHOM WA
MHOKEeCTBEHHOM 04YaroBOM TOpaskeHMM TOJIOBHOTO MO3Ta
M OTCYTCTBMM MHGOPMAIIVY O IEPBUYHOM paKe y maryeH-
Ta, HEOAHO3HAYHbIX PEHTT€HOIOIMYECKMX XapaKTePUCTn-
Kax MHTPaKpaHMUAIbHOTO TTOpaXkeHUsI.

UCNOJIb30BAHUE ®PAKLLMOHHO-APEHAXHOW CUCTEMBI
(PE3EPBYAP OMMANS)

bompmyucTBO MI'M MMeEIOT COMUOHYIO CTPYKTYpPY C
oJyaraMy HeKpo3a ¥ OKPYKaloIMM OTeKOM TKaHM MO3ra,
OIHAKO BCTPEYAIOTCSl M KPYyMHbIe KUCTO3HbIE MeTacTa-
3bI, TPEGYIOIIMEe 0COOOTO HEMPOXUPYPTrUUECKOTO TTOIX0/a.
PpIxJible CTEHKM TakuMX HOBOOOPA30BaHMII IJIOXO OTHe-
JIIIOTCS OT IpUJIeXalllero MO3TOBOrO BellecTBa M IMpU
yAaleHUM 4acTO pa3pbIBaloTCsl. Bo3HMKaeT puck coxpa-
HEHMSI yJyacTKa CTeHKM KNUCTbl B paHe, YTO MPUBOIUT K
OBICTPOMY peIlMIOMBY MeTacTasa. B Takux crydyasx mpu
KPYIHBIX MeTacTas3ax KMUCTO3HOWM M COMUIOHO-KUCTO3HON
CTPYKTYPBI 1[€71eCO00pa3HO MCIIOIb30BaHMe APEeHasKHBIX
cucTeM IJ1s1 3BaKyalUy COLEePXMMOIO KMCTO3HOTO KOM-
MoHeHTa omyxonu. Vcmonb3oBaHue pesepByapa Ommaiist
¥MeeT MpeumMyliecTBo mepen XP meTacTta3oB C BbIpa-
SKEHHBIM KMCTO3HBIM KOMITOHEHTOM, TaK KaK I103BOJsIeT
IPEeHNpoBaTh COLEpXMMOe MeTacTasa Aaxke IIpu pac-
TIOJIOKEHMM €Tr0 B (PYHKIMOHAJIbHO 3HAUMMBIX 30HAX.
B paHHeM mnocieonepaliMOHHOM Ilepuofe IpeHMpoBa-
HMEe TPUBOOUT K IOTHOMY WM YaCTUUHOMY perpeccy
HEBPOJIIOTMYECKON CMMIITOMAaTUKU U CO3aeT YCIOBUS IJIsT
TIPOJO/DKEHMST KOMOVHMPOBAHHOTO JIEUEHUS, TOBBIIIAS
BOCIIPUMMYMBOCTD OITyXOJIM K 06IyueHuto. VIMITaHTanms
MOYKET OCYLIeCTBISITbCSI KaK BTOPOJA 9Tall Iocje BIONIHe-
HUSI CTEPEOTAKCUUECKOI OMOTICHM € 3a60POM KMCTO3HOTO
KOMIIOHEHTAa OIMyXO0JM Ha LUTOJIOTUYEeCKOe UCCaef0BaHe
Vi/WM ¢ 3a60POM COTTMTHOTO KOMIIOHEHTA JIJIST TUCTOJIOTH -
YeCKOro MCC/IeJOBaHMSI.

MHOXXECTBEHHOE METACTATUYECKOE NMOPAXEHUE
r0OJIOBHOro MO3ra

Bompoc o Hamnumuu rnokasanuii K XP Ipu MHOXKeCT-
BEHHOM MeTacTaTM4YeCKOM ITOpaKeHUy IOJIOBHOIO MO3ra
ocTaeTcsl OTKPBIThIM. ONlepaTUBHOE BMeNIaTelbCTBO MPO-
MU3BOOUTCS B CNIyYasX HaINUMS JOMMHMPYIOUIVX, BBI3bI-
BAIOIIVX HEBPOJIOTMYECKYI0 CMMIITOMATMKY ITOPaskeHWMIA,
yIaseHne KOTOPBIX 0becreumsio 6bI KIMHMYECKOe YIyd-
nieHue. B HacTos1ee BpeMs OTCYTCTBYIOT IIPOCIIEKTUBHbIE
paHIOMM3MPOBaHHbIE KCC/IeN0BaHN, TI03BOJSIOLLME OLie-
HUTDb 3bdexTUBHOCTb XP y MalueHTOB ¢ MHOKECTBEHHbI-
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mu MI'M. UccnepoBanue Schackert et al. (2013) rokasaiio,
YTO BBDKMBAaeMOCTb HaLeHTOB ¢ 4 u 6onee MI'M mocie
XP coctraBuia 3,3 Mec, UTO 3HAUUTEIbHO MeHbIlle, YeM B
rpymnne nauueHTos ¢ 1-3 MI'M (7,8 mec) [20]. [In1s cpaBHe-
Husl: B uccienoBauuu Pessina et al. (2016) y manyeHTOB C
CONMTApHBIMM MeTacTa3aMu 0611ast BBKMBAEMOCTb ITOCIIe
OTKDBITOI OIlepanuy cocTasisieT 24 mMec, Ipy 3TOM aBTO-
pbl otMeuatoT 100% mocTukeHME JIOKaJbHOIO KOHTPOJIS
Ha TmpoTsbkeHuU 2 jeT. KiimHudeckoe ymaydlieHue Tocie
omepanuy 6bU10 JOCTUTHYTO ¥ 90,5% MaIMeHToB, cepbes-
HBIX OCJIOKHEHMI, B TOM 4YMC/Ie JIMKBOPEM, OTMEUEeHO He
66110 [19]. B pabore Stark et al. (2005) my4imii mokasaTenb
BBIKMBAEMOCTH ObUT JOCTUTHYT Y MAIIEHTOB C KOJINYECT-
BoM MI'M ot 1 no 3 [21].

Kak MbI y)ke yIOMMHaIM, B JOMOMHEHME K XapakTe-
pUCTMKAM IiepeOpajbHbIX MEeTacTasoB, IPU PacCMOTpe-
HUM 11€J1eCO06Pa3ZHOCTY XMPYPTUUECKOTO BMEIIaTeIbCTBA
CJIelyeT YUUTHIBATH OHKOIOTMYECKUIA CTaTyC U QYHKIIMO-
HaJIbHOE COCTOSIHME CaMOro IaiuenTa. [IJjis peneHus 3Toin
3aJauM TIPUMEHSIIOTCST pasinuHble MHCTPYMEHTbI KIacCu-
ukaruu, nmo3sonsgwoIIKe 06beAMHUTD TTALMEHTOB ¢ MI'M
B TPYIIIBI, pa3/IMyaloIIuecs Mo CTeNeHy TSHKeCTH 1 o61eii
BbIKMBaeMocCTH. Hanbosiee yacTo rpumeHseMast liporHoc-
TUUecKasl IIKaja OLleHKM ob1ieii BbukuBaemoctu (Graded
Prognostic Assessment — GPA), KoTopast BK/IIOUaeT YeTbIpe
MMPOTHOCTUYECKMUX (aKTOpa: BO3pacT, QYHKIMOHAIbHbIN
CTaTyC, 3KCTpaKpaHMaJIbHble MeTacTa3bl U KOJIUMYECTBO
MI'M. Kaskmomy ¢dhakTopy MpUCBOEHbI 3HAUYEHUS, paBHbIE
0; 0,5 mu 1 6an. Vicxonst U3 TIOTyYe€HHOM CYyMMbI 6aJIIOB,
chopMMUPOBAHbI YEThIpE ITPOTHOCTUYECKME TPYMIbl: 0—
1 6ann (MemmuaHa BbDKMBaeMocTu 2,6 mec), 1,5-2,5 6amia
(3,8 mec), 3 6amna (6,9 mec) u 3,5-4,0 (11 mec).

Kak mpaBumo, nyqmmumMu Kaugumatamu st XP meta-
CTasa SBJISTIOTCS MALVIEHThI C COIMTAPHBIM VI OJITOMe-
TaCTaTUYECKMM TOPaKeHMEeM TOJIOBHOTO MO3Tra, a TakKe
KOHTPOJIMPYEMBIM UM OTCYTCTBYIOILMM CUCTEMHBIM pac-
MpoCTpaHeHeM MepBUYHOTO 3a6omeBanus [22].

CTEPEOTAKCHMYECKAA PAOUOXUPYPTUA ONA KPYMHbIX
UHTPAKPAHUAJIbHbIX METACTA30B

Crepeorakcuueckasi paguoxupyprusi (CPX) siBisercs
ogHUM 13 Haubonee 3(DHEKTUBHBIX METOLOB JIEUEHUS
MI'M [23-26]. UccnemoBaTensiMu ObUIM IIPEICTABIEHbI
IokasaTenbcTBa 00 addekTuBHOM seuenun 10 u Gonee
MI'M [27, 28], HO BOIIpOC 3aBUCUMOCTU pe3yinbraTa CPX
oT obbema 06yyaeMoOro MeTacTas’a [JIUTeNbHOe BpeMs
0CTaBasICs IpeAMeToM criopoB. Wiggenraad R. et al. (2011)
npoaHanusupoBanu 123 paboThl ¢ YIIOMUHAHUEM aKTy-
apHOro JIOKAJIbHOr0 KOHTPOoA (JIK) ¢ menpio ycTaHOBUTH
CBSI3b MEX[Iy BeIMUYMHONM mpennucaHHol po3sl (II0) u
IMUTeNnbHOCThI0 3dderra. ABTOPBI HMPUILIM K BBIBOLY,
yto mpu obmyduennu MI'M puametrpom MmeHee 3 cm JIK
MIPOJIOJKUTEIBbHOCTBIO 12 MecsiieB Ipu Ao3ax Boiile 20 I'p
cocrasisieT 80 u 6omnee %, Bbiie 60% — mpu go3ax 18 I'p,
a mosam 15 I'p coorBercTByet JIK MeHee 50% [29]. Han J.H.
et al. (2012) [30] paccmoTpenu pe3yabTaThl JeueHus: 80
MaIeHTOB, Y KOTOPBIX McIonb3oBaau I 15-16 T'p mas
omyxosneit 14-25 cm3, 12—14 Tp gnst omyxoneii 26-35 cm®
u 10-11 I'p nna onyxosnei pasmepom 6osee 36 M3 U TIpu-
3HaIM HEOOXOOMMOCTh M3MEHEHMsI CXeMbI TO3MPOBaHMUS
CPX mipu 6ombiiux MI'M, yuuThIBasi BBICOKUIT ypOBEHb
HeraTUBHBIX PaJMalOHHBIX 3P (EKTOB.

B MHOroumcieHHBIX paboTax IMPOAEMOHCTPUPOBAHO
yxXy[lueHyue rnokasarenei JIK KOHTpons npyu Ha3HaueHUU
[0 vuske 18 I'p wim yBenuvyeHuu auamerpa MI'M 6Gornee
1-2 cm [30-33], a TakKe BbIIBIEHA KOPPEISLNSI MEXIY
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IO v 06beMOM MUIIEHU C PasBUTUMEM pPaAMAIMIOHHOTO
Hekposa (PH) [34-38].

B pesynbraTe MOSIBUIOCH OIpefe/ieHne «BOoJbIIOoTOx»
MeTacTasa, KOTopoe Kacajaoch Omyxosieit 6oee 2 CM B iuia-
MeTpe ¥ 0603HaYasI0 TpaHuITy Hammyuniei adhdekTuBHOC-
™ CPX [7, 30, 39-44]. Ha cerogHsIIIHMIT feHb YCTAaHOBIIE-
HO, UTO MAILMEeHTbI C OOJIBIINM 00bEMOM I1aTOIOIMUYECKOI0
ouara MMeroT xymauimii JIK, TOCKOJbKY, UTOOBI CHU3UTD
PUCK JIYUEBBIX OCIOKHEHMIT, HeOOXOmMMO CHKaTh I1]1
[34-38]. IIpnumHOI BBICOKONM YaCTOTHI paayalMOHHBIX
TTOBPEKAEHNI CUNTAETCS YBeIMUeHue o6beMa HOpMaslb-
HOJ TKaHMU, OKPY’Kawllell MUILIeHb, KOTOpasl Takke I107-
BepraeTcs OOMYYEHMIO: YBEIMUYEHME OuaMeTpa MUIIEHU
Ha 50% TpPUBOOMT K YBeIMUYEHMIO 0ObeMa TKaHM MO3ra,
OKpysKalollleii MulieHb, Ha 150% [45].

MOC/IEONEPALNOHHAA CTEPEOTAKCUYECKAS
PAOUOXUPYPTUA

HoBble omepamyoOHHbBIE METO[bI, TEXHOJIOTMYEeCKue
VHHOBAallMY ¥ YAyYIIeHHOe TOHMMaHue OoT6opa Tmalu-
€HTOB TIOMOIJIM Helpoxupypram B paspaboTke Gojee
6e30IMacHbIX OIepaluii, B TO BpeMs Kak rokasartesiab JIK
B TeueHMe Toja IOCIe omepanuu oleHuBaetrcs B 40—
50% [46-48]. Hanbomnee BepoSTHOI MPUIMHOI ITOLOOHBIX
pe3y/bTaTOB SIBJISIETCSI BbICOKASI TOJISI CJIyyaeB MHBA3UB-
HOro pocta MI'M, KOTOpbIe paHee pacCMaTPUBAINUCh Kak
HOBOOOPA30BaHMsI, YETKO OTTPAHNYEHHbBIE OT TAPEHXVMbI
TOJIOBHOTO MO3ra. B mocienHee BpeMsi ObUIM BBISIBIIE-
HbI TakuMe (OpPMBI POCTa METACTa30B, KaK COCYOUCTAast
KOOMTauust (MUrpauusi BOOAb MPUIEralolinX COCYyI0B) U
muddysHast MHQUIbTpAIMs C TIPU3HAKAMM MHBA3UMM HA
paccrostHuu oT 12,5-450 MKM (B cpefHeM 56,2 MKM) 1 10
5 mm [49, 50]. Ha ocHOBaHMM MMEIOMIMXCS JAHHBIX 6OJTb-
moe 3HaveHue ISl TOBbIIIeHNST 3GGEeKTUBHOCTMA aHTHU-
671acTMUECKUX MEePOTIPUSITUI U YAydLIeH!UsT TToKa3aTesneii
MECTHOTO KOHTDOJISI IpUOGpeTaeT IMOCIeonepaloHHast
JIyyeBast Tepanus.

Pe3ynbTaTOM HECKOMBKUX KPYIHBIX KIMHUYECKUX
MUCCIeIOBAaHMI CTAl0 3aKIYeHME O TIOJOKUTENIbHOM
BAUSHUM KOMOMHAIMM XUPYPTUM U OOIyUEeHUS] BCEro
ronioBHOTO Mo3ra (OBI'M) Ha nmoka3satenu JIK [14, 51, 52]. C
TeueHyeM BpeMeHY ObITO BbISIBJIEHO HeraTMBHOE BIIVSIHIME
OBI'M Ha HeIipOKOTHUTUBHYIO (GYHKIMIO, @ TAK)KE KauecT-
BO SKM3HU MAIVIEHTOB 6€3 YBEeTMUEHMS ee PO O/IKUTEb-
Hoctu [48, 53-57] u KoHbDOPMHOe 0b6IyueHMe Mmocaeore-
pauyoHHOro jioka MetomoM CPX B GO/IBIIMHCTBE CTy4YaeB
3ameHmusio OBI'M [58, 59].

