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OEBFEOMBREHEEICSOVT, EMWHGELARICLIEFLAREEPHFS BAFIHEZ SO,
toxicity #&/MBRICU THBHHEEHEZIATZ 3 FEMI TR EIN TV S,
O UMMHAEEETHOROMSFEFERBORIENF H5. TOBE, REROIILFIZXTOAKIC

fLIhs.

1. GRBMEE

ERIERIEGOREISEFSEITHY,

ZF ORISR IR R R TR

KEE, XSIZIZMER - Performance Status (PS) - WiEdrdy, B&EI2Lo T
BESE O MG TERINR ETHMS LT D, Lod - T, st B
ELTEBWAA R4 V2D THRESNLIDTH LD, FOBWAL KT

1YL IHED R F FA TEARET STV 5,

BRI O, MRS B IIE SRT 2 MR 2 ED D THRRETH 5
LV 2 kid, 2017480 [Lancet] 28127 ¥ ¥ 247 = — XMk Mt
RLTWZ Y Fibht, @B 3T Co 128 4O lEBrERIEE L% o
WHIZSRT &Mz 728D 125 A HOIEMFHIE 72% T, FORERD 42%

RHL Tl o o i 2 % i 72,

Ttz - T, -'-]314?{7“ (24 S (whole brain radiotherapy : WBRT)
BTS2 813 290 trial THESINI. —203d b 2017 £ [Lancet] 2
TUE T 2 — AME LTHE STV YL 3 Tl IS

AAEAN I FL 2 —

2431-9992/19/Y100/ 51/ ICOPY

MMZ T, VEGF (vascular endothelial growth factor) FitA TH BN XY TD
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Mahajan A, Ahmed S, McAleer MF et al :
Post-operative stereotactic radiosurgery
versus observation for completely resect-
ed brain metastases | a single-centre, ran-
domised. controlled, phase 3 trial. Lancet
Oncol 18 (8) 1 1040-1048, 2017

Brown PD, Ballman KV, Cerhan JH et al :
Postoperative stereotactic radiosurgery
compared with whole brain radiotherapy
for resected metastatic brain disease
(NCCTG N107C/CEC-3) : a muiticentre,
randomised, controlled, phase 3 trial. Lan-
cet Oncol 18 (8) : 1048-1060, 2017



T, JABHAGHE %12 SRT & %5 v id WBRT #BIR L7z 2 BEIC T T2 O£
BRI BHE6» FORMNBREE TS LCEEHE D RE
(MST) (Z2WT, SRT vs WBRT I3 ZhZh 52% vs 85%, 12.25 B vs 11.6
HBTHEDE®SH > TSRTEIPB-TWA. 72, SRTETYL—FI
FRRVOEEERTHIWEEE L BAMEEORETZTNEN 3% T, WBRT
BOI%LESBICHLTHLNIIHETH - 72,

b9 —2id, 08 FICHADPOHE SN T VT2 L7 2 — A MOFERT
H5Y, AHETOBEBEBEREDBET, SRR EIC WBRT (137 4)
HAHIESRT (134 %) »5EIREN, MST IEMiEEE 121564 H T, SRT &
TH WBRT B2 b WA EHE /R CE . 72, BREE1 O LR
T, 7L —FI~NORMEETRRA WBRT BT 164%, SRTHTT77%
& WBRT B#THEICE o7

—7, SRTIZ WBRT % L ®2 ¢ HiH# D 2016 25T 22T v & 41k
kERBTEEEINLY, Thbb, 1~3HEORMERE X L-234%
SRT HEH# AT S /zBE (11148) & SRT IZEH WBRT iGHRASHEAT
N8 (1024%) 129 ¥ 2Lz 2h, FhEFRO MST 3104 A& 74
n A CHBEICEERZE T b o720, B 3» AORMBEKTImEEEhE
N455% & 941% T, HEZE® L o T SRT BHEEE TEI o7, L2ds
T, SELUAOEEMYRESICH L TIE, SRTEMAEFr OSN3 LS
ERTHT

B R B % 2 R L 7 s Is 2B LT3, 5~10 M OB IE S 1234
LA =+ A4 71255 SRT (Gamma Knife radiosurgery : GKR) 7%, 2~4 {f
DEBIZHNT S GKR OEFEFHRICRLTHE LI Lidhdh o728 09 2014 4
DAL OF/ELY 12L& -T, 2018 FEBAD [MELES A K1) THD
TIEFL ZRBBENED [5~10 EOKEBICH L TSRT2175&L 5] 2
EIhdHEE2c EH->TWVS.

