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{ Modulated RadioTherapy:IMRT)

REFE R
FRALKSERESS L ATRHEBRI

m 2016 OFTEIMIERIATIS (:‘C,U\I%Iﬂffiﬂ,
AEDREE 2 5 h a1 HiRa fé(;jmtﬁﬁ

m AXERFS (X U CEAIAEIHRE f?%ﬁEEEODSD—
dynamic conformal RTAMSVMAT-SRT, =5I(C
single-isocenter VMAT(SI-VMAT)/\

m SRHTH T DNERIZ (CRH I DIAST - 3R TTRAREIERERGT

_ . 3D-dynamic conformal RT
@E@ﬂ]’f%%“‘é/&%ﬁ BEEEQOL . BB TREHAR

. N IMRT : Intensity Modulated Radiation Therapy
QF BT HIEE OSIVMATOALERE —EIEZ IR
- FRE R [OlER RSy
@JROSG13-1 : FENBE] +1E5F=F 85| VMAT : Volumetric Modulated Arc Therapy
— (O] BR Y
- ERGIHRIGTE
SRT : stereotactic radiotherapy
— 7 EI|IB ST < 1[O]BZH(SRS : stereotactic radiosurgery)




(e

m NERFR (O 9 BIETHRE B BEDEE
m (ERDOTEAIIERSTHN S VMAT-SRT,

= B (Csingle-isocenter VMAT(SI-VMAT)/\

m INERFZ D FRRIBIRDEE
m Ongoing trial DFBIT




2 hix ,.“Q'Jd)ﬁgﬁsu |
Murray KJ. IJROBP 19977 &
RTOG \SYP RTOG MST,
protocol mos protocol mos

6901  30Gy/ 10fr NS 7916 30 Gy/ 10fr
30Gy/ 15fr 4.1 30Gy/ 10 fr+MISO 3.9
40 Gy/ 16 fr 4.1 30 Gy/ 15 fr 41
40 Gy/ 20fr 3.7 30 Gy/ 15fr+ MISO 3.2

7361 20 Gy/ S fr 35 NS 8905 37.5Gy/ 15 fr 61 NS
30Gy/10fr 3.5 37.5 Gy/ 15 fr + 4.3
40 Gy/ 16 fr 4.1 BrdUrd

7606  30Gy/10fr 41 NS 9104  30Gy/ 10fr 45 NS
50 Gy/ 20 fr 3.9 54.4 Gy/ 34 fr (AHF) 4.5

e 1970-80FAGICHREE ||+ 30Gy/10fr hMEAERY
e CT -+ MRIELLHE] e MST<A1FEDIF
STEAAR B FSE - MHAPEE(IERET

()
AI




RS (CFT (BFNa’R) ZIX38&?

SiERGTEIN vs SAERSY + i

HFE B M D 5k MST
Patchell, 1990 48 9.2 mos 3.5 mos (36 Gy/12 fr) <0.01
Noordijk, 1994 63 10 mos 6 mos (40 Gy/20fr) 0.04
SEESMRZIEFITE (N=20) 5 mos 5 mos 0.91
SEEAIMNREHEH (N=33) 12 mos 7 mos 0.02
Mintz, 1996 84 5.6 mos 6.3 Mmos (30 Gy/10fr) NS
NEJM 1990 IJROBP 1994 Cancer 1996
’z Patchell Noordijk Barviv) Mintz
% 100 _SURVIVAL l: .
£ o SURG + RT w!
3 % SURG+RT || .
g 40 2)
12' ‘ | ' ' & I | . - RT (N-ZI? 0

RERE D 1 E THRENREDHIHETNTWSESICFiMZMXSdEEHRDD




RIS (CFMONE & U TEMIBRZINX D85

SR EIN vs 2 AERGY + FEAIIREY

Andrews DW, et al. Lancet 363: 1665-1672, 2004

RTOG 9508
100 ~  WBRT+SRS MST ©-5 months ——— WBRT+SRS MST 6-5 months
a0 WBRT alone MST o7 months = 199w -~ WBRT alone MST 4-9 months
60 - p=0-1356 807
60 7
40 -
40
20—
20
O N I | [ | | O B

TIEPIOBAT CEIRRERL @i CIREL T, IR
BHNIC LB ETFRDSESDD.

