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Chemotherapy for Malignant Gliomas : Randomized Controlled Study and Taylor-made Therapy
by
Soichiro Shibui, M.D.
from

Neurosurgery Division, National Cancer Center Hospital

In order to establish the standard therapy for malignant gliomas, the JCOG-Brain Tumor Study Group was
organized in 2002 and started a phase II /Il study. It is investigating the efficacy of procarbazine + ACNU + radia-
tion compared to ACNU +radiation which is considered to be the standard therapy for malignant gliomas. Patients
with astrocytoma grade 3 or 4 are randomized into two groups postoperatively. Patients in Arm A receive intrave-
nous injection of ACNU on day 1 and day 36 of radiotherapy. Those in Arm B receive oral procarbazine for 10 days
before injection of ACNU. Procarbazine is reported to reduce O°~methylguanine-DNA methyltransferase (MGMT)
activity and enhance the anti—cancer effect of nitrosoureas.

Recently many studies have been started to overcome chemo-resistance. A trial of the individualization of the
treatment, the so—called taylor-made therapy, is one of the challenges for treatment. Loss of chromosome 1p and
19q is considered to be closely related to chemo-sensitivity in anaplastic oligodendrogliomas. Procarbazine+
CCNU +vincristine (PCV) therapy is very effective in tumors with 1p and 19q losses compared to those without
these losses. This is one of the epoch making findings in the field of chemotherapy for malignant brain tumors.
MGMT is a DNA repair enzyme which reduces the anti-cancer effect of nitrosourea. In order to overcome this che-
mo-resistance nitrosourea or drugs which reduce the MGMT activity such as procarbazine or O®-benzylguanine
are used for those tumors expressing MGMT. However, even in Taylor-made therapy prospective randomized
studies under good quality control and quality assurance are essential to establish an evidence-based treatment.
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Table 1 Levels of evidences and grade of recommendation®

Level

Type of evidence

1 Evidence obtained from meta-analysis of multiple, well-designed, controlled studies; or from randomized trials
with low false~positive and low false-negative errors (high power).
I Evidence is obtained from at least one well-designed experimental study. Randomized trials have high false-

positive and/or false-negative errors (low power).
Evidence is obtained from well-designed, quasi—experimental studies such as nonrandomized, controlled, single-

group , pre—post, cohort, time, or matched case—control series.

descriptive and case studies.

Evidence 1s obtained from well-designed, nonexperimental studies, such as comparative and correlational

\' Evidence is obtained from case reports and clinical examples.

Grade Grade for recommendation
A There is evidence of type | or consistent findings from multiple studies of typesII, I, or IV.
B There is evidence of types1l, III, or IV, and the findings are generally consistent.
C There is evidence of types1l, I, or IV, but the findings are inconsistent.
D There is little or no systematic empirical evidence.

&M% & 57~ 0%-methylguanine-DNA methyl transfe-
rase (MGMT) BEER FOWMEREBOFELR EVEEL
oTwn3, »

AT, COXHILELOMEBERZFOEESY
F—wicd T 3REEZHAE L T D DEKRBRD
HHHLEEFEHINT0ET -7 — X4 FIBEIKOWL
THIRLT 5.

BHEITUT—VOEELRELEE

BRIV A—DOBREREIDIZAT, ETHERD
si3, BEATOEERBERMAPEVI ZLTHE, B
IR LT, TRIENEEL (ZEF Y R) I k> TEMT
ENFF-FEICRBA TR D RFIGEREL
BTELREER EWASE D), £EFHESRLE
WEWHEFTRS, BRICHEIFEER»D R, B
fF7% quality of life (QOL) 2R TA{ Tk sRw,

D& BEERENENIN T DL, B
IEFY ALV DEWERRETH 2 EERAREE &
T, ZOHEME - ZeEPHEHI N TusRITIER S
v, EEREERE, 8%, ERHOTBEE - EYEheg - #
HEL ERRANDE T HERER, RS EFezERE L
7-RIHAEIRERER T H 2 E I HHEER, SHOEFENRE
LIRS (705 4) {LHERBEOENMEREBRIC DT
b s, FEIHEEREERIZ, American Society of Clinical
Oncology (ASCO) iL & 2 ZEF ¥ AL )LDFHIEI &
g, RLEREDOFH LUV LICEL, FIERERIC
b, HEENCEFHBEOEY, b0 LYEESE
ROP R CIBEESEEREL L THEIZEhTWw Y
(Table 1),

4 ' frstas
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BT UF—TRELCBIIZDIEFVX