FAED FRRMm LR EOREE D - T, EBERES IS 5 WBRT 2 K
T ARRERIE, 11 8L oo BRAE M I NE B R B BN HE R Bl 9 o0 F B 1 BE A 1 BB
BNTETWADNHRIKE VLS,

EZAT, BEORIEF Y 7 EA Y PHESE (immune checkpoint
inhibitors : ICI) ®EHIZE D 2w, MEBHE T T 5 BatHiEHE & 1ICL &
OB LT 220 Ea—223hTws, —2HIX 2017 HEIZERSH
oW REE IS5 SRT L ICT & L BT HEMNEDORBEHFHAL E 2 —
THbHY. 01654 FFTICHRESIN 9 FELEEFRE LTHITL, SRT &
WERD 8HEILINT 1 4585 Gy LEDSERE s hvdw 7z, KiE LT, SRT
EICT S L EaFEMNEOR B IIMAZEENH - 7245, BRAF HE
ECHEELAERLEHAEER (RSN
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Kayama T, Sato S, Sakurada K et al : Ef-
fects of surgery with salvage stereotactic
radiosurgery versus surgery with whole-
brain radiation therapy in patients with one
to four brain metastases (JCOGO504) :
A phase III, noninferiority, randomized
controlled trial. ] Clin Oncol 36 (33): 3282~
3289, 2018

Brown PD, Jaeckle K, Ballman KV et al :
Effect of radiosurgery alone vs radiosur-
gery with whole brain radiation therapy on
cognitive function in patients with 1 to 3
brain metastases : A randomized clinical
trial. JAMA 316 (4) : 401-409, 2016

Yamamoto M, Serizawa T, Shuto T et al :
Stereotactic radiosurgery for patients with
multiple brain metastases (JLGK0901) :
a multi-institutional prospective observa-
tional study. Lancet Oncol 15 (4) : 387-
395, 2014

Kroeze SG, Fritz C, Hoyer M et al : Toxic-
ity of concurrent stereotactic radiotherapy
and targeted therapy or immunotherapy :
A systematic review. Cancer Treat Rev
53 1 25-37, 2017



ZOoHE, EBMRELICHT A SRT & ICT & @48 ATE#IZ D W T O 2018
EOLY2—ThHo". ZOLE2—D%dT, 260%OEBIENIEESZ.-
#4 5 SRT (WBRT % L) OBBEMEHE Tld, SRT @&, SRT + ICI ([
EfEH), SRT + ICI GEWBEIT) o 3 BELL# % % 581247y, SRT + ICI
(FRFGER) PE-EHHFBICLLAFHMEERL, SRT H#OH:- LGB R
ﬁ’&}fﬂﬁwé“tﬁ'ﬂﬁéhf—. E7, BBV TREHRAESLOE

BN 2R A SR & DM A BN . — T, ICIHHE
HED M O T BHEEEIE (radiation necrosis @ RN) B ICIZIE BN ETH L &
SN TV A,

WL —H 5, WERERNES RSO O SRT 12 ICT 2 H 3 512
BROTRTEEIPROONL L ITH S

2. WHO 7L — N1 gFEE

BYED WHO 7 b — F I OffiEIE 2 LT WHO 7 L — F I O86IEIE o 4
FRRIZIEWNERBF 2T 5 E LS 72— XN OEKEBRO B YT T2
2017 FAZ e SN T WD, FOMBEIIIHBVTIE SRT 75“’4’*—3" MNTHotzbwn
IWENSILIC2017THEIZAESNEY, WEDHD VI ZSRT % JtidT L7
131 2 138 I OBIEAE (/L — KO - W, #l ﬂ’i&/f\l)) zﬁrr*ﬁ' Lizkzn, B&
BEE@EEEICPRIESS Gy £ 25, 28, 30 5 EDDENCTSRT #HiTL =
WHO 7L — N TERIEIZ, MENICBROUZAVERDVERBIENTES
EHEL L