[TpenMymIecTBO KOMOVHMPOBAHHOTO JIeUeHts Y Malli-
eHTOB ¢ KpynHbiMu MI'M nonrBepaunu Prabhu R.S. et al.
(2017) mpu peTpOCIIEKTMBHOM aHasu3e mokasaresnei JIK u
o6mieii BpkuBaemocTy (OB) y 213 manyeHToB ¢ 223 MI'M
nuameTpoM 6osee 2 cm [60]. Metogom CPX 66110 06yUe-
HO 66 MI'M, KOMOVMHMPOBAHHOE JIEUE€HME OCYIIECTBIEHO
Iyist 157 MI'M. OB u JIK 6bII1 3HAUUTETBHO JIyYIle B IPyII-
e KOMOMHMPOBAHHOTO jeueHus. B rpymme CPX mMenmaHa
OB cocraBuia 10 MecsiiieB o cpaBHeHMIO ¢ 15,2 Mecsiia B
rpymme XP+CPX (p=0,01). YacToTa JIOKaJIbHBIX PeLINBOB
Kak B TeyeHue 1 rofa, Tak u B TeyeHue 2 JieT Oblia 3HAUM-
TeJIbHO HMKe B KOMOMHMpOBaHHOI rpymre (1 rox: 20,5%
npotus 36,7%; 2 ropa: 25,6% nportus 43,1%; p=0,007).

TexHuka npoBefeHMs MociaeonepainoHHoi CPX pas-
BUBAJaCh C TeUeHEeM BpeMEeHM.

Soltys S.G.et al. (2008) usyunau pes3ynbTaThl JeUEHUS
72 MaLMeHTOB, KOTOPBIM BBIMIOJIHSIN ITOCIE0IepalOH-
Hyto CPX B nepuop, ¢ 1998 no 2006 rog, [61]. ITnaH neve-
HMsI GONBIIMHCTBA MAleHTOB 6bIT chOPMUPOBAH MTyTeM
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OKOHTYPMBAHMSI HEIMOCPEeCTBEHHO TMOCaeoIepaloHHO
rosiocTu 6e3 OIOJIHUTEIBHOTO OTCTyna. ABTOPbI OOHA-
pykwin, uto JIK 6bUT 3HAUUTENBHO BbIIIE Y TTALVEHTOB C
meHee kKoHbopMHbIMM TutaHamMu CPX. Bbuto BbICKazaHO
TIpeIIoNIOKeH)e, YTO TIPUIYMHBI HeYIAYHBIX MCXOJ OB CBSI-
3aHbl C TPYAHOCTbIO OKOHTYpPMBAHMUS IOC/I€ONepalyioH-
HOJI TIOJIOCTM; TIPUHSITO pelleHKe O paciiupeHun oobema
MUILIEHY 3a CYeT OTCTYTIa OT Kpas MOoJ0oCT Ha 2 MM. Takoii
MTOZIXO/T, 3HAUMTETbHO yiyutn JIK 6e3 yBemnueHus KO-
YyecTBa JIy4eBbIX OCIOXKHEHMI. KyMmynsaTuMBHas dacTota
CIydaeB MPOAO/IKEHHOTO pOCTa B TeueHue 12 MecsineB
coctaBwia 3% u 16% njs NIaHOB JIeYEHUS C YBEJINYEHU-
eM o6beMa MUIlIeHU U 6e3 Hero cooTBeTcTBeHHO (p=0,04,
CTaTUCTUUYECKM 3HAYMMO), B TO BpeMsl KaK ITOKa3aTeau
JIy4eBbIX OCJIOKHEHMI CTaTUCTUYECKM 3HAUYMMO He pas3iu-
vamcs (p=0,27) n cocrasnsim 3-8% [62].

JTa cTpaTerus 1o CBOei CyT HaMepPeHHO yBeInunBa-
J1a 06beM OOTyUEeHHO! TKaHM MO3Ta, UTOOBI TIPEOI0NIETh
HeollpeNielIeHHOCTb IPaHul] TI0CIeorepalMOHHOM M0I0C-
T. BEpOSITHO, UMEHHO 13-3a 6EeCITOKOICTBA O IMOBBIIIEH-
HOM pUCKe pPa3BUTUSI pagMallMOHHOTO HeKpo3a y malu-
€HTOB C OGONBIIMMU TOCTPE3EKIVOHHBIMY TOJOCTSIMMU,
pacimpeHue Ha 2 MM He GbLIO eIMHO06Pa3sHO IIPUHSITO
B KJIMHMUECKOii nipaktuke. Jhaveri J. et al. (2018) nmpoBenu
aHa/IM3 pe3yJabTaTOB TMowieornepanuoHHoi CPX ¢ pac-
MMpeHreM IUIaHupyeMoro obbvema obmyuenust (Planning
Target Volume — PTV) Ha 1 MM M pacuimpeHuem 6osee
1 mm (Memuana 1,9 MM, cpegHee 3HaueHue — 2,0 MM) y
133 maumeHTOB o 139 mocneonepallMOHHBIMM I10J0C-
TaMu (rpyrma 1 Mm: 36 TanyeHToOB C 35 TMOJIOCTSIMU;
rpymnmna 6omee 1 mm: 97 manmeHToB co 104 monocTsMu)
[63]. ViccemoBaHme mokasaso, 4YTO pacliMpeHue Ha 1 Mm
MMeJI0O aHAJOTUYHYI0 YaCTOTYy MECTHBIX pelUIVBOB B
Teuenne ropa (15,2% mnportus 14,3%) co 3HAUUTEIHHO
60oslee HU3KMM PUCKOM CUMIITOMHOTO DPaAUaIlMiOHHOTO
Hekposa (CPH) o cpaBHEHMIO ¢ pacuiMpeHneM 6oee uem
Ha 1 mm (1 rox: 6% niporus 20,9%; 2 roga: 9,1% npoTus
26,6%; p=0,028). EnMHCTBEHHBIM (HaKTOPOM, CBSI3aHHBIM
C TIOBBIIIEHHBIM PUCKOM MECTHOTO peluAuBa, OKa3ascs
06beM pe3eKIMOHHOI IoocTy 60itee 15 cm3.

bputo TpeanpuHSITO HECKOJIbKO MCCAeJOBaHUIA 10
M3YyUEHUIO B3aMMOCBSI3UM MEXIY Pa3MepoM OIyXOIu [0
pesekuMM M pa3MepoM IOCIeoNepaluyoOHHON IO0NI0CTH,
YyTOObI OTPENeNUTh ONTUMAaIbHbIE CPOKM IJISI TpOBeme-
HUS aIbIOBAaHTHOI panuoxupyprum [64, 65]. Tonbko B
2014 rogy Ahmed S. et al. mpoIeMOHCTPUPOBAIM 3HAUM-
MYIO CBSI3b MEXK/y BbIDQXKEHHOCTBIO OTeKa, KOTOPbIi BU3Y-
aNMM3UPOBAIN TP MATHUTHO-PE30HAHCHOW ToMOTrpabun
(MPT) B OGnuskaiflieM IOCIeOTepaliOHHOM Iepuoje,
¥ BEPOSITHOCTHIO 3HAUYUTEIHHOTO YMEHbIIEHUsS 0O0bema
MonoCTU. Ba3oreHHslit otTek 6osee 1,5 cM3 6bUT hakTOPOM,
KOTOPBIV TIpe/cKa3biBal YMeHbIIeHe pa3mepa MOoJI0CTU
Ha 10 u 6Gosee MPOLIEHTOB [66]. DTOT MOTEHIMAT MHBO-
JIIOIMU TIOTIOCTY CJIEAyeT YIUTHIBATH MPU BBIOOPE TaKTH-
KM KOMOMHMPOBAHHOTO JieueHUsT KpyrHbix MI'M. HyskHO
MPUHMMAaTh BO BHMMaHMe TaKke BBICOKYIO BEPOSITHOCTb
pa3BUTHS JIeNTOMeHMHTeanbHOV AuccemuHanyu (JIMI) B
cyJae TIpoBefieHNs TocieonepaimonHoii CPX st 60/1b-
X TOCTPe3eKUMOHHBIX I0J0CcTel. dakTopamMu pucka
JIM]I mpM3HaHbI BTOPUYHOE MTOpakeHye roJIOBHOTO MO3Ta
nipu PMK [67-70], undpaTeHTOpUAIbHOE PACTIONOKEHME
ouaroB [68] u Haimuume MHOXecTBeHHbIXx MI'M [70, 71].
Eme omHUMM 0O6CTOSITETLCTBOM, TMOTEHIMATBHO CITOCOOC-
tBy0uM JIM]I ipu nowieonepauyoHHoi CPX, aBiseTcs
HaJIMuMe 30HbI MPOTSDKEHHO 3HIehaT0TOMUN WU TIOB-
PEXIEHHBIX CTPYKTYP TBEPHAOI MO3TOBOI 0GOIOYKM, He
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BK/IIOYaeMbIx B PTV. Jta npobiema 6buia pacCMOTpeHa B
DYKOBOACTBE I10 OKOHTYPMBAHMIO II0C/IEO0TePAalMIOHHbBIX
rosnocTelt [72]. ABTOpbI peKOMeH0BalyM OXBaTbIBaTh BCIO
IMOCTPE3EeKIMOHHYIO TIOJIOCTh U 30HY 3HIEdaTOTOMUN,
BKJIIOYATh B TI0jie OOJyYeHMS] 30HY, paBHyH 5-10 MM
BIIOJIb KOCTHOTO JIOCKYTa, €C/M TBepHas Mo3roBas 000-
JI0OYKa 6bUIA MOpaskeHa METACTATUUECKUM TIPOIeCCOM JI0
omnepauuu (1-5 MM, eciu OHa He Gbl/Ia BOBJIEUEHA), 3aXBa-
ThIBaTh 1-5 MM BJ0/b BEHO3HOTO CMHYCA, €C/IU OIyXOJNb
MIPUMBIKAJA K CUHYCY.

VunThIBas BO3MOSKHbBIE HeIOCTaTKM KoMOuHauuu XP u
nocyeonepanoHHoi CPX, a UMeHHO: Ha/inuue rmocjaeone-
PAIMOHHBIX OCJIOKHEHMIA, CTTOCOOHBIX 3a/iep>kaTh HAUAJIO
0061y4eHst, 0CO6EHHO Tpu O6ojiee OOIIMPHBIX Pe3eKIUSIX,
HeOOXOAMMBIX ST KpymHbIXx MI'M; puck passutus JIM]]
TTocjIe HeMipOXUPYPTMUECKOTO BMEIIaTeTbCTBa; He06X0IM -
MOCTb PACHIMPEHMs 30HbI OOIYUEHUS IJIST ONITUMAIbHOTO
JIK n3-3a HeompeneleHHOCTM TpaHuUl] MOCIeoIepanuoH-
HOTO Jioka, B KayecTBe aJbTepPHATUBbBI MCC/Ie0BaTeNlN
Hayaau U3y4yaTh MperolepalioHHYI0 UM Heoa bloBaHT-
Hyto CPX.

NMPEOOMNEPALMOHHAA CTEPEOTAKCUYECKAS
PAOUOXUPYPTUA

Ilp HeoambioBaHTHOW CPX 061yueHMI0 TOABepra-
eTcsi 06beM MHTAKTHOTO MeTacTa3a, KOTOPBI XOPOIIo
uaeHTUuGUIMpPyeTCs Mpy HepOBU3yaau3aIum U He Tpe-
6yeT KakoTo-1nb0 pacIiMpeHus] TPaHULl BO BpeMs Jieue-
HusI [73-75]. OTCyTCTBME HEOOXOAMMOCTHU B pacIiMpeHUN
30HBbI OOJMYYEeHUSI M BO3MOKHOCTh CHMKEHUSI O3Bl MPU
TIJIAaHOBBIX TpesonepanyioHHbiXx CPX yMeHbIIal0T 00beM
3J0POBOJ TKaHM TOJIOBHOrO MO3ra, nomydamoumei 10-
12 I'p, KOTOPBII SIBISIETCS IPOTHOCTUYECKMM ITapaMeTpOM
IJISL Pa3BUTHUS JIy4eBbIX OCIOXXHeHwmit [73, 76]. B uccie-
nmoBanuu Prabhu R.S. et al. (2017, 2019) coobmator o 5%
pucke pa3sutusi PH B TeueHne roga u 8,1-9% B TeueHue
IIBYX JIeT IIpU IIpoBefeHmy npeponepaunonHoin CPX [60,
74]. Prabhu R.S. et al. moaTBEpAWIN, YTO YACTOTA PA3BU-
tuss CPH cocraBuna 4,9% B TedeHMe ABYX JIET OJIs1 JOOTe-
pauyonHoit CPX, 370 6bUIO 3HAUMTEIHLHO MEHbIIE, YeM
16,4% nns mocneonepalMoHHOM paguoxupypruu (p=0,01)
[60]. UTo KacaeTcsl IOTE€HLMAJIbHOIO CHIDKEHMSI PUCKa
pasButus JIMJI, TO MyJTbTUIIEHTPOBOE PETPOCIEKTUBHOE
uccenoBanne, rposeaenHoe Patel K.R. et al. (2016) mipu
ob6cnemoBanuy 180 mauyeHToB ¢ 189 MI'M, mepeHecHinx
XP u 1160 AoOoIepalyioHHOoe, MO0 MocIeonepaluoHHOe
obiryueHne, TeMOHCTPUPYET clenyiommii GakT: mocieo-
nepamyonHas CPX accouumpoBaHa co 3HAUUTENbHO Gostee
BBICOKOI 4acTOTOV BO3HMKHOBeHUs JIM]I 1o cpaBHEHMIO
¢ poonepanyonHoit CPX (16,6% mnipotus 3,2% B TeueHUe
2 nert; p=0,010) [71]. Tem >ke aBTOPCKMUM KOJIJIEKTUBOM
6BUIO TIPOBEIEHO CpaBHEHMe IpexpornepannoHHoii CPX c
nocneornepauoHHbIM OBI'M [77]. PasHMLBI B IPOJOJ/DKU-
TEebHOCTY KMU3HU WU KyMYJSITUBHONM YacTOTe Pa3BUTUS
MPOO/KEHHOTO POCTa B 30HE OMepauuy MeXOy TpyIl-
mamu (24,5% mportus 25,1%, p=0,81) BbISIBJIEHO He 6GBLIO.
BaskHO OTMETUTB, UTO TaKke He ObLIO CTATUCTUUECKU
3HAUMMBIX pasaMuMii B 4YacTOTe BO3HMKHOBeHMs JIM]L
MEXIy I'pyniaMy B Te4eHue JIBYX JeT: 3,5% mnpotus 9%
COOTBeTCTBEHHO (p=0,66). DTO OTKPBITME TOBOPUT O TOM,
yTo HeoambloBaHTHass CPX croco6Ha OKasbIBaTh AHTH-
6mactuueckuii 3GGeKT B JIOKe PaIMKAIbHO yOATeHHOI
omnyxonu 6e3 yBeamueHust pucka passutus JIMI.

Bosiee CIOXKHBIN KIMHUYECKUIA CLIEHApUIl CKIaLbl-
BaeTcs B CJiyyae cyOTOTanabHOI pesekuuu MI'M [78, 79].
IMocneonepannonHas CPX mpenocTaBiisieT BO3MOXKHOCTD
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06JIy4yeHMsT OCTATOYHOTO (parMeHTa OIyXOIM afeKBaT-
HO C 03074, TOrga Kak Impu BbIOOpe IpenorepanyioHHO
CPX, koTOpasi COmpoBOXKIaeTcsl CHMUKeHneM 103bl Ha 20%
13-3a TeOpeTUUeCKM JIyyllleii OKCUTeHAlMM MHTAKTHBIX
MeTacTa3oB, OyJieT Heo6X0MMO HAGIIONEeHNe Y PACCMOT-
peHMe TTOBTOPHOTO OOITyYeHMsI B CTyyae MporpeccupoBa-
Hus [73]. HakoHell, HepeIKo y MalyeHTOB € OGOJbIIMMU
MI'M mpuCYTCTBYET BbIpaK€HHbBI MepudoKanbHbIil 0TeK
u mMacc-3bdekrt, uTo TpedyeT npoBeneHuss XP KaK MOXKHO
CKOpee U Haubosee MOAXOASIIIMM COIO3HMKOM IS OTiepa-
TUBHOTO BMeILATelIbCTBA OKAXKETCS MOCIeolepalioHHOe
obryyeHme.

