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Current Status of Radiation Therapy
—Evidence-based Medicine (EBM) of Radiation Therapy —

Metastatic Brain Tumors

Nobuyuki Hayashi, Makoto Ochi,
and Kuniaki Hayashi

The prognosis of patients with brain metastases is poor.
Consequently, the purposes of treatment for such patients
are also limited. One goal is to prevent the metastatic tumors
from causing death, and another is to improve the neurological
symptoms that are causing deterioration of the patient’s quality
of life. There are several treatment options for brain metastases
: whole brain irradiation, surgery, stereotactic radiosurgery,
and combinations of these. We reviewed recent reports that
were based on the evidence obtained from various treatment
strategies for this condition. We concluded that the final de-
cision should be made by the patients themselves. We refer
to the concept of narrative-based medicine (NBM).
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B ERIER O BRI EEOED 2 WERBEDEET
5. HFREORIUIRAND NEBIZ S P b ARETH
N, FOMROENIZAEFTO L) H1d, BEOEREED
T, BEHBII L TP BARETHS. £H) ) EK
T, EBMERER D EHFIC BV TIX, EBM (evidence
based medicine) & & 112, BEEHIZL o TEESLNLNBM
(narrative-based medicine) b HHTRETHAHH. £Diz
DiZhbivbiid, BEEORIROHMME & L THEE» 2
evidence & FBE R L 217 HUE % & 2w,

LRBHORBEE FRERFHIEH
BB MREEESICH T 2/amBN

Table 1 (21970442 H90FM 2 TIrb - im Btk
B BE S5 122 3 2 B EHIZ 2 W T ORTOGD fif i 3
BRU-OZIRY. AHl S NIEHREL, BRI RS 5EIR %
DIBH LS FESELRBHEAS V2 —VThHAEN, wih
DOFBEFEHH O DT 4~6 HTATHY, 19904/ 7%
o Th, B L 2MERBEZOEFEREALRY T
&, BEEOVHAIIL DS THEEROLEIBONT
Wi, FRE LT, BEICbERL91C, mRmE
BOHERIITEOLD R WREENDEHERETH ) BEDOT
HIIEBR OBEEEEIC T TIoe M ERFICLY
FIRENTWE, L) e EZ NS, RTOG-791612
Bk S N BIERAEFISSOBI O F R T DT 1 & UL,
EREREREEOTFHREFHET L LT, £541KE | Kar-
nofsky Performance Status (KPS) 270, Efffi | <60i%, IS
B s hTwa 2 &, EBEESRPIMNIAL v
Zt, D4RFHFEETHE. IS4 HAFETXTARI
FHREBI T MRS 21T o 356 DS0% EFHMIZT4A AT
200H £7EIZ58.1% TH A, LT, 3ETFEHAL
THEF, 2 AFE RS, | BFEATESN, BLY
WENOET b 7z S R WEEFITDS0%EAFHIM - 200H 4
FEIE, #hEh, 500 A -382%, 337 H -242%, 2.5
HH-17.8%, 1.847H - 7.7%T&H4A. RTOG study (7916 -
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8528 - 8905) I B} & M7 iNIRFEHY1,2000EH % 77— & N —
A & LT, RTOG#HT o /zrecursive partitioning analysis
(RPA) 12 & 2 FHRFOMTTH, (ZIZAKOFEETFH
BRHE XN TS, RTOGTIZZDRERZ L LI2, EBMEK
JE$ B *class (TR EIFE | KPS270, Fifi<65i%, &
RESHB SN TS Z L, EBEBIMUIMCASNE
W k), class M(class I - class I LA4}L), class TI(Fi#AS
BE . KPS<70) D 3 BIZAH L, FNEho s HEFHH
#7AHH 4278 230 ALEBLTVwA. ZOTOD
WL, WEBEAETAE L DBEOTHED, TDHEEH
TEIFICIZERIS, TOREECIRERRE O RILICBIFR % < £ 0o
EEHERFICEVHRENTWAZLEREL TS,

