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High-Dose Conformal Radiotherapy for
Glioblastoma Multiforme

Keiichi Nakagawa'’, Yukimasa Aoki'’,
Masao Tago', Yuichi Nishimura'’,
Yasuhito Sasaki'’ and Takamitsu Fujimaki®

The purpose of this study was to evaluate the impact of

administering high doses by rotational multi-leaf collima-
tor (MLC) conformal radiation therapy. From 1984 to 1995,
thirty-five consecutive cases with glioblastoma multiforme
were treated using rotational MLC conformal therapy. There
were 23 men and 12 women, with an average age of 45 years
(12-73years). Meadian Karnofsky performance score was
80(30-100). Median tumor volume was 56 cc (8-800 cc).
All patients underwent surgial intervention (only biopsy in
one, partial resection in 13, subtotal resection in 18, and gross
total resection in three). Radiation dose ranged from 60 to
80 Gy (mean 68.5 Gy) in 21 patients treated before 1991,
and was 90 Gy in the 14 patients treated thereafter. Biweekly
intravenous chemotherapy was also administered in both arms.
The 1-year, 2-year, and 5-year survival rates were 72%, 43
%, and 21 9%, respectively. Residual tumor volume was the
only statistically significant factor for survival by multivariable
analysis. The five-year survival rate of patients with residual
tumors 2 cm or lass in diameter was as high as 44%. Local
failure was observed in 15 of the 18 patients in the lower
dose group, whereas it was observed in only 4 of the 10 pa-
tients in the higher dose group. The difference was statisti-
cally significant. Rotational conformal therapy in combination
with intensive surgical resection showed a favorable outcome.
However, increased dose did not lead to higher survival rate.
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Key words : Glioblastoma multiforme, Radiotherapy,
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Table 1 Patient's Background & 7. Karnofsky performance score (KS) (%

Number of patients WB group | (Loco-)regional >= 90Gy Total 30~100(CF478) Th - 72, TEFEH I HTTELE2

Age fl, MSEZE 126, GHTAZE S B, FRIEHIE 4 4,
<50 13 7 20 /NG 2 BT o 7.
>=50 8 7 15 TATOIEBIT, LMD SRk RFhix

Sex AT L7z (Table 1). T<TOEFNE, Ui
male 14 9 23 ZITEEIC & > TWHOZGHHIZ X 5 S i
fordle 7 5 12 NG & U S L7,

Location 2. Fiif, AASEES LU ZTOMOTIEEE
frontal 7 5 12 T, 3G, AR B, E-EIER1361,
i s 6 2 TEAHATISH, POIRAGLAHT 3 BICh - 7o, 1
parietal 4 1 5 IRAY EFEMT L TR LB £ OHiE RIC & R
cetebeum 1 1 2 SR EIXBI L7, FAICEEYRES B IEH

Karnofsky Status XY RCR AN
<=60 4 2 6 YIBRTTB & YR BROEEEREIZ EEh,
o 4 . g 8-800cc (FH104ce, Hiltifiis6cc), 0-567ce (P
90 3 2 5 ¥35¢cc, WIEM#3.375¢cc) (Table 1). b idsE
100 3 3 6 CTH L EHMRIOMERE L 72 A 5 4 A0k

RN BRI A IS L CRHI L 725, ROIRIEIE S
<30 6 5 11 WHidro i,

e : : ; RO AAE & O L - (Lo 70 ko —
- 90 7 5 9 Jitdayl$B L UFday281Z iEnimustine (ACNU)
Img/m? + vincristine (Oncovin)80mg/m?, day14
su;gftgl 8 5 i 3 & U'day 4212 1Enimustine (ACNU) Img/m? &
subtotal 7 7 14 L7z, MiTAPAEBIUEIEEEAFOA K
extensive 3 1 4 T, TNEHANEITROUEE, WHNC L LT
i 2 ! s WOTFHi & e Uizl L.
3. MStHEARE

Ho i , . o 19904 ¥ TI&, HURHMAMR L L T 2Mi26-
2~10 3 2 10 40Gy, #ilF THAJRFT(CTE L UMRIIZ LD
>=10 4 5 9 %€ L 72088538 & 02 OREMOEHE 75 A 2em

Radiation dose T & EE)20-40Gy, Wik I FPT (HER%h R
<60 1 0 1 YRDODLIRENT T A 2emF & HHEYTE) 10-
60~70 10 0 10 20Gy % B L7:. SO 7O ha—Lick
23:33 ? 8 ? DG L 7221610 24 & 1359.5-80Gy (FFH
>=90 0 14 14 68.3Gy, HIEf68.5Gy) TH -7z, 1991 LAE

20, HORBEE & /NI 2 2 ATS90Gy 12 A it
WIS EEIT T2 2 AT E L AR TR RIBSTHC &
LGB LU TRRERTIZE L THET 5.