BRI H 1ETEHAEBRIFTHNIE. ERiRE (CB/HFrG
B(EMERS)ZIEMNYT 3RS D =FmERURER




MBI T xEste E{LIRS+2hEREY vs FEIEET

O |, WEABE | BRI | EEAHE
e il

JROSG 99-1 132 (1-4)  SRS+WBRT 7.5mos 58% (14F) 89% ( 53% (1£F)

JAMA 2006 SRS 8.0mos 36% 73% 24%

Aoyama p=NS p=.003 p=.002 p<.001

EORTC 22952 359 (1-3) SRS+WBRT  10.9mos 67% (2FF)  81%((2%F)  52%(=HIM)

JCO 2011 (FIMZL) SRS 10.7mos 52% 69% 22%

Kocher p=NS p=.02 \ p=.04 p<.001
(FENEZD) FMExEd) FEMEEI) FMEsD)

NCCTG NO574 213 (1-3) SRS+WBRT 7.4mos 92% (1£F) 90% (1%F) 85% (1%F)

JAMA 2016 SRS 10.4mos 70% 73% 50%

Brown p=0.92 p<.001 p<.001 p<.001

>Z 271 (1-4) iﬁiﬁWBRT 15.6mos AN EIEE A FEARHOMYE 10.4mos

JCOG 0504 HEES Fitt + SRS 15.6mMos 4.0mos

JCO 2018 (HR 1.91 95%Cl:1.46-2.51)

7




MBI F gt ELIBRS+ 2 REREY vs FEIEET

DI . F R R
- (H\VE g;&) ’?ﬁ ﬁb\%ﬂ%ﬂb QOL ﬁ%gﬁ 0)2)}"(ﬁﬂ*ﬁ'

JROSG 99-1 132 (1-4) SRS+WBRT MMSE >27, 3-point {&F WBRT(+)& T
JAMA 2006 SRS BETG-)EIE 76.1% vs. 59.3 (24) OSE 47
Aoyama G3 D B &EKAE IFWBRT (+) T2

EORTC 22952 359 (1-3) SRS+WBRT  Survival with PS=2 mEE TcOSICH
JCO 2011 (FI=L) SRS 9.5mos vs. 10mos (p=0.71) =E4AL
Kocher LENT/SOMA Scales(CC

Grede 3, 4l3HBE CHEEEA L
NCCTG NO574 213 (1-3) SRS+WBRT 7 test, 1SD drop in at least 1 test WMEETOSIZH

JAMA 2016 SRS <3mos> 91.7% vs. 63.5% (p<.001) EZE#%AL
Brown QOL% <3mos>TSRSER L
12mos survivor®ddata®
> 271 (1-4) Fia+WBRT MMSE FEZ{LEES
JCOG 0504 it Ffit7 + SRS 6mos (566.2% vs. 53.7%),

JCO 2018 12mos (45.3% vs. 42.5%)




ABEILLF e TEAIIRS+2hiR8Y vs ENIIEH]

RE IR

ro A RE

FERITE

JROSG 99-1
JAMA 2006
Aoyama

(AFRTEEN)

132 (1-4)

- QOL - BEER

SRS+WBRT MMSE >27, 3-point &

SRS

Free from decrease of MMSE <=26

1+

Preservation rate of MMSE
s

1 Tumor
1 progression

—— WEBRT+SRS (N=36)

WBRT+SRS o dne (N=46)

/SRS alone

Log-Rark, P=0.46

€—— Radiation
toxicities

0

vvvvv

6 12 18 249 30 36 42 48 54 60

ETG)EIE 76.1% vs. 59.3 (24F)
G300 B EIE IZFWBRT (+) ¢ 24

AoyamaH et al., JROBP 2007

The average until event
* WBRT+SRS: 16.5 mon
* SRS-alone: 7.6 mon

Months p=0.05
EEER L RFARBBHEERSIZVWTNG RAEEICEE

D2iR AT

WBRT(+)&tT
OSRE ¥



MBI F gt ELIBRS+ 2 REREY vs FEIEET

m BB EIRDGS

m BEEAFEIZR (EFrE&ER) (35D
—EYCEFRI A O—. BEEEZ

n £EFXRIENST

m BB 1-2F CTIEMMSEYRPSDIEIE CIIBRAE(FIR L
RE DS W RAHEEIRBETPQOUIRBE CBE =D D

s REAEFE C(IIRHATRRRE S DRI
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10{EIEL Fiigsts ENERSEM (YT 1 )