CTEPEOTAKCUYECKAA PAAUOXUPYPTUA KPYMHbIX
METACTA30B B PEXXMME TMIMO®PPAKLUOHUPOBAHUA

[Tpu neuenun kpynHeix MI'M xupypruyeckoe BMelna-
TEeJIbCTBO MOYKET MMeThb OTpaHMUYeHUs WU3-3a pa3MepoB
OITyXOJIM U ee PaCIIONIOKeHUsI B JIOKBEHTHOI 30He TOJI0B-
Horo mo3ra [16, 80-83]. MI'M aBnsitoTcs nposiBieHuem [V
CTaAuM OHKOJIOTMYEeCKOro 3aboneBaHus u XP He Bcerma
BO3MOJKHA IO NIPUUMHE PACIIPOCTPAHEHHOCTU SKCTpaKpa-
HMAJIBHOTO OITyXOJIEBOTO Mpoliecca. YacTh MalMeHTOB He
TOJ/IEXXUT OTIepaTMBHOMY BMeIUIaTe/lbCTBY 13-3a TSKeCTU
COMYTCTBYIOIIMX 3a60/eBaHMi 1 HU3KUX (DYHKIMOHAIb-
HBIX TIOKa3aTeseli cepAeuHO-COCYAUCTON U ObIXaTeIbHOI
cucteM. ITpy HaIMUKM BbICOKO BEpOSITHOCTY OJTMsKaM X
MOC/Ie0NePaLVIOHHBIX OCJIOKHEHUI WIM NIPOTMBOIIOKA3a-
Huii K XP CPX CTaHOBUTCS a/IbTEPHATUBHBIM METOAOM
JieueHUsI U UCTIONb3YyeTCsl B CAMOCTOSITeTbHOM BapuaHTe y
MMauMeHToB ¢ 6onpmymu MI'M.

Schlienger M. et al. (2010) ¢ 1e/1bI0 YyqIIeHNS TIOKAJb-
HOTO KOHTPOJIS IJIsI OIyXoseit 6omee 2 ¢M B MaKCUMaJTb-
HOM JMaMeTpe U CHIDKeHMs pucka PH npegaraioT nmposo-
nutb CPX B pexxumMe rurnodpakimonnpoBanms [84].

I'mnodpakiMOHMPOBAHHAS cTepeoTakcuuecKast
pagnoxupyprusi (I'@CPX), a mmenno — CPX ¢ konmnyect-
BOM 3TamnoB o6iydeHus ot 2 1o 5 [85] — mpenocTaBisieT
BO3MOKHOCTb YIMPaB/sTh Guonornyeckumu sddexkramu
MOHU3UPYIOLIET0 M3JydeHus 3a cyeT mamMeHeHus I1[1 3a
dbpakimio 1 MeskGpaKIMOHHOTO MHTEepPBaJIa, COXPaHsIsI CTe-
TeHb PaIOTeHHOTO TTOBPEKAeHMSI 1J1 OITyXO0JIM U CHUXKAST
ee 151 OKpysKalollleit TKaHu Mo3ra. TeopeTuueckumu mpe-
MMYIIeCTBaMM MCIIOMb30BaHMSI KPYITHBIX (GpaKuuiit rmepef,
omHodpakuuonHoit CPX cumrtaercs 6onee 3hpekTuBHOE
BO3/IeJiCTBME Ha OITyXOJU B COCTOSIHUM TUIIOKCHM, @ TAKKe
aKTMBALMIO MMMYHHBIX MexXaHM3MOB IauueHTa [86, 87]. K
COXKaJIeHuIo, TeopeTuyeckoe 060CHOBaHMeE 3TOTO MOAXO0a
OTCTaeT OT MPaKTUUECKOTO IPMMeHeHUS B CBSI3U C HeJO-
CTaTKaMM MMEIOUIMXCS Paauo6MoIOTMIeCcKX MoJeeii 1
KJIMHMYECKVE Pe3ylbTaThl OCTAIOTCSI OCHOBHBIM KPUTEPU-
eM i IpUMMeHeHMs JaHHoro Mertoza [88]. B Hacrosimee
BpeMsl HaKOIUIEH 3HAUYMTEIbHbI 00bEM KIMHUYECKUX
IaHHbIX, omuceiBalOIMX 3ddext T'OCPX mpu neueHUNn
KpynHbIX MI'M.

B 2009 romy Higuchi Y. et al. mpencTaBuiIn MPOTOKOI
I'®CPX, cocTosiinii U3 TpexX 3TamoB C Pas3oBOi 1030
10 I'p, KaxkOblili U3 KOTOPBIX MPOBOAMIICS C MHTEPBAIOM
B 2Hepemu [89]. OHM ucciemoBany pes3ylbTaTbl jieye-
Hus 43 naumueHToB ¢ 46 kpynHbiMu MI'M (10-35,5 cm®).
ABTOpBI OTMeuYa/i yMeHbIIeHKe OoObeMa OIyXoJeil B
TeueHMe IBYXHeAenbHOro MHTepBana B 90,7% cmoyuaes,
nokasartenu JIK yepes 6 u 12 mecsiieB cocraisinu 90% n
76% COOTBETCTBEHHO. bbUIM 3aperncTpUpOBaHbI 3 Caydasi
MPOAOIKEHHOTO pocTa omyxonu. [losBieHue CUMIITOM-
HOTO Nepu@oKaJIbHOTO OTEKa OTMEeYaau B CpeIHEM Uepes
6 mecsiieB nocie nedeHus (3,8-6,6 mecsines) y 4 nauu-
€HTOB.
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B 2012 rogy Yomo S. et al. mpoBenu MPOCIEKTUBHOE
JCCIeIoBaHMe ¢ BKIoUYeHeM 27 MalyeHToB ¢ 28 GOJbIIIN-
vy MI'M [90]. ITepen npoBepennem [OCPX miecrepo nepe-
Hecwtn XP, noe OBI'M, TpouM ObUIM YCTAHOBJIEHBI pe3ep-
Byapbl OMMaiis. O6ydeHye BBITIOTHSIIIOCH TI0 TTPOTOKOITY
c IO 10-16 Tp (memmuana 13,3 I'p) 3a ¢pakiuio, Bcero 2
(dbpaxuum c uuTepBanom ot 3 10 4 Hexmenb. CpeqHMit 06beM
omyxosiu coctasiisit 17,8 cm® (10-53,3 cm®), K TpOBEIEHNIO
BTOPOTO 3Tara 00TyyeHus] OTMevaay YMeHbIIeHe MoKa-
3arejieit o6bema B cpegHeM Ha 46%. Yactora JIK uepes 6 u
12 mecsiieB cocraBmia 85% u 61% ¢ HeCKOIBKUMU CITyYa-
stmu PH. TIpu3HaKM MPOAOIKEHHOTO POCTA OTTYXOJIY GBI
BBISIBJIEHBI Y 6 IanyeHTOB (21%) co cpefHUM BpeMeHeM
nporpeccupoBanus 6,2 mecsitia (Mexay 1 1 13 mecsiiamu
nocie mpoBemeHus: Bropoit dpakuuu I'OCPX). Yomo S.
u Hayashi Y. (2014) mpogo/okmwin CBoe MCCIeloBaHMe U
T033Ke OMyOIMKOBAJIM Pe3yIbTaThl JeueHus 58 maleHToB
¢ 61 6onpuim MI'M [91], kKoTopbiM TpoBOmMAN T'OCPX
C WCIIONMIb30BAaHMEM TOTO K€ TpOTOKona (2 dpakuum c
[10 10-16 T'p). Pe3ynbTaThl ObLIM aHAJOTMYHBI IIEPBOMY
uccinenoBaHuio: nokasatenb JIK uepes 6 u 12 Mmecsines
coctaBmI 85% 1 64% COOTBETCTBEHHO; s 14 Gonbmx
MI'M sapeructpupoBanu HapymeHue JIK B cpennem uepes
6,2 Mecsila (quamnasoH 1-14,5) mocie mepBoro 06yvIeHmus.
ABTOpBI BBISIBUJIM, UTO YMEHbIIeHMe 00beMa MI'M Mexxmy
pakuusiMu 6oee yeM HAIIOJIOBUHY SIBJISIETCS E€AVHC-
TBEHHBIM IapaMeTpoM, IpelCKa3blBAOIMM Oosiee Mpo-
nmomskurenbHbii JIK. Ito D. et al. (2020) otieHMIM pe3ysibTa-
ThI IBYyx3TarmHoii CPX 182 6ompuix MI'M y 178 maieHTOB
C Tpems OCHOBHbIMM TUMNamu paka: PMDK, HMPJI, KPP
[92]. x mpoTokon BkiwYan B cebs cpemuioo I110 13 T'p
ST 06erx (pakinii, KOTOpbIe pasmesuICh MHTEPBAJIOM
or 7 mo 38 mHeit. CpenHee yMeHblleHMe 06bemMa OMyXO-
M KO BTOpOMY ceaHcy y mauueHToB ¢ PMDK, HMPJII u
KPP cocrasnsno 46,1%, 26,6% u 18,2% cOOTBETCTBEHHO.
ABTOpBI TIPENIIONOXKMUIN, YTO pasHUIA B YMeHbIIEHUU
00beMOB OITyXoJieii MOTIa ObITh BbI3BAaHA PATUMUMSIMU
B MeX(paKIMOHHOM MHTEepBajie, Ha3HAUEHHOI J03e U
XapaKkTepUCTUKaxX MalueHTa. B oTnnume OT mpeapIayIimux
paboT OHM He BBISIBMINM KOPPEISIIUU MEKAY CKOPOCTbIO
yMeHbIeHus1 06bema MI'M 1 Mpoo/KUTENbHOCTHIO JIK.

Camoe KpyIiHOe PeTpoCIeKTUBHOE MYJIbTUIIEHTPOBOE
JUCCelOBaHMe T0 CPAaBHEHUIO 3-3TAITHOM M 2-3TAlHO
I'®CPX niposenu Serizawa T. et al. (2018) ¢ yuactuem 212
MaIMeHTOB, 00MyYeHe KOTOPbIX BBITIOIHSIM MO MPOTO-
konam c ITT 9-11 I'p 3a dpakuuio mpu 3 GpakumUsIxX UIn
c I 11,8-14,2 T'p 3a dpakiuio mpu 2 dbpakuusx [93].
Yacrora nporpeccupoBanusi MI'M cocraBuna 21,6% u
16,7% B rpymmax ¢ TpeMms ¥ IByMs1 GpakuysIMU COOTBETC-
TBEHHO, HO 3TO pasjnyyue ObI0 CTATUCTUUECKM He3Ha-
yuMbIM. CylleCTBEHHO! pasHUIIbI He ObUIO BBISIBIEHO U
MeXOy T0Ka3aTeNsIMM CpeJHero BpeMeHM BbDKMBAaHMUS,
COBOKYITHOJ YaCTOTbI IPOTPECCUPOBAHMS OMYXONel UIn
YaCTOThI CEPbE3HBIX MOOOUYHBIX 3(P(HEKTOB, CBSI3aHHBIX C
ob6yueHmeM.

OBCYXXAOEHUE

Jleuenne KpyrHbIx MI'M mnpemncrasisier co6oit yHU-
KaJbHYI0 KIMHUYECKYI0 3aauy, [IJis pelieHus KOTOopoii
IJIUTETbHOE BpeMs Obla TOCTYITHA JIUIIb OfAHA OIMINS —
TpemaHalMsl yeperna ¥ MMKPOXUPYpPruiyeckoe yrajieHue
TaToMOTMYecKoi TKaHu. OJHAKO Jaske MPU COOTIOIeHUN
MpUHIUIIOB abnactuky mpu XP MI'M cymiecTByeT Bepo-
SITHOCTb peuyuauBa, B ToM uucie u JIM/. [IpumeHeHne
Takoro merona, kak OBI'M nowie ypanenus MI'M po
HeJlaBHETro BpeMeHM ObIIO O6IIEeNPUHSTHIM CTAHIapPTOM B
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KOMOVHMPOBAHHOM JIEYeHUY KPYITHBIX COMUTApHBIX MI'M,
YTO 3HAUUTENbHO YBEIMUYMBAIO BEPOSITHOCTb JOCTVDKE-
HMSI JOKajabHOro KoHTpons. Ilpm stom OBI'M, xoTh u
SIBJISIETCS] NOBOJIbHO IMPOCTBIM METOLOM, MMeeT HU3KYIO
1“36MpaTebHOCTh BO3AECTBMSI. BMecTe ¢ MOBBIIIEHKEM
9(PeKTUBHOCTU CUCTEMHOI Tepanuyu 3JI0KaueCTBEHHbIX
OTIYXOJIeil yalle CTaJM TIPOSIBIISITbCS He6IaronpusiTHbie
otnaneHHble 3ddertel OBI'M, a Takke BO3HMKIA IPO-
67eMa HEBO3MOXKHOCTM IOBTOPEHMSI Kypca OGIydeHMst
MpU MPOTrPeCcCUPOBAHUM MHTPAKPAaHMAIBHOTO Ipoliecca.
B mocremgnme 30 seT 6aromapsi COBEpPIIEHCTBOBAHMIO
Kak armnapaTypsl [IJis JIy4eBOro jJe4eHusl, Tak MU MeTOJ 0B
IMATHOCTUKY aKTMBHO pPa3BMUBAJICS METO[, JIOKaJbHOTO
BO3IeIICTBMSI Ha OIYXOJIM Ha OCHOBE MHBIX Pagyno6momo-
IMYeCKMxX MPUHILUIIOB, HeXXelMy Kiaccuyeckoe Gpakuyo-
HupoBaume — CPX. Pa6otsl Prabhu R.S. et al., Mahajan A.
et al., Brown P.D. et al. v ipyTux uccienoBaTesieit mo3Boisi-
I0T YyTBePXKIaTh, YToO CPX MOXXeT NMPUMEHSTHCSI B COCTaBe
KOMOMHMPOBAHHOTO JieueHus1 MM Kak B aJ/blOBAHTHOM,
TaK ¥ B HE0AbIOBAHTHOM BapuaHTaX, 1o 3QpHeKTUBHOCTU
He ycrynaet OBI'M u Gonee Ge3omacHa Mpu OLIEHKe pPo-
bunst mydeBoit TokcuuHoCTH [48, 53, 73].