BfE, mOEEICRASNLERMBE AT V2 — ik
30Gy/10fr./2weeks Ch 5. T DIGHFIAMAE S ifEL A7

Y2 — )W, Table 1 1278 L7270 F TORTOGIZ & Ak
REER DI L DL SN DTH A, S0EM I TN
RTOG8528Y Tid, #MAl#MAREIZL VD DDEHEIFESS
ERWAREEIMC L 2 EFRoOm EFFS L. 5
eV TITHNZRTOGI1049 Tld, 30Gy/10fr./2weeks & D
HBIZBWT, SHHBE A7 ¥ 2 —)V54.4Gy/34fr. DEAT
HIREB SR E o7, L L, ZOBKRRBRIIBANT,

Bk L 7-RPAFEATIC & 2 F 12 BIFEF (class ) DA ZITHR LT
L, HEHFMAEZIR R WL ODESEIBEEED 1 F4
HFRIIMT L) bTHICEEFTH Y, FERUFHFIINTS
THEE R A DR 2 GO R L L TEFEOUFEICD
OO CMREMED IR STV A, Table 2~4 IIRT L9
12, BMERREADOFEMA 72 1G# T d 5 Ff Cstereotactic
radiosurgery (SRS) |2 & 5 £ {7 A Table 1 1278 L 724K

Table 1 Conventional radiation therapy (whole brain radiotherapy: WBRT)for brain metastases: RTOG study

Study (period)  Study design Treatment options

Results

median survival time

RTOG study” phasell ~ @OWBRT 30Gy/ 2weeks

(1971-73) (@WBRT 30Gy/ 3weeks
(3WBRT 40Gy/ 3weeks
@WBRT 40Gy/ 4weeks

RTOG study phasell ~(DWBRT 20Gy/ 1week

(1973-76) (@WBRT 30Gy/ 2weeks
(@WBRT 40Gy/ 3weeks

-1 18 weeks — All treatment schedules are comparable with re-
spect to frequency of improvement, duration of
(16-20 weeks) improvement, time to progression, survival.
1 15 weeks
(14-15 weeks) —

RTOG study? phasell (OWBRT 30Gy/ 2weeks
(1976-79)

18.2 weeks There are no significant differences between with re-
:lspect to palliation of symptoms, improvement rate,

(@WBRT 50Gy/ 4weeks 16.9 weeks median time to progression, median survival.
RTOG-7916% phasell (DWBRT 30Gy/ 10fr 45months — ps.
(1979-83) @WBRT 30Gy/ 6ffr. 4.1 months
@WBRT 30Gy/ 10fr. +MISO 3.9 months
@WBRT 30Gy/ 6fr. +MISO 3.1 months -
RTOG-8528% phase I/l WBRT 32Gy/ 20fr. (twice daily)
(1986-89) D+ boost 16.0Gy/ 10fr. (twice daily) 42months - n.s.
@+ boost 22.4Gy/ 14r. (twice daily) 5.2 months
3+ boost 32.0Gy/ 20fr. (twice daily) 4.8 months
@+ boost 38.4Gy/ 24fr. (twice daily) 6.4 months -~

RTOG-8905% phaselll (MWBRT 37.5Gy/ 15fr.
(1989-93) @WBRT 37.5Gy/ 15fr.+ BrdUrd

6.1 months ] n.s.
4.3 months

RTOG-9104% phasell (@OWBRT 30Gy/ 10fr.

(1991-95) @WBRT 32Gy/ 20fr. (twice daily)
+ boost 22.4Gy/ 14fr. (twice daily)

*) in RPA class I : 1-year survival of 35%

e

#(2) in RPA class I : 1-year survival of 25%

4.5 months ] n.s.

