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Bl Z & <, BRK T BCNU, B Tk ACNU %
&' nitrosourea FRHRHIIFTERREL LTHWS
NBEZENEL, IR OFERNITT LRHERE TS
% O%methylguanine DNA-methyltrasferase (MGMT)
OFAEFHBEIZR > TWh, T OBEFEIE, nitrosourea
12 & o THEH O DNA @ guanine P HL A A F 4170 2
FIE2EY, DNAZEHHBEBORBREZH I E
TE DO % 5189 %, Procarbazine &, JEHEH O
MGMT #E LET ¥ AER2H-TWwAH T &N
SN THY, ZN% nitrososurea RFUENIZ 5T
LTHEETHIEIZEY, Wz, FUEEHR
PEOL I ENHETE BB, EBIZ, Brandes b
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DEFEFHITLTCEY, SBFAOERBERIIBNT
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BNHEEZREL VDY,
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120—2479 (M 1), BETIEIRHEESLE 1IOHE X
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H B2 ACNU 80 mg/m? % Ik N 53 %, 36 H
H 2 & B U procarbazine % 10 HEEOHRSE L, 542
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12122 - A0 ET, RERRBRE, BROLEeR
BHRIMEAFETL L Tz iz, F /MRS LT
HEINTVS, $hbbh, 5540 TRE% M
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B —voftEEiER L LCid, 30 4% ni-
trosourea RIEHI VB ST E /. WESIZH L
TALFEBREPEN TR EREHO 107, MK
BMOFIETH L5, FTEVLEN/NE L, Bak
DM % # D nitrosourea k38 F 1 I A BIFI % @8
LRTWnZehd, BEEOEBBRIBVLNDL LI
Lol E, BRREI TbNY, EBOBERE
R F o TV B FHIZDOWT D nitrosourea % 25
LT B LDONE N,

1) 7N FALH

a) Temozolomide

EBW7) AT oL LT, BOEES
NTWBEHDO1OTHL, BOMWIERATLITVF
WALHIC, TR D nitrosourea APUIEH] & AL %R
ERLLRNG, Bl - BB 2 CoORWER A
BT, YERTOWBEENTERZ L0, FEELW
IHTHENRTV S, BORTIEE IHRBRI TN
TBY, BRI —~OEBEGEERH L) DD
HD, LPLEFS, BETOHRITGERS AT,
BCNU % #4183 3 Gliadel L Dt H LT T 5,
MD Anderson Cancer Center T @ & I 4 & B¢ T3,
28H L2/ K4 2— R 200 mg/m? @ temozolomide
% 5 HMEREDIRE Ltk BEHEELTo 2
Z A, 228 @B M 2 A0 IE ¢ 2553 (complete
response 3 KL U partial response @ & &) 1 34%, 4
FHERRE 235 40 8, 36 PIOBEEICOVTIZE
NEN45%,132 W B L VI RER/TNEY, /-,
EORTC Brain Tumor and Radiotherapy Groups and
National Cancer Institute of Canada Clinical Trials
Group &, BBIEMEITT L, BETREIHIGHE & REHHR+
temozolomide & @ %5 I HFRER % 4T\, EFHIE PR
BT ENF 121D A B 20101, %hEIZ146 0
BEFBELREEZRLAEY, BENIKBLWTHHIH
RERAEITRTHY, Ak, BT F -2 DEER
ELTEEFBHEDORIT2ZITEb0EEZLNS,

b) BCNU # 15 # (Gliadel)

BCNU @ L7-RY) = — T, FMEICHHEK
BRETAHILIZLY, HEHEICBCONU St a2 h 5,
Kleinberg 512 & % 46 B D BIEE 213 % 8 TR
ERCid, TR Gliadel BB, BAHRIGEZITV,
EFAM T RE 128 4 B, 55 LT OEFHICRL
1597 ALy REERLZ W, &5 Westphal 5
LA E N MAR T, 214 B0 B3EE B E H Gli-
adel B & placebo BT Vv FafbEh, FHkICIIR

bR LTSRS T 272, ZORE, place
bo BN ATFHEDRENI 11O A oDzt L
Gliadel 13 139 7 B2 R L, AELEFHEHOEE
BT W

[ 2) ST HEERE |

HEDOFTFEMEOHEFIIZDIT LI DIH D,
BERMIIE A & BFE ICERIL L T AR OBEETE
LoV THMB 22559, $72, 4D
BB TOREFHEERLEFNIEE ) BIZTEYD
MEST, ZR2EME LHESERS N, EBIC
Awons L) ilhoTRTWD, STENE LTE
ABNTWwEbnE LT, BRETEY, BERET -
A, BERT, MlE, &8 2 - hE5E,
it - EEERT, MEFE, 7R~V R, EER
B EEBITh 505, BU7 ) A —<OREECBY
Tid, HEBHEBROBE WL VWL TW 5 epidermal
growth factor receptor (EGFR), vascular endothelial
growth factor receptor (VEGFR) 7 & 2SI/ DBl &
INTWna,

a) Thalidomide

BHEELR OB ) & — <IN EFE 2o TH
LT -0, VEGF 2B/ MR L, MEHEL
¥l ¥ % thalidomide (2 & % BEFEHNIHIRD R AR C &
o LOLEAS, BHAICTRERSBIIFEICWTT SIEHE
SRV T9TH Y, BCNU R temozolomide & D
AL 2B UHRBF LR TR, HEF T
3G SN TV DG TOEIFR B R 70 ~
100 BE FE STV,

b) Imatinib mesilate (Glivec)

WEREIR IS E B ¥ % 3% & L T o imatinib mesilate
(STI571, Glivec) &, Ber-Abl & H B & U platelet—
derived growth factor (PDGF) &Mk 2 &+ o &
F—¥Lt7y—IEA L, EHRoMEIEER %
o, BUHESHEAMMICAERTH S L v ) BENDH
0, BIEE I LTORES PR S BRI 5 £
S TWaAEY,

¢) Gefitinib (Iressa)

Gefitinib (Iressa) 13, epidermal growth factor recep-
tor (EGFR) \2fEH 35 Z & 12 X 1) Ml ba il 0 76 F
RETLERTCH L, —WOMBIIBNTEFORR
MEEB S TWAB DS, B ) +— < Tidfric EGFR
RUEEFBVO, ZOFEFPFEN T 5, Rich
5Hid, BRIBIFEIZAT L T event-free survival 8.1 3,
overall survival 39.4 38 ¢, BI{EH i grade 1% 721
2ORERIEHLNITH THoEWEL TS P,




MHAE - 574125 - 2006 £ 12 A 1031

FT2 EMIYF—<iIWTETF—F— A A FEFEEE

1. WO 2V EHIOEIR

(FEFWEEET ORE)

HIZTF4 it %~ AL
MDR-1 adriamycin, vincristine, cyclophosphamide, methotrexate
MRP-1 adriamycin, etoposide
MRP-2 etoposide, cisplatin
TOPOIl etoposide, adriamycin
MGMT nitrosourea
GST-= cisplatin
2. WO ik

MGMT 2149 % O5-benzylguanine, procarbazine

3. BEEORCEHEEFOERD R

1p, 19q /K % anaplastic oligodendroglioma {2379 % PCV(PAV)#

FEALL-BETBEREEH 5\ I 20 FBIEA
LCHEEDEREAE LS LW REETH S, EER
WETTRCEEMEETSL LI, BEEZIITTHE
BB ICHE AT B i (convection—enhanced delivery
system) A& LM TWh, ELIEELOBRMEL S
DAz, F)IA—ZORPFIBRLTVWEESINS
Interleukin—13 (IL-13) S AFEEN & L, L1304k
fR % # % PE38 & # & & ¥ 72 IL~13-PE38 % transfer-
rin&k U7 F ) 7 EE L&A &€ transferrin-
CRM107 iZ & B ERRICAD RIS T NS 1832,

3. F—F—AA NiRiE

Fl—gEBIH LT, A—070 ba— ik 5%
2T, FORBEEHEL, HEOEELEZEIS L
W) BRI FEGw L, Ea DEEORHRNEL
RWlL, #hCEELZEREEBIRLTwI ) &
WADN, T—F— A4 FEETH D, {LEEEICE
Fa7—7—24 FigBEL LT, ZESHOR
WERIOBIRE V) B THAEFED LTV A (FE2).
L2LBHES, BEOLZA, 7YF—<ilBWn T,
JV A B B 35 2 xb 9 % cisplatin %° carboplatin 7 £ 7
T FFAPER T EHE LEEO L D RO THER)
LEFNH L, 7T AL FIRENERTETLZ
DMBERFZEEZARTHTH S,

1D EHTEEETORE

BREEE TR 59, % < OEMIEE I EHIT A
FEFMONTWAS, AEMRS DL LCE, mult-
drug resistance (MDR) -1 D& {EFEW TH 5 pgly-
coprotein %% ), MRS ICER 2 Pkl T2 X2k Y,

adriamycin, vincristine, cyclophosphamide, metho-
trexate % &% { OHEANCF BT % R T ¥, Multi-
drug resistance-associated protein (MRP)-1 & FI#§i2,
etoposide * adriamycin IXiftE %R L6 T
Wp W, Fofl, Bk ) A —IIxT b EREGE
e L THROIELEHILTY 5 nitrosourea SR ZEA (2
W LWHMEICEE L THs08, MGMT TH 5 & %
AHNTWE B, NSO EEEICERT L&
BEFRPEADOREHALAN, BRHEOBV- RS L EH
FROFEHTERLTHETL &) Fikd, HEBENR
FETCRSLHTF~5—2 4 FIEED1DLEZ b,

2) ZERIHE O Tk

EHHETEENIC R L THEREDREED L O L
T 5 #H AT, nitrosourea RHLIEHFZxF " B W 4 4%
Lo TWABMGMT 2K TF 8721412, ACNU ®
BCNU 2#5-9 % L W IBHIETH 5, #ilid JCOG
BERREBL SR EREVWELOTHY, WHHELE
EMBETOMGMT # mRNALV ARV HEWIER L
NATHEL, FOREAFRD LML, FREET
24 % & % FF D procarbazine % O%benzylguanine
%% 5 L7z £ T, nitrosourea REBEHI 2 545 &
WHIRE LNET T — A4 FIEED 128 LTHIF
LI ENTE D,

DREFE L, 9qRELZRTZERBEICHY T

PCV(PAV) #i%:

SFEMENR SR PHEBELROLPVE L o 1
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Chemotherapy for Malignant Gliomas : Randomized Controlled Study and Taylor-made Therapy
. by
Soichiro Shibui, M.D.
Sfrom
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 Il /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.
(Received July 27, 2005 ; accepted September 20, 2005)

Key words ' malignant glioma, chemotherapy, randomized controlled study, tailor-made therapy
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Table 1 Levels of evidences and grade of recommendation”

Level ‘ ‘ Type of evidence

I 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).

I Evidence is obtained from well-designed, quasi-experimental studies such as nonrandomized, controlled, single—
group , pre—post, cohort, time, or matched case-control series.
IV Evidence is obtained from well-designed, nonexperimental studies, such as comparative and correlational

descriptive and case studies.

V  Evidence is obtained from case reports and clinical examples.

Grade . , . Grade for recommendation
A There is evidence of type I or consistent findings from multiple studies of typesII, III, or IV,
B There is evidence of types I, IIl, or IV, and the findings are generally consistent.
C There is evidence of types II, I, or IV, but the findings are inconsistent.
D There is little or no systematic empirical evidence.
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Fig.1 Survival curves of glioblastoma by

surgery
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Table 2 Results of Mantel chi-square test

biopsy or partial | 50% resected | 75% resected | 95% resected | total removal
biopsy or partial ns * ok % * K K B %k ok
50% resected ns * %k sk % ook % %k K
75% resected ¥ K % ® ok % EIE sk sk ok
95% resected % ¥ %k * %k %k %k %ok #* %
total removal * %k ok * %k %k * % % * %

% %k 3k 5 P<0.01 * % 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)
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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.
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Astrocytoma grade3 - 4
Supratentorial tumor
3-14 postoperative day
Age 20-69yo, PS 0-2 (PS3 by neurological sign)

Registration : Randomization
Grade 3/4, Institution, Age <60/60<, Residual tumor (+/-)

Armm A
ACNU

Initial treatment
RT 60Gy+ACNU

Maintenance therapy
ACNU
Every 8 weeks, 12 courses

i
Arm B
ACNU - PCZ

Initial treatment
RT 60Gy+PCZ - ACNU

l

Maintenance therapy
PCZ - ACNU
Every 8 weeks, 12 courses

Fig. 3 Scheme of the JCOG 0305 protocol entitled “A randomized phase I /
I 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.
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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 adriamyecin, vincristine,
cyclophosphamide, methotrexate

MRP-1 adriamycin, etoposide

MRP-2 etoposide, cisplatin

TOPO Il ¢  etoposide, adriamycin
MGMT nitrosourea
GST-71 cisplatin

2. Pretreatment with drugs with anti-chemoresitance

O%-benzylguanine or procarbazine against MGMT

3. Selection of drugs with high sensitivity

PCV (PAV) therapy for anaplastic oligodendro-
glioma with 1p/19q loss
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A phase Il study of radiotherapy after hyperbaric oxygenation
combined with interferon-beta and nimustine hydrochloride
to treat supratentorial malignant gliomas
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Summary

Hypoxic cells play a key role in the radioresistance of malignant glioma. Interferon-beta, ACNU as nimustine
hydrochloride and radiotherapy (IAR) is a common therapy for malignant glioma in Japan. Since hyperbaric
oxygenation (HBO) increases oxygen pressure in glioma tissue, we applied a modified IAR therapy, radiotherapy
after HBO combined with interferon-beta and ACNU (HBO/IAR therapy), for supratentorial malignant gliomas.
Daily radiation therapy was completed within 15 min after HBO. We assessed HBO/IAR with respect to toxi-
city, response rates and the time of tumor progression (TTP). We also examined the incidence of responses by
some prognostic factors before HBO/IAR, namely, age, Karnofsky performance scale (KPS), histological type,
tumor size, tumor site and operation type. Of 39 patients who participated in this study, 35 underwent a com-
plete schedule of HBO/IAR therapy in which toxicity was permissible. Thirty patients (76.9%) either maintained
or increased KPS during HBO/IAR with a mean duration of 68 £ 14 days. The response rates (CR + PR%) for
glioblastoma, anaplastic astrocytoma and overall were 50%, 30% and 43%, respectively. The incidence of therapeu-
tic responses among all prognostic factors before HBO/IAR did not significantly differ. Median TTP for patients
with glioblastoma, patients with anaplastic astrocytoma, and overall were 38, 56 and 43 weeks, respectively. The
present study suggested that HBO/IAR therapy could be applied to especially patients with poor prognostic factors,
because of its short treatment period, its permissible toxicity and identical response to patients with good prognostic
factors.

Introduction

Several chemotherapeutic regimens have been devel-
oped to treat malignant gliomas, because complete
remission cannot be achieved by either surgical resec-
tion or radiation alone [1-3}. Human interferon-beta
(IFN-beta) has been used as a malignant glioma treat-
ment because experimental evidence has shown that
it has antitumor potential through direct cytocidal or
cytostatic effects. It has also been used as a bio-
logical response modifier that regulates the cellular
immune system, and as a drug sensitizer in combina-
tion with other chemotherapeutic agents [4-7]. ACNU
as chloroethyl nitrosourea is also widely used to treat
malignant gliomas, because it easily passes through

the blood brain barrier (BBB) and it has synergistic
activity when combined with radiation therapy [3].
Chemoradiotherapy has been combined with IFN-beta,
ACNU or MCNU (ranimustine) and radiation therapy
(IAR or IMR therapy) as an adjuvant therapy after
surgery in Japan to treat malignant gliomas [3,8—10].
Hypoxic cells in various malignant tumors adversely
affect the radiosensitivity of the tumor cells and repre-
sent a key explanation for the radioresistance of malig-
nant tumor tissue [11-15]. Radiosensitivity decreases
significantly when the oxygen pressure (pO.) level
in tumor tissue is 30 mmHg or less, and is halved
if it falls below approximately 3 mmHg [15]. Several
protocols for the oxygenation of hypoxic cells using
hyperbaric oxygenation (HBO) have been evaluated
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in efforts to enhance radiosensitivity for the treatment
of malignant glioma [11,16], because HBO increases
the amount of oxygen dissolving into the blood and
thus causes sensitivity to radiation therapy [15,18].
However, these early combinations were hazardous to
patients and complex to administer, because patients
were simultaneously irradiated and exposed to HBO
[17]. Kohshi et al. [13,17]} applied radiation ther-
apy after HBO. The underlying premise of this treat-
ment is that the oxygen consumption rate after HBO
is reportedly lower in tumors than it is in normal
white matter [17,19]. They suggested that the response
to the combination would be affected by the time
between completion of HBO and irradiation. Our
preliminary study of measuring pO, using microelec-
trodes in vivo showed that pO, levels notably increased
in glioblastoma tissues showed high level immediately
after HBO, then gradually decreased over time [20].
In addition, the findings of that study suggested that
a high pO, level (>30 mmHg of maximal radiosen-
sitivity in tumor tissues) is maintained until 15 min
after HBO. There has been no study of radiotherapy
following HBO combined with chemotherapy that is
based on a preliminary study and is restricted rigidly
from the time of completion of HBO to irradiation.
We, therefore, examined the effects of a modified IAR
therapy that involved radiotherapy within 15 min after
HBO combined with IFN-beta and ACNU (HBO/IAR
therapy) in patients with supratentorial malignant
gliomas.

Clinical materials and methods
Fatient population

The study protocol was approved by the Ethics
Committee of Iwate Medical University, Morioka,
Japan. The patients recruited to this study were
admitted to the Department of Neurosurgery, Iwate
Medical University between December, 1999 and
2001. Entry criteria were: (A) adult patients diagnosed
with supratentorial glioblastoma or anaplastic astrocy-
toma, (B) postoperative eligibility as defined below and
(C) informed written consent to participate. Diagnosis
was based upon histological features of resected spec-
imens during surgery that were classified into four
types as determined by preoperative and postopera-
tive gadolinium enhanced T1-weighted MR images:
total removal (100% reduction of enhanced lesion),
subtotal removal (>90%), partial removal (50-90%)

and biopsy (<50%). Postoperative MRI was performed
within 3 days after the operation to avoid the effect
of gliosis. Total, subtotal and partial tumors and biop-
sies were removed from 7, 6, 10 and 14 patients,
respectively. Postoperative eligibility consisted of a
Karnofsky performance scale index (KPS) of greater
than 40%, absence of infection, adequate hematologi-
cal reserve (WBC count, >4,000/mm?; platelets count,
> 130,000/mm?*; hemoglobin, > 10 g/dl), renal reserve
(serum creatinine level, < 1.5 mg/dl) and liver reserve
(serum bilirubin, <1.5mg/dl). Thirty-nine patients,
29 with glioblastoma and 10 with anaplastic astro-
cytoma subsequently participated in this study. The
patients included 20 males and 19 females; mean age
55.6 years; range 20-77. A summary of all patients is
shown in Table 1.

Protocol of HBO/IAR therapy

Therapy with HBO/IAR was initiated within 2 weeks
after surgery. Radiation therapy consisted of 10 MV
X-rays from linear accelerators delivered 5 days per
week at doses of 60Gy in 30 fractions. The irra-
diation field covered both the resection cavity and
residual tumor with a safety margin of at least 2 cm.
Daily radiation doses were administered within 15 min
after HBO in a hyperbaric chamber according to the
following schedule: 20 min of compression with air,
60min of 100% oxygen inhalation via a mask at
2.8 absolute atmospheres and 20 min of decompres-
sion with 100% oxygen inhalation. The first day of
radiation therapy was defined as day 1. ACNU was
administered intravenously at 80 mg/m? only on days 1
and 36. Intravenous administration of IFN-beta at a
dose of 3 million IU/m* was started from day 3, and
delivered every other day (3 times per week) dur-
ing the course of radiation therapy. Both ACNU and
IFN-beta were administered at intervals at least of
2 h after HBO. All patients were given an anti-5HT3'
receptor agent to prevent nausea due to ACNU, and a
bolus of diclofenac sodium to combat fever induced by
[FN-beta. The condition of each patient was assessed
by blood counts and serum examinations twice per
week. Therapeutic responses were examined by MRI at
the midpoint and 4 weeks after the therapeutic course.
Therapy with HBO/IAR was discontinued immediately
upon the emergence of tumor progression on MRI at
the midpoint of the therapy, WHO grade 4 toxicity,
severe otorhinolaryngological disease, psychological
disorders or physiological infection. Therapy was also
stopped if the patient so requested.
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Maintenance therapy

After completion of HBO/IAR therapy, patients who
underwent the complete schedule of HBO/IAR as well
as retaining a KPS of greater than 50% were assigned
randomly to one of two groups: one was treated with a
maintenance therapy at the out-patient department and
the other was not treated with any additional therapy.
The protocol of maintenance therapy was as follows;
IFN-beta and ACNU were administered intravenously
at 2 million IU/m? every 2 weeks and at 80 mg/m’
every 8 weeks, respectively. The maintenance ther-
apy was discontinued immediately upon the emergence
of tumor progression or recurrence, WHO grade 4
toxicity, or at the patients’ request. The period of
maintenance therapy was 18—154 weeks.

Evaluations and statistical analyses

Tolerance of the therapy was evaluated by comparing
KPS values before and after therapy using the Wilcoxon
signed-rank test. The KPS value for each patient was
evaluated by one investigator (K.O.) who was blind to
the patient data. The response to HBO/TAR therapy was
determined by comparing the volume of the enhancing
tumor (length of x-axis by length of y-axis by length
of z-axiscm?) on gadolinium-enhanced T1-weighted
MR images at points before (within 3 days after the
operation) and 4 weeks after a completion of the ther-
apeutic course. Lengths of x-axis and y-axis were
determined on a slice showing maximal tumor size
in axial view images and z-axis was in coronal or
sagittal view images. MRI findings of complete dis-
appearance or a greater than 50% reduction of the
residual tumor were defined as a complete response
(CR) and a partial response (PR), respectively. No
change (NC) was defined as less than 50% reduction
to less than 125% growth of the residual tumor. Tumor
growth of greater than 125% was defined as progres-
sive disease (PD). Patients whose tumor was removed
totally by the operation and whose tumor disappeared
in MR images at 4 weeks after a completion of the
therapeutic course were identified as NC. We ana-
lyzed the response rates (CR + PR%) of patients with
glioblastoma, with anaplastic astrocytoma and those
of overall. Two investigators (H.A. and K.O.) who
were blind to patient data visually assessed all MRI
findings.

The incidence of response (CR + PR) was com-
pared among the following prognostic factors before

HBO/IAR therapy: age, KPS, histological type, tumor
size, tumor site and operation type. The incidence of
responses of patients with greater than and less than
the mean age, greater than and less than the mean
KPS value before therapy and those with glioblastoma
and anaplastic astrocytoma were statistically com-
pared using Fisher’s exact probability test. Difference
in response between greater than and less than the
mean tumor volume was also compared using Fisher’s
exact probability test. Differences were compared in
tumor sites among the right hemisphere, the left hemi-
sphere and the deep regions (basal ganglia, insular
gyrus, thalamus or callosum), and in operation types
among subtotal removal, partial removal and biopsy.
These differences were statistically analyzed using the
chi-square test.

The interval from the surgery date to tumor progres-
sion or recurrence was defined as the time to tumor
progression (TTP). The follow-up period was from
the surgery date until June 30, 2002 for each patient.
Median TTP values for patients with glioblastoma, with
anaplastic astrocytoma, and all patients were measured
using the Kaplan-Meier method. In a series limited
to glioblastoma alone, the differences in TTP among
responders (patients who achieved CR or PR), non-
responders (patients who resulted in NC or PD), and
patients who underwent total removal followed by
HBO/IAR therapy were compared using the Kaplan—
Meier Log rank method. In patients with glioblastoma,
difference in TTP between groups treated with and
without the maintenance therapy was also compared.
A p-value below 0.05 was considered significant in all
statistical analyses.

Results
Tolerance and toxicity

The mean period from admission to completion of
the complete schedule of HBO/IAR therapy was
68 £ 14 days. Of the 39 patients, 35 underwent the
complete schedule of HBO/IAR therapy. HBO/IAR
therapy was discontinued in four patients, because
one developed severe tympanitis due to HBO, one
became psychologically depressed due to IFN-beta,
one experienced hematological toxicity of WHO
grade 4 and one decided to withdraw from HBO
therapy. None developed any lethal complications
due to HBO/IAR therapy. Fever and gastrointestinal