ZOWEIE, TEREMIATETLHEREBRYET I EOL VRO
WHO 2" L — F IR LT, i 2 I R IR S A5 fg 22 SRT #4545 JH
BEHRTREO—2E RN I DL %R LTWA,

3. HEERE

B3k g (ghoblaqtomd GBM) DE#HIBWTIE, Tz X 25EH I by
WEE L B2 AEE D 6 b fn*]@bﬂ(%]ﬁﬁ:a‘é"a‘:ﬂ > Th, TOTHRIEHEDHL

ChREMSTIH162 HTH 5. IT, WHEBIUMBEERIZN LT,
SRT IZ X V)fﬁ(%"fﬁ%ﬁ‘%#‘ﬁﬁ : 2R Y AR O toxicity D B & 2R

Ol (local control © LC) # ¥ L TANOE 210 L 2@ 268 L
TOLYE 22— 2018412 8 /Y. 1990~2014 4F 12 %% S 7z GBM &
SRTWHMT A% @M 2L a— Lz#R FlBLURHEGBM ICH LT
SRT AT THH LV IM SR EFr AR SN2h o725 SRTIEE
WAFHEO L TAEREEZERL TEBOEEZH 2R/ AVICEFT
g, BIOREEFREED LC 2 RETELMRMIH Y, £/-BEHEOD
IEKICEE U T toxicity & R/MBICT B3RP BIFTEB &L £

L7z, 2017 RIS SRR S H IS LT SRT -2 Th b4 4 N—F
A 7% & 7z @ B G HEE (CyberKnife radiosurgery @ CKRS) @ i3%

BAEATAF L7 —
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7) El Rassy E, Botticella A, Kattan J et al :
Non-small cell lung cancer brain metasta-
ses and the immune system : From brain
metastases development to treatment.
Cancer Treat Rev 68 : 69-79, 2018

8) Lubgan D, Rutzner S, Lambrecht U et
al : Stereotactic radiotherapy as primary
definitive or postoperative (reatment of
intracranial meningioma of WHO grade 11
and I leads to better discase control than
stereotactic radiotherapy of recurrent
meningioma. ] Neurooncol 134 (2) : 407-
416, 2017
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Shah JL, Li G, Shaffer JL et al : Stereotac-

tic radiosurgery and hypofractionated ra-

diotherapy for glioblastoma. Neurosurgery
2 (1) : 24-34, 2018
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BAEICT 2 HED 2SN T3 0 1340 BERAMRBIEEE 2 20~36 Gy
(HF At 30 Gy) % 1~10 (HHofE6) &I THRE L, MEH% O MST 13 14
H, F-EWMEAGTHAMTPIME (PFS) 2374 A THo72. T D PFSITHE
T 5 R ER, BRE, —DOfRE, SERTho7. ZoRR, #E 30 Gy
DLk, 547ELl L@ CKRS %8 PFS OIERIZHL LT\W5 Z LAVRIE S N7z,
023, HED S THBEOMBEBIEREIIB W TSRO L WinkiE
ABETLOOFI NN Rbb0EBbhs.

