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Abstract

Objective: Magnetic resonance (MR) imaging and computed tomography (CT) findings of neurohypophyseal germinoma have not previously
been described in detail. The purpose of the present study was to establish the spectrum of MR imaging and CT findings in neurohypophyseal
getminomas. Materials and methods: MR and CT images of 13 consecutive patients (seven males, six females; mean age: 15 years; range:
6-31 years) with neurohypophyseal germinoma were retrospectively analyzed. The diagnosis had been made either histologically (n = 8) or
clinically according to established criteria (n = 5). All patients had been examined using MR imaging and CT before treatment. Results: On
MR imaging, infundibular thickening (up to 16 mm) was observed in all 13 cases. Hyperintensity of the posterior pituitary on T1-weighted
image was absent in all 13 cases (100%) and 12 of the 13 displayed central diabetes insipidus. Ten germinomas (77%) were isointense to
cerebral cortex on T1-weighted image, but variable intensities were exhibited on T2-weighted image. MR images revealed intratumoral cysts
in six cases (46%}), most of which demonstrated intra-third ventricular extension. Eleven of the 13 cases (85%) revealed hyperdense solid
components on unenhanced CT. Calcification was absent in all cases (100%). Conclusion: Infundibular thickening, absence of the posterior
pituitary high signal on T1-weighted image, lack of calcification and hyperdensity on unenhanced CT are common imaging features of

neurohypophyseal germinoma.
© 2003 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Germ cell tumors are relatively rare in Western countries,
and constitute only 0.3-0.5% of all primary intracranial
tumors [1-3]. However, these tumors are far more common
in Northeast Asia, accounting for ~3.0% of all primary
intracranial tumors {4]. Approximately 90% of germ cell tu-
mors occur in patients under 20-years-old. The pineal gland
is the most common site of origin (=30%), followed by the
suprasellar region (20-30%). Other sites include the basal
ganglia, thalamus, brainstem and spinal cord [1-3,5-7].
Germ cell tumors can be divided into germinomatous and
non-germinomatous germ cell tumors. The former type is

* Corresponding author. Tel.: +81-75-751-3790;
fax: +81-75-751-4353.
E-mail address: mikiy@kuhp kyoto-u.ac.jp (Y. Miki).

further classified into pure germinoma and germinoma with
syncytiotrophoblastic giant cells (STGC), while the latter
comprises teratoma, embryonal carcinoma, yolk sac tumor
and choriocarcinoma [8].

According to pathological examination of autopsy cases,
germinomas of the suprasellar region (suprasellar germino-
mas) involve the hypothalamo-neurohypophyseal axis (hy-
pothalamus, infundibulum and posterior lobe of the pituitary
gland), which is related to the development of diabetes in-
sipidus [2,9]. MR findings also suggest that suprasellar ger-
minomas primarily arise from the posterior pituitary to the
infundibulum [10,11]. On the basis of these pathological
and imaging findings, suprasellar germinoma is also called
neurchypophyseal germinoma {10,12].

Although germinomas are fatal if untreated, they dif-
fer from other suprasellar neoplasms in that the tumors
are highly susceptible to irradiation and chemotherapy and
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are potentially curable. If the possibility of germinoma can
be determined prior to surgical intervention, biopsy and
histopathological diagnosis would allow the avoidance of
dissemination or hematogenous metastasis of tumor due to
aggressive surgery [13]. Knowledge of the full spectrum of
MR imaging and computed tomography (CT) findings of
neurchypophyseal germinoma is therefore vital.

To the best of our knowledge, detailed evaluation of both
MR imaging and CT findings of neurchypophyseal germi-
noma has yet to be reported. The purpose of the present
study was to establish the spectrum of MR imaging and CT
findings of neurohypophyseal germinoma correlating with
climical information, particularly central diabetes insipidus.

2. Materials and methods

Thirteen consecutive patients with neurohypophyseal
germinoma hospitalized in the neurosurgical department
of our institution from January 1987 to December 2002
were retrospectively enrolled in this study. Patients included
seven males and six females with a mean age of 15 (range:
6-31 years). Diagnosis of neurohypophyseal germinoma
was made histologically in eight cases. In the remaining
five cases, diagnosis was made on the basis of clinical fea-
tures including age, serum and/or cerebrospinal fluid (CSF)
tumor markers and rapid tumor response to irradiation or
chemotherapy, according to established criteria [14].