BB LU HE

1. fEflE L UBEEOSH

19844F ~ 1995 4= | PRI HRE 855 L 723596124 L,
W AR R IEBERTRHC B VT, S9EEY 31) A —
¥ & A FURIBES 2 ol b L 2 IR 2 fE T L 7. R
RIS B~ s 5 VWid Lk LTHW S
7z, BR300, kB, AEEL2m~ 73 (F9455) T

TFH 945 H25H

&, $LKEAT50Gy, FAr20Gy, & SIZRE
20Gy % B4 L 7=, FRIGPREHIBE5REDF % 72
HIREZ DL O E WEHEY & Uiz, 19914 DRIEREL 7214
BlEBiZ90Gy DG & fifT L7z, YIRBEEDO/NE 2 7 )
(A LT, RS BT 220Gy (& M isHia I &
D1 ETHRS Lz, 200 7 5B TidaE iR
H 1 [m2Gyd™>, HshE& LA WkE, RBiF, RER
SHZ B BRI aEE Y ) 4 — 512 & BF KRR
WreHw, SsHaE, SA4F v 2 2HWACT
o 2R L CEo 2R Ldb L, 375+
FRRIIZ X o TITo 2. M LABAEE, 19904 F Tl
IOMVX#t 2, 199 1FELLREIE 6MVXHEE v,
4. FRiERE

JFARBRGHI A > ) —oflfE e 258V 3 A -5 D
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A% flAGOEHETHY, &) —T7ORET 14Vt
YE—=DLANNVT2emTHAD, B, £0EKY 31) A
—FEF =7y FERICRB LIHRSAEED BT/
B, Hr M) —BIlEdbeTENFTICH . HHi
BT (EREERL 7 -7y FEBICHEIEE 2 5.
Fig. 1 \CCTE{Z L2 BV A KEETIRGY, JRpriass, RIS
S OB E IR
5. WEGHREE

Bk F 73RS E O U E (IR TOG/EORTC morbidity
scalel2 L W A7) & L7z, MRREBEATEEE L /2
i, € OIERE HTE 2 EE O T 72 13ET

=

SR

TN 2 IE O S5 R BR A

Fig.1 A series of dose dis-
tributions for limited local
radiation on CT images

50% PSS TEAMIES 7 H Tdh - 72, Fig. 2 38 & UFFig. 312
SROAEFFRIMRE L OMERS AR T 2N FIURT.
2. BEHAR

mEEARat, BPTESS196, ML OM T ORI, &
BT + MR AT 35S 2§, LACTI%ME 4 H1 T3 5 72 (Table 2).
AR D TEFE 186 h TIZ B AT 5156, MM ESE 1
i, JFHT + MEAL 1 B, EARFEE I fiTh o7z, R
90Gy LA L MEGBE O A 106, RFTFRSE 4 4, MlEphL 2

TN SRR & B WISREEER AR AT - 72
BE, BORIC L AREEL EEFE L hdh ok,
6. MatAIFE

AR O FAM D HIEC F 73R HER A
T CORM & L7z, EfFEIIKaplan-MeieriE 12 X D
AHE L7z, BRI E Of BEMRE (Xlogrank
testiZ & DT o7z, HEEDB L USERMITIZCoxtt
FINYF— FEFNZ Hi,

B =R

1. HE7FEE
1, 2, SEAEFRIIZFNENT2%, 43%, 21% T
HN, S0%EFHEIZIIAHCTHo7. 1, 2, 54

B, JHET + fERAE 1 B, ERFHEHEI FITHo7. hA 2
1 -
& :
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2 HlﬁL
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Fig.2

Cumulative survival curve (n = 35)
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recurrence-free survival

| B R B R R LR L L
60 80 100 120

months

140

12 2 BED MR 4% 2 B,
A7,
4, BT

HRMAT ORGSR, KS, YIRAIARES L Uk
BB EELTHRRERTTH o7, Filfi, KSB&
DY AR S LA 2 i LTt L7z Ast)kg
RO A DFEETAICHE CTdh o 72 (Table 3). Fig.d
VREEAED 2emBLF OB E B L UNEEEA 2em & b
KRELBEOEFRMBERT. 28I BVTica
LA EEDVHFIE L2 (p=0.014).