m FIEEEZRER (JLGK0O901) N=1194
m IR FEEY 1 X< 3 cm, ¥AREIE{ARFE<15 cc

100

Group Median overall HR (95% Cl) p value
survival, months
(95% CI)
1tumour 13-9 (12-0-15-6) 0-76 (0-66-0-88) 0-0004
1 18 24 30 36 —— 2-4Tumours 10-8 (9-4-12-4) Reference
i Lslereotactic adiocurery (onthe) — 5-10tumours 10-8 (9-1-12.7 0-97 (0-81-1-18 078

FRFER:
5-10{E BRI REFIDEF(E. 2-4 EINEEIBREM(CHL SR

AELL T CEMBIMDFE SND RS 10X TEHS

Yamamoto M. Lancet Oncol 2014




A IRETDRIFEREIR T 2P <HR D ¥

e

B B5EOIESINEEE HAWBRT) B (KSR IRET
(RTOG0933*1— L*¥>7~

NRG Oncology ccdbx) (JROSG13-1 HEEH)

PER D S R A BE

TE £ + i 6 0D 42 R R Y
TE o R 5 BUIR B MR D By &
YEZBREXEN, L
Lam& 2 FURORE
HETHRE

*1 GondiV, etal. JCO 2014
*2 Brown PD, et al. JCO 2020

* 20D5mX. JROSG13-1 : Neurocognitive function test
HVLT-R(Hopkins Verbal Learning Test Revised)

COWA(Controlled Oral Word Association) ﬁg, Ty
TMT(Trail making Test) FTERRRRS &) OBREML

FE i +{E 45 I 4 ol R
mREORMZMEAE
ht. BHEER RO

REETEADERIEZE
A FBREISEY S
%
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3D-dynamic conformal RT/H'5
VMAT-SRT. = 5I(CSI-VMAT/\

3D-dynamic conformal RT

- WEROTEMIRFT DI E

- 3R TTIRRCIERER ST
3D-dynamic conformal RT
- R E 2R OIER AR 5T
VMAT : Volumetric Modulated Arc Therapy




3D-dynamic conformal RT/H'5
VMAT-SRT. = 5SI(CSI-VMAT/\

VMAT-SRT

- BRI A AU\ TTIRSTA
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3D-dynamic conformal RT/H'5
VMAT-SRT. = 5SI(CSI-VMAT/\

VMAT-SRT

- BRI A AU\ TTIRSTA
OLDEREERMENE
QIEENEN z B [CERRE(C

= BRIRIG R
B A XDOKEI/FERR. IT1%
UEIRE
OIMERFE/\DTE BB G
QR ERFZATIB R\ D TE LI ST
CRETFIEBFEADTEIIES




IVMAT—SRT MR\ DEAIRSY

IR CaUS ERIRAT+ BT 7 I\ DTEARTIRET DU T DR #25

JCOGOSO&LM%‘:#%(J%@F NCTEAL ﬁ%ﬁ?

frrcovan
§ BRERT(EIR0N E’ /
SR DTENIERS

VMAT%‘:, U\ TEEALEEST

U] 1712 ENIRETRIIaHEY

*1 Kayama T, et al. JCO 2016

*2 Mahajan A, et al. Lancet Oncol 2017 [SRS vs. obs]

*3 Brown PD, et al. Lancet Oncol 2017 TSRS vs. WBRT

*4 Kepka L, et al. Radiotherapy and Oncology 2016 [AKZEiaH -1 X]
*5 Diane CL, et al. Neurosurgery 2015 [KE732H - X




3D-dynamic conformal RT/H'5
VMAT-SRT. = 5SI(CSI-VMAT/\

VMAT-SRT

- BRI A U\ TTIRSTA
OLDEREERMENE
QIEENEN z B [CERRE(C

= ERRIG AR
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VMAT-SRT : K1 E’EODEQ,M%TF Il (R S )