Cases diagnosed histologicaily as non-germinomatous
germ cell tumor, cases positive for a-fetoprotein (AFP) and
cases with markedly elevated serum and/or CSF concen-
trations of human chorionic gonadotropin (HCG) (>2000
mlIU/ml) were excluded from the study. Elevated AFP is
generally restricted to yolk sac tumors and some special
types of teratoma [15]. Marked increases in serum or CSF
HCG above 2000 mIU/ml are characteristic of choriocarci-
noma, while moderate increases in serum or CSF HCG can
be associated with germinoma containing HCG-producing
STGCs (germinoma with STGC) with no definite evidence
of choriocarcinoma [7]. The majority of germinomas with
STGC can be clinically diagnosed when serum HCG con-
centration is elevated but below 2000 mIU/ml {16]. Seven of
the 13 cases in the present study met this criterion, display-
ing moderately elevated concentrations of HCG suggestive
of germinoma with STGC.

All patients had been examined using CT and MR imag-
ing before treatment. Axial or coronal unenhanced CT
scans were obtained with slice thicknesses of 5-10 mm.
MR imaging studies were performed using a 1.5-T super-
conducting magnet. Both sagittal and coronal T1-weighted
images (spin-echo; repetition time/echo time/excitations:
400-630/8-35/1-2) and axial and coronal T2-weighted im-
ages (spin-echo or fast spin-echo; 2000-7800/80-126/1-2)
were obtained. Additional MR imaging parameters included
3--5 mm slice thickness, 2024 cm field of view and a
192-256 x 256 matrix. Sagittal, in addition to axial or coro-

nal contrast-enhanced T1-weighted images, were obtained
in 11 patients (85%) after intravenous injection of either
gadodiamide (Gd-DTPA-BMA) or gadopentetate dimeglu-
mine (Gd-DTPA) at a dose of 0.1 mmol/kg bodyweight.

The results of MR imaging and CT were reviewed in a
non-blinded manner by three experienced neuroradiologists.
Tumor location, CT density, MR signal intensity and en-
hancement patterns were evaluated, as was the presence of
calcification, infundibular thickening, posterior lobe hyper-
intensity and cystic components.

Tumor location was evaluated regarding the following
four regions: (1) intrasellar; (2) infundibulum; (3) third ven-
tricle; and (4) basal ganglia or lateral ventricles. Intrasel-
lar involvement was determined by anterior displacement
of the anterior pituitary or enlargement of the sella turcica.
Infundibular involvement was defined when the maximum
diameter of the infundibulum was equal to or >4 mm [17].
Intra-third ventricular extension was defined as protrusion
of the tumor into the third ventricle.

According to medical charts, central diabetes insipidus
was present in 12 of the 13 patients (92%). These 12 patients
required desmopressin acetate (DDAVP) to control urinary
volume. In the remaining case, clinical evaluation for dia-
betes insipidus was not possible due to the presence of blad-
der disturbance.

3. Results
MR imaging and CT findings are summarized in Table 1.
3.1. MRI findings

Infundibular thickening (up to 16 mm) was observed in
all cases (Fig. lc, Fig. 3b, Fig. 4b). Six of the 13 cases
(46%) also displayed an intrasellar component (Fig. 1c).
Intra-third ventricular extension was identified in five cases
(38%) (Fig. 2b). Three tumors (23%) had infiltrated the basal
ganglia, one of which had invaded the wall of the lateral
ventricle (Fig. 4a). Four of the six cases displaying an in-
trasellar component revealed anterior pituitaries that were
compressed anterior to the tumor (Fig. 1¢). Three cases dis-
played enlargement of the sella turcica.

Hyperintensity of the posterior pituitary on T1-weighted
images was absent in all cases (100%) (Fig. la, Fig. 3a).

On T1-weighted images, signal intensity of the solid por-
tion was slightly hyperintense to cerebral cortex in two cases
(15%), isointense in ten (77%) (Fig. 1a) and hypointense
in one (8%). Five cases showed inhomogeneous signal
intensity on the T2-weighted images. On T2-weighted im-
ages, signal intensity of the dominant solid portion was
hyperintense to cerebral cortex in three cases (23%), isoin-
tense in eight (62%) (Fig. 1b) and hypointense in two
(15%).