Fig.5 (2 &M IBEHTEB X URAT0GY FBEHED A= fr
MRS, 2BEICHET 2 BRI S Lk o
7208, SRIRGHEOFAEFIM AL ) RWE#mhid
o7z, L#L, Fig6loimdhTwa kHiZ, BHF

2 EOSEREIREE 1 #)

Fig.3 Cumulative recurrence-free survival curve (n = 35)

Table 2 List of Initial Recurrence Sites according to the Treatment Regimen

90Gy LA EHED Yy & Mg & ORI, EEFEAELF
HIZOWTOEITALN -T2,

Mode of recurrence | 'WB group  |(Loco-)regional >= 90Gy Total % L
local 15 & 19 ERHBATIC & o TH S NGRS IUE £ Tl
distant 1 2 3 HENTVBR~12 20 R & Hlz LT
local + c’istant 1 1 2 BIFCH -7
S?S:;TQ 1; 12 2; FiEMER L LT, 4E#S, performance status, [f
B, YIREHSEIRE STV E323 ) bh

FRE I L D 2oDEHRF CHEMICHEE D72 (p=

0.0186). 11HIZB\THEFAH 2 MEAT L7, BEHFIGERED 5
BFNECToOMMII3~27P ATH o2 (RS A H, F
¥9.44 H).

3. MEHREE

90Gy LA EFBSEED 2 BB\ CHUEBESA 09 & 2 20 ik
WEE RS, 1 BIE, BERTH2 AR L) BEELH
WCHAEL, CTATR CHEMOZE LWiFEE - 2R
BB R0, #THR3IAATRELL. #)

DNOT— Z I ZEEEFAT B LR IRt
BRHOADPHETH 7. ORI T HHEIL
O STV DN | WHEIBIERE O/ EH ) i o Bk
MBI IZ DV TIIR S RO R E Lo TV AL, YIER
MHEGEAEE L B S5 RODMEI L HETHLI L 25D
Sl 7 122 23).29).30)

AR B TIEINEE T A X I3Bshah f 2 i 2 5l &
LCEH LA, HEEMEEZ 0%z T - Tw

FRIZ & ) BUHIESE L FEE B S 7z, o 1 BT
XBFHETRISA AT, FRBGERAFREBL, CTL
TR Pf o ARG R 2 7. BEhE-o
TFMZAT, REZ IR E S ER S M
B, EREOBEEERD L, o7, ZO2EMITVT
nb, RERHEEMBEHRERE LTiro72. b

Table 3 Uni-and Multi-variate Analysis for Potential Prognostic
Factors

IJnivariate Multivariate
p p

0.403 0.3379
0.0114 0.1258
0.0103 S

0.0033 0.0287

Variable Condition

>=50, <50
>=70, <70

Age
KS
initial volume
residual volume

survival

] ‘% p=0.014

6
~| residual <=2
4 =9
2
residual > 2 —I__l

0 -

IR R R I R R

0 20 40 80 80 100 120 140

months

dose 0.3277 0.8205

FH 945 25H

Fig.4 Survival curves for patients with tumors
and those with tumors larger than 2 cm in diameter

2 crm or less in diameter
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Fig.5 Survival curves for the WB group and the (Loco-)regiona I> = 90Gy
group

Recurrence-free survival
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A2 ET, HHRRF0CYDIEGHIEFRETH - /-
WY, ENIRGT AT o 72 7 Fh 2 B CRRIETE & 455 L
7z, ENIBE20Gy % & 190Gy DIRGHE, WD T A
REBRAAHMLCT D, F7, EHEROLELE
BENTWiawI Eeds, BETEMESOUHE 1T
STV,

PSRRI L CIRT IS T - 72 (284
19Bl). EEREERITE, SRMIESHE T RTS8
BIrp1sBITa - 72Dk L, JZAT90Gy L T 106
FAPIDATHY, ZOXIFEHAHETH-7:(p
=0.0186). ZOFEIL, SIEHEGEHE L2 ViES
OIS BV TSR 58 H A VIR D FEE
AR SR LR TV DM RIE L Th
N, AR RIS NE O R S HE R L

Fig.6

Recurrence-free survival curves for the WB group and the (Loco-)

regional > =90 GY group

H. LPLGA6, $F#D90% Lo T, IEEHHIIZ
1Ry % T B A S 2emNOFFICIRB LT3

&

SNTVEY, L7zA > T, SFERRHCE XA B

IZE &, BESLDED S 2emDFEH O FiTa > b o— bk
WICEHETH L35 FRONS LIRSS 5, kN
MBS & 5 VLB BRSO BRI 2 iEHEIC L Y 24

Tvb, bR S X USRI B
FMOBIFICBVTLI VEELREE ) 2L b %
Aohd., Howvik, EKEHTEGHZEIT 5 B
ST AUEDNH LD Lk, 2 EETF
F42% B L US0%EFM17H B &) Bep i3 1
TAHA, EBERSL LV ORIAEFICH L CTHE#H2 T
DEIATEETH S, Z 2Tl {G#EO B OMIE % 5l
T % 720 IIE SR O MECEAAL S L7z prospective study*
ME—D )i THBEEZOND.
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