RES CIiTOoNLERABRTESES Y A —<BEL
IEFYALRED I LML, IRV TIARE
KRV THEASYIHMICREL TR, RENZLD
DHZIENT B,

BBEFEMc BT ¥ u{bic L 287 E (prospec-
tive) BERIIATEECTH B, BEARBES )V A —<it &
ZEENEEEREZETAERNL, £RICE YD
%92 % BIET9 & ) informed consent (IC) % &
BIEREELTELVLHLLTH S, £, 2WEICA-
THEROFMBES CIETHOBRIC L h ORIk
HhaHIEbHDEhw, 2070, EEFMHcOWTE
#% A E (retrospective) RERIC L6 E 2% 2w,
Winger 5201, Bk ) A —<BEOFHRHERTF L L
T, £« IBERA £ O - 780 performance status
(PS) - MG - INETRRIBAE - RIT T 22 E Y
F—< O FHHHEZSTF WS, E5i, 2FF
MHESFECEIBR LD b FEPLL, Whi2EE
OFHETHERICHERFEN IV EBRRTWS, o
COMELHEFMOBMAEZERLTEYD, NEES
EHMEHC B TOARLBERIEONTE Y, RLENE
EOE\» glioblastoma iI2 8T H FHRVEEECHRL T
EFEROA LR LENTWSBY (Fig. 1, Table2). LA L
BHG, FMICH L TRENLZRELH D, #HETL—
FELTIECRETABDEVE 2,

FRESHRIAAR 2D T, Anderson® 13 108 {10 glioblas-
toma (2% % HUERRER 2 1T\, FATEM I 1 EEFE
EAMN0%TH-TbDDY, 45Gy DB ZMADZ Z Lz
kD 28%ICERLAEMEL TS, & 51T Walker
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%

—e—total removal

—=—95% resected
~a—75% resected
-%—50% resected

—»—biopsy or partial

Fig.1 Survival curves of glioblastoma by

surgery . 0

Table 2 Results of Mantel chi-square test

biopsy or partial | 50% resected | 75% resected | 95% resected | total removal
biopsy or partial ns *k %k ok koK ok * sk ok
50% resected ns * %k %k * k% * % %
75% resected * % k * k ok * ok ok * % %k
95% resected % %k ok S EE e #* sk
total removal * %k 3k % %k ok * k ok * ok
* %k %k 5 P<0.01 * %k ;5 P<0.05 ns ; not significant

Better survivals are obtained by total or 95% removal of the tumors compared to less than 75% removal.

(P<0.001)

593, HEE% 45Gy » 5 50 Gy, 55Gy, 60Gy & &
&, ZhicEVEFLARBLESDS, 1838, 13538, 28
W, 3638, 2BELEEBICERELALABRRTwS, k2
Bk L ORI DR, BEES ) A — < OB IR
% & LT, "methyl CCNU g8 5y, THaH#iEH
FR& ), TGRS X O BCNU RS, TSRS &
Uf methyl CCNU B #& 5 7 Lo id 7 7 v & s {kidBk
%4T\v>, BCNU HERIEEIC & 2 IEHRBSE O EENRD
BoTVhI LS, KETOREREL L TSHET
Fusig o bicio 0820,

ERTHS 7 LEEBRE LTI RBEER S O»dik
{, Takakura 57> THgEHIREM, & TACNU ff A
HREBE ) o 2 B X 2 BIERBRDIHE—L WA 2HDT
HD, ToOFBERTR, EYPRICEEENH LD
DEFE S TOEEENN D> 1253, B TO BCNU %
RwiaFEREESE I, ENTORERELINTY
%, E7:, BCNU % ACNU 7t & & nitrosourea ZJiREH]
ZHFA U 7o BURARIEIR & B R IBR LD 2 05 v
T LD A 7+ ) o 2T HLEEEMFARD 1
AT 46% T, METHREIED 0% ICHAEEICES,
2EEFD I5BITTL 20% TH-o7 2 Ens, BEEAT

DBEET Y A —< i 2 EEREIMEEEMCc L 2T
KBy & & U nitrosourea BHUEHIZ A L 72 60
Gy DESFIETEE VA L.

BEITUF—TICT B JCOG ERREAER

ERIC BT 2 EEREELO -0 E & LT, RBE,
HABREZ M 7 L — 7 (Japan Clinical Oncology
Group; JCOG) I X BRI E > T 3, HHizkit
FERHERIC BT, &> SED SN BHEKRF —
S OEEESHEIC RS, —EBOEELE LERES
FolBETETF—9%2ED5:0Ii3, F—50HE
2L, BHELTWI(EBESYLETH B, JCOG I, B
KD Southwest Oncology Group (SWOG), Radiation Ther-
apy Oncology Group (RTOG), European Organization for
Research and Treatment of Cancer (EORTC) 7 & D3E{:
JEB NS 2 SRR ERRB N — 7 X B EERRD
ke 2B I - ERARKOEKRRBR SV — 7T
b5, FREMIL, JCOG REH, F—ytrvy—, &
BEESB LUWRERBIME SV — 7D 50, 2002 £EiC
BRBEEORB /N -7 L L THEBE S L— 7

Jpn J Neurosurg VOL.15 NO.1 2006. 1 5

208



Central

JCOG Data Center

Organization

N\

Executive
Committee

Chair }————

/—'—\

Clinical Trials Review Committee
Data & Safety Monitoring Committee

l Diseas:e Study Group

Study Group Group Chair

l Group Co_ordinator I
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Fig.2 The Organization of Japan Clinical Oncology Group (JCOG). The Brain Tumor Study
Group was organized in 2002 supported by Health, Labour Science Research Grants of
the Ministry of Health, Labour and Welfare.

ALY (Fig.2)., F—92 v =7 v b a— Vel
DEREL OISR SN — 7% KB TH L L bIC, TEPH
mENLBICE, B BRFT-IORIN, £=5Y ¥
7, B, MEHEARE0EBRTS. —F, EEEER
AFET 2EKRARELERE S, PRELHTMEER

&, BEEREACEEEMRERIC LD, RBROEE,
ERSTON, RBEER LG L2, ABRORE

. &% (quality control) ¥ X O\TEREL (quality assurance)
E{ToTw3,

JCOG BifEBHR I IL—TIC K DERARER

JCOG WIEBEWHFE /L — 71k, BEEFBRENRER

Bi&ic & D FRL 14 £E BRNEREMOEIHEER
RFEEE, 0—BE LTHIEN, FR15EE,S
X TOSABERIFIREESE ) L AR AR, 17 FEICIEME
%o HIEOMEMBEZRIICwE, FA—7L LTIE
BRI T 2SI /IEREZHBL B, B
7, BHENMEBCH T2 ENHERBRZHERTD
2 FEM R S I T A IR RERER I TEMRE
grade 3 - 4 (ot T B LEMETFRIEE L L TD ACNU B
JhiE vk & procarbazine +ACNU fFREE L 0 7 v & 4 dk
Wikt Bs (Phasell/MERER) ) L9 o4 baT, EA

6 . fstEs

15%1%

209

BT AEEREREN TSI E2ENE LTS, H]
ROk I, BRECBTIEEERBEICYL, it
2 ACNU 288 L (b ZERERBESLE L AvoenT
w3 hs, BN & 5 5 EEFRIE, EMIEE grade
3 CBMEEEMIEIE) T 23%, graded (BEFHE) T}
7%IBE RV, ZOREO—223, nitorosourea RHLIE
i3 2 HEBRBMGMT TH 3 L3N TWw 3,

MGMT & nitrosourea ZEAIZ & > T methyl (b 7z
guanine 7> 5 % O methyl Z% &\, DNA “E 5 ¥ A%
BEREZHCZ LiIck D2 FEET 5. Procarbazine
% 0S-methylguanine Z R § 5 2 &5 5, procarbazine
THIMBR2 22 Lickh, ZRICE > THERENR
Of-methylguanine D methyl £ K fEA ¥ 5 2 & T
MGMT i E XN, Z DFER nitorosourea FHUEFIDEY
BhkLFs 2 LS TE S, Valavanis 5P DITo %
5y FTOEBRTY procarbazine 25§52 LT,
&, BRE, U voSH, BImERkeFO 0°-methylguanine @ bk
Ebason, R MGMT OETZERLTwS, &
N%F\F T Brandes 5213, FH glioblastoma 58 14 %
L, day 1~5 IZ procarbazine 100 mg/m? 5 HE#EOiR S,
day 3 8 X U 5 i BCNU 80 mg/m* BRI % 5, day3 2
vincrisitine 1.4 mg/m? & ARAIES &\ 5 1BEEER 8B
LIC#EDIEL, complete response 6 1 (10.3%), partial
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Astrocytoma grade3 « 4
Supratentorial tumor
3-14 postoperative day
Age 20-69yo, PS0-2 (PS3 by neurological sign)

|

Registration : Randomization
Grade 3/4, Institution, Age <60/60<,

Residual tumor (+/-)

ArmA
ACNU

Initial treatment
RT 60Gy+ACNU

Maintenance therapy
ACNU
Every 8 weeks, 12 courses

ArmB
ACNU - PCZ

Initial treatment
RT 60Gy+PCZ - ACNU

I

Maintenance therapy
PCZ - ACNU
Every 8 weeks, 12 courses

Fig. 3 Scheme of the JCOG 0305 protocol entitled “A randomized phase Il /
10 study of ACNU versus procarbazine plus ACNU as a postoperative
chemoradiotherapy for astrocytoma grade 3 and 4.” The purpose of
this study is to establish a standard therapy for malignant gliomas in

Japan.

response 11 ] (19.0%) &) BEFEZB T3,
PR 14 FEREFEREREEDOBRZ 2, T
B DI PIREIE OESLICBE T A HF9E ) BEASRER &
N, JCOG MIEBHE /v — 7 & LT EH IR ERRRE
Fliad 2 chch, BT A—<fFEiEREL LTt
ACNU % FH L 72 SHRIRERE L, SRy a24ma
# & L T procarbazine % 5E1T# 5 L 7= ACNU #EE &
OREFFSHEIRE & L <8 11 /MAEER % 518 L 7 (Fig.
3). NHIZ 20~69 BRETD T~ b LEHINIIE grade 3 B
£ 04 GEHEEMBIER X CBEE) <, Fiick
b M2 M ASTERE & 17z ECOG performance status (PS)
0, 1, 2, BXUEEIC & 2 MHBERICER T2 PS3IE
BT, i 14 BUMICERL, 7>y abda, AR
LTI, MRS E 1 HER L0036 HEIC ACNU
80 mg/m?% BHIRAIRS. L, X5 8T L ICABEDE
Bik® 12 a— X175, BETR, REHREHE1HE
BL U 36 BE & b 10 HE procarbazine 80 mg/m*%
BI% 5 L, IR 8 HE iz ACNU 80 mg/m?% BRIk A% &-
T35, INHZFOHRBILICI2 a-AEDET. K
SHRIAEE CT I & 3 3 RITIBEFHENICED W TTY,
FHES XUOBEEBIC 2cm D —2 ¥ 2D 7=l
I 60 Gy, MRI @ T2 ¥R +2 cm OFILIC 50 Gy D
HBE 2479 . AEERERZ, B HOZLMEERIEEL
LTokwis, FU/IMERBRE L TRIEIEN TV 3,

Thbb, 75 abl CREEZBRIBT 245, B BHEM
356 PISETR L 7 BRIE©, KRB EFTML, ek
DDOMEICHRELL Lo TuARITNIE, ZOEEE
MHEERBRICEITL, sEMT 30 DEMNZER/L, 2
FERE OB % 327 7%, primary endpoint % 478
HAR, secondary endpoint % #EMETEEFFHAM, Z=XE4,
FEERL L MO NS,

TEREATIT b T SRR RGBT, =257
VALY )BT RERTIIODOEELRIo T
B EEVAR o, ZET VAL RILDE WK
ZITH o1, OBESE 2 v 7 2Rl 2RI
KEI(LDOTHD, @Z0ave 7 ricEDwET o
Fa—uEERL, OHRADRREEEES (institu-
tional review board ; IRB) DAERBEWET 3. X 5z,
@BEFACTHR, BEE, PREECOLTHIRH
BHE{T-o7H) ZTOREE (IC) 21BT, ®@7vta—1
Ko iRe2ERT 2. @FEdonF—FionT
i, ZOEEEEERT 5 -00EEME T, OF
BioxH Uil 5 B ABE B 2 VE= I X B HEHENT
2T, @Z0OBREFEFEZLERT L) ok
AVBETH 5,
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Table 3 Taylor-made chemotherapy for
malignant gliomas

1. Selection of drugs unrelated to chemoresistant

genes

Gene Related drugs

MDR-1 adriamycin, vincristine, )
cyclophosphamide, methotrexate

MRP-1 adriamycin, etoposide

MRP-2 etoposide, cisplatin

TOPO !l @ etoposide, adriamycin

MGMT nitrosourea

GST-7 cisplatin

" 2. Pretreatment with drugs with anti-chemoresitance
0O°-benzylguanine or procarbazine against MGMT
3. Selection of drugs with high sensitivity

PCV (PAV) therapy for anaplastic oligodendro-
glioma with 1p/19q loss

F—S—XA NaE

KIBEERARERDS, % DESICE—DRER LT,
IO ENRIBEERFERLTO I LI FER LT
WADIIHL, F—I—XAA4 FigELIZ, BcDEEK
MLUT, BABRZYE - WECEET 2BRCE I E
B2 BIRL, BEELBEEZTo T bDTHY, HK
TREREEEVADL, BEATRE, H3HE2FOES
LT, ZORBELERTIIHBETEZ LWL D
DRI, BEERBWRTDT—7— A4 FIAERF
LR, L2, b3 ThENRIGERELE
RLUTHENREZED L) LWIBIRLINTVS,
ZOHFEELTERET, WEORVERIOBIREWH Z

LT, BHITHEBHNA T -5 — 24 NIBETHL, I

3, BAMEOBEFPEZROREELEEEICOWTH
~, #2102, ZHIWEEEF multidrug resistance (MDR) -
1 3R L T, adriamycin, vincristine, cyclophos-
phamide, methotrexate 7% & ZER L2\, MGMT »3&
fEDB A3 ACNU %0 nitrosourea FIEE% ok
VI FHETH 29712) (Taple 3). T DFA, ZNBUSD
ERIDPRBZERZT T E VIR 2VIE» D Til,
NTHEATE 3FEHOFFRIC LY, BERIGCHSHEETDH
5 EWHEENH D, RiZ, MGMT ZHEB LEEBIET
nitrosourea RERDRZE % FY 3 57T, 0%benzyl-
guanine % procarbazine 7% &' % nitrosourea 12 583 - T
54 3HETHBH, THCO0TREXSBIET
v AL £, BB L 7z procarbazine+ACNU I & 5 K
REBEOBRERME NS, BEMER LT, HRIE
JHLODEA TR BT — 7 — A4 FIREIR, BREZ%E

8 T5Aa8

211

FEIBIEIC N9 3 procarbazine + CCNU +vincrsitine (PCV)
EiE (EATiE CONU offb b iz ACNU w63
7% PAVEIR EMENB 2 EDHW) TH B, Zhids
 OBRIEZ SRR E I R ad Ip BX U 19 DRE
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BEEORREZBIE L T BEBD Y, Z MR
PEEREBRL VI I LICR3E ), Z2DL) BHEDOFH»
5, BZ TMGMT BBtEs &% Mp Rk Lo rwEHE
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Cases with Carcinomatous Meningitis and Cerebral Infarction

Figure 1. Figure 2.

A 34-year-old female with a history of breast cancer complained of headache, nausea and left hemiparesis. Magnetic resonance
imaging (MRI) with Gd-DTPA showed an enhancement of the cerebral sulci (Fig. 1). Lumbar-puncture examination revealed
that the number of atypical cells (779/3) and the protein concentration (776 mg/dl) increased in the cerebral spinal fluid (CSF). She
was diagnosed as carcinomatous meningitis and the treatment with intrathecal application of methotrexate was performed.

A 49-year-old female with a history of ovarian cancer complained of sudden onset of weakness of the right lower limb. MRI with
Gd-DTPA a few days after attack showed the enhancement of the limited area in the cerebral gyrus (Fig. 2). The results of CSF
examination were normal (cells < 3/3, protein < 30 mg/dl) even with three times of the examinations. She was diagnosed as
cerebral infarction and the right hemiparesis was improved without any specific treatment about two weeks after the onset of the
symptom. .

The differential diagnoses among cerebral infarction, carcinomatous meningitis and brain tumor are sometimes difficult in
cancer patients. The cerebellar corteces and sulci are more enhanced on MRI with Gd-DTPA compared to the cerebral sulci in
patients with carcinomatous meningitis. The infarct area is also enhanced with Gd-DTPA on MRI ~24 h after the onset and it is
sometimes misdiagnosed as a brain tumor. The history of neurological symptoms and the results of CSF are very important for the
differential diagnosis of these diseases.

Yoshitaka Narita and Soichiro Shibui
Neurosurgery Division,

National Cancer Center Hospital,
Tokyo, Japan
doi:10.1093/jjco/hyl131

© 2006 Foundation for Promotion of Cancer Research .
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Recent Advances in Chemotherapy for Malignant Brain Tumors: Soichiro Shibui (Neurosurgery Division, National
Cancer Center Hospital) '
Summary

Most malignant brain tumors are resistant to the chemotherapeutic agents because of the existence of several
mechanisms or substances such as the blood-brain barrier, genes and proteins. Recently many studies have been
started 1o overcome the chemoresistance. Especially recent advances in the field of molecular biology have
contributed to examination of the chemosensitivities of tumor cells. Trials for the individualization of the treatment,
so-called Taylor-made therapy, is one of these challenges. Loss of chromosome 1 p and 19 g is considered to be
closely related to chemosensitivity in anaplastic oligodendrogliomas. This is one of the breakthroughs in the field
of chemotherapy for malignant brain tumors. O%-methylguanine-DNA methyltransferase (MGMT) is a DNA repair
enzyme which reduces the cytocidal effect of nitrosourea. In order to overcome the chemoresistance, drugs
except nitrosourea or some drugs which reduce the MGMT activity are used for tumors expressing MGMT. New
technology targeting growth factor receptor such as EGFR or VEGFR is also applied to cancer chemotherapy. On
the other hand, multi-institutional cooperative studies have been started to obtain evidence in cancer treatment.
Phase II study for a small number of patients is not sufficient to demonstrate the efficacy of the treatment and to
establish the standard therapy. Multi-institutional randomized controlled study by JCOG Brain Tumor Study Group
is the first trial for the treatment of malignant astrocytomas under well-established quality control and quality
assurance systems. It can be a model of clinical trials for malignant brain tumors in Japan. Key words: Malignant
glioma, Randomized controlled study, Molecular target therapy, Taylor-made chemotherapy, Drug resistance,
Corresponding author: Dr. Soichiro Shibui, Neurosurgery Division, National Cancer Center Hospital, 5-1-1 Tsukiji,
Chuo-ku, Tokyo 104-0045, Japan
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FWFEERE AL CENRSEOEEORE, S 5 CHERBOTERIGRL CEADDH Y, BXOEEOBECALYE
BULIEHE (7 —5 — A — F1&E) bEA SN TV 2, BEURES EREBECE T 2 5EM 1p, 19 q KK L EFRZEORMR
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EWmRBER, R v FEREICENEE T TR
Brah, MESBOBMES L HEL THED TFET
Brwz 3, BEESESHRAERSICIE, BEK
14 E#BIfE (anaplastic astrocytoma: AA) @ 5 FE&ETE
i3 23%, BHFIE (glioblastoma: GBM) WE - Tikw»
E72 1% T Ehwn, BIERMEE T 5 CEREOH
MELTRZODOFAENDE VLR, —DiREXD
BEOREEAN, BREHOBOEAZERLEY, W
HEEBERRL TV LS ERMLEE (F—F— 2 —
FIEE) THY, $I—2RIET VY ALETIEE
EDFEL DT DR L BIFHEERFER GEIMER
B) OEMTH D, EIHLEERE ERRERRE WS —R
MMRT 2307 Tho, WEIIEHELEEZE
CT, tEEEORBIFSLTn5,

1. BHEREBEAEOICT R

EEERERER Y, R Lo TWw 3EEIORSHERIEYE
BEANZE [ HRR B2 RN B OmER %5
HELUTHANSENHEAR, U TRROEERELOD
HE R SR OEG W RCEERICE D IR-> TIT S EI
FREBRICABI A NG, TITWHIEERE LR, BEDN
ML (V7 R) KEMFIN, BEATRENT
BEZERODDROIREDI L THDH, HFHREO—D
ThHHBEHHERECHL TR, BRTRS E TREE
REERZBN+HHITON TR R ERWwE T, BERE
YW ABEESEELZVELI ONERTH 2, —
7, BCKTIE 1970 S & D BIEALEER®Th I,
IEFVADEBNTONTE

EaEBEOREEE LT, F - R - E
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FENZARFEIZ > TWw 5, FHEEEC DOV TOE
VBB EREBRIRREETH Y, retrospective RE I &
D, @WGEVIECAEEENFGV I ENMLSNTY
342 Anderson 5 i, glioblastoma 108 i3t U i
DOBEEROBRTOLERER 2T RER, FWEMmT
1 EEFEEBIBTHo72H, 45Gy OEBETT 19%i
ERUEHEL, MROBEHREEOEWSE2HEL
T3, & 51, Walker & X B MEMERIE 467 flo i
TAMEEEEE L LT, WEREOMREAREEN
T, [BCNU+£ ¥ B8 5 60 GyJ, TMeCCNU (semus-
tine) + £ MRS5S 60 Gyl, [HETHRIERE (2SS 60 Gy)
B, [MeCCNU 838 |0 4 BETOHERBRET, 1k
BB U THOBSTRES 2 2 DRRESER
EBWIEBIEB->TWA I L RHMELLY T O,
Chang &, Green & DEHETH [BCNU+2 KRS 60
Gyl BWR&EBFETELE-TBY, ITRLORER®S
BCNU + AR A MESTHRES M KE TOEERR L S
N5 X750,

BEHROBREE L T, Walker & DIRHERT
IRETHRE % 45, 50, 55, 60 Gy LWET B I2ONT, £
FHIRhR{ESS 13.5, 28, 36, 42 BELEEL, B D
Anderson & @ 45 Gy BRESBE T 288 L HLEE L T H BA
EMICERE LT A7z, 60 Gy BT IETIRIRE OZ
HEBELEZ ONTWVWE,

—7, BREBT2EEALERCODVWTR, +49%
HHEIBES T RLIEd DD, BORICERIILENT
WBEWHELZEEZW, BCNUBBETRWwWSRTY
2L, HbBIETIREATHERERA ACNUH
WHENTWABEY, +HRIEFVADTTOERE: I
2V, T b bEE S OWmEIC LT, EHIFTE grade
3-4wx L, WRBRTRET50~60Gy iw ACNU 100

B4R iEGrade 374
BB D50%EL L AT EIZETE
ME3BLE 14BRUR
EfS 20~698%, PS O~2(#REKICLBPS )

BS54 LB
Grade 3-4, FEER, SE5(6085FRE/
60RELLE), FEFREE (HY/L)

[
A
ACNUELIREE

EAEEoE
RT 60 Gy-+ACNUE I

|

Hisguk
ACNUELTR
gf1a—R/123~--R

1
BE
ACNU-PCZH R

WEH
RT 60 Gy-+PCZ-ACNUf# R

ISR
PCZ- ACNU{# B
gE13—~R/120—2X
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mg/m*® 1~2 Bl REHAOEE CHERR 21T > 72
r o2, ZHhEE (CT LoFHEhc TEED 50% A bLiE
INUTEIS) BEIE TR 13.5% ThoTe DL, B’E
X 47 5% L BECELE LY, £FCELTRER 40
BIRREOEMOER LS 2L bH Y, ACNU HRFIC
B35 AA O 3EEFEE59.0%, GBM T16.3%
L, SR EEEED 3 EAEFEIS 48.9, 0% LHANFREE
BIFL 3% bkhoiz, UL, ACNU GHRIES GHERE
ETREETLEE>TWwB I L, AROEATH S
BCNU #SKETOERE L 8o T3 I o, REDD
Eic BW T, BFEE 60 Gy+ACNU RRGFREEZ
BEER L LTHLTLBERBE VY,

II. JCOG BBBHARI N—TI2L 3T ¥ LEEER

s l, BRIEBLTORERERHEILT 5729
DHELVEIE b HOND Xkt BERERER
g2 )—7 (Japan Clinical Oncology Group:]J COG)
P ERsT & Uiz JCOG IMIEBRTFE 7 Vv — 7 Tl BENT
DIEE S TOEERE L b D & ACNU+HRERE
21234 L, procarbazine+ACNU+MEHRIBED 2 FiC
BOWTEIN/IHERBRERHB Lz, 1, JCOG KL 2
F & OREEE (quality control: QC) 38 & UREAREE
(quality assurance: QA) O T TOEERREBRL VI J&
T, BRI NBRCRAEISHAICHEESNLLET
VAERBIEPEFEINTVR DY,

T TORERER R A #TikE L, procarbazine &
HATHE L% 0D ACNURSTH S (1), Procar-
bazine i3 O%-methyguanine 2L L,  DFER, ACNU
T BT EEEOTEERELTWS EENTY S 0%
methylguanine-DNA methyltransferase 23{H& 2 1,
ACNU OB 5B » 5 Z L SEIEFE 510, BRKRIIC
4, FE % glioblastoma ¥ L, BUNU & & U vincris-
tine 4517 L T procarbazine 2153 3 HE T 29% D
EMENH oI LT ERELH D, SEOBKIIEDE
BREOERMFLNDS,

. HiEORR

sk x b, EnmEBEERERECENEERL,
FAMH7 - BEHRLECERD b, LEREOTRADORE
BNEWEEZ SNT &z, MEMEEFIDFLE, BHEA
DOMFEAAR O, mdr-1, glutathione-S-transferase-
7 (GST-z), OS-methylguanine-DNA methyltransfer-
ase (MGMT) 7 FEFMMEEGTPEODFER D
FOBEREEZONTE, ZOLIWREOLHT
MEEHERL, YL THENENEL, FEERODZ
WEKIORFEFENRT SN TS,
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MEFHERER - EEIHEHA
MMP fE=#I, VEGF B=E#], I VEGF #its, PDGF
fEsE#, angiostatin, © > FA% ¥, Thalidomide
¥ 7 F NAREREH
N—XTFv, AV, TRy T, T7NVFVN
b AT 25— EREA
i A g
¥4 7 ) UKESF F—EIREA]
proteinkinase C (PKC) FEEH!
B FIEE
75, RERE
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1. LV T ILFILLE

1) Temozolomide

temozolomide 1}, 7R bHAKBS LTV 2 BEMHRE
BECRT 2BEED—ETH D, BOTVFNLHT
REFESHETHY, Bl - B, BEENEZ OB
VEF L HRIIEMTH D 20 6, BEHREBE, i< AA
WERTH B L WIMENL L, BE F OHEKRTE
DBEATY S, BRTH AA BFAIC LS ITHERERD
AR TH Y, BYNEFER 17T EERI b EEFEEO
SUH] %2 B WEEMEM T T35, MD Anderson Cancer
Center TOEIMEREBTIZ, 28HItkmK4a—2A
200 mg/m?® temozolomide % 5 HEEFFEOHRS L7z
%, HEHRBE R {To7- £ 25, 22l AA TERIR
34%, median survival 23.5 8, 36O GBM iZDw
TRENETN 5%, 13.2 2L VLI BEREETW LY,
% 7-, EORTC Brain & RT Groups and Clinical NCIC
Clinical Trial Group i¥, GBM izt UARETHR BAMIEHR &
temozolomide ff FREHRIAR & O BIEHBR 21TV,
#E O median survival 12 »H L, BRERZ 1528
YAEBHEOBEREER ATV, LALENMS, v
Fhb INETOS L ORE L LARENLZHE LB
27, BEZTOL IS, AA CHT 2 ETOEFHHEO
HEELREOLLIHERIBLTE> TV LW 3R
EThH2.

2) Gliadel

gliadel i BCNU 2@ LR Y v —T, FHHFICE
BRI RET 3 2 iz & DR BCNU #k
2%, FATEFIC Gliadel AL, BEMBEEZTI L v
3 FETOBERPFEIED SNTHBY, BEE TORE
7%, GBM 0 median survival i 13 B A% & &,
placebo Bzt 2 H AREDOEFLERBH LN TY
519,

2. DFHZHRBRE

AFEMEOREC LY, B2 OEEOEMFRIRYE
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PEMNC B XD W TE Tz, MIIEEEZ DX
Honmhrs, BRIFETOAZ V-Vt >TE
RaNLHBEEELERD, STV OV TORIOREE
REMIT 5 2 L CHREERT OBATFRIBERTH 5.
ERHTFENER LIRTS, ThTNLSHEEZ2 -
TWwaizh, HEEHAFREMHTHIEXLD, TO
THOBRODFCEESENL I bD b, BUHME
BEOERECBWTE, WEHEROBLLbORTY
% epidermal growth factor receptor (EGFR), vascular
endothelial growth factor receptor (VEGFR) 72 £43
EHOBREENTWLS (FD. LLREEE LTH
wasbionsy, BUEMRBECHLTE, REXTO
rZAEBRRIBENRIEA SN TR,

1) Thalidomide

GBM RINEHE R > TBRTIEBETHH2D,
Thalidomide @ & 3 & VEGF Z& & /EA LMEHE
RS T 2ERCEINEEHRPEETE 5,
Thalidomide &% % 5 \» i3 BCNU < temozolomide 72
FOT7NMFENMEE L OBB TOBRRKRTENKE->TEH
D, BETOEBFEESBEESNT VLS,

2) Imatinib mesylate (Gleevec)

imatinib mesylate (STI 571, Gleevec) & Ber-Abl
EHB & U platelet-derived growth factor (PDGF) &
BEEEFOYYFF—ELv TSI —FRAL, &l
R OEEMEIWER % b o, T CIEHERESNFCE
MTHBEVIREND D, MEFIIHLTLERKRMR
DIRE > T\ 5,

3) Gefitinib (Iressa)

gefitinib (Iressa) i3I epidermal growth factor rece-
ptor (EGFR) IZfEF L, MISETEIGIER e FEL, —
ORI BV TEFOREMNIEHE N T S, EGFR
RIEBROBVWERERBECH L CLRESHEFINT
w3, Rich &k, BHH GBM &L T event-free sur-
vival 8.1 38, overall survival 39.4 8T, BIfEF 3 grade

17043 2 DERIRISH 3 VIR TATH o7 LHWEL T

V31,

3.8 =

BEAL-EREEEPES PEFCEREDH LIV
IS T B E T AT % (convection-enhanced deliv-
ery system) ZTrW2&D, FEHCETERERESRT
BESEPED LD LT 5ERAHITHLN T S, inter-
leukin-13 (IL-13) S & F I3 EBEICEFECHIBL T
25, FERMIZIELAYEBLTORVLEVRDRTY
3, 2k PE38 2SS s¥7: IL13-PE38 2BETE
AT BEEERFIZE A £ - T 529, FE#EC Transferrin
LY 75 7TEERES & ¥ Transferrin-CRM 107
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b EERIG A »SBRIE & i,
IV, {E3lLRE, T—F5—A— FBaE

fERDFEERER, TNETCEERSINLIET VA
wEDE, RLVBENREOBFTELIEREERT L
WwWIFE Lo TET, ZRIENL, BETIE, FA—0OK
WM OBETY FNENERCTT 2 B2 HSE
RBHEWVIBEENS, BROBEI LICRLBELIEE
EERBEIRTLEVIFEDLELNE LD TR TET,
NMERULIGETH Y, T—T7—A—FHEEL LIF
NBEEETH 2, FHRZEERARBFHLLT, #
Sk i3 BB PRI L T O3 u = — R
MTT assay 7z EBEERTH o 7o, HETE, 5 FED
EHFEORZICLY, BEFENCETVIRERLRD
SBIRMRANDS LSk ot, BMRBEMLERE
wEWTE, WEORBREWI BEEFTT —T—A—
RBESTIRINTY S, {LEREREFNCH T 2 M EE
r LTHRESNS DO, multidrug resistance (MDR)-
1 OBIEFEWTH S p-glycoprotein TH D, HfEstic
BRI EHEH T 2@ &2 X D, adriamycin, vincristine,
cyclophosphamide, methotrexate % £ i[RI ICTR £ 2
5% 9%, multidrug resistance-associated protein
(MRP)-1 b [E# i, etoposide % adriamycin 2% %
T LLbilTw» 32, 2O, BEEBECRbIAS
[#i T 5 nitrosourea REEFNC KT 2 BE L
T 5 O O%-methylguanine-DNA  methyltransfer-
ase (MGMT) ThY, *OME%27RT 5RASMBEE
SRR BRRE T 5245,

1. MGMT i= & % nitrosourea ZEZIMIEN AR

nitrosourea RHFEFNIZX T 5 MGMT 12 & % ZEHI
HHE Y ERT 572 H, MGMT ® mRNA ¥ 3R ®
MGMT ZHBEAKOBREHBTHIL, MGMT OFREDE
WEEES W LT3, nitrosourea RLASD 7T F F RE
B P RE—BRE L TAVWS LS TRBBE > T
5o Lin Lizhs s, BN CREBSB X L TRESER &2 -
TVAEFBED L ARV, EROERPEEET
BT, MGMT BER Y CREBI o
FlCRZ R o I I B DTV RV, BIED
procarbazine iz & 5 MGMT ETF{ER 2 FIA L7z 65
&, FOBBRTT —7—A—FBEO—DLRDES,
EEMETo MGMT 2BIEL, BEZFRTHILT
1%, ACNU #2578z procarbazine IZ & 2HILE% T 5
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