N

1¢6b‘ﬁ % 1

ELLH”ETHIJ |

B&%ﬁ%ﬁ,ﬁfé( CBEHULT:
- GTVIEHH DBRISIERZRIDZMHH U (FFLAIRIE & THhEERZ —thin slice

- HP% - GTV » D95% L5 PTV » D99% Z LS HEED85~90%DESEH CTcover
c KRE(TZZF—(CTQ) : PTV » D99.5%. 70%iixUL75 28Gy/5fr

CNBEORRERZIET

HAXHWKEVRE  FEIRNS D, BHASBBENANEZEFZ UL
> KERIE CRHEIICBEBE T ARG MR TETTCE
EZENS LERBLEIA. dayl JBEETIEICT day4 ;aERIS )




VMAT-SRT : K=71NRZEDTEN B ESIEM(E N ES)

BRAZ2emB . WBRTHE(). ENIFRETEE
IRERIE (BRI AO— 7TIEAISTRE

Age, years; mean (range): 66.3 (56-80)
Gender:  Male 6 ol it
Female 1
Primary: NSCLC
-adeno 3 B
-ROS1 (+) (1) fﬁ!j
-EGFR/ALK (-) (2) ol
- sgquamous 1 2
- LCNEC 1
Breast 1
Esophagus 1 N
Size: 21-30mm 3 A
Brain meta 31-40mm 3 gtk HAR(A)
41-50mm 2

IRETRRAMIRSE © G2 145




3D-dynamic conformal RT/H'5
VMAT-SRT. = 5SI(CSI-VMAT/\

SI-VMAT

- BRI A AU\ TTIRSTA
OLDEREERMENE
QIEENEN z B [CERRE(C
QEIRE & RIS (R AT HE

= EEPRIOFE

H A XDOKEY/ERR., TIE
UTTiRZ
D ANERFE D TEA AR 5

— {8 2 PRFEF

QISR N\ D ENL IR ST
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SI-'VMAT([CH U T UD[OlERsR =D =i 2R
DRSS INUEREZTED

- SEDEFMIET )L — T THF

* Nakano H, et al: J Appl Clin Med Phys, 2020

Effect of Setup Error in the Single-Isocenter Technique on
Stereotactic Radiosurgery for Multiple Brain Metastases.

* Nakano H, et al: J Appl Clin Med Phys. 2021
Radiobiological evaluation considering setup error on single-
isocenter irradiation in stereotactic radiosurgery.

* Nakano H, et al: Radiol Phys Technol, 2021

Maximum distance in single-isocenter technique of

stereotactic radiosurgery with rotational error using margin-
based analysis.

fIEERZE ((FF—FTH. BEREREIEMN TARELIED

BEPREY (CAIEERE
(Z0.5mmELTF. [
B0 7= (30.5° LAY

1emDEKFZODIRZE (T U TO.1emDNY —=> > Z{45., 0.5°DOlERiEE=
isocenterMS 7.5cmEAAN THNUIIIREDI5%(FH/\—=NB.,
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RPA (Recursive partitioning analysis) Graded Prognostic Assessment (GPA)
Gasper, et al. IJROBP, 1997 Sperduto PW, et al. UROBP 70:510-514,2008
SIR (Score Index for Radiosurgery) ERESENIcEkSTRILFEAF

Weltman E J Radiosurg, 1998 o
BSBM (Basic Score for Brain Metastases) i . i '

Lorenzoni J, et al. IJROBP, 2004 | Kl m

- 0 0.5 1 35~40 11078

e — i E“ﬁ?— | > 60T | 50~60fT | < 50 25~30 697HA
2 SI1REE(KPS)  <70% | 70~80% @ 90~100% T S

RPA  £F#5 Kps [ERE CEEHNELTS BEBOES | 3@ | 238 | 1\ e e

SR F#f Kps BEBER SAREOME  wsess a0 ... nL | 0710 26MF

BSBM KPS [RFEE FEEE A T 24

* BBATEOERNA...
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Diagnosis-specific GPA {DS-GPA]

Sperduto PW, et al. JCO 30: 419-425, 2012

RERBRICRL S TFREF (B el ik B ELS) pﬂitﬂﬂ%pickub

1993 F ~2010F Retrospective 39407 F| —_—
Bl (NSCLC, SCLC)

GPA Sconng Critena Patment MEH.EE]