K coxxaneHuio, y 3HaAUMTENBHOI YacTU TaALMEeHTOB
MMEIOTCSI OCOOEHHOCTY TeueHUs 3a60IeBaHMs, YXyIIIa0-
1Iye IIPOTHO3 MPU OTKPBITOI ONepalyy: MHOKECTBEHHbIe
MI'M, HEKOHTPONMPYEMbIJ 3KCTPaKpaHMAIbHBIN OHKOJIO-
TMYeCKuii mpoliecc, HapyueHne GyHKIUY TTeYeH!, TToUeK,
IbIXaTelbHAasl M CepIevyHO-COCYOUCTasT HeLOCTATOYHOCTb.
Meton CPX XOTb ¥ He 06yafaeT MPUCYIIeil XUpyprudec-
KOMY JIeYEHMIO paJMKaJIbHOCTBIO, TEM He MeHee MMeeT
MeHblIllee KOIMYEeCTBO OrpaHuMuyeHuii u (GHakTopoB, Hera-
TUBHO BAMSIIOUIMX Ha Mcxop JyeueHusi. OgHako elle B
2006 romy B pabote Vogelbaum M.A. et al. 6bTM TTOKa3aHbI
OrpaHMuYeHHble BO3MOXKHOCTYM ONHOKDPATHOTO PafgMOXU-
pypruyeckoro BoszeiictBusi Ha MM 6osbIlioro pasmepa:
nipu I1JI, paBHOIT 15 I'p, BEPOSITHOCTH JIOKAJIbHOTO KOHT-
poJi Ha MPOTSDKeHMUM 12 MecsilieB cocTaBuiia Bcero 45%,
Mpu 3TOM ToBbilieHMe [1]] MpUBOAMIO K HempuemaeMo
BBICOKOMY YPOBHIO IOGOUYHBIX 3(h(}EKTOB U CHUKEHUIO

CMNMCOK UCTOYHUNKOB

1. Cagney DN, Martin AM, Catalano PJ, Redig AJ, Lin NU, Lee EQ, et al.
Incidence and prognosis of patients with brain metastases at diagnosis
of systemic malignancy: a population-based study. Neuro Oncol.
2017;19(11):1511-1521. PMID: 28444227 https://doi.org/10.1093/
neuonc/nox077

2. Stelzer KJ. Epidemiology and prognosis of brain metastases. Surg
Neurol Int. 2013;4(Suppl 4):5192-202. PMID: 23717790 https://doi.
0rg/10.4103/2152-7806.111296

3. Barnholtz-Sloan JS, Sloan AE, Davis FG, Vigneau FD, Lai P, Sawaya RE.
Incidence proportions of brain metastases in patients diagnosed (1973
to 2001) in the Metropolitan Detroit Cancer Surveillance System.
J Clin Oncol. 2004;22(14):2865-2872. PMID: 15254054 https://doi.
0rg/10.1200/JC0O.2004.12.149

4. Nayak L, Lee EQ, Wen PY. Epidemiology of brain metastases. Curr
Oncol Rep. 2012;14(1):48-54. PMID: 22012633 https://doi.org/ 10.1007/
$11912-011-0203-y

5. Patchell RA. The management of brain metastases. Cancer Treat Rev.
2003;29(6):533-540. PMID: 14585263 https://doi.org/ 10.1016/s0305-
7372(03)00105-1

6. Hutter A, Schwetye KE, Bierhals AJ, McKinstry RC. Brain neoplasms:
epidemiology, diagnosis, and prospects for cost-effective imaging.
Neuroimaging Clin N Am. 2003;13(2):237-250. PMID: 13677804 https://
doi.org/10.1016/s1052-5149(03)00016-9

7. Brastianos HC, Nguyen P, Sahgal A, Eisenhauer EA, Baetz T, Hanna TP.
Association of Innovations in Radiotherapy and Systemic Treatments
With Clinical Outcomes in Patients With Melanoma Brain Metastasis
From 2007 to 2016. JAMA Netw Open. 2020;3(7):e208204. PMID:
32663310 https://doi.org/10.1001/jamanetworkopen.2020.8204

8. Lee S, Ahn HK, Park YH, Nam DH, Lee JI, Park W, et al. Leptomeningeal
metastases from breast cancer: intrinsic subtypes may affect unique
clinical manifestations. Breast Cancer Res Treat. 2011;129(3):809-817.
PMID: 21785952 https://doi.org/10.1007/s10549-011-1682-0

Russian Sklifosovsky Journal of Emergency Medical Care. 2022;11(3):464-475. https://doi.org/10.23934/2223-9022-2022-11-3-464-475

KauecTBa XKM3HU IalVeHTOB [33]. PemeHneM 3TOi Ipo-
67eMbl CTaa0 MpUMeHeHMe TUMo(PPaKkIMOHHOIO IMOAXO0-
Jla: BBIXOAS 3@ Mpefesbl KIacCUUYecKkoil paiuobMonornu,
meton, '®CPX Mmo3BOMM/ IPeomoieTh paaiOpe3UCTEeHT-
HOCTD (IT0 OTHOIIEHMIO K KJIaCCUUeCKOMY (GPaKIMOHNPO-
BaHUIO) GOBIIMHCTBA OTYXOJIei ¥ COXPAaHUTb HEBbICOKMIA
PYUCK JIy4eBOVi TOKCMYHOCTU [94-96].

Tem He meHee, MHorue Bompocbl I'@CPX ocraiorcs
HepelleHHbBIMU — He paspaboraHa o6Ias paguo6uoo-
riuyeckast monenb OCPX, He omnpenesieHbl ONTHMMAalbHbIE
pasmepbl MI'M 1 NpefnOYTUTENbHBIN B KaKAOM U3 CITy-
yaeB peskuM (ppakiyoHupoBaHus. HecMoTpst Ha 60O
00beM IUTePaTyPHBIX JAHHBIX, OTCYTCTBYET BO3MOXKHOCTb
IpsAMOTro cpaBHeHMUs pe3ynbraToB [OCPX, mpoBeneHHO C
TIOMOUIBIO Pa3IMYHbBIX allllapaToB («raMmMa-HOX», IMHelN -
Hble yckoputenn). Taktuka dopmupoBanus PTV, xapak-
TePUCTUKY CHMUKEHMSI O3bI 3a MpefenaMyl MULIeHY MOTYT
CYyLIIeCTBEHHO OT/IMYATHCS MEXIY MeTOIaMM paJuoOXUpyp-
MM, KaK U BIAMSIHUE ITUX XapaKTePUCTUK Ha CXeMbl hpak-
LMOHMPOBAHMS C TOYKM 3PEHMS CHYDKEHMS 103bl, TIoyva-
eMOJ1 HOpMajabHBIMM TKaHSIMM. HeBenmko ¥ KOnu4ecTBO
JCCIeN0BaHMIi BBICOKOTO YPOBHS J0Ka3aTeIbHOCTU, KOTO-
phbie ITo3BoIMIM ObI 60j1ee YeTKO ompenennTbh Mecto CPX B
JieueHUM KpymHbix MI'M.

3AKJTIOYEHUE

JluTepaTypHble TaHHbIE CBUIETETbCTBYIOT O TOM, UYTO
CTepeoTakCuUecKasi paAMoOXUPyprusl B COCTaBe KOMOVHM-
POBAHHOTO MOAX0JA U MO PaKIMOHMPOBAHHAS CTEPEO-
Takcuyeckass paJuOXUPyprusi SIBJASIOTCS ePCHeKTUBHbI-
MM MeTOomaMu [Jist obecrieueHist JIOKaTbHOTO KOHTPOJIS Y
MaIMeHTOB C KPYITHbBIMM MeTacTa3aMiu B TOJOBHOI MO3T
[96]. Hambonee 3¢ GdeKTUBHBIM MPEACTABISETCS MMEHHO
KOMOMHMPOBAHHOE JIeUeHNe B BUIE OTKPbITO HEMNPOXM-
pypruyeckoil onepauuy ¥ CTepeoTakCUUeCKoi pagyuoxu-
pypruu, ofHaKko Mpy BbIGOpe MOAXOMa K JeUeHUIO TaKUX
MalyeHToOB JO/KHBI GbITh CcOAJaHCUPOBAHbBI TMOTEHIIN-
aJpHbIe TTPEVMYINECTBA U TOCIeICTBUS XUPYPIUUECKOTO
BMeIIaTelbCTBa U TY4eBOTO BO3/IECTBUS.

9. Steeg PS, Camphausen KA, Smith QR. Brain metastases as preventive
and therapeutic targets. Nature Rev Cancer. 2011;11(5):352-363. PMID:
21472002 https://doi.org/10.1038/nrc3053
10. Vogelbaum MA, Suh JH. Resectable brain metastases. J Clin Oncol.
2006;24(8):1289-1294. PMID: 16525184 https://doi.org/ 10.1200/
JCO.2005.04.6235

. Narita Y, Shibui S. Strategy of surgery and radiation therapy for brain
metastases. Int J Clin Oncol. 2009;14(4):275-280. PMID: 19705236
https://doi.org/10.1007/s10147-009-0917-0

12. Thon N, Kreth FW, Tonn JC. The role of surgery for brain metastases
from solid tumors. Handb Clin Neurol. 2018;149:113-121. PMID:
29307348 https://doi.org/10.1016/B978-0-12-811161-1.00008-6

13. Métellus P, Reyns N, Voirin ], Menei P, Bauchet L, Faillot T, et al. Place
de la chirurgie dans la prise en charge des métastases cérébrales
[Surgery of brain metastases]. Cancer Radiother. 2015;19(1):20-24.
PMID: 25640217 https://doi.org/10.1016/j.canrad.2014.11.007

14. Patchell RA, Tibbs PA, Walsh JW, Dempsey R], Maruyama Y, Kryscio R],
et al. Arandomized trial of surgery in the treatment of single metastases
to the brain. N Eng ] Med. 1990;322(8):494-500. PMID: 2405271 https://
doi.org/10.1056/NEJM199002223220802

15. Yoo H, Kim YZ, Nam BH, Shin SH, Yang HS, Lee JS, et al. Reduced local
recurrence of a single brain metastasis through microscopic total
resection. | Neurosurg. 2009;110(4):730-736. PMID: 19072310 https://
doi.org/10.3171/2008.8.JNS08448

16. Obermueller T, Schaeffner M, Gerhardt J, Meyer B, Ringel F, Krieg SM.
Risks of postoperative paresis in motor eloquently and non-eloquently
located brain metastases. BMC Cancer. 2014;14:21. PMID: 24422871
https://doi.org/10.1186/1471-2407-14-21

17. Patel AJ, Suki D, Hatiboglu MA, Abouassi H, Shi W, Wildrick DM, et
al. Factors influencing the risk of local recurrence after resection of
a single brain metastasis. /| Neurosurg. 2010;113(2):181-189. PMID:
20035574 https://doi.org/10.3171/2009.11.JNS09659

1

—_

469



OB30P JINTEPATYPbI

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—_

32.

33.

34.

3

(%38

36.

3

38.

~

Suki D, Abouassi H, Patel AJ, Sawaya R, Weinberg JS, Groves MD.
Comparative risk of leptomeningeal disease after resection or
stereotactic radiosurgery for solid tumor metastasis to the posterior
fossa. J Neurosurg. 2008;108(2):248-257. PMID: 18240919 https://doi.
org/10.3171/JNS/2008/108/2/0248

Pessina F, Navarria P, Cozzi L, Ascolese AM, Maggi G, Rossi M, et
al. Role of Surgical Resection in Patients with Single Large Brain
Metastases: Feasibility, Morbidity, and Local Control Evaluation. World
Neurosurg. 2016;94:6—-12. PMID: 27373936 https://doi.org/10.1016/
j.wneu.2016.06.098

Schackert G, Schmiedel K, Lindner C, Leimert M, Kirsch M. Surgery
of recurrent brain metastases: retrospective analysis of 67 patients.
Acta Neurochir. 2013;155(10):1823-1832. PMID: 23913109 https://doi.
org/10.1007/s00701-013-1821-y

. Stark AM, Tscheslog H, Buhl R, Held-Feindt ], Mehdorn HM. Surgical

treatment for brain metastases: prognostic factors and survival in 177
patients. Neurosurg Rev. 2005;28(2):115-119. PMID: 15609059 https://
doi.org/10.1007/s10143-004-0364-3

Carapella CM, Oppido PA. Present Role of Surgery for Brain Metastases.
World Neurosurg. 2018;120:423-425. PMID: 30292043 https://doi.
org/10.1016/j.wneu.2018.09.202

Adler JR, Cox RS, Kaplan I, Martin DP. Stereotactic radiosurgical
treatment of brain metastases. J Neurosurg. 1992;76(3):444-449. PMID:
1738025 https://doi.org/10.3171/jns.1992.76.3.0444

Flickinger JC, Kondziolka D, Lunsford LD, Coffey R], Goodman ML,
Shaw EG, A multi-institutional experience with stereotactic
radiosurgery for solitary brain metastasis. Int | Radiat Oncol Biol Phys.
1994;28(4):797-802. PMID: 8138431 https://doi.org/10.1016/0360-
3016(94)90098-1

Alexander E 3rd, Moriarty TM, Davis RB, Wen PY, Fine HA, Black PM, et
al. Stereotactic radiosurgery for the definitive, noninvasive treatment
of brain metastases. | Natl Cancer Inst. 1995;87(1):34-40. PMID:
7666461 https://doi.org/10.1093/jnci/87.1.34

Kondziolka D, Shin SM, Brunswick A, Kim I, Silverman JS. The biology of
radiosurgery and its clinical applications for brain tumors. Neuro Oncol.
2015;17(1):29-44. PMID: 25267803 https://doi.org/10.1093/neuonc/
nou284

Grandhi R, Kondziolka D, Panczykowski D, Monaco EA 3rd, Kano H,
Niranjan A, et al. Stereotactic radiosurgery using the Leksell Gamma
Knife Perfexion unit in the management of patients with 10 or more
brain metastases. J] Neurosurg. 2012;117(2):237-245. PMID: 22631694
https://doi.org/10.3171/2012.4.JNS11870

Yamamoto M, Serizawa T, Shuto T, Akabane A, Higuchi Y, Kawagishi J,
et al. Stereotactic radiosurgery for patients with multiple brain
metastases (JLGK0901): a multi-institutional prospective observational
study. Lancet Oncol. 2014;15(4):387-395. PMID: 24621620 https://doi.
0rg/10.1016/S1470-2045(14)70061-0

Wiggenraad R, Verbeek-de Kanter A, Kal HB, Taphoorn M, Vissers T,
Struikmans H. Dose-effect relation in stereotactic radiotherapy for brain
metastases. A systematic review. Radiother Oncol. 2011;98(3):292-297.
PMID: 21316787 https://doi.org/10.1016/j.radonc.2011.01.011

Han JH, Kim DG, Chung HT, Paek SH, Park CK, Jung HW. Radiosurgery
for large brain metastases. Int ] Radiat Oncol Biol Phys. 2012;83(1):113—
120. PMID: 22019247 https://doi.org/10.1016/j.ijrobp.2011.06.1965

. Chang EL, Hassenbusch SJ 3rd, Shiu AS, Lang FF, Allen PK, Sawaya R, et

al. The role of tumor size in the radiosurgical management of patients
with ambiguous brain metastases. Neurosurgery. 2003;53(2):272-281.
PMID: 12925241 https://doi.org/10.1227/01.neu.0000073546.61154.9a
Molenaar R, Wiggenraad R, Verbeek-de Kanter A, Walchenbach R,
Vecht C. Relationship between volume, dose and local control in
stereotactic radiosurgery of brain metastasis. Br | Neurosurg.
2009;23(2):170-178. PMID: 19306173 https://doi.org/10.1080/026886
90902755613

Vogelbaum MA, Angelov L, Lee SY, Li L, Barnett GH, Suh JH. Local
control of brain metastases by stereotactic radiosurgery in relation to
dose to the tumor margin. J Neurosurg. 2006;104(6):907-912. PMID:
16776334 https://doi.org/10.3171/jns.2006.104.6.907

Kjellberg RN, Hanamura T, Davis KR, Lyons SL, Adams RD. Bragg-
peak proton-beam therapy for arteriovenous malformations of the
brain. N Engl ] Med. 1983;309(5):269-274. PMID: 6306463 https://doi.
0rg/10.1056/NEJM198308043090503

. Steiner L, Lindquist C, Adler JR, Torner JC, Alves W, Steiner M. Clinical

outcome of radiosurgery for cerebral arteriovenous malformations. J
Neurosurg. 1992;77(1):1-8. PMID: 1607950 https://doi.org/10.3171/
jns.1992.77.1.0001

Karlsson B, Lax I, Soderman M. Factors influencing the risk for
complications following Gamma Knife radiosurgery of cerebral
arteriovenous malformations. Radiother Oncol. 1997;43(3):275-280.
PMID: 9215787 https://doi.org/10.1016/s0167-8140(97)00060-1
Flickinger JC, Lunsford LD, Kondziolka D, Maitz AH, Epstein AH,
Simons SR, et al. Radiosurgery and brain tolerance: An analysis of
neurodiagnostic imaging changes after gamma knife radiosurgery for
arteriovenous malformations. Int ] Radiat Oncol Biol Phys.1992;23(1):19—
26. PMID: 1572817 https://doi.org/10.1016/0360-3016(92)90539-t
Flickinger JC, Kondziolka D, Pollock BE, Maitz AH, Lunsford LD.
Complications from arteriovenous malformation radiosurgery:

470

39.