RESPIETTHREICHTSD

multifraction SRT (MF-SRT) O

1. EGRBMREE

2017 4212, MF-SRT #*& % &AE S E TH % CKRS IC & 2 EBMHBESE D
BEICBVT, BBRENS1~SEO1#HE4BEULD 2HEEBBRELLL
CAmBDOMST ICIEEPBHONBLoLEVIHEPBEINE Y, K
2BV Tid, CKRS CiREE N7z 1 #1154, 2% 35 A0 I/MilghiidE (non-
small cell lung cancer : NSCLC) EARDsmfgixES HE 2BV T MST (&1
BHLHIC137 AT, MBEOETE S/ hh o

KI5 D GKR OHiE2 6, 5L E 10 Ak OB EMEL S LTo
B E LCIESRT THIE R WA S L) EBENZI Yy RETEDD
HDHEHIICEDONEY, AFEIZE D CKRS THRMBOBERIRENIZZ &
&0, WERODEEOERERHREDHEHRIZE SN Tz SRT OiEH#EIL IR
ELEDbLoTETVREVZ L.

ERUNEE D22 TH, HBRHRANOmBIREIIN L CORSTRESIL, 7
BEHAERIPHREZNY A7 DFCBIERDO R PIIH B 2 L2 bRIREED—D L
WX B, 2017 EICARF o i EEs R B E 20 & (26 FRAL) 12X % CKRS @
BEEEARR SN Y. HEIZ18~30 Gy 3~54%) T, HHE%6» H
/127 B ORI E 21 100%/90% T, MST 12175 HTh o7, Z
NOEDOERMET 7 b 2k, WD linear accelerator (LINAC) % GKR {2
LB HEERRICHE L CHED LSRESUETH- 1.

COHENSIE, RENSEBESZHS SRT PEM LGB MHMRTESICXT S
MF-SRT DEHMPRENAHEDEEZSN B,

2. WHO L —F1 - VEiZ2HE

EEOH LW bHEEROBBUC L 22D 5T, WHO 7L —FII - VoA
FHBIEOFRIIMEDLLTART, WEOBIHREZHEET LHAADVRIN
25, WBHADRICH U RN 23582 2 &%, HBPHERRZED) 22
B BT 5 A~ ORFORBE S SHETH 72, T TY AV HEEHIZE
T MBI LT, Mitho 60 Gy #F A HHIIRG 25 5 7% CKRS 12 &

BIFENFIFEL 2 —

f—y
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10) Lévy S, Chapet S, Scher N et al : Reir-

radiation of gliomas under stereotactic
conditions : Prognostic factors for survival
without relapse or side effects, a retrospec-
tive study at Tours regional university
hospital (France). Cancer Radiother 21
(8) : 759-765, 2017

Murovic J, Ding V, Han SS et al : Impact
of CyberKnife radiosurgery on overall sur-
vival and various parameters of patients
with 1-3 versus = 4 brain metastases.
Cureus 9 (10) : e1798, 2017

Nakamura M, Nishimura H, Mayahara H et
al : Investigation of the efficacy and safety
of CyberKnife hypofractionated stereotac-
tic radiotherapy for brainstem metastases
using a new evaluation criterion : ‘symp-
tomatic control’. J Radiat Res 58 (6) : 834~
839, 2017



% 10 Gy @ boost HEEUL’EJJD ATHEGIO R FHROWME DS, 2018 F I S h
72 1T 30 (I :17, IV :13) JEFO#WEZAY, MST 1 38% H, 54
EFFRIL325%. 72, PESI3 454 HRISEL, ekt % ko 7.

ZOFMEIE, URVEEOEL TH > THERKDOMEBEEICCKRS 2K 3
boost BHZMA B EFEFRATHY, WHO JL—RII - NEZEBEIC L
TFHREED-ODEEHHO—DETRLELDEEILONS.

3. EEMEEHEE (RTEMEHE) _

2016 4F 12, BEAREENEE I 95 SRT & LC, 1~5 45 8oREIcBIT 5 A
HADY A7 %Gl L7ziwsehs i S e . 3~5 5@l CKRS TR L7z 37
H (740=7y THRMESL A A) 1ZBWT, WEANOHE 275 Gy © 5 577#]
PEEFZER17T4% CTREREORELEZ Nz, —F, 2009 FITHRS
N7z Timmer 5D —HKHH GKR D 69% (740 —7 v FHLRfE 1425 H)
B SRE L7225, GKRTIE1H 14 Gy THEERAFE179% L 2D, Zh
PREEFEOBELEZ bR

ORI, BHEOCHEIEFEICEVWTHIBHOEHNBULETRTEDT
Bewy, BYLPERAIEAEETZOBETE TR EZRRLAZEDEFF
ficZ 3.