Contrast-enhanced T1-weighted imaging was performed
for 11 patients. All tumors displayed significant contrast
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Fig. 1. Case 8. Neurohypophyseal germinoma in an 11-year-old girl. Intra- and suprasellar tumor components are homogeneous and isointense to cerebral
cortex on both T1-weighted (SE 400/15) (a) and T2-weighted (FSE 5000/130) MR images (b). Sagittal T1-weighted MR image (SE 400/15) (a) shows
absence of normal signal hyperintensity in the posterior pituitary (arrow). Sagittal post-gadolinium Tl-weighted MR image (SE 400/15) (c) shows
heterogeneously enhancing tumor involving the intrasellar region and infundibulum. Thickened infundibutum is observed {arrow). The anterior pituitary is
compressed anteroinferiorly (arrowhead) [10,18,25]. The tumor is less enhancing than the anterior pituitary. Unenhanced CT reveals a hyperdense tumor

with no calcification (d).

enhancement: six (55%) revealed homogeneous enhance-
ment (Fig. 3b) and five (45%) showed heterogeneous en-
hancement (Fig. 1c, Fig. 2b, Fig. 4a). Four of the five cases
with heterogeneous enhancement demonstrated involve-
ment of the third ventricular floor or infiltration to the basal
ganglia, while only one of the six cases with homogeneous
enhancement displayed intra-third ventricular extension or
infiltration to the basal ganglia.

Intratumoral cysts were seen in six of the 13 cases (46%),
and five of these displayed intra-third ventricular extension
(Fig. 2a, Fig. 4a). None of the remaining seven tumors with-
out intratumoral cysts demonstrated intra-third ventricular
extension.

Multifocal lesions were observed in four of the 13 cases
(31%) and pineal lesions were observed in all four cases.
In addition to the pineal lesions, two cases demonstrated
ventricular wall dissemination and one displayed a spinal
cord lesion,

3.2, CT findings

In 11 of the 13 cases (85%), the solid portion of the

tumor was hyperdense to cerebral cortex on unenhanced CT

(Fig. 1d, Fig. 2¢). In the remaining two cases (15%), CT
density could not be evaluated due to the small size of the
lesion. Calcification was absent in all cases (100%).
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Fig. 2. Case 12. Neurohypophyseal gefnlinoma in a 26-year-old man. Axial T2-weighted MR image (FSE 4100/80) displays multiple intratumoral cysts
(arrowheads) (a). Coronal post-gadolinium T1-weighted MR image (SE 400/14) shows tumor protruding into the third ventricle (b). Tumor is hyperdense

to cerebral cortex on unenhanced CT (arrows) (c).
4. Discussion

To the best of our knowledge, few papers have evalu-
ated infundibular thickening of neurohypophyseal germi-
noma [10,18]. All 13 cases in the present study displayed
infundibular thickening. Fujisawa et al. [10] reported that
six of their seven cases showed infundibular thickening and
Liang et al. [18] described thickening of the infundibulum
as the only abnormal imaging finding for small tumors. This
high frequency of infundibular thickening is not unexpected
given the predominant localization of neurohypophyseal ger-
minoma in the hypothalamo-neurchypophyseal axis {10,11].
We consider infundibular thickening as a typical finding for

" neurohypophyseal germinoma.

The hyperintense signal of the posterior pituitary was ab-

sent in all 13 cases (100%) in our series, confirming the re-

sults of previous reports [10,19,20]. This absence of normal
hyperintensity in the posterior pituitary is closely related to
the loss of hypothalamo-hypophyseal function, particularly
diabetes insipidus [21-23]. In the present series, 12 of the
13 patients (92%) showed evidence of diabetes insipidus.

MR signal intensity of the solid portion is non-specific
on both T1- and T2-weighted images. Ten of the 13 ger-
minomas {(77%) were isointense to cerebral cortex on
T1-weighted images, but intensities on T2-weighted images
were variable. Typically, germinoma is iso- or slightly hy-
pointense on Tl-weighted images and iso- or hyperintense
on T2-weighted images [18,24-26].

In our series, all 11 tumors examined under gadolinium
administration revealed intense enhancement. Marked con-
trast enhancement is a common finding for neurohypophy-
seal germinoma [18,25]. Five of the 11 cases displayed
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Fig. 3. Case 9. Neurchypophyseal germinoma in a 15-year-old boy. Sagittal T1-weighted MR image (SE 400/20) (a) shows the absence of normal signal
hyperintensity in the posterior pituitary (arrow). Sagittal post-gadolinium T1-weighted MR image (SE 400/20) (b) shows a small tumor involving the

upper portion of the infundibulum (arrow).

heterogeneous enhancement. A recent study reported that
heterogeneous enhancement is commonly seen in relatively
large neurchypophyseal germinoma [18]. Large tumors tend
to exhibit heterogeneous enhancement, probably due to in-
homogeneous blood supply, microcyst formation or presence
of necrosis {18].