4.5 months
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HBEORML ) DERLTWIEB L T ERET, MER
RICIBWERMET S &2 & TRERIICTFRBITE
DEFHEIPIERE SN0 ThHHLEZIOLNS.,

L7h%o T, MREERBREIHT 2GMOEMIE, ONER
ZFDLDOPFEE B SRVE HI1Z, QEBNETEERR
AFHER DU EIZ L > THEDQOL % MiFFH 5 v idm L&
THDIC, REBELHEHTLZ L, D2HI12H5. £
T, COZELEGHICBEVTINEBEDREIZH -5 E
Tdhb.

BRMBEBERNICX T 2768 | FiTE2HEBHOLER

SRRSO T % X THREEB I I ¥ 2 i Ry 2 16 H#%
WEFMTH o7z, Table 2 \ZBESEHERRIRRAER 12315 % T4l
+ MR RS O BF I TG & SN BR ST HBEHRE % ol L 7z

BRI -WORERELRT. 0L L BRERICBREGS
NEIEBNZ, FRPRELREHIRED RIFREMNTH 5.
Patchell”, Vecht'® 5|2 XA, BBSTHREEIZX L CFAMHE
BTN B L CHIERRZE O BT = A 12
YESINIZH, Mintz') 5 OMETEFHEHIC L 2B,
RLEIIFEB T & Ao 72 (Table 2). Mintzb 13 2 DFEHA
ELT, MBHICHBENREZETAEAI M _F LY D
ZLEENRTW 2 b, HUSHRERSE AR 72 DM 9 12
FRIEDRA VI MRS ERRER AL e o 2 e R E
EHITTVE., INLOFERMPLEZ L, £FIRENR
B CHE 7T B8 7 MOESPERNERREAE R 123 L Tl Tl o EIe %
TERAICER T ARETH 5.

& 512, Patchell” 513, RSB OFRMZ RS
B1-ODOBRRBET>TW5D. e iREr O I114
FHEOERICIZEER o042 »wd OORMBOBHIHR

Table 2 Treatments for solitary brain metastasis: WBRT alone vs. surgery+WBRT vs. surgery alone

Materials and treatments

Auther (year) : study design Treatments : no. of cases

Results :
Median Overall local control rate  Median duration of
survival time (at the site of the functional independence

original metastasis) (KPSZz70)

|WBRT alone vs. Surgery+postoperative WBRT]

Patchell et al. (1990) ¥ (DSurgery+ WBRT (36Gy/12fr.) :25cases 40 weeks — P<0.01 80% —P<0.02 38 weeks — P<0.005
: randomized controlled trial  @WBRT alone :23cases 15 weeks ] 48% 8 weeks :[
Vecht et al. (1993) 19 (DSurgery+ WBRT (40Gy/20fr.) :32cases 10 months —P=0.04 7.5 months — P=0.06
: randomized controlled trial ~ @WBRT alone :31cases 6 months :l 35 months]
Mintz et al. (1996) ') @DSurgery+ WBRT (30Gy/10fr.) :41cases 5.6 months —n.s. n.s.
: randomized controlled trial ~ @WBRT alone 143 cases 6.3 momhs] :I
|Surgery alone vs. Surgery+postoperative WBRT|
Patchell et al. (1998) 2 (DSurgery+ WBRT (50.4Gy/28fr.) :49cases 48 weeks —n.s. 90% — P<0.001 35 weeks — n.s.
: randomized controlled trial ~ @Surgery alone :46cases 43 weeks :I 54% ] 37 weeks ]

Table 3 Treatments for solitary brain metastasis: surgery+WBRT vs. SRS (stereotactic radiosurgery)+WBRT

Materials and treatments

Auther (year) : study design Eligibility of patients

Treatments : no. of cases

Patchell et al. (1990) 9
: randomized controlled trial

Common eligibility of patients :

(@surgically resectable

Bage = 18

Auchter et al. (1996) ¥

: retrospective study ®no prior brain radiation

(DKarnofsky Performance Status = 70

(@non-radiosensitive histology

Surgery+WBRT (36Gy/12fr.) : 25 cases

WBRT (36Gy/12fr.) alone : 23 cases

(no urgent indication for cranial surgery)

SRS (median peripheral dose 17Gy)
+ WBRT (median total dose 37.5Gy) : 122 cases

HAEREE H62% £a45
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A BHIHT 5 2 L ATRENT (Table 2). IMIEBHE DR
Bl IQOLDMERF L V) HTEETH Y, FMHINEM S
D K9 RIRED L VEFNIEER & U TR 250F
ENBERETHST).