40.

4

—_

42.

4

w

45.

4

[N

47.

4

[oe]

4

Nel

50.

5

—_

52.

53.

54.

55.

56.

Multivariate analysis and risk modeling. Int | Radiat Oncol Biol Phys.
1997;38(3):485-490. PMID: 9231670 https://doi.org/10.1016/s0360-
3016(97)89481-3

Angelov L, Mohammadi AM, Bennett EE, Abbassy M, Elson P, Chao ST,
et al. Impact of 2-staged stereotactic radiosurgery for treatment of
brain metastases > 2 cm. J Neurosurg. 2018;129(2):366-382. PMID:
28937324 https://doi.org/10.3171/2017.3.JNS162532

Choi CY, Chang SD, Gibbs IC, Adler JR, Harsh GR 4th, Atalar B, et
al. What is the optimal treatment of large brain metastases? An
argument for a multidisciplinary approach. Int | Radiat Oncol Biol
Phys. 2012;84(3):688-693. PMID: 22445007 https://doi.org/10.1016/
j.ijrobp.2012.01.028

.Lee CC, Yen CP, Xu Z, Schlesinger D, Sheehan ]. Large intracranial

metastatic tumors treated by Gamma Knife surgery: outcomes and
prognostic factors. J Neurosurg. 2014;120(1):52-59. PMID: 24160478
https://doi.org/10.3171/2013.9.JNS131163

Murai T, Ogino H, Manabe Y, Iwabuchi M, Okumura T, Matsushita
Y, et al. Fractionated stereotactic radiotherapy using CyberKnife for
the treatment of large brain metastases: a dose escalation study. Clin
Oncol (R Coll Radiol). 2014;26(3):151-158. PMID: 24332223 https://doi.
org/10.1016/j.clon.2013.11.027

. Navarria P, Pessina F, Cozzi L, Ascolese AM, De Rose F, Fogliata A, et

al. Hypo-fractionated stereotactic radiotherapy alone using volumetric
modulated arc therapy for patients with single, large brain metastases
unsuitable for surgical resection. Radiat Oncol. 2016;11:76. PMID:
27249940 https://doi.org/10.1186/s13014-016-0653-3

. Sneed PK, Mendez ], Vemer-van den Hoek ]G, Seymour ZA, MaL,

Molinaro AM, et al. Adverse radiation effect after stereotactic
radiosurgery for brain metastases: incidence, time course, and risk
factors. ] Neurosurg. 2015;123(2):373-386. PMID: 25978710 https://doi.
org/10.3171/2014.10.JNS141610

Sahgal A, Barani IJ, Novotny | Jr, Zhang B, Petti P, Larson DA, et al.
Prescription dose guideline based on physical criterion for multiple
metastatic brain tumors treated with stereotactic radiosurgery. Int |
Radiat Oncol Biol Phys. 2010;78(2):605-608. PMID: 20472351 https://
doi.org/10.1016/j.ijrobp.2009.11.055

. Patchell RA, Tibbs PA, Regine WF, Dempsey R], Mohiuddin M, Kryscio R],

et al. Postoperative radiotherapy in the treatment of single metastases
to the brain: a randomized trial. JAMA. 1998;280(17):1485-1489. PMID:
9809728 https://doi.org/10.1001/jama.280.17.1485

Kocher M, Soffietti R, Abacioglu U, Villa S, Fauchon F, Baumert BG,
et al. Adjuvant whole-brain radiotherapy versus observation after
radiosurgery or surgical resection of one to three cerebral metastases:
results of the EORTC 22952-26001 study. J Clin Oncol. 2011;29(2):134-
141. PMID: 21041710 https://doi.org/10.1200/7C0.2010.30.1655

. Mahajan A, Ahmed S, McAleer MF, Weinberg JS, Li ], Brown P, et al. Post-

operative stereotactic radiosurgery versus observation for completely
resected brain metastases: a single-centre, randomised, controlled,
phase 3 trial. Lancet Oncol. 2017;18(8):1040-1048. PMID: 28687375
https://doi.org/10.1016/S1470-2045(17)30414-X

. Berghoff AS, Rajky O, Winkler F, Bartsch R, Furtner ], Hainfellner JA, et

al. Invasion patterns in brain metastases of solid cancers. Neuro Oncol.
2013;15(12):1664-1672. PMID: 24084410 https://doi.org/10.1093/
neuonc/not112

Epmonae A.10., Kpasen JI.IO., Cmeranuna C.B., KonmakoBa A.A.,
Slmma K.C., MopeB A.B. u gp. LluTonornueckuii KOHTPOIb I'PaHUI]
pesekUMM IMOMYLIAPHBIX IJIMOM M MeTacTa3oB. Bonpocel Helipoxupyp-
euu um. H.H. Bypdenko. 2020;84(1):33-42. https://doi.org/10.17116/
neiro20208401133

. Vecht CJ, Haaxma-Reiche H, Noordijk EM, Padberg GW, Voormolen JH,

Hoekstra FH, et al. Treatment of single brain metastasis: radiotherapy
alone or combined with neurosurgery? Ann Neurol. 1993;33(6):583-590.
PMID: 8498838 https://doi.org/10.1002/ana.410330605

Mintz AH, Kestle ], Rathbone MP, Gaspar L, Hugenholtz H, Fisher B,
et al. A randomized trial to assess the efficacy of surgery in addition
to radiotherapy in patients with a single cerebral metastasis. Cancer.
1996;78(7):1470-1476. PMID: 8839553 https://doi.org/10.1002/
(sici)1097-0142(19961001)78:7<1470::aid-cncr14>3.0.co;2-x

Brown PD, Ballman KV, Cerhan JH, Anderson SK, Carrero XW,
Whitton AC, et al. Postoperative stereotactic radiosurgery compared
with whole brain radiotherapy for resected metastatic brain disease
(NCCTG N107C/CEC-3): a multicentre, randomised, controlled, phase 3
trial. Lancet Oncol. 2017;18(8):1049-1060. PMID: 28687377 https://doi.
0rg/10.1016/S1470-2045(17)30441-2

Brown PD, Jaeckle K, Ballman KV, Farace E, Cerhan JH, Anderson SK,
et al. Effect of Radiosurgery Alone vs Radiosurgery with Whole Brain
Radiation Therapy on Cognitive Function in Patients with 1 to 3 Brain
Metastases: A Randomized Clinical Trial. JAMA. 2016;316(4):401-409.
PMID: 27458945 https://doi.org/10.1001/jama.2016.9839

Chang EL, Wefel ]S, Hess KR, Allen PK, Lang FF, Kornguth DG, et
al. Neurocognition in patients with brain metastases treated with
radiosurgery or radiosurgery plus whole-brain irradiation: a randomised
controlled trial. Lancet Oncol. 2009;10(11):1037-1044. PMID: 19801201
https://doi.org/10.1016/S1470-2045(09)70263-3

Chow E, Davis L, Holden L, Tsao M, Danjoux C. Prospective assessment
of patient-rated symptoms following whole brain radiotherapy for

Russian Sklifosovsky Journal of Emergency Medical Care. 2022;11(3):464-475. https://doi.org/10.23934/2223-9022-2022-11-3-464-475



OB30P JINTEPATYPbI

57.

58.

59.

60.

6

—

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Russian Sklifosovsky Journal of Emergency Medical Care. 2022;11(3):464-475. https://doi.org/10.23934/2223-9022-2022-11-3-464-475

brain metastases. J Pain Symptom Manage. 2005;30(1):18-23. PMID:
16043003 https://doi.org/10.1016/j.jpainsymman.2005.02.009

Soffietti R, Kocher M, Abacioglu UM, Villa S, Fauchon F, Baumert BG,
et al. A European Organisation for Research and Treatment of Cancer
phase III trial of adjuvant whole-brain radiotherapy versus observation
in patients with one to three brain metastases from solid tumors
after surgical resection or radiosurgery: quality-of-life results. J Clin
Oncol. 2013;31(1):65-72. PMID: 23213105 https://doi.org/10.1200/
JCO.2011.41.0639

Tsao MN, Rades D, Wirth A, Lo SS, Danielson BL, Gaspar LE, et
al. Radiotherapeutic and surgical management for newly diagnosed
brain metastasis(es): An American Society for Radiation Oncology
evidence-based guideline. Pract Radiat Oncol. 2012;2(3):210-225.
PMID: 25925626 https://doi.org/10.1016/j.prro.2011.12.004

Milano MT, Chiang VLS, Soltys SG, Wang TJC, Lo SS, Brackett A, et
al. Executive summary from American Radium Society’s appropriate
use criteria on neurocognition after stereotactic radiosurgery for
multiple brain metastases. Neuro Oncol. 2020;22(12):1728-1741. PMID:
32780818 https://doi.org/10.1093/neuonc/noaal92

Prabhu RS, Press RH, Patel KR, Boselli DM, Symanowski JT, Lankford SP,
Single-Fraction Stereotactic Radiosurgery (SRS) Alone Versus Surgical
Resection and SRS for Large Brain Metastases: A Multi-institutional
Analysis. Int | Radiat Oncol Biol Phys. 2017;99(2):459-467. PMID:
28871997 https://doi.org/10.1016/j.ijrobp.2017.04.006

. Soltys SG, Adler JR, Lipani JD, Jackson PS, Choi CY, Puataweepong P,

et al. Stereotactic radiosurgery of the postoperative resection cavity
for brain metastases. Int | Radiat Oncol Biol Phys. 2008;70(1):187-193.
PMID: 17881139 https://doi.org/10.1016/j.ijrobp.2007.06.068

Choi CY, Chang SD, Gibbs IC, Adler JR, Harsh GR 4th, Lieberson RE, et al.
Stereotactic radiosurgery of the postoperative resection cavity for brain
metastases: prospective evaluation of target margin on tumor control.
Int ] Radiat Oncol Biol Phys. 2012;84(2):336-342. PMID: 22652105
https://doi.org/10.1016/j.ijrobp.2011.12.009

Jhaveri J, Chowdhary M, Zhang X, Press RH, Switchenko JM, Ferris
M]J, et al. Does size matter? Investigating the optimal planning target
volume margin for postoperative stereotactic radiosurgery to resected
brain metastases. /] Neurosurg. 2018;130(3):797-803. PMID: 29676690
https://doi.org/10.3171/2017.9.JNS171735

Atalar B, Choi CY, Harsh GR 4th, Chang SD, Gibbs IC, Adler JR, et
al. Cavity volume dynamics after resection of brain metastases and
timing of postresection cavity stereotactic radiosurgery. Neurosurgery.
2013;72(2):180-185. PMID: 23149969 https://doi.org/10.1227/
NEU.0b013e31827b99f3

Jarvis LA, Simmons NE, Bellerive M, Erkmen K, Eskey CJ, Gladstone DJ,
et al. Tumor bed dynamics after surgical resection of brain metastases:
implications for postoperative radiosurgery. Int | Radiat Oncol Biol
Phys. 2012;84(4):943-948. PMID: 22494581 https://doi.org/10.1016/
j.ijrobp.2012.01.067

Ahmed S, Hamilton ], Colen R, Schellingerhout D, Vu T, Rao G, et al.
Change in postsurgical cavity size within the first 30 days correlates
with extent of surrounding edema: consequences for postoperative
radiosurgery. | Comput Assist Tomogr. 2014;38(3):457-460. PMID:
24681852 https://doi.org/10.1097/RCT.0000000000000058

Johnson MD, Avkshtol V, Baschnagel AM, Meyer K, Ye H, Grills IS, et al.
Surgical Resection of Brain Metastases and the Risk of Leptomeningeal
Recurrence in Patients Treated with Stereotactic Radiosurgery. Int |
Radiat Oncol Biol Phys. 2016;94(3):537-543. PMID: 26867883 https://
doi.org/10.1016/j.ijrobp.2015.11.022

Ojerholm E, Lee JY, Thawani JP, Miller D, O’Rourke DM, Dorsey JF,
et al. Stereotactic radiosurgery to the resection bed for intracranial
metastases and risk of leptomeningeal carcinomatosis. /| Neurosurg.
2014;121 Suppl:75-83. PMID: 25434940 https://doi.org/10.3171/
2014.6.GKS14708

Atalar B, Modlin LA, Choi CY, Adler JR, Gibbs IC, Chang SD, et al.
Risk of leptomeningeal disease in patients treated with stereotactic
radiosurgery targeting the postoperative resection cavity for brain
metastases. Int | Radiat Oncol Biol Phys. 2013;87(4):713-718. PMID:
24054875 https://doi.org/10.1016/j.ijrobp.2013.07.034

Huang AJ, Huang KE, Page BR, Ayala-Peacock DN, Lucas JT Jr, Lesser GJ,
et al. Risk factors for leptomeningeal carcinomatosis in patients
with brain metastases who have previously undergone stereotactic
radiosurgery. | Neurooncol. 2014;120(1):163-169. PMID: 25048529
https://doi.org/10.1007/s11060-014-1539-6

Patel KR, Burri SH, Asher AL, Crocker IR, Fraser RW, Zhang C, et al.
Comparing Preoperative with Postoperative Stereotactic Radiosurgery
for Resectable Brain Metastases: A Multi-institutional Analysis.
Neurosurgery. 2016;79(2):279-285. PMID: 26528673 https://doi.
org/10.1227/NEU.0000000000001096

Soliman H, Ruschin M, Angelov L, Brown PD, Chiang VLS, Kirkpatrick JP,
et al. Consensus Contouring Guidelines for Postoperative Completely
Resected Cavity Stereotactic Radiosurgery for Brain Metastases. Int |
Radiat Oncol Biol Phys. 2018;100(2):436-442. PMID: 29157748 https://
doi.org/10.1016/j.ijrobp.2017.09.047

Prabhu RS, Miller KR, Asher AL, Heinzerling JH, Moeller BJ, Lankford SP,
et al. Preoperative stereotactic radiosurgery before planned resection

74.

75.

76.

71.

78

79.

80.

8

—_

82.

83

84.

85.

86.

87.

88.

89.

90.

91.

of brain metastases: updated analysis of efficacy and toxicity of a novel
treatment paradigm. J Neurosurg. 2018:1-8. PMID: 30554174 https://
doi.org/10.3171/2018.7.JNS181293

Prabhu RS, Patel KR, Press RH, Soltys SG, Brown PD, Mehta MP,
Preoperative Vs Postoperative Radiosurgery for Resected Brain
Metastases: A Review. Neurosurgery. 2019;84(1):19-29. PMID: 29771381
https://doi.org/10.1093/neuros/nyy146

El Shafie RA, Tonndorf-Martini E, Schmitt D, Weber D, Celik A, Dresel T,
Pre-Operative Versus Post-Operative Radiosurgery of Brain Metastases-
Volumetric and Dosimetric Impact of Treatment Sequence and Margin
Concept. Cancers (Basel). 2019;11(3):294. PMID: 30832257 https://doi.
org/10.3390/cancers11030294

Korytko T, Radivoyevitch T, Colussi V, Wessels BW, Pillai K, Maciunas RJ,
et al. 12 Gy gamma knife radiosurgical volume is a predictor for radiation
necrosis in non-AVM intracranial tumors. Int | Radiat Oncol Biol
Phys. 2006;64(2):419-424. PMID: 16226848 https://doi.org/10.1016/
j.ijrobp.2005.07.980

Patel KR, Burri SH, Boselli D, Symanowski JT, Asher AL, Sumrall A,
et al. Comparing pre-operative stereotactic radiosurgery (SRS) to
post-operative whole brain radiation therapy (WBRT) for resectable
brain metastases: a multi-institutional analysis. | Neurooncol.
2017;131(3):611-618. PMID: 28000105 https://doi.org/10.1007/s11060-
016-2334-3

. Quigley MR, Bello N, Jho D, Fuhrer R, Karlovits S, Buchinsky FJ.