Prognostic Factor 0 0.5 1.0 Score 0-1.0 = 3.0 mos

_Il.gg-_ VEArs = i) S5l = 50 ——

S =70 080  90-100 LE—LE:E& mos

E':-M PTEE-'E'H.. . l"'-hEE'rﬂ - 1-5'3-‘1 . g-’l mos

Mo, of BM = 3 2-3 1 . 3.5-4.0 = 14.8 mos

sum total =

= Al 1EEEF(EER UL

L MST 9% OO A THKREREAF
GPA Sconng Criteria Patigent 0-1.0 = 3.4 mos

Prognostic Factor g__0% 1.0 1.5 £.0 SC0rS

KPS <50 60 7080 90-100 n/a | (Y20 =i mos

Subtype Basal n/a LumA HERZ LumB 2.5-3.0 = 15.1 mos

Age, years z60 <60 n‘a n'a n'a _ 3.5-4.0 = 25.3 mos

Sum total




DS-GPA u pdate Sperduto PW, etal. JCO 38(32): 3773-3784, 2020
BEFERIBHRBIEND (Lung-mol GPA 2016)

BFEBIREELE (JBRST 3N E 18R (EiREH{bas S 2R TESM)

2006 ~20178 Retrospective 698444

;i Prog. factors DS-GPA Scoring Criteria (N=adeno; 1521, non-adeno; 665 )

0 0.5 1.0 MST DS-GPA
Age,y =70 <70 NA GPAscore Non-adeno  Adeno
KPS <70 80 90-100 0.0-1.0 5m 7m
ECM Present Absent 1.5-2.0 10 m 14 m
BM, # >4 1-4 NA 2.53.0 13m /27 m\
Genestatus EGFR & ALK neg/unk EGFR or ALK pos 3.5-4.0 W
N=2473 \
L B:=Y Prog. factors DS-GPA Scoring Criteria
0 0.5 1.0 1.5 GPA score HAF FRE2F R
KPS <60  70-80 90-100 0.0-1.0 - USRI TEEL
Subtaype Basal LumA HER2/LumB 1.5-2.0 13 m /
Age, y 60 <60 2530  (/25m\
ECM Present Absent 3.5-4.0 \4.6.9/
BM, # >2 1 28




DS-GPA u pdate Sperduto PW, etal. JCO 38(32): 3773-3784, 2020
BEFERBHEITEND (Lung-mol GPA 2016)

20065 ~20174 Retrospective 6984TEHI BEFEoRERREZAEAE (RN 3H[E 18k (EIREHIbes EZLAR TESNN)

TABLE 4. Multivariable Analysis of Risk of Death and Median Survival by Treatment and Diagnosis

Cancer Type All WBRT SRS WBRT + SRS S + SRS S + WBRT S + WBRT + SRS None
Breast cancer
No. (%) 2473 903 (37) 840 (34) 105 (4) 261 (11) 136 (9) 18 (1) 210 (8)
Mean GPA 20 1.8 21 21 22 23 2405 24
Median survival 16 13 16 15 19 5 24 23
Risk of death (HR) 1.00 0.90 1.03 0.71 0.73 0.87 0.68
95% ClI 080to 101 081to1.30 060to0.85 0.59to 090 0.51 to 1.51 0.57 to 0.83
P 07 .83 < .01 < .01 63 < .01
Lung cancer (NSCLC), adenocarcinoma
No. (%) 1,521 342(22) 767 (50) 139 (9) 114 (7) 76 (5) 13(1) 70 (5)
Mean GPA 2.0 1.7 2.1 1.7 23 20 2.3 23
Median survival 15 13 14 10 31 20 19 24
Risk of death (HR) 1.00 1.07 1.15 0.70 0.64 0.83 0.72
95% ClI 091to1.25 090to 146 05310093 0.481to 087 0.43 to 1.61 0.53 to 097
P 43 .28 01 < .01 .59 03
Lung cancer (NSCLC), nonadenocarcinoma
No. (%) 665 98 (15) 342 (51) 103 (15) 51 (8) 40 (6) 4(1) 27 (4)
Mean GPA 18 16 1.8 1.7 20 20 1.3 22
Median survival 9 11 7 8 11 16 12 13
Risk of death (HR) 1.00 1.54 157 1.04 0.77 0.56 0.90
95% ClI 11910200 111t0o221 069to1.54 0.50to 1.19 0.17 to 1.82 0.5510 148