BRMBEISAER](CX § 5 /65 | SRS EFMDHE

19804FfIZIESRSIZ & A INEEFE R O EHDIL {fTbIL b
LAk olz, FOENIRIEE, MEEROUESCE

e 24 123

HFDEE~NDEFE 7 EIZ2WTIZ4 { Dretrospective 2 Hiis
DH AN, FOFEMIIEIZI I TiEsNnw., JIfEYEEE
¥ (WALEN

Fii LSRS % LB L 2 BEBIRKRABREI A D726 70
#%, Aucher 5%, retrospectivelZ, 1989~944FDHarvard
Joint CenterZ F[r & L7z 4 figk DSRSD T — ¥ N—Ah b
Patchell® & DERAR LR & [k O RIIEHE TR 2 EOH
L, IhixtRE L TSRSOIGERF % Flr & gL 72
(Table 3). FAiFnl g7 BERMERERBAEG] 120 L TiT bz

Table 4 Treatments for brain metastases : WBRT alone vs. SRS+WBRT vs. SRS alone

Materials and treatments

Auther (year) : study design  Treatments : no. of cases

Results :

Median time of local control  Median time to
(at the site of the any brain failure
original metastasis)

Actuarial
median survival

|WBRT alone vs. SRS+WBRT|
Kandziolka et al. (1999) ' (DWBRT (30Gy/12fr.)

- randomized controlled trial ~ + SRS (marginal dose 16Gy) :13 cases 7.5 months :In.s_ 36 months ]Pdn.oms 34 months :l P<0.002
@WBRT alone :14 cases 11 months 6 months 5 months
#1.
Sperduto et al. (2000)'®  (DWBRT (37.5Gy/15r.) IS ERIIE
: randomized controlled trial ~ + SRS (marginal dose 15-24Gy) :l 1139 cases 5.3 months ]n,s_ 79%* —P=0.107
(preliminary report RTOG 9508) @WBRT alone 6.7 months 63%"
[SRS alone vs. SRS+WBRT | .
Pirzkall et al. (1998) '™ (DWBRT (median total dose 36Gy) *{ and 2 year survival rate ?Oﬁgldé}ﬁﬁﬂate
5.4 months
: retrospective study + SRS (median marginal dose 15Gy) : 78 cases 30.4 and 13,9%*] ns. 92 and 86%*] P=0.13
@SRS alone :158 cases  19.2 and 8.3%" 89 and 72%° 43 manttes
Sneed et al. (1998) ' (OWBRT *1- year intracranial

control rate

: retrospective study (most common total dose 40Gy/20fr.) *4- year local control rate .
+ SRS (median marginal dose 18Gy) : 62 cases 11.3 months :I ns. 71% —ns. 69%*
(@SRS alone :43 cases 11.1 months 79%" 28%
(median marginal dose 17.5Gy)
Results :

Median survival time

Overall local control rate
(at the site of the
original metastasis)

Median duration of
functional independence
(KPS=70)

40 weeks P<0.01

809% — P<0.02

38 weeks P<0.005

15 weeks J

48%

8 weeks J

56 weeks

86%

44 weeks

1443 A25H
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SRSDE#EIZ, £ DR/ATHIEE - PRAEFIN - KPS 2 70
*HERFC & A ENFNS6 - 86% - 44 TH Y, F
MTIZ & B WAk (4038 - 80% - 38:H) & W% Tdh ~ 7. Aucher
LW L0 iHE S N RIERR RO K E S 1EE7.2mm (H
i) TSRSDF4 & 7 V) 155 IR O K & S (ZIZHIRATSH
500, ZOWREIZLY, HEREUMEEEICHT ST
M DEE # SRSHTEFIC R LIESZ EATRENT.