Estimating the additive benefit of surgical excision to stereotactic
radiosurgery in the management of metastatic brain disease.
Neurosurgery. 2015;76(6):707-712. PMID: 25734321 https://doi.
org/10.1227/NEU.0000000000000707

Eitz KA, Lo SS, Soliman H, Sahgal A, Theriault A, Pinkham MB, et al.
Multi-institutional Analysis of Prognostic Factors and Outcomes After
Hypofractionated Stereotactic Radiotherapy to the Resection Cavity in
Patients with Brain Metastases. JAMA Oncol. 2020;6(12):1901-1909.
PMID: 33057566 https://doi.org/10.1001/jamaoncol.2020.4630

Paek SH, Audu PB, Sperling MR, Cho J, Andrews DW. Reevaluation of
surgery for the treatment of brain metastases: review of 208 patients
with single or multiple brain metastases treated at one institution with
modern neurosurgical techniques. Neurosurgery. 2005;56(5):1021-1034.
PMID: 15854250

. Lassen B, Helseth E, Rgnning P, Scheie D, Johannesen TB, Mahlen J,

et al. Surgical mortality at 30 days and complications leading to
recraniotomy in 2630 consecutive craniotomies for intracranial tumors.
Neurosurgery. 2011;68(5):1259-1268. PMID: 21273920 https://doi.
org/10.1227/NEU.0b013e31820c0441

Shuto T, Matsunaga S, Suenaga ], Inomori S, Fujino H. Treatment
strategy for metastatic brain tumors from renal cell carcinoma:
selection of gamma knife surgery or craniotomy for control of growth
and peritumoral edema. J Neurooncol. 2010;98(2):169-175. PMID:
20405309 https://doi.org/10.1007/s11060-010-0170-4

. Siomin VE, Vogelbaum MA, Kanner AA, Lee SY, Suh JH, Barnett GH.

Posterior fossa metastases: risk of leptomeningeal disease when treated
with stereotactic radiosurgery compared to surgery. J Neurooncol.
2004;67(1-2):115-121. PMID: 15072456 https://doi.org/10.1023/b:
neon.0000021785.00660.2b

Schlienger M, Nataf F, Huguet F, Pene F, Foulquier N, Orthuon A, et al.
Place de I’irradiation stéréotaxique hypofractionnée dans le traitement
des métastases cérébrales. Cancer Radiother. 2010;14(2):119-27. PMID:
20004125 https://doi.org/10.1016/j.canrad.2009.10.004

Barnett GH, Linskey ME, Adler JR, Cozzens JW, Friedman WA, Heilbrun
MP, et al. Stereotactic radiosurgery — an organized neurosurgery-
sanctioned definition. J Neurosurg. 2007;106(1):1-5. PMID: 17240553
https://doi.org/10.3171/jns.2007.106.1.1

Toma-Dasu I, Sandstrom H, Barsoum P, Dasu A. To fractionate or not
to fractionate? That is the question for the radiosurgery of hypoxic
tumors. ] Neurosurg. 2014;121 Suppl:110-115. PMID: 25434944 https://
doi.org/10.3171/2014.8.GKS141461

Zeng ], Harris TJ, Lim M, Drake CG, Tran PT. Immune Modulation and
Stereotactic Radiation: Improving Local and Abscopal Responses.
Biomed Res Int. 2013;2013:658126. PMID: 24324970 https://doi.
org/10.1155/2013/658126

Cron60B0ii A.B., 3ansios U.®. Pagno6monorndyeckme MOIeI U KIIVMHA-
yeckasi paMalMoHHast oHKomorust. OHKonozus. KypHan um. IT.A. Tepye-
Ha. 2016;5(6):88-96. https://doi.org/10.17116/0nkolog20165688-96
Higuchi Y, Serizawa T, Nagano O, Matsuda S, Ono ], Sato M, et
al. Three-staged stereotactic radiotherapy without whole brain
irradiation for large metastatic brain tumors. Int J Radiat Oncol Biol
Phys. 2009;74(5):1543-1548. PMID: 19135317 https://doi.org/10.1016/
j.ijrobp.2008.10.035

Yomo S, Hayashi M, Nicholson C. A prospective pilot study of two-
session Gamma Knife surgery for large metastatic brain tumors.
J Neurooncol. 2012;109(1):159-165. PMID: 22544651 https://doi.
org/10.1007/s11060-012-0882-8

Yomo S, Hayashi M. A minimally invasive treatment option for large
metastatic brain tumors: long-term results of two-session Gamma Knife
stereotactic radiosurgery. Radiat Oncol. 2014;9:132. PMID: 24917309
https://doi.org/10.1186/1748-717X-9-132

471



OB30P JINTEPATYPbI

92.

9

w

94.

Ito D, Aoyagi K, Nagano O, Serizawa T, Iwadate Y, Higuchi Y. Comparison
of two-stage Gamma Knife radiosurgery outcomes for large brain
metastases among primary cancers. ] Neurooncol. 2020;147(1):237-246.
PMID: 32026433 https://doi.org/10.1007/s11060-020-03421-y

. Serizawa T, Higuchi Y, Yamamoto M, Matsunaga S, Nagano O, Sato Y,

et al. Comparison of treatment results between 3- and 2-stage Gamma
Knife radiosurgery for large brain metastases: a retrospective multi-
institutional study. ] Neurosurg. 2018;131(1):227-237. PMID: 30192195
https://doi.org/10.3171/2018.4.JNS172596

Aoyama H, Shirato H, Onimaru R, Kagei K, Ikeda J, Ishii N, et
al. Hypofractionated stereotactic radiotherapy alone without whole-
brain irradiation for patients with solitary and oligo brain metastasis
using noninvasive fixation of the skull. Int J Radiat Oncol Biol Phys.

REFERENCES

1.

10.

1

—_

12.

1

w«

14.

15.

16.

1

18.

~

Cagney DN, Martin AM, Catalano PJ, Redig AJ, Lin NU, Lee EQ, et al.
Incidence and prognosis of patients with brain metastases at diagnosis
of systemic malignancy: a population-based study. Neuro Oncol.
2017;19(11):1511-1521. PMID: 28444227 https://doi.org/10.1093/
neuonc/nox077

Stelzer K.J. Epidemiology and prognosis of brain metastases. Surg
Neurol Int. 2013;4(Suppl 4):S192-202. PMID: 23717790 https://doi.
org/10.4103/2152-7806.111296

Barnholtz-Sloan JS, Sloan AE, Davis FG, Vigneau FD, Lai P, Sawaya RE.
Incidence proportions of brain metastases in patients diagnosed (1973
to 2001) in the Metropolitan Detroit Cancer Surveillance System. J
Clin Oncol. 2004; 22(14):2865-2872. PMID: 15254054 https://doi.
org/10.1200/JC0O.2004.12.149

Nayak L, Lee EQ, Wen PY. Epidemiology of brain metastases. Curr
Oncol Rep. 2012;14(1):48-54. PMID: 22012633 https://doi.org/ 10.1007/
$11912-011-0203-y

. Patchell RA. The management of brain metastases. Cancer Treat Rev.

2003;29(6):533-540. PMID: 14585263 https://doi.org/ 10.1016/s0305-
7372(03)00105-1

Hutter A, Schwetye KE, Bierhals AJ, McKinstry RC. Brain neoplasms:
epidemiology, diagnosis, and prospects for cost-effective imaging.
Neuroimaging Clin N Am. 2003;13(2):237-250. PMID: 13677804 https://
doi.org/10.1016/s1052-5149(03)00016-9

Brastianos HC, Nguyen P, Sahgal A, Eisenhauer EA, Baetz T, Hanna TP.
Association of Innovations in Radiotherapy and Systemic Treatments
With Clinical Outcomes in Patients With Melanoma Brain Metastasis
From 2007 to 2016. JAMA Netw Open. 2020;3(7):e208204. PMID:
32663310 https://doi.org/10.1001/jamanetworkopen.2020.8204

Lee S, Ahn HK, Park YH, Nam DH, Lee JI, Park W, et al. Leptomeningeal
metastases from breast cancer: intrinsic subtypes may affect unique
clinical manifestations. Breast Cancer Res Treat. 2011;129(3):809-817.
PMID: 21785952 https://doi.org/10.1007/s10549-011-1682-0

Steeg PS, Camphausen KA, Smith QR. Brain metastases as preventive
and therapeutic targets. Nature Rev Cancer. 2011;11(5):352-363. PMID:
21472002 https://doi.org/10.1038/nrc3053

Vogelbaum MA, Suh JH. Resectable brain metastases. J Clin Oncol.
2006;24(8):1289-1294. PMID: 16525184 https://doi.org/ 10.1200/
JCO.2005.04.6235

. Narita Y, Shibui S. Strategy of surgery and radiation therapy for brain

metastases. Int | Clin Oncol. 2009;14(4):275-280. PMID: 19705236
https://doi.org/10.1007/s10147-009-0917-0

Thon N, Kreth FW, Tonn JC. The role of surgery for brain metastases
from solid tumors. Handb Clin Neurol. 2018; 149:113-121. PMID:
29307348 https://doi.org/10.1016/B978-0-12-811161-1.00008-6

. Métellus P, Reyns N, Voirin ], Menei P, Bauchet L, Faillot T, et al. Place

de la chirurgie dans la prise en charge des métastases cérébrales
[Surgery of brain metastases]). Cancer Radiother. 2015;19(1):20-24.
PMID: 25640217 https://doi.org/10.1016/j.canrad.2014.11.007

Patchell RA, Tibbs PA, Walsh JW, Dempsey R], Maruyama Y, Kryscio R],
et al. A randomized trial of surgery in the treatment of single metastases
to the brain. N Eng ] Med. 1990;322(8):494-500. PMID: 2405271 https://
doi.org/10.1056/NEJM199002223220802

Yoo H, Kim YZ, Nam BH, Shin SH, Yang HS, Lee JS, et al. Reduced local
recurrence of a single brain metastasis through microscopic total
resection. J Neurosurg. 2009;110(4):730-736. PMID: 19072310 https://
doi.org/10.3171/2008.8.JNS08448

Obermueller T, Schaeffner M, Gerhardt J, Meyer B, Ringel F, Krieg SM.
Risks of postoperative paresis in motor eloquently and non-eloquently
located brain metastases. BMC Cancer. 2014;14:21. PMID: 24422871
https://doi.org/10.1186/1471-2407-14-21

Patel AJ, Suki D, Hatiboglu MA, Abouassi H, Shi W, Wildrick DM, et
al. Factors influencing the risk of local recurrence after resection of
a single brain metastasis. | Neurosurg. 2010;113(2):181-189. PMID:
20035574 https://doi.org/10.3171/2009.11.JNS09659

Suki D, Abouassi H, Patel AJ, Sawaya R, Weinberg ]S, Groves MD.
Comparative risk of leptomeningeal disease after resection or
stereotactic radiosurgery for solid tumor metastasis to the posterior
fossa. J Neurosurg. 2008;108(2):248-257. PMID: 18240919 https://doi.
org/10.3171/JNS/2008/108/2/0248

472

95

96.

1

NeJ

2

—_

23.

24.

25.

2

[oN

27.

28.

2

Nel

30.

3

—_

32.

33.

34,

3

(%1

2003;56(3):793-800. PMID: 12788187 https://doi.org/10.1016/s0360-
3016(03)00014-2

. Narayana A, Chang ], Yenice K, Chan K, Lymberis S, Brennan C, et al.

Hypofractionated stereotactic radiotherapy using intensity-modulated
radiotherapy in patients with one or two brain metastases. Stereotact
Funct Neurosurg. 2007;85(2-3):82-87. PMID: 17167236 https://doi.
org/10.1159/000097923

Kim JW, Park HR, Lee JM, Kim JW, Chung HT, Kim DG, et al. Fractionated
Stereotactic Gamma Knife Radiosurgery for Large Brain Metastases: A
Retrospective, Single Center Study. PLoS One. 2016;11(9):e0163304.
PMID: 27661613 https://doi.org/10.1371/journal.pone.0163304
eCollection 2016.

. Pessina F, Navarria P, Cozzi L, Ascolese AM, Maggi G, Rossi M, et

al. Role of Surgical Resection in Patients with Single Large Brain
Metastases: Feasibility, Morbidity, and Local Control Evaluation. World
Neurosurg. 2016;94:6—12. PMID: 27373936 https://doi.org/10.1016/
j-wneu.2016.06.098

. Schackert G, Schmiedel K, Lindner C, Leimert M, Kirsch M. Surgery

of recurrent brain metastases: retrospective analysis of 67 patients.
Acta Neurochir. 2013;155(10):1823-1832. PMID: 23913109 https://doi.
org/10.1007/s00701-013-1821-y

. Stark AM, Tscheslog H, Buhl R, Held-Feindt ], Mehdorn HM. Surgical

treatment for brain metastases: prognostic factors and survival in 177
patients. Neurosurg Rev. 2005;28(2):115-119. PMID: 15609059 https://
doi.org/10.1007/s10143-004-0364-3

. Carapella CM, Oppido PA. Present Role of Surgery for Brain Metastases.

World Neurosurg. 2018;120:423-425. PMID: 30292043 https://doi.
0rg/10.1016/j.wneu.2018.09.202

Adler JR, Cox RS, Kaplan I, Martin DP. Stereotactic radiosurgical
treatment of brain metastases. ] Neurosurg. 1992;76(30:444-449. PMID:
1738025 https://doi.org/10.3171/jns.1992.76.3.0444

Flickinger JC, Kondziolka D, Lunsford LD, Coffey RJ, Goodman
ML, Shaw EG, A multi-institutional experience with stereotactic
radiosurgery for solitary brain metastasis. Int ] Radiat Oncol Biol Phys.
1994;28(4):797-802. PMID: 8138431 https://doi.org/10.1016/0360-
3016(94)90098-1

Alexander E 3rd, Moriarty TM, Davis RB, Wen PY, Fine HA, Black PM, et
al. Stereotactic radiosurgery for the definitive, noninvasive treatment
of brain metastases. | Natl Cancer Inst. 1995;87(1):34-40. PMID:
7666461 https://doi.org/10.1093/jnci/87.1.34

. Kondziolka D, Shin SM, Brunswick A, Kim I, Silverman JS. The biology of

radiosurgery and its clinical applications for brain tumors. Neuro Oncol.
2015;17(1):29-44. PMID: 25267803 https://doi.org/10.1093/neuonc/
nou284

Grandhi R, Kondziolka D, Panczykowski D, Monaco EA 3rd, Kano H,
Niranjan A, et al. Stereotactic radiosurgery using the Leksell Gamma
Knife Perfexion unit in the management of patients with 10 or more
brain metastases. /] Neurosurg. 2012;117(2):237-245. PMID: 22631694
https://doi.org/10.3171/2012.4.JNS11870

Yamamoto M, Serizawa T, Shuto T, Akabane A, Higuchi Y, Kawagishi J,
et al. Stereotactic radiosurgery for patients with multiple brain
metastases (JLGK0901): a multi-institutional prospective observational
study. Lancet Oncol. 2014;15(4):387-395. PMID: 24621620 https://doi.
0rg/10.1016/S1470-2045(14)70061-0

. Wiggenraad R, Verbeek-de Kanter A, Kal HB, Taphoorn M, Vissers T,

Struikmans H. Dose-effect relation in stereotactic radiotherapy for brain
metastases. A systematic review. Radiother Oncol. 2011;98(3):292-297.
PMID: 21316787 https://doi.org/10.1016/j.radonc.2011.01.011

Han JH, Kim DG, Chung HT, Paek SH, Park CK, Jung HW. Radiosurgery
for large brain metastases. Int ] Radiat Oncol Biol Phys. 2012;83(1):113-
120. PMID: 22019247 https://doi.org/10.1016/j.ijrobp.2011.06.1965

. Chang EL, Hassenbusch SJ 3rd, Shiu AS, Lang FF, Allen PK, Sawaya R, et

al. The role of tumor size in the radiosurgical management of patients
with ambiguous brain metastases. Neurosurgery. 2003;53(2):272-280;
discussion 280-281. PMID: 12925241 https://doi.org/10.1227/01.
neu.0000073546.61154.9a

Molenaar R, Wiggenraad R, Verbeek-de Kanter A, Walchenbach R, Vecht
C. Relationship between volume, dose and local control in stereotactic
radiosurgery of brain metastasis. Br | Neurosurg. 2009;23(2):170-178.
PMID: 19306173 https://doi.org/10.1080/02688690902755613
Vogelbaum MA, Angelov L, Lee SY, Li L, Barnett GH, Suh JH. Local
control of brain metastases by stereotactic radiosurgery in relation to
dose to the tumor margin. J Neurosurg. 2006;104(6):907-912. PMID:
16776334 https://doi.org/10.3171/jns.2006.104.6.907

Kjellberg RN, Hanamura T, Davis KR, Lyons SL, Adams RD. Bragg-
peak proton-beam therapy for arteriovenous malformations of the
brain. N Engl ] Med. 1983;309(5):269-274. PMID: 6306463 https://doi.
org/10.1056/NEJM198308043090503

. Steiner L, Lindquist C, Adler JR, Torner JC, Alves W, Steiner M. Clinical

outcome of radiosurgery for cerebral arteriovenous malformations.
Neurosurg. 1992;77(1):1-8. PMID: 1607950 https://doi.org/10.3171/
jns.1992.77.1.0001

Russian Sklifosovsky Journal of Emergency Medical Care. 2022;11(3):464-475. https://doi.org/10.23934/2223-9022-2022-11-3-464-475



OB30P JINTEPATYPbI

3

3

3

o]

3

Nel

40.