To the best of our knowledge, frequency of intratumoral
cysts in neurohypophyseal germinoma has not been evalu-
ated. Intratumoral cysts were seen in six of our 13 cases
(46%). Of these six cases, five displayed intra-third ventric-
ular extension, while none of other seven cases without in-

tratumoral cysts demonstrated either intra-third ventricular .

extension or infiltration to the basal ganglia. Germinomas
arising from the basal ganglia or thalamus reportedly tend to
contain multiple cysts of varying size [27-29]. Large tumor
size and presence of brain parenchymal involvement could
be related to intratumoral cyst formation also in neurohy-
pophyseal germinoma.

Multifocal germ cell tumors usually involve the pineal
and suprasellar compartments simultaneously or sequen-
tially, and account for 6-13% of all intracranial germ cell
tumors [1,3,30]. In our series, four of the 13 cases (31%) dis-
played a synchronous pineal lesion. If restricted to cases of
neurohypophyseal germinoma, this rate is within the range

@

®)

Fig. 4. Case 7. Neurohypophyseal germinoma with STGC in a 16-year-old girl. Axial post-gadolinium T1-weighted MR image (SE 630/15) reveals a
tumor with multiple intratumoral cysts extending into the third ventricle, basal ganglia and lateral ventricle (a). Another axial post-gadolinium image

shows the thickened infundibulum (arrow) (b).
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of those reported previously [18,25,31,32]. In general, syn-
chronous mass lesions in these regions can be diagnosed as
primary germ cell tumors. The origins of multifocal lesions
as either metastatic spread from one location to another or
as lesions of true multicentric origin remain controversial
{30].

In our series, 11 of the 13 tumors (85%) were hyperdense
to cerebral cortex on unenhanced CT. In the remaining two
cases, CT density could not be evaluated due to the small size
of the lesion. Hyperdensity on unenhanced CT is probably
attributable to their hypercellularity {24,33,34]. No cases in
the present study displayed calcification, again confirming
the results of previous studies [24,34].

Infundibular thickening and absence of normal signal hy-
perintensity in the posterior pituitary on T1-weighted MR
images and relative hyperdensity without calcification on
unenhanced CT are characteristic but not specific for neu-
rohypophyseal germinoma. Fifteen to 40% of patients with
Langerhans cell histiocytosis (LCH) manifest with diabetes
insipidus due to histiocytic infiltration of the neurohypoph-
ysis and may show pituitary stalk thickening in the absence
of the posterior pituitary bright signal [35,36]. Diabetes
insipidus may present as first manifestation in patients with
LCH, but the majority of these patients develop diseases
outside of the hypothalamo—neurohypophyseal axis during
the follow-up course [37]. Lymphocytic infundibuloneuro-
hypophysitis (LIN), an autoimmune-mediated inflamma-
tory disorder which causes central diabetes insipidus, may
also shows thickening of the pituitary stalk and absence
of normal hyperintense signal of the posterior pituitary on
T1-weighted images [38]. LIN can be differentiated from
neurchypophyseal germinoma by the following: it usu-
ally occurs in adults; the natural course of this disorder is
self-limited; and thickening of the pituitary stalk will disap-
pear on follow-up course {23,38]. It might be difficult to dif-
ferentiate lymphoma, leukemia and metastasis, which may
localize in the neurohypophyseal region [39], from neurohy-
pophyseal germinoma on the basis of radiological imaging
alone. Many other clinical features of these diseases may aid
in differentiating them from neurohypophyseal germinoma;
lymphomas are predominantly seen in adults and their
only involvement of the neurohypophysis is extremely rare
[40], metastases are also common in adults and leukemias
are usually seen with bone marrow lesions. Besides these,
some other granulomatous diseases, such as tuberculosis,
sarcoidosis, Wegener’s granulomatosis and granulomatous
hypophysitis may mimic neurohypophyseal germinomas
[41-44]. Central nervous system (CNS) involvement of tu-
berculosis almost always occurs secondary to a non-CNS
focus of infection and usually shows basal meningeal en-
hancement or enhancing nodules in the brain parenchyma
[45]. Approximately 5% of patients with sarcoidosis may
present with intracranial involvement and some may have
infundibulo—neurohypophyseal axis involvement [46]. Most
of patients with CNS sarcoidosis develop manifestations at
non-CNS regions and demonstrate distinctive findings on

chest X-ray, high titer of ACE, as well as the presence of
uveitis [42].

5. Conclusion

Although MRI findings of neurohypophyseal germino-
mas except those involving the pineal gland are rather non-
specific, infundibular thickening and absence of normal sig-
nal hyperintensity in the posterior pituitary on T1-weighted
MR images and relative hyperdensity without calcification
on unenhanced CT represent common imaging features for
neurohypophyseal germinomas.
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Randomized Controlled Trial on Malignant Brain Tumors
—Activities of the Japan Clinical Oncolegy Group-Brain Tumor Study Group—

. Soichire SHIBUI, M.D.