P < .01 .01 .86 25 33 68 29
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DS-GPA update * - ° Lung GPA 2021

- PDL1DOFIKIR ERIEEEICEA T DIBHRESS
- BPREEOERKICSII USTHR T .. wmxisiad

<&E>

2016 lung-mol GPA Scoring Criteria
0 1.0

Age,y >70 <70 NA

KPS <70 80 90-100 - ‘ Cl: 5 /E ;I/) 3 73\ ? ‘
ECM Present Absent

BM, # >4 1-4 NA

Gene EGFR & ALK EGFR or ALK pos

status neg/unk

30
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Ongoing

trial

Neuro-Oncology Advances

3(1), 1-9, 2021 | doi:10.1093/noajnl/vdab021 | Advance Access date 01 February 2021

A Dutch phase III randomized multicenter trial: whole
brain radiotherapy versus stereotactic radiotherapy for
4-10 brain metastases

Dianne Hartgerink, Anna Bruynzeel, Danielle Eekers, Ans Swinnen, Coen Hurkmans,
Ruud Wiggenraad, Annemarie Swaak-Kragten, Edith Dieleman, Peter-Paul van der Toorn, Bing Oei,

Lieneke van Veelen, Joost Verhoeff, Frank Lagerwaard, Dirk de Ruysscher, Philippe Lambin, and

Jaap Zindler

Dutch phase

RCT: WBRT vs. SRS for 4-10 BMs

Sample size 230
201657 H K DstudyfFaia

—AEHIEEFEA]

Sz, 29 BITHRT

Primary endpo

int(ZRT4& 3 5 HDQOL



O n go I n g trl a I ClinicalTrials.gov ldentifier: NCTO3550391

Stereotactic Radiosurgery Compared With Hippocampal-Avoidant Whole Brain
Radiotherapy (HA-WBRT) Plus Memantine for 5-15 Brain Metastases

Sponsor: Collaborators:
Canadian Cancer Trnals Group Alliance for Clinical Trials in Oncology
NRG Oncology

Study Type @ : Interventional (Clinical Trial) <%$E >

Estimated Enrollm‘:-mttlI : 206 participants

Allocation: Randomized H%Eﬁ%gd)-!j-/rz\ (< 2.50m)

Intervention Model: Parallel Assignment

Intervention Model Description:  This is an international multi-centre, open-label, randomized phase lll Prl ma ry end pOI nt :
trial comparing stereotactic radiosurgery compared with hippocampal- ° OS
avoidant whole brain radiotherapy (HA-WBRT) plus memantine for 5-15
brain metastases - Neurocognitive PFS
Masking: None (Open Label) - .
Primary Purpose: Treatment N eu rOCOgn |tlve fa | | ure :
Official Title: A Phase Il Trial of Stereotactic Radiosurgery Compared With 630)7__Z I\O) 5 -52DJ’XJ:T

Hippocampal-Avoidant Whole Brain Radiotherapy (HA-WBRT) Plus .
Baselinedk D 1.5SDIA_EDIETF

Memantine for 5-15 Brain Metastases




Ongoing trial

Hippocampal Sparing Whole Brain Radiation Versus Stereotactic Radiation in Patients
With 5-20 Brain Metastases: A Phase lll, Randomized Trial

Sponsor:

Collaborator:

Dana-Farber Cancer Institute

Study Type @
Estimated Enroliment € :

Allocation:
Intervention Model:
Masking:

Primary Purpose:
Official Title:

Brigham and Women's Hospital

Interventional (Clinical Trial)

196 participants

Randomized

Parallel Assignment

None (Open Label)

Treatment

Hippocampal Sparing Whole Brain Radiation Versus
Stereotactic Radiation (SRS) in Patients With 5-20 Brain
Metastases: A Phase Ill, Randomized Clinical Trial

ClinicalTrials.gov ldentifier: NCTO375072

<tHE>

AxERFE DY 1 X (<5cm)
MR ER S () T NULEEKD]
Primary end point :

QOL
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