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A AQ] T gl 97
A5 FHA F4X 59 Z3E )
A Ae S7H17E A RE sk, oba BA| EE 64
WA A7l dig Atrt ofg] Z]3toll A ohaket
ez A5t Brain Tumor Study Group”ol| 4] 4}
A Ak AEES v FAE S Easide, 3
W] g2 3AEY FAAETEL 1859
o, 50 Gy, 55 Gy ¥ 60 Gyo] WA 2zAE ¥ A5
o] Z+z} 28%‘—, 36+ B 4239 FAAEINTE Ho WA
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1997 198 2002 79714 QAAILAE el H3te
ol EAEF o2 A Fcte] =L, 60 o] HA

S S (KPS), L83 Ho]E 50 Gy o] WAAL =4
e 750d7 BA Aol ZREZo wal AgHoez
Aol Heddt a2dle] nAFE FIAEHR FH d=T
33dl) AAFE AAET ol vin BAEY 24
7o 349 YAZYH 271l e 63.0~702 Gy (3
gk 66 Gy)ol WAL 24 whe FoliL, ol ubsl A
AFFL 7129 249 X gL 594 Gy FEEFH A
2 504 Gy, M4k 594 Gy)9] WA =A W 3}
5 ddem dgd. 349 dAzRA 2P 483
= 3 YA =P X F A% Z 2 2 (3D-Radiation Therapy
Planning Software; PINNACLE® or AQ PLAN®)ol] &J4)] ct
A Hrle] ARz uto 1 X EAEE Al 249
AYae @@l 3498 AFPrt e Pwl A-E T
u, EAAR L Hol= FxAFe 95% SHAFIAl 2
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& A ALH 2AFTE 3F oG-Sl 2%
A ABAR L A5 FAAAA X558 v} gApe] F5
A= WA o T FulgelA WA AFEES] Hrhvt
ojFoldl 2% ek, V1EHer FRY2A Y FF
tﬂéx}ﬂ PR W 24E V1SR S5t 339 A
BBl e AFSTE ATE AE H8% A
—t~ 1997 4ol o] F 20021 TL7HA S AAEE
Ao R siglon, SUAFHARLINTL 14MAG~SINY)
ojglcl. 2T o 2L 249 X EAYZZ 19 ROCSE
ol g3t XEAHE FHUF WAERA HEF AVY

hn)
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et

& Fudon BAdsleh UERe FAREIIHE 3~

ST EHFAREAT 147Dl ek
AA 0 A B4 54 o B
%

3 EAE 3AH
9 AAFToR ol A 89Fstgiti(Table 1). % 7
dutg oz Hyo] HuH T Qe o}RBAEEY F
o FeIAEY HEE HolE Holr gkkAut, dehAlg
g sA kT ATl Hlel Bokeh gekAl 9
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2L doksioleh. TAFTANAL 1590
A} PCV (Procarbazine 180 mg on D1-10, CCNU 180 mg on
D1, VCR 2.0 mg on D1), 2¢f[o]|A] Taxol, 7<d|ol| 4] Temodal

1997 19 5E] 2002vd 797121 2] 33wde] ofsl] X243 {250~350 mg on Di~D5)0] A&E|Qlom, &40
Table 1. Patient and Tumor Characteristics
High-dose group  Low-dose group Total p-value
Age 0~9 0 1 1 0.940
10~19 2 2 4
20~29 3 1 4
30~39 5 3 8
40~49 6 5 11
50~59 13 9 22
60~69 12 11 23
70~79 1 1 2
Sex M 29 16 45 0.965
F 13 17 30
KPs* 80~100 13 17 30 0.970
60~ <80 29 16 45
Multiplicity Single 37 27 63 0.653
>2 5 6 12
Tumor location Frontal 7 10 17 0.751
Parietal 15 8 23
Occipital 8 2 10
Temporal 7 10 17
Thalamic area 4 3 7
Other critical area 1 0 1
Extent of surgery Total or near total 17 (41%) 13 (39%) 30 (40%) 0.542
Subtotal 16 (38%) 14 (42%) 30 (40%)
Partial 3 5 (15%) 8 (11%)
Biopsy 6 (14%) 1 (3%) 7 (9%)
Chemotherapy Yes 24 (57%) 12 (36%) 36 0.047
No 18 (43%) 1 (64%) 39
GTVT (co) <40 6
~ <80 18
~ <150 9
~ <250 6
~ <350 3

*karnofsky performance status, | gross tumor volume
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Table 2. The Relationship between Target Volume and Dose in High-dose Group