41.

42.

4

w

45.

4

(=)}

47.

48.

4

Nel

50.

5

—_

52.

5

w

Russian Sklifosovsky Journal of Emergency Medical Care. 2022;11(3):464-475. https://doi.org/10.23934/2223-9022-2022-11-3-464-475

o

~

Karlsson B, Lax I, Soderman M. Factors influencing the risk for
complications following Gamma Knife radiosurgery of cerebral
arteriovenous malformations. Radiother Oncol. 1997;43(3):275-280.
PMID: 9215787 https://doi.org/10.1016/s0167-8140(97)00060-1
Flickinger JC, Lunsford LD, Kondziolka D, Maitz AH, Epstein AH,
Simons SR, et al. Radiosurgery and brain tolerance: An analysis of
neurodiagnostic imaging changes after gamma knife radiosurgery for
arteriovenous malformations. Int J Radiat Oncol Biol Phys. 1992;23(1):19—
26. PMID: 1572817 https://doi.org/10.1016/0360-3016(92)90539-t

. Flickinger JC, Kondziolka D, Pollock BE, Maitz AH, Lunsford LD.

Complications from arteriovenous malformation radiosurgery:
Multivariate analysis and risk modeling. Int J Radiat Oncol Biol Phys.
1997;38(3):485-490. PMID: 9231670 https://doi.org/10.1016/s0360-
3016(97)89481-3

. Angelov L, Mohammadi AM, Bennett EE, Abbassy M, Elson P, Chao ST,

et al. Impact of 2-staged stereotactic radiosurgery for treatment of
brain metastases > 2 cm. J Neurosurg. 2018;129(2):366-382. PMID:
28937324 https://doi.org/10.3171/2017.3.JNS162532

Choi CY, Chang SD, Gibbs IC, Adler JR, Harsh GR 4th, Atalar B, et
al. What is the optimal treatment of large brain metastases? An
argument for a multidisciplinary approach. Int | Radiat Oncol Biol
Phys. 2012;84(3):688-693. PMID: 22445007 https://doi.org/10.1016/
j.ijrobp.2012.01.028

Lee CC, Yen CP, Xu Z, Schlesinger D, Sheehan J. Large intracranial
metastatic tumors treated by Gamma Knife surgery: outcomes and
prognostic factors. J Neurosurg. 2014;120(1):52-59. PMID: 24160478
https://doi.org/10.3171/2013.9.JNS131163

Murai T, Ogino H, Manabe Y, Iwabuchi M, Okumura T, Matsushita Y,
et al. Fractionated stereotactic radiotherapy using CyberKnife for the
treatment of large brain metastases: a dose escalation study. Clin
Oncol (R Coll Radiol). 2014;26(3):151-158. PMID: 24332223 https://doi.
0rg/10.1016/j.clon.2013.11.027

. Navarria P, Pessina F, Cozzi L, Ascolese AM, De Rose F, Fogliata A, et

al. Hypo-fractionated stereotactic radiotherapy alone using volumetric
modulated arc therapy for patients with single, large brain metastases
unsuitable for surgical resection. Radiat Oncol. 2016;11:76. PMID:
27249940 https://doi.org/10.1186/s13014-016-0653-3

Sneed PK, Mendez ], Vemer-van den Hoek ]G, Seymour ZA, MalL,
Molinaro AM, et al. Adverse radiation effect after stereotactic
radiosurgery for brain metastases: incidence, time course, and risk
factors. J Neurosurg. 2015;123(2):373-386. PMID: 25978710 https://doi.
org/10.3171/2014.10.JNS141610

Sahgal A, Barani IJ, Novotny | Jr, Zhang B, Petti P, Larson DA, et al.
Prescription dose guideline based on physical criterion for multiple
metastatic brain tumors treated with stereotactic radiosurgery. Int J
Radiat Oncol Biol Phys. 2010;78(2):605-608. PMID: 20472351 https://
doi.org/10.1016/.ijrobp.2009.11.055

. Patchell RA, Tibbs PA, Regine WF, Dempsey R], Mohiuddin M, Kryscio R],

et al. Postoperative radiotherapy in the treatment of single metastases
to the brain: a randomized trial. JAMA. 1998;280(17):1485-1489. PMID:
9809728 https://doi.org/10.1001/jama.280.17.1485

Kocher M, Soffietti R, Abacioglu U, Villa S, Fauchon F, Baumert BG,
et al. Adjuvant whole-brain radiotherapy versus observation after
radiosurgery or surgical resection of one to three cerebral metastases:
results of the EORTC 22952-26001 study. J Clin Oncol. 2011;29(2):134—
141. PMID: 21041710 https://doi.org/10.1200/JC0O.2010.30.1655
Mahajan A, Ahmed S, McAleer MF, Weinberg JS, Li ], Brown P, et al. Post-
operative stereotactic radiosurgery versus observation for completely
resected brain metastases: a single-centre, randomised, controlled,
phase 3 trial. Lancet Oncol. 2017;18(8):1040-1048. PMID: 28687375
https://doi.org/10.1016/S1470-2045(17)30414-X

. Berghoff AS, Rajky O, Winkler F, Bartsch R, Furtner ], Hainfellner JA, et

al. Invasion patterns in brain metastases of solid cancers. Neuro Oncol.
2013;15(12):1664-1672. PMID: 24084410 https://doi.org/10.1093/
neuonc/not112

Ermolaev AYu, Kravets LYa, Smetanina SV, Kolpakova AA, Yashin
KS, Morev AV, et al. Cytologic control of the resection margins of
hemispheric gliomas and metastases. Zhurnal Voprosy Neirokhirurgii
Imeni N.N. Burdenko. 2020;84(1):33-42. https://doi.org/10.17116/
neiro20208401133

. Vecht CJ, Haaxma-Reiche H, Noordijk EM, Padberg GW, Voormolen JH,

Hoekstra FH, et al. Treatment of single brain metastasis: radiotherapy
alone or combined with neurosurgery? Ann Neurol. 1993;33(6):583—
590. PMID: 8498838 https://doi.org/10.1002/ana.410330605

Mintz AH, Kestle ], Rathbone MP, Gaspar L, Hugenholtz H, Fisher B,
et al. A randomized trial to assess the efficacy of surgery in addition
to radiotherapy in patients with a single cerebral metastasis. Cancer.
1996;78(7):1470-1476. PMID: 8839553 https://doi.org/10.1002/
(sici)1097-0142(19961001)78:7<1470::aid-cncr14>3.0.c0;2-x

. Brown PD, Ballman KV, Cerhan JH, Anderson SK, Carrero XW, Whitton

AC, et al. Postoperative stereotactic radiosurgery compared with whole
brain radiotherapy for resected metastatic brain disease (NCCTG
N107C/CEC-3): a multicentre, randomised, controlled, phase 3 trial.
Lancet Oncol. 2017;18(8):1049-1060. PMID: 28687377 https://doi.
org/10.1016/S1470-2045(17)30441-2

54.

56.

57.

58.

59.

60.

6

—_

62.

63.

64.

65.

66.

67.

68.

69.

70.

Brown PD, Jaeckle K, Ballman KV, Farace E, Cerhan JH, Anderson SK,
et al. Effect of Radiosurgery Alone vs Radiosurgery with Whole Brain
Radiation Therapy on Cognitive Function in Patients with 1 to 3 Brain
Metastases: A Randomized Clinical Trial. JAMA. 2016;316(4):401-409.
PMID: 27458945 https://doi.org/10.1001/jama.2016.9839

. Chang EL, Wefel JS, Hess KR, Allen PK, Lang FF, Kornguth DG, et

al. Neurocognition in patients with brain metastases treated with
radiosurgery or radiosurgery plus whole-brain irradiation: a randomised
controlled trial. Lancet Oncol. 2009;10(11):1037-1044. PMID: 19801201
https://doi.org/10.1016/51470-2045(09)70263-3

Chow E, Davis L, Holden L, Tsao M, Danjoux C. Prospective assessment
of patient-rated symptoms following whole brain radiotherapy for
brain metastases. J Pain Symptom Manage. 2005;30(1):18-23. PMID:
16043003 https://doi.org/10.1016/j.jpainsymman.2005.02.009

Soffietti R, Kocher M, Abacioglu UM, Villa S, Fauchon F, Baumert BG,
et al. A European Organisation for Research and Treatment of Cancer
phase III trial of adjuvant whole-brain radiotherapy versus observation
in patients with one to three brain metastases from solid tumors
after surgical resection or radiosurgery: quality-of-life results. J Clin
Oncol. 2013;31(1):65-72. PMID: 23213105 https://doi.org/10.1200/
JCO.2011.41.0639

Tsao MN, Rades D, Wirth A, Lo SS, Danielson BL, Gaspar LE, et
al. Radiotherapeutic and surgical management for newly diagnosed
brain metastasis(es): An American Society for Radiation Oncology
evidence-based guideline. Pract Radiat Oncol. 2012;2(3):210-225.
PMID: 25925626 https://doi.org/10.1016/j.prro.2011.12.004

Milano MT, Chiang VLS, Soltys SG, Wang TJC, Lo SS, Brackett A, et
al. Executive summary from American Radium Society’s appropriate
use criteria on neurocognition after stereotactic radiosurgery for
multiple brain metastases. Neuro Oncol. 2020;22(12):1728-1741. PMID:
32780818 https://doi.org/10.1093/neuonc/noaal92

Prabhu RS, Press RH, Patel KR, Boselli DM, Symanowski JT, Lankford SP,
Single-Fraction Stereotactic Radiosurgery (SRS) Alone Versus Surgical
Resection and SRS for Large Brain Metastases: A Multi-institutional
Analysis. Int | Radiat Oncol Biol Phys. 2017;99(2):459-467. PMID:
28871997 https://doi.org/10.1016/j.ijrobp.2017.04.006

. Soltys SG, Adler JR, Lipani JD, Jackson PS, Choi CY, Puataweepong P, et

al. Stereotactic radiosurgery of the postoperative resection cavity for
brain metastases. Int ] Radiat Oncol Biol Phys. 2008;70(1):187-93. PMID:
17881139 https://doi.org/10.1016/j.ijrobp.2007.06.068

Choi CY, Chang SD, Gibbs IC, Adler JR, Harsh GR 4th, Lieberson RE, et al.
Stereotactic radiosurgery of the postoperative resection cavity for brain
metastases: prospective evaluation of target margin on tumor control.
Int ] Radiat Oncol Biol Phys. 2012;84(2):336-342. PMID: 22652105
https://doi.org/10.1016/j.ijrobp.2011.12.009

Jhaveri ], Chowdhary M, Zhang X, Press RH, Switchenko JM, Ferris
M]J, et al. Does size matter? Investigating the optimal planning target
volume margin for postoperative stereotactic radiosurgery to resected
brain metastases. /] Neurosurg. 2018;130(3):797-803. PMID: 29676690
https://doi.org/10.3171/2017.9.JNS171735

Atalar B, Choi CY, Harsh GR 4th, Chang SD, Gibbs IC, Adler JR, et
al. Cavity volume dynamics after resection of brain metastases and
timing of postresection cavity stereotactic radiosurgery. Neurosurgery.
2013;72(2):180-185; discussion 185. PMID: 23149969 https://doi.
org/10.1227/NEU.0b013e31827b99f3

Jarvis LA, Simmons NE, Bellerive M, Erkmen K, Eskey CJ, Gladstone DJ,
et al. Tumor bed dynamics after surgical resection of brain metastases:
implications for postoperative radiosurgery. Int J Radiat Oncol Biol
Phys. 2012;84(4):943-948. PMID: 22494581 https://doi.org/10.1016/
j.ijrobp.2012.01.067

Ahmed S, Hamilton J, Colen R, Schellingerhout D, Vu T, Rao G, et al.
Change in postsurgical cavity size within the first 30 days correlates
with extent of surrounding edema: consequences for postoperative
radiosurgery. | Comput Assist Tomogr. 2014;38(3):457-460. PMID:
24681852 https://doi.org/10.1097/RCT.0000000000000058

Johnson MD, Avkshtol V, Baschnagel AM, Meyer K, Ye H, Grills IS, et al.
Surgical Resection of Brain Metastases and the Risk of Leptomeningeal
Recurrence in Patients Treated with Stereotactic Radiosurgery. Int |
Radiat Oncol Biol Phys. 2016;94(3):537-543. PMID: 26867883 https://
doi.org/10.1016/j.ijrobp.2015.11.022

Ojerholm E, Lee JY, Thawani JP, Miller D, O’Rourke DM, Dorsey JF,
et al. Stereotactic radiosurgery to the resection bed for intracranial
metastases and risk of leptomeningeal carcinomatosis. | Neurosurg.
2014;121 Suppl:75-83. PMID: 25434940 https://doi.org/10.3171/
2014.6.GKS14708

Atalar B, Modlin LA, Choi CY, Adler JR, Gibbs IC, Chang SD, et al.
Risk of leptomeningeal disease in patients treated with stereotactic
radiosurgery targeting the postoperative resection cavity for brain
metastases. Int | Radiat Oncol Biol Phys. 2013;87(4):713-718. PMID:
24054875 https://doi.org/10.1016/j.ijrobp.2013.07.034

Huang AJ, Huang KE, Page BR, Ayala-Peacock DN, Lucas JT Jr, Lesser GJ,
et al. Risk factors for leptomeningeal carcinomatosis in patients
with brain metastases who have previously undergone stereotactic
radiosurgery. J Neurooncol. 2014;120(1):163-169. PMID: 25048529
https://doi.org/10.1007/s11060-014-1539-6

473



OB30P JINTEPATYPbI

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

8

—_

82.

83.

Patel KR, Burri SH, Asher AL, Crocker IR, Fraser RW, Zhang C, et al.
Comparing Preoperative with Postoperative Stereotactic Radiosurgery
for Resectable Brain Metastases: A Multi-institutional Analysis.
Neurosurgery. 2016;79(2):279-285. PMID: 26528673 https://doi.
org/10.1227/NEU.0000000000001096

Soliman H, Ruschin M, Angelov L, Brown PD, Chiang VLS, Kirkpatrick JP,
et al. Consensus Contouring Guidelines for Postoperative Completely
Resected Cavity Stereotactic Radiosurgery for Brain Metastases. Int |
Radiat Oncol Biol Phys. 2018;100(2):436-442. PMID: 29157748 https://
doi.org/10.1016/j.ijrobp.2017.09.047

Prabhu RS, Miller KR, Asher AL, Heinzerling JH, Moeller BJ, Lankford SP,
et al. Preoperative stereotactic radiosurgery before planned resection
of brain metastases: updated analysis of efficacy and toxicity of a novel
treatment paradigm. J Neurosurg. 2018 Dec 1:1-8. PMID: 30554174
https://doi.org/10.3171/2018.7.JNS181293 Online ahead of print.
Prabhu RS, Patel KR, Press RH, Soltys SG, Brown PD, Mehta MP,
Preoperative Vs Postoperative Radiosurgery for Resected Brain
Metastases: A Review. Neurosurgery. 2019;84(1):19-29. PMID: 29771381
https://doi.org/10.1093/neuros/nyy146

El Shafie RA, Tonndorf-Martini E, Schmitt D, Weber D, Celik A, Dresel T,
Pre-Operative Versus Post-Operative Radiosurgery of Brain Metastases-
Volumetric and Dosimetric Impact of Treatment Sequence and Margin
Concept. Cancers (Basel). 2019;11(3):294. PMID: 30832257 https://doi.
org/10.3390/cancers11030294

Korytko T, Radivoyevitch T, Colussi V, Wessels BW, Pillai K, Maciunas R],
etal. 12 Gy gamma knife radiosurgical volume is a predictor for radiation
necrosis in non-AVM intracranial tumors. Int | Radiat Oncol Biol
Phys. 2006;64(2):419-424. PMID: 16226848 https://doi.org/10.1016/
j.ijrobp.2005.07.980

Patel KR, Burri SH, Boselli D, Symanowski JT, Asher AL, Sumrall A,
et al. Comparing pre-operative stereotactic radiosurgery (SRS) to
post-operative whole brain radiation therapy (WBRT) for resectable
brain metastases: a multi-institutional analysis. J Neurooncol.
2017;131(3):611-618. PMID: 28000105 https://doi.org/10.1007/s11060-
016-2334-3

Quigley MR, Bello N, Jho D, Fuhrer R, Karlovits S, Buchinsky F]J.
Estimating the additive benefit of surgical excision to stereotactic
radiosurgery in the management of metastatic brain disease.
Neurosurgery. 2015;76(6):707-712; discussion 712-713. PMID:
25734321 https://doi.org/10.1227/NEU.0000000000000707

Eitz KA, Lo SS, Soliman H, Sahgal A, Theriault A, Pinkham MB, et al.
Multi-institutional Analysis of Prognostic Factors and Outcomes After
Hypofractionated Stereotactic Radiotherapy to the Resection Cavity in
Patients with Brain Metastases. JAMA Oncol. 2020;6(12):1901-1909.
PMID: 33057566 https://doi.org/10.1001/jamaoncol.2020.4630

Paek SH, Audu PB, Sperling MR, Cho ], Andrews DW. Reevaluation of
surgery for the treatment of brain metastases: review of 208 patients
with single or multiple brain metastases treated at one institution with
modern neurosurgical techniques. Neurosurgery. 2005;56(5):1021—
1034; discussion 1021-1034. PMID: 15854250

. Lassen B, Helseth E, Rgnning P, Scheie D, Johannesen TB, Mahlen J,

et al. Surgical mortality at 30 days and complications leading to
recraniotomy in 2630 consecutive craniotomies for intracranial tumors.
Neurosurgery. 2011;68(5):1259-1268; discussion 1268-1269. PMID:
21273920 https://doi.org/10.1227/NEU.0b013e31820c0441

Shuto T, Matsunaga S, Suenaga J, Inomori S, Fujino H. Treatment
strategy for metastatic brain tumors from renal cell carcinoma:
selection of gamma knife surgery or craniotomy for control of growth
and peritumoral edema. J Neurooncol. 2010;98(2):169-175. PMID:
20405309 https://doi.org/10.1007/s11060-010-0170-4

Siomin VE, Vogelbaum MA, Kanner AA, Lee SY, Suh JH, Barnett GH.
Posterior fossa metastases: risk of leptomeningeal disease when treated

WH®OPMALINA OB ABTOPAX

EepokumoBa Onbra JlusepbesHa

TokapeB Anekceit CepreeBuy

Pak Bauecnae AeryctoBuy

84.

8

(%38

86.

87.

8

=]

8

Ne)

90.

9

—_

92.

93.

94.

95.

96.

with stereotactic radiosurgery compared to surgery. J Neurooncol.
2004;67(1-2):115-121. PMID: 15072456 https://doi.org/10.1023/b:
neon.0000021785.00660.2b

Schlienger M, Nataf F, Huguet F, Pene F, Foulquier N, Orthuon A, et al.
Place de ’irradiation stéréotaxique hypofractionnée dans le traitement
des métastases cérébrales. Cancer Radiother. 2010;14(2):119-127. PMID:
20004125 https://doi.org/10.1016/j.canrad.2009.10.004

. Barnett GH, Linskey ME, Adler JR, Cozzens JW,Friedman WA, Heilbrun MP,

et al. Stereotactic radiosurgery — an organized neurosurgery-sanctioned
definition. | Neurosurg. 2007;106(1):1-5. PMID: 17240553 https://doi.
org/10.3171/jns.2007.106.1.1

Toma-Dasu I, Sandstrom H, Barsoum P, Dasu A. To fractionate or not
to fractionate? That is the question for the radiosurgery of hypoxic
tumors. ] Neurosurg. 2014;121 Suppl:110-115. PMID: 25434944 https://
doi.org/10.3171/2014.8.GKS141461

Zeng ], Harris TJ, Lim M, Drake CG, Tran PT. Immune Modulation and
Stereotactic Radiation: Improving Local and Abscopal Responses.
Biomed Res Int. 2013;2013:658126. PMID: 24324970 https://doi.
org/10.1155/2013/658126

. Stolbovoy AV, Zalyalov IF. Radiobiological models and clinical radiation

oncology. P.A. Herzen Journal of Oncology. 2016;5(6):88-96. (in Russ.)
https://doi.org/10.17116/0nkolog20165688-96

. Higuchi Y, Serizawa T, Nagano O, Matsuda S, Ono ], Sato M, et

al. Three-staged stereotactic radiotherapy without whole brain
irradiation for large metastatic brain tumors. Int J Radiat Oncol Biol
Phys. 2009;74(5):1543-1548. PMID: 19135317 https://doi.org/10.1016/
j.ijrobp.2008.10.035

Yomo S, Hayashi M, Nicholson C. A prospective pilot study of two-
session Gamma Knife surgery for large metastatic brain tumors.
J Neurooncol. 2012;109(1):159-165. PMID: 22544651 https://doi.
0rg/10.1007/511060-012-0882-8

. Yomo S, Hayashi M. A minimally invasive treatment option for large

metastatic brain tumors: long-term results of two-session Gamma Knife
stereotactic radiosurgery. Radiat Oncol. 2014;9:132. PMID: 24917309
https://doi.org/10.1186/1748-717X-9-132

Ito D, Aoyagi K, Nagano O, Serizawa T, Iwadate Y, Higuchi Y. Comparison
of two-stage Gamma Knife radiosurgery outcomes for large brain
metastases among primary cancers. ] Neurooncol. 2020;147(1):237-246.
PMID: 32026433 https://doi.org/10.1007/s11060-020-03421-y
Serizawa T, Higuchi Y, Yamamoto M, Matsunaga S, Nagano O, Sato Y,
et al. Comparison of treatment results between 3- and 2-stage Gamma
Knife radiosurgery for large brain metastases: a retrospective multi-
institutional study. J Neurosurg. 2018;131(1):227-237. PMID: 30192195
https://doi.org/10.3171/2018.4.JNS172596

Aoyama H, Shirato H, Onimaru R, Kagei K, Ikeda ], Ishii N, et
al. Hypofractionated stereotactic radiotherapy alone without whole-
brain irradiation for patients with solitary and oligo brain metastasis
using noninvasive fixation of the skull. Int | Radiat Oncol Biol Phys.
2003;56(3):793-800. PMID: 12788187 https://doi.org/10.1016/s0360-
3016(03)00014-2

Narayana A, Chang ], Yenice K, Chan K, Lymberis S, Brennan C, et al.
Hypofractionated stereotactic radiotherapy using intensity-modulated
radiotherapy in patients with one or two brain metastases. Stereotact
Funct Neurosurg. 2007;85(2-3):82-87. PMID: 17167236 https://doi.
org/10.1159/000097923

Kim JW, Park HR, Lee JM, Kim JW, Chung HT, Kim DG, et al. Fractionated
Stereotactic Gamma Knife Radiosurgery for Large Brain Metastases: A
Retrospective, Single Center Study. PLoS One. 2016;11(9):e0163304.
PMID: 27661613 https://doi.org/10.1371/journal.pone.0163304
eCollection 2016.

3aBenytowas Llentpom paamoxupyprum, NrbY3 «HUM CIM um. H.B. Cknndocosckoro [3M»;

https://orcid.org/0000-0001-8099-9544, liveryevna@yandex.ru;

40%: c6op MaTepuana, MHTEPMpPEeTaLMs NOMYYEHHBIX LAHHbIX, COCTAB/EHWUE YEPHOBMKA PYKOMUCH,
OTBETCTBEHHOCTb 3@ TOYHOCTb M L06POCOBECTHOCTb PABOThI

KaHAWOAT MeOMLMHCKUX HayK, Hay4YHbIM COTPYAHUK OTAENEHUs HEOTNIOXKHOM Helpoxupypriu, FBY3

«HWW CIM um. H.B. Cknudocosckoro 3M»;
https://orcid.org/0000-0002-8415-5602, tokarev@neurosklif.ru;

25%: pa3paboTka KOHLeNuM1 nccnesoBaHus, MHTepnpeTaLms nofyvyeHHbIX AaHHbIX, NPOBEPKA
HeMpoXmpypruyeckux acnekToB UCCIeLoBaHMS

KaHAMOAT MeOMLIMHCKUX Hayk, Bpay-Herpoxupypr, LenTp pagmoxupypruu, IlbY3 «HUW CIT um.
H.B. Cknndocosckoro [13My;

https://orcid.org/0000-0002-4534-8719, rak@neurosklif.ru;
15%: c6op mMaTepuana, MHTEPNpETaLMA MONYYEHHbIX AAHHbIX, IPOBEPKA PaaMOXMpypruyeckux

aCnekToB nccnenoBaHma

474

Russian Sklifosovsky Journal of Emergency Medical Care. 2022;11(3):464-475. https://doi.org/10.23934/2223-9022-2022-11-3-464-475



OB30P JINTEPATYPbI

lpuHb AHapeit AHaTonbeBuY uneH-kopp. PAH, LOKTOp MeAMULMHCKMX Hayk, 3aBeLyOLWMIA HAYYHbIM OTAENEHNEM HEOTIOXKHOM
Herpoxupyprun, I'bY3 «HUU CIM um. H.B. Cknudocosckoro [3Mx;

https://orcid.org/0000-0003-3515-8329, grinaa@sklif.mos.ru;
10%: paspaboTka KOHLENLMU UcCnefoBaHus, GUHaNbHas NpoBepka pyKonucu

Mpuponos Anekcanap [LOKTOp MeAMLMHCKMX HayK, 3aBefytoLmnii Helpoxupypriyeckum otaenennem, NbY3 «HUM CI um.
BnapucnasoBuy H.B. Cknnudocosckoro [13M»;

https://orcid.org/0000-0003-2444-8136, prirodovav@sklif.mos.ru;
10%: cbop MaTepuana, UHTEpPNpeTaLns NoayYeHHbIX AaHHbIX

ABTOpbI 3aBNAIOT 06 OTCYTCTBUM KOHDIUKTA UHTEPECOB

The Role of Stereotactic Radiosurgery in the Treatment of Large Brain Metastases
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ABSTRACT Stereotactic radiosurgery is a modern treatment modality for patients with intracranial metastases. However, it has long been acknowledged
that radiosurgery of large tumors results in limited efficacy and increased rate of complications. There have been still debates on the need of combination of
radiosurgery and open surgery for intracranial metastases and the sequence of these modalities. The next question is about the proper treatment for metastases
that could not be resected. There is a paucity of data describing the relationship between radiosurgical options and radiobiological effect, in particular how
prescribed dose, type of fractionation, volume of irradiated tumor and morphology of cancer are related. The information presented in this review highlights
opportunities of stereotactic radiosurgery for treatment of patients with large intracranial metastases in combination with open surgery as well as a stand-alone
method when using hypofractionation regimen.

Keywords: stereotactic radiosurgery, brain metastases

For citation Evdokimova OL, Tokarev AS, Rak VA, Grin AA, Prirodov AV. The Role of Stereotactic Radiosurgery in the Treatment of Large Brain Metastases. Russian
Sklifosovsky Journal of Emergency Medical Care. 2022;11(3):464-475. https://doi.org/10.23934/2223-9022-2022-11-3-464-475 (in Russ.)

Conflict of interest Authors declare lack of the conflicts of interests

Acknowledgments, sponsorship The study has no sponsorship

Affiliations
Olga L. Evdokimova Head, Center for Radiosurgery, N.V. Sklifosovsky Research Institute for Emergency Medicine;
https://orcid.org/0000-0001-8099-9544, liveryevna@yandex.ru;
40%, collection of material, interpretation of the received data, drafting of the manuscript, responsibility for the accuracy
and conscientiousness of the work
Alexey S. Tokarev Candidate of Medical Sciences, Researcher, Department for Emergency Neurosurgery, N.V. Sklifosovsky Research Institute
for Emergency Medicine;
https://orcid.org/0000-0002-8415-5602, tokarev@neurosklif.ru;
25%, development of the study concept, interpretation of the obtained data, verification of the neurosurgical aspects of
the study
Vyacheslav A. Rak Candidate of Medical Sciences, Neurosurgeon, Center for Radiosurgery, N.V. Sklifosovsky Research Institute for Emergency
Medicine;
https://orcid.org/0000-0002-4534-8719, rak@neurosklif.ru;
15%, collection of material, interpretation of the obtained data, verification of radiosurgical aspects of the study
Andrey A. Grin Corr. Member of RAS, Doctor of Medical Sciences, Head, Department for Emergency Neurosurgery, N.V. Sklifosovsky
Research Institute for Emergency Medicine;
https://orcid.org/0000-0003-3515-8329, grinaa@sklif.mos.ru;
10%, development of the research concept, final review of the manuscript
Alexander V. Prirodov Doctor of Medical Sciences, Head, Neurosurgical Department, N.V. Sklifosovsky Research Institute for Emergency
Medicine;
https://orcid.org/0000-0003-2444-8136, prirodovav@sklif.mos.ru;
10%, collection of material, interpretation of the data obtained
Received on 21.10.2021 Mocrynuna B pepakumio 21.10.2021
Review completed on 21.06.2022 PeueHsupoBaHue 3aBeplweHo 21.06.2022
Accepted on 29.06.2022 MpunsaTa k nevatn 29.06.2022

Russian Sklifosovsky Journal of Emergency Medical Care. 2022;11(3):464-475. https://doi.org/10.23934/2223-9022-2022-11-3-464-475 47 5