4. BERRRE

BEREIE 12 L T first-line D {E#E & LT CKRS 25BN & N 7= AFRREILE B &
N2 DERBEED 2017 HEICHE S 2™, &6 — RS (stereotactic
radiosurgery : SRS) & %\ it 2~10 7>E O FE 4% SRT (FEHAFRE 10 mL LA
b 27 B OIER) THB Sz, 2054 PFS I3 86%7: -

72. 34E PFSIFEEMAIMEL 135 mL L D KREWEEH (B30 mm L) T
69%, 135 mLE&MODEEZHTIZII0% THo72. —F 7L —FILLED
tOXiCity Z5 A THALNY, BEAEIZTAD 135 mL UL ET, SRSB X

ForE SRT LB /NS WA R DR ERIRETH - /2.

?ﬁﬂﬁﬂi R BYEIES T 2 O T, FiHIEE 2% S AL FMHES OLa 12134
DA SRT 2SEIC I 7 575, B/ S 2 REEIE 1S3 L Cid & DO TEHIC
RABBHRE V) ZEHVRD.

5. BHEBERIREH

HREENHRF . (spinal arteriovenous malformation : SSAVM) 1 LR
GBRBTH LA, BYEITHMI L) ETEORMEREZZL, B 2HRT
BRIZETAHERTHL. 20O S-AVM OBE 37 13 LT CKRS TH#EL -
BLAREAT 2016 4R IC R R S N7z 0. WIGIRE 205 Gy (Fi9fE) % 293 (PR
&) THEL LD, ABEEOSAVMELERE19% £/ HmiE 1616
KL, BREAELELPHLEFIE, WThE IFETERALTEDHIDAHD
hi.

BEENFIFL 7 —
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13) Repka MC, Lei S, Campbell L et al : Long-

term outcomes following conventionally
fractionated stereotactic boost for high-
grade gliomas in close proximity to critical
organs at risk. Front Oncol 8 : 373, 2018

Rashid A, Karam SD, Rashid B et al:
Multisession radiosurgery for hearing pres-
ervation. Semin Radiat Oncol 26 (2) : 105-
111, 2016

Manabe Y, Murai T, Ogino H et al : Cy-
berKnife stereotactic radiosurgery and hy-
pofractionated stereotactic radiotherapy as
first-line treatments for imaging-diagnosed
intracranial meningiomas. Neurol Med Chir
(Tokyo) 57 (12) : 627-633, 2017

Kalani MA, Choudhri O, Gibbs IC et al :
Stereotactic radiosurgery for intramedullary
spinal arteriovenous malformations. J Clin
Neurosci 29 : 162-167, 2016



S-AVM 3 RAEBFRLKE &ICL Y, & XITIZMENBEEMNCTMICL 55
HWASWRERGE D H DA, BEFEICERET S 0% <, CKRS MiFlkE%x
RL7Z LR EHBDOERICBITARELETERLDDEEDNS.

Single-fraction SRT (SF-SRT) [cxd3

MF-SRT OE{ift35 LU SRT OSHE L DK

2016 4£1Z, SF-SRT & %\ d MF-SRT DiE#E % T 72 EZE 20 cm PLEOK
& RS VRN IE S 289 BIIZ oW, JEFE D LC L RN ST 5 &GRS h
7210 REBIX, 144 ® LC & SF-SRT T 77%, MF-SRT T91% & MF-SRT
DT VR FHIIERBELZ o THEo Tz, £ 145K RN FBAERD
SF-SRT T18%, MF-SRT T9% & R W METEWICEEE% b > T MF-
SRT THERAENDZh o 7.

EHIZ, EE2~3cm (4~14 cmd) DAL 3 cmE (14 cm’) O B#
L) 2HEE DR T 1,887 BIOK & B UEMIE S G ISV 57z SF-SRT
& MF-SRT O#EH£ %, 2008~2017 FEIZHER I NI MR D 24 O trial # £ 7 i}
MUTHBERE L2V 22— 2019 FI2RBEIN, 1FEEOLCHLY
RN #4£HR(CH (15 MF-SRT OBIMSBBEENE Y. T4bL, 1EHD
LC 2 B\ TSF-SRT vs MF-SRT 2776 % vs 929 % (A®), 771 % vs
792% BHE) Thotz. F72, 14F#HDO RN RBAEEIZHL TIE, SF-SRT vs
MF-SRT 13 23.1% vs 7.3% (A %), 11.7% vs 65% (B#) Tho7-.

—7J7, NSCLC HkD i tMIEE IZBWTH SRT BSFH R BEEED—D
THHILIFVIFEFTHRWVA, SRTH6» ALSLEFETRI 2WEEDD
LMORN L LTHBEE %%, BRICFIAN—BEFERLZEDLD
NSCLC ®Fu ¥ v ¥+ —CPHERIZL B2 2T LBEICZOHEENE L
Twa. RNBEARKEHLTIE, §HMZaNVFIRTES FRE ML
VEGF (vascular endothelial growth factor) ./ 27 @ —F IVHARTH % <N
¥ X< 7 (bevacizumab : Bev) D@25, & XITIZRATOBUMKIMLE b
LR DLEN DL L 20184FICLEa—ERTnD Y.

RN IZx83 % Bev #5-12B L Tid, 2016 451 Furuse b 2SERRIEREZ E L,
avFazxrud N, HEEE REREREOBEOBBETUEL Lok
RN 2%} LT, Bev ORIEZ B HHEMICBE LS R FERBROK B2 Wy
LTws? 16H#i#» 57 3 /8 PET (positron emission tomography) 2
TRN & BWiS N7 41 412, 5 ma/kg @ Bev % 28BS X126 94 7 L5
L7z MEHBETTTRETH o 72 38EFITIE, 166 (421%) TPSALEL,
29 Bl (763%) TANFAATUL FOKGREBITEL /2, ZL—F
MLLEDORWERPELDI1Z10% (244%) OAT, BHREKREEHE S RN
IS, BevICkBaEIHERLMREMIFTETHLMERL -

VL e

17) Minniti G, Scaringi C, Paolini S et al:

18

=

19)

20

=

Single-fraction versus multifraction (3 X
9 Gy) stereotactic radiosurgery for large
(> 2 cm) brain metastases : A compara-
tive analysis of local control and risk of ra-
diation-induced brain necrosis. Int J Radiat
Oncol Biol Phys 95 (4) : 1142-1148, 2016

Lehrer EJ, Peterson JL, Zaorsky NG et al :
Single versus multifraction stereotactic ra-
diosurgery for large brain metastases : An
international meta-analysis of 24 trials. Int
J Radiat Oncol Biol Phys 103 (3) : 618-
630, 2019

Loganadane G, Dhermain F, Louvel G et
al : Brain radiation necrosis : Current man-
agement with a focus on non-small cell lung
cancer patients. Front Oncol 8 : 336, 2018

Furuse M, Nonoguchi N, Kuroiwa T et al :
A prospective, multicentre, single-arm clini-
cal trial of bevacizumab for patients with
surgically untreatable, symptomatic brain
radiation necrosis . Neurooncol Pract 3
(4) : 272-280, 2016
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MF-SRT 1, SF-SRT IZHARTKRE BIHEMLITH LTIE, BEHIAREICS
I AERKOBIWEHTH 2 RN BAEXBIIZ T, HELZRIHI#EETS 2 &8
TEETHS. LHrL, MFSRT £z EHEED ICI R THENIE L OB
FEII RN BRAEOWRESEZ L VEL LT AT EEXH D, 73 /VBPET &
FCRNOZWESNS, IVFIATL FIZEEE5FI2Bev 2 &
% W7 @Y i ie R 2 R ICHAT S 5 2 L OEEMESRO SN TV 5.

WHFENFIFEL 2 —