TD* (fs') 63 64 64.8 66 66.8 68.4 70 70.2
Pt. No 1.8) 2.0) (18) 2.0) (1.8) (1.8) (2.0) (18)
GTV (em®) <40 6 2 1 2 1
~ <80 18 6 1 5 3 3
~ <150 9 3 2 1 3
~ <250 6 1 2 1 1 1
~ <350 3 2 1
CTV (em’) <150 5 1 1 2 1
~ <250 16 5 1 5 1 2 2
~ <350 9 3 2 3 1
~ <450 7 2 1 1 1 2
~ <550 4 1 2
~ <650 1 1

*total dose, | fraction size

£ 9ol Taxol, 2¢)|o|] FEP (5-FU 1,000 mg/m’X3
days, VP-16 100 mg/m’x 3 days, Carboplatin 400 mg/m’ on
D1), 1ed]of|A] BEAAM X & F weekly vincristine Q¥ o] 4] 3]
ook 349 AA=PAEE AW 2AFT IR E
735 47 gehwell aHZ FHAFES WAAX A
3 Zrad WollA w3 4 QlolAl, 7 3zt St
%942 (Gross Tumor Volume, ©]3} GTV) 3 1A &k
Z(Clinical Target Volume, o3} CTV) A 5E& algjom,
FAF o] 3AA-ES WET| T B3-S WA =AE A4S
ok 23 AT FAblA 63.0~702 Gy AMNug
7o) A A GTV 3 CTV AlH 4t JAE Table
20| Belstsivt
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Gy7HAl Alsisle). ol F 2A%H 24 cone down) .2
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A o] & FHuolA] 3 zA g 24 X EBAYE
ROCS zzadog APagict. olu, Xull= 2o =
Aopoll Al HEH o 2rhut I E shelat hgich & &
W zA okl X& MY AAL $ate] CTY MRI 434
& ABAALE FAsle] T4 dE A FHe
Z- wolell el 4R ARE T2 AAE L, 73
zA ool A &= Xliﬂlc’l%ﬂr e 4Ee A Wil
A8AALEE BEE 4EoA A& 47 AT, 59
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AR GA g8 F Advke AAlstolA 4 e 1
A AR BEE Hol 339 Az gl Yurzl uf
AetAlA e Zdz4, S 9% Ho g 2he3
WAL A 29 4 Aol WS sk

ZAFTANA HLHRD 33049 Az PAAAE 7
H2 24 Z1HelAAE 3o CTU MRI 48 %3
AREELE FAk sz WA 253} RASY L gloflz,
3mm Z+Z o2 Zed® Simulation CT o|n|z]e] 747be] 3
el A ZAANAHE agogH Ho P T
A AAo] o] FolH L, o]z FHLzA L e HE
FadlelA TR gt 7t ZLHAE BH
ARt =3 HFE Woll A o2l 7HR| sHgx gAY
sto] oj2] M9 nlEdHw e ARE FH5sto} 439 F
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ol Rus3 Yl ¥ AAEF} 7 Aol 2AE wAA

100 Median survival time
90 High-dose group 2115.03 months
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Fig. 1. Actuarial overall survival.
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Table 3. Recurrence Analysis

Table 5. Prognostic Factors

No. of patients TTP* os'

Progression 60 Univariate Age 0.0000  0.0003
No progression 12 analysis Sex 08114  0.9499
Unevaluable 3 KPS 0.0040 01098
Tumor location 0.0005 0.0000

Multiplicity 09016 09016

Extent of surgery 0.0001 0.0000

Total dose (each) 0.0000 0.0020

Table 4. Patterns of Failure Total dose

High-dose  Low-dose
group group

Total

Primary tumor bed

& its margin 28 (87.5%)

3 (82.1%) 51 (85.0%)

Out field brain 2 (6.3%) 3 (10.7%) 5 (8.3%)
CSF (leptomeningeal N o o
seeding) 6 (188%) 5 (17.9%) 11 (18.3%)
Combined 4 (125%) 1 (3.6%) 5 (8.3%)
No 8 (190%) 4 (121%) 12 (16.0%)

2. AR

AA G A 756 F F2AE FAE AGGLE B
A &elslr]7h AERY 97t 3o siglen, ol
ok 726 F 1207F AKX E F FHBE 7| B
AR &7do] AR gkgkew, UwA] 60clle] 3k
FollA AR L7do] P Uck(Table 3). A AF
HZ AL FEE A A A, & AL E 24k W)
Ak, AR & ZA bk 9 A, HH o] o
o] EA433ich(Table 4). Ak W gl Fof ol §-9] AL,
G PAAAE 2AF W AL AAH o2 85.0% (51d)
ek 2ART 9 AAFTLZ o] B R, 247
875%%} 82.1% % 7 9] XolE HolA okghel. HhALA Ak
ke AR waE xdsAE gk wela 2
AFollA HoARE nidgTolAe] AEE 7 AL ¢
Aol WHEHE FalA o FoF o] of s, AW 7]z
& ATz o AAYE F2Y 5 ATk