SRMEIRBIES IS¢ 268 | SRSEIREHT -
LRI BIREHE - SRS + LINFBHGAGEOLER

HEEVERIESREGN S A6 R & LT, 2uiEstic
39 B FMOBEMEEAIFEL SN, SSICFMERI%SDORE
ZSRSHHT 5 2 ENFRBESNDE—HT, 2~4 ERENS
FEMERERFBIE B2 A) 5 SRS D G S A5 G I R 5 ML i
B OB RS L OffFHIcoOVWTHKREITEND L) 12
7o 72(Table 4). Kondziolka®'3i%, 2~4 AL H =
FFo2TIEGI 2 a4 & LT, Sf)iagt Bphja# & SRS + 4K
MRAHBE G & OB+ 1T - /2. SRSHF IR IR
GBI LT, AIRNREL RIFICHET 28 THE
IZ(P=0.0016)BENTHEY, ZOWHLILEEENHER SN
7B ETHREBRIIIT B 6N TWA, Z OB A Tl
KOWTHRHMEROEEELTABLIZE > TV Wi,
Kondziolka & &, £E25mmkiiio 2~4 ORI E* A5
BEBINREDOLRE LIERN A LT, BN BITRER
LM OREE % AT & ASRS + 2B EHEH iGEDs
EEORINETH A LFEAT VS, HEHERIERBRIC T
HiaHEEN R EH 5, Kondziolka b A%R L 72 & O % FE 14K
A REB] X5 B SRSDARN T T S AHERICH B2
A%, 1996~994E (24T N 72RTOG9508 D — K10 |10
FTLOZOEREZHEET2DDTIEARV. 2~3 BOiER
BEAETH139ER 2 B8 L7 ZOLBEERTIX, SRSHEH
RIS HAREE ) L C 1 SRR C BN A @
(79% vs. 63%, P=0.107)23 5 b ODELEHRE - BT

- FERICBTHEEMICHO P REL AL ICEEL 2D
272, Sperduto 5 |3 Z D HBGAERIZ BT A SRS + MRS
Pk RO FL 4 QOL D EEAT & MBS HIH & OWE H 5
RITSNBEA 9 L LTWwAED, FORBHRENHIND
LZATHAD.

—77, SRSHHIAHE & SRS + SIS HF i & D H#k
BRI TVAE, ThETICHEOERAILEAED
XAV, Pirzkall'”, Sneed'® & Dretrospective 2 HaT
Tid, £SO CIESRSHHEHTE I L TS
R D RFTHE B L CEEEPIREOHIH I E2 DS
HELODEBEEITIA LN TV, Sneedb i, HOH D
TR EDBFTHIE SIS EN W &, 7ok
ZFAFBEFICHHRESHB L2 & LT 2MMEEs, SRS, F
Wi EOTREGHILEIZ L) BESTRETH A 2 L H IR
12, BEhag s L 4 8 T CORERES T & EmEE
B DOEMIBHFTOBBIEITRE TR VA LERLTVS
25, WFRIZLTY, I OREORRICIIEES LB
WLETHS. SRSIZEMMBHZHEATLIREPGH LW
I M IZDWT, HFE, JROSG (Japanese radiation oncol-
ogy group) |2 & A RGO ESEA BB HEITHTH
N, FOFEIfEHSN TS,

BbHUIC

SRS MR IE B RE B 1 23 3 A AR O R EII O w T,
N E TITIRE SN R ILBERR T PO I L 72,
BHEIZO AR, BBEREF~OERIIEEE Y
2 & o> TEES N AWEE, NBM (narrative based medicine) T
HERETHAH, bNONIITEEILIE, £FIEN-
O —Ho R BES TV PP IThE, F
T, SRS7Z1FT% BB RD 7 WA IZBWT
bEFICL o TOREMBITNE L RV, FED Zevidenceld #
NELT, HLEFTHRERADFTLEIZF - ERERUET
ER -

HARERSE H62% 45
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