Neurosurgery Division, National Cancer Center Hospital, Tokyo
Abstract

The Japan Clinical Oncology Group (JCOG)-Brain Tumor Study Group was organized with the support of the Health and Labour Sciences
Research Grants of the Ministry of Health, Labour and Welfare. The group is now preparing a multi-institutional randomized controlled
phase II/III study of chemoradiotherapy using ACNU versus procarbazine and ACNU for astrocytoma grades 3 and 4. The overall
survival and response rates will be compared between the patients treated with ACNU and those treated with ACNU plus procarbazine.
This study, under the surveillance of the JCOG, aims to set a standard protocol for treating patients with malignant glioma. Moreover, the

study will establish a proper methodology for performing randomized studies in the field of neuro-oncology.

Key words: Japan Clinical Oncology Group, randomized controlled trial, malignant glioma, ACNU, procarbazine,

O%-methylguanine deoxyribonucleic acid-methyltransferase

Introduction

The Japan Clinical Oncology Group (JCOG) is a
multi-institutional cooperative oncology group
conducting clinical research for cancer and related
problems.? JCOG consists of 13 oncology groups as
of 2003. The Brain Tumor Study Group (JCOG-
BTSG) was organized in April 2002 with support
from the Health and Labour Research Grants of the
Ministry of Health, Labour and Welfare in order to
establish a standard therapy for malignant brain
tumors.

This study describes a randomized controlied
phase II/TII study of chemoradiotherapy using
ACNU versus procarbazine and ACNU for
astrocytoma grades 3 and 4.

Materials and Methods

Patients with newly diagnosed supratentorial
astrocytoma grade 3 or 4 will be enrolled and ran-
domly divided into two groups. Patients in Group A
will be treated with ACNU (80 mg/m? iv) during the
postoperative radiotherapy (60 Gy local), whereas
patients in Group B with procarbazine (80 mg/m? for
10 days per os) preceding and in addition to the
administration of ACNU. Each regimen will be
repeated every 8 weeks for 2 years if tolerated by the
patients. The primary endpoint is the overall sur-
vival rate and the secondary endpoints are the
response rate on magnetic resonance imaging and
the frequency of adverse events. This study starts as
a randomized phase II trial and proceeds to the
phase II study if the efficacy of the Group B
regimen in phase II warrants a study continuation.

The study protocol was developed under guidance
of the JCOG and approved by the institutional
review board of the institution to which each JCOG-
BTSG member belongs. The study will be performed
under surveillance by the JCOG.

Results

This study starts at the beginning of 2004. The
expected number of patient enrollments is 310 in 5
years. The collected data will be monitored and
statistical analyses carried out by the JCOG Data
Center. The resulis will be evaluated by the Steering
Committee.

Discussion

A standard therapy for malignant gliomas has not
been established and various trials have been carried
out. In most neurosurgical institutes in Japan,
nimustine hydrochloride (ACNU) is administered in
conjunction with conventional radiotherapy after
surgical removal of the tumor. However, this com-
mon {reatment regimen has never been scientifically
justified by a randomized controlled study, and so
should be considered “community standard.”

The efficacy of ACNU in malignant glioma
patients was evaluated in a group who received post-
operative administration of ACNU in conjunction
with radiation therapy and another group was
received only radiation therapy.? This controlled
study revealed an improved response rate for the
patients treated with ACNU, however, no sig-
nificant difference in overall survival was observed
between the two groups.

ACNU is one of the most effective chemother-
apeutic agents to date for malignant gliomas. ACNU
passes through the intact blood-brain barrier and
alkylates deoxyribonucleic acid (DNA) causing the
anti-tumor effect. Most malignant gliomas neverthe-
less recur after ACNU chemotherapy and radiother-
apy. Malignant gliomas frequently express high ac-
tivities of O%-methylguanine DNA-methyltransferase
(MGMT), a DNA repair enzyme, which is consi-
dered to be one of the causes of the chemoresistance
to ACNU. Procarbazine is another alkylating agent
that yields O¢f-alkylguanine.® If procarbazine is
administered prior to ACNU as in our current

Correspondence to: Soichiro Shibui, M.D., Neurosurgery Division, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo
104-0045, Japan. Tel: +81-3-3542-2511, Fax: +81-3-3542-3815, e-mail: sshibui@ncec.go.jp
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protocol, we expect the abundant Of-alkylguanine to
deprive MGMT, leading to increased efficacy of
ANCU.5 A similar treatment protocol was applied
using BCNU, procarbazine, and vincristine to 58
patients with recurrent glioblastoma and reported a
high response rate of 29% (complete response
10.3%, partial response 19%).Y

In order to establish a standard therapy for a
certain clinical entity, strict randomized controlled
studies are essential. Few such studies in the neuro-
oncological field have been carried out in Japan.
Brain tumor is one of the sa-called orphan diseases.
Hence, multi-institutional cooperation is essential to
accomplish randomized trials that require a large
number of patient enrollment. JCOG is a group of
oncologists -that conduct cooperative studies on
various cancers in Japan. The BTSG was newly
organized in JCOG and is now preparing this ran-
domized trial in an unprecedented organized
manner. Upon completion, this study should pro-
vide a scientific basis for the standard therapy for
malignant gliomas. Moreover, we hope to establish a
proper methodology for performing randomized
studies in the field of neuro-oncology.

Hospital, Tokyo)

Neurol Med Chir (Tokyo) 44, April, 2004

Appendix: Members of the Japan Clinical Oncology Group-Brain Tumor Study Group

Akio Asai (Saitama Medical School, Saitama), Takamitsu Fujimaki (Teikyo University, Tokyo), Takamasa Kayama (Yamagata
University, Yamagata), Masato Kochi (Kumamoto University, Kumamoto), Toshihiro Kumabe (Tohoku University, Sendai, Miyagi),
Yosihiro Muragaki (Tokyo Women's Medical University, Tokyo), Motoco Nagane {Kyorin University, Mitaka, Tokyo), Hirohiko
Nakamura (Nakamura Memorial Hospital, Sapporo, Hokkaido), Ryo Nishikawa {Saitama Medical Schooel, Saitama), Kazuhiro
Nomura (National Cancer Center Hospital, Tokyo), Yutaka Sawamura (Hokkaido University, Sapporo, Hokkaido), Soichiro Shibui
(National Cancer Center Hospital, Tokyo), Hideaki Takahashi (Niigata University, Niigata), Katsuyuki Tanaka (St. Marianna
| University School of Medicine, Kawasaki, Kanagawa), Tomoki Todo (University of Tokyo, Tokyo), Toshiaki Yamaki (Sapporo
] Medical University, Sapporo, Hokkaido), Takahito Yazaki (Keio University, Tokyo), Minako Sumi {National Cancer Center
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Recent Advances in Chemotherapy for Malignant Brain Tumors: Soichire Shibul (Neurosurgery Division, National
Cancer Center Hospital)
Summary

Most malignant brain tumors are resistant to the chemotherapeutic agents because of the exisience of several
mechanisms or substances such as the blood~brain barrier, genes and proteins. Recently many studies have been
started to 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 o be
closely related to chemosensitivity in anaplastic oligodendrogliomas. This is one of the breakthroughs in the field
of chemotherapy for malignant brain tumaors. O%*-methylguanine-DNA methyltransferase (MGMT) is a DNA repair
enzyme which reduces the cytocidal effect of nitrosourea. In order 1o 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 conirolled 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

FE EERES SRR, EERCIERE R R TRECH S, BB OTRER & 2 BYEEEOMS, &%
UM OBEER EBZ ORRE SN TV, EFEZASERPRLIMREZED L) LI AW LS A TE L, FT4EY
FHFEE A TEBRZEOERORE, 5 CiiEEEORRSHRL EADOH Y, B2 OBEEOBEEbE{H
AHEIBRE (7 —F — A — Vi) bRASGN TV, BRI ZRERBEC B8 250k 1p, 19 q K& & EFIBZEOBR
i, REEOCFREOETOLATHHES TERENLOTH 5, EXHER I, BEEMEEEECLTESEEY
5T 5 nitrosourea RIKANC K 3 A HAAME £ L € O%-methylguanine-DN A methyltransferase (MGMT) OFELEHA]
5hTEY, MGMT #EED IS T3 nitrosourea REEHILS 2HE—BIRE LMD, MGMT B2 ETa®5Ik
bRENTWDE, ZOL) THREOMBORA L, SHBRERFRCL 22T Y AOEROBE b b2, b5
EREOEWE WAL, EEREREY LT Tnw o, PEOBIHRBR TR Th D, KB BIHEE K
MBS TH B, JCOG MBERTFFE S N — 712 & 3 HHRLERRIE, ENGIO JCOG BT OREE I 2 BRRAR
THY, SHROBRFROFALEERT OO LTHIFTCE 5,
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EMERBED, kL v bEREWIERE 2R TR
BEah, MEROEEES L LB TFERR
RV 5, MEGEEETFERSES C INE, BBE
YEMIlAIE (anaplastic astrocytoma: AA) @ 5 E4EE
it 23%, BEFHE (glioblastoma: GBM) E - Tidw
72 7% W T Eix vy, BERER 63 2L O#)
FELTHIZOOAAMERD S EVZ %, —DiflZ D
BB O LN, BZEOFWER2ERLLZY, WY
HERE LR L T I EIHLEE (F—F—A—
R ThY, bI)—2lc 7 v ARH I WIEHE
BOWELOD 1 D DRI e AR LIGIRRER (BB IIHHR
B OEWTH D, HAHLEREKBBERBRE VWS —R
MRT 5227 ThBH, WG s 2
T, LFREDRBICHFEL TV S,

1. BMEBEAENLIETF X

BEERSRER 1Y, TR E 2o T 2IEH| D22 M0 3 yE),
RErFNLE I HEER AR % s B OREF % 5t

RELUTHANGEIMERE, 2L TIEROFEEREE O

T % 2 B DER 5 S RIC IR E A 1 B D iR - TFT 5 B
MBI KA SN2, 2T IEEERRE L, BIEH
L (zEF v R) REMTsh, HESETRVENT
BEBZROVBRWIBEOZ L TH Y, FPERBO—>
TH 5 EEMEREICNT L Tk, ERNTIRSE AR
BEERSRBSTSTbTw s Likwz ¢, EHERE
YW E BBMBENGFELEVEVI ONBRTH B, —
F, BRKTH 1970 FREBY X Y BEALEERITH R,
ILET VY ADERMTONTET,
EMRBEORER L U, B0 - SR -
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BEDZAEIC R 2 T3, FHHHE I DL TOR

AR ER X NEETH D, retrospective BMFTIC X

D, A VEEEERNFEL I EBNML N T
%18, Anderson & i, glioblastoma 108 izt U ¢ itk
OISR OB TOLBRRBRETT - 1o f5 5, FliEmT
1 EETFRP 0K TH o708, 45 Gy OREETT 19%12
ERUEREL, MEROBEHRRAROEMME 2WE L
TWw3Y, & 512, Walker & | FEHEREEE 467 Hllicxt
T AL & LT, (EBEROSR 2 H~ 5 HEY
T, [BCNU+£ Y 8 5160 Gyl, [MeCCNU (semus-
tine) + @ XIRET 60 Gy ), [HEHRIER (£6HEET 60 Gy)
BIh |, [MeCCNU B3 | 4 B CO LSRR 21T\, 1k
FROEHEMNT S U T O BEHR RS = & LR RENETR
KBOLTHEBZE-> TV I LEHRE LY, ZOfl,
Chang &, Green » O#&Td [BCNU+£RES 60
Gyl BnERETHRELESTEY, ThoDFER»S
BCNU + Ff 0 F ST RR S bR E T OFHERER & &
A L3175,

AR OBHEEICRAL Tid, Walker & O HEHER T,
RAHRE % 45, 50, 55, 60Gy LET S 1oNT, &
AR B S 13.5, 28, 36, 42 ALMEREL, HIXO
Anderson & @ 45 Gy BRI T O 288 & bl L T v ¥
SHIERL TS0, 60Gy sMfERBURRIEE O
HEMEBLFEZ ST 5B,

—7, BB 5 BEAMERIC DWTE, T4k
BHIBE > THuRLIELH Y, BkiZRTEENT
W3 EWHE L EEHLV, BCNU BBKRTHOLWS LT
20 L, bYETIEHEATHAES 1z ACNU »H
WHENTWEY, THRIETFVADTTOHREL TV
20, T RbbEE S OHREIT L L, EME grade
3-4R L, ST RS 50~60 Gy i ACNU 100

EHuEGrade 3-4
FEH D50%LL L MT b EIZTFTE
HE3EA LR 148 LK
5 20~698, PS 0~2(#iEAEIRICEHPS 3)

B&:oH LB
Grade 3-4, HEE}, E#5 (60RIRE/
60 LLL), BEFEE(HY/ L)
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mg/m*® 1~2 ElOEKHA OB CHEBHABR 2 1To 72
&2, #REE (CT Lol TS 50% 8L HiE
INUTEIA) BSHIE TR 13.5% CThHhoTenwexfL, %BE
AT 5% L BB LE LM, EFECEL TIREEE40
PIREOEFOER V> 2 b D, ACNU SRR
B3 AA O3 FEFEEX59.0%, GBM T16.3%
&, BEHREMEE O 3 FEFEE 48.9, 0% LEEERIC
Rif i3k ohdol, UL, ACNU BN SHEE
ETRERETER>TWE I EE, AROERTH S
BCNU »SKETOEREL > T3 Z s, HfEDDS
Bz BTk, TS 60 Gy +ACNU FIREH AR %
B—FEIRE U THOLTWAHEERRH Y,

. JCOG BEBMRIN~T2L 255 8 LILRRER

L, BRSO TOEEGREEHELT 5700
DFLVEIE A SNS & 510k o7, BARBKER
g2 )V —7 (Japan Clinical Oncology Group: JCOG)
MBS S iz JCOG BRI 7 v —7"Tid, EAT
DMEFETOEREBE L b v 5 NE ACNUHBEHRE
BZSE L, procarbazine+ ACNU+BEHRIEHED 2 B
B TEII/MHFERBR AL -, 2, JCOG 1Tk 3
F— & DEEERE (quality control: QC) B & U SWEREE
(quality assurance: QA) O T TOBEKREBR L WH Z &
T, EESNLBCEER» SRR EFEINEZZET
YAEI D Z EBNHHREShTWw 5,

I TOEERBICH T 5 ¥R H I, procarbazine %
RITERE LU0 ACNURSETHS (K1), Procar-
bazine 1% Of-methyguanine 2R L, % OFEHR, ACNU
WX A O TR E LR L TR L3N TWw 5 0%
methylguanine-DNA methyltransferase 2314% & 1,
ACNU O%hFE&2E® 5 2 L WA S N 510, BRI
b, F ¥ glioblastoma =X L, BUNU B & f vincris-
tine 125677 L T procarbazine 259 5 HE T 29% D
BMEN DS LT 5HELDHD, SEOBEKIEDE
EREORERIFI B,

M. FEDORSR

fER LD, FEHMRBE I ERECERN R RL,
F - BERRARICHARS &, (LSRR OTFRANOTE
NS WEEZGNTER, MEMEMOEFE, BE~
D IFR534E OMEE, mdr-1, glutathione-S-transferase-
7z (GST-#), O%-methylguanine-DNA methyltransfer-
ase (MGMT) 7% YEHMEEEFPEHOFELER EH
ZOBEREFEZONTE, 2L BRREDRHDT,
EEERL, 2L TLENENEL, FEBEROIZR
WEHIDOBFERIT o hTn b,

BALSRGE

R 1 BERCBT 50 THENE

MEST A AER) - ER A
MMP fRE#I, VEGF lHE#l, ¥ VEGF $ifk, PDGF
fHZ=EA, angiostatin, = N A # ¥, Thalidomide
¥ 7P AREREH]
N=RTFV, AVyd, TANyr, TyViyiL
Mo YA T 2T —YHEH
R e R AR i A
Y4 7 ) AREF > — CIRER
proteinkinase C (PKC) [HsE#|
BETFIERE
v Fr, RERE
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1) Temozolomide

temozolomide i, IRER b B S LT v 5 BiEgg
BIECN 3 55EEO—ETh 5, BOT7 V¥ LHElT
BEFESEETHD, Bl - EH, BHEHHZ &R
TER b IR T H D 208 o, BRI, i AA
WEMTHZ LI FHENE L, BHE %< ORI
HHEA TV S, ENTH AA FFEFIRT LS ITERE D
HETRTH Y, B IEER 17T FER b BEEYERD
A %) B A BEEN T TV %, MD Anderson Cancer
Center TOHRIMEFRRTIE, 28k 4a3—2X
200 mg/m2® temozolomide % 5 B REFEOH S L1
%, BERRE LT o L 25, 2200 AA TEHERIZ
34%, median survival 23.5 2 H, 36 fld GBM iz D>
TRENZTN45%, 13.2 0 L WIS ERZ2HFTWEY,
%72, EORTC Brain & RT Groups and Clinical NCIC
Clinical Trial Group i, GBM 23t U gk S is 5 &
temozolomide Hf AR IGHE & OB UIMHFAR 21TV,
HiE D median survival 12 »2FiztL, %#FHiz 1504
CAEFHRROERSER A TSI, L LA S, »
Thb ZhETDD  OWE & HEARER 2 EE & 1w
AT, BEETOE S, AA KT 5ETOLEFERRD
EEEEOEVHIFIEELBWTE->THhE w58
EThb,

2) Gliadel

gliadel 13 BCNU 2 G# LRV v —T, FHkE
BREHECRET 5 2 ik D RBE BCNU 28
SN B, FMEEIC Gliadel HEARR, BEHRBEREZITY L v
I HETOBRKAESED SN THY, BREE TORSE
T