O

ok
T
ok
0
A
=)
>
ofo
o
Je
ot
o
<,
)
1o
ofN

(group: 2D vs 3D) 0.0277 0.0313
Chemotherapy (CTx) 0.2240 0.2216

CTx regimen 0.5587 0.5307

Multivariate Age 0.012 0.001
analysis KPS 0.135 0.690
Tumor location 0.465 0.421

Extent of surgery 0.000 0.000

Total dose 0049 0025

(group: 2D vs 3D)

*time to tumor progression, 'actuarial overall survival

Aom @ Gl RA RS ARE ngow, vA
o PAvich S AR S F AW DAST @
AgA FHAAE 48 AFAAAE ¢ 5 Agiek A
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7k Sl S 2401 oIF A2 AENY e
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RS AR, £ 92 ° 84 A4
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ot Qe eyl ANz N 8 AT
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FEARD A g ARE A& 5 ofA o] Lol A
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Sk} & ‘%’“-E-—‘ oAl GTV, CTV 25 ARz F2d
|

2 Ugktl(Table 5).
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— Abstract

Radiation Dose-escalation Trial for Glioblastomas
with 3D-conformal Radiotherapy

Jae Ho Cho*', Chan? Geol Lee*T, Kyoung Ju Kim*', Jino Bak*', Se Byeoung Lee*",
Sam Ju Cho*', Su Jung Shim*, Dok Hyun Yoon*', Jong Hee Chang’,
Tae Gon Kim™, Dong Suk Kim™ and Chang Ok Suh*'

Departments of TRadiation Oncology and TNeurosurgery,
*Yonsei Cancer Center, Yonsei University College of Medicine, Seoul, Korea

Purpose: To investigate the effects of radiation dose-escalation on the treatment outcome, complications and
the other prognostic variables for glioblastoma patients treated with 3D-conformal radiotherapy (3D~CRT).
Materials and Methods: Between Jan 1997 and July 2002, a total of 75 patients with histologically proven
diagnosis of glioblastoma were analyzed. The patients who had a Karnofsky Performance Score (KPS) of 60
or higher, and received at least 50 Gy of radiation to the tumor bed were eligible. All the patients were divided
into two arms; Arm 1, the high-dose group was enrolied prospectively, and Arm 2, the low-dose group served
as a retrospective control. Arm 1 patients received 63~70 Gy (Median 66 Gy, fraction size 1.8~2 Gy) with
3D-conformal radiotherapy, and Arm 2 received 59.4 Gy or less (Median 59.4 Gy, fraction size 1.8 Gy) with
2D-conventional radiotherapy. The Gross Tumor Volume (GTV) was defined by the surgical margin and the
residual gross tumor on a contrast enhanced MRI. Surrounding edema was not included in the Clinical Target
Volume (CTV) in Arm 1, so as 1o reduce the risk of late radiation associated complications; whereas as in Arm
2 it was included. The overall survival and progression free survival times were calculated from the date of
surgery using the Kaplan-Meier method. The time o progression was measured with serial neurologic
examinations and MRI or CT scans after RT completion. Acute and late toxicities were evaluated using the
Radiation Therapy Oncology Group neurotoxicity scores.

Results: During the relatively short follow up period of 14 months, the median overall survival and progression
free survival times were 152165 and 110.95 months, respectively. There was a significantly longer survival
time for the Arm 1 patients compared to those in Arm 2 (p=0.028). For Arm 1 patients, the median survival and
progression free survival times were 21£5.03 and 124 1.59 months, respectively, while for Arm 2 patients they
were 142:0.94 and 10+ 1.63 months, respectively. Especially in terms of the 2-year survival rate, the high—-dose
group showed a much better survival time than the low—dose group; 44.7% versus 19.2%. Upon univariate
analyses, age, performance status, location of tumor, extent of surgery, tumor volume and radiation dose group
were significant factors for survival. Multivariate analyses confirmed that the impact of radiation dose on survival
was independent of age, performance status, extent of surgery and target volume. During the follow-up period,
complications related directly with radiation, such as radionecrosis, has not been identified.

Conclusion: Using 3D-conformal radiotherapy, which is able to reduce the radiation dose to normal tissues
compared to 2D-conventional treatment, up io 70 Gy of radiation could be delivered to the GTV without
significant toxicity. As an approach to intensify local treatment, the radiation dose escalation through 3D-CRT
can be expected to increase the overall and progression free survival times for patients with glioblastomas.

Key Words: Glioblastoma, 3D-CRT, Dose escalation, Target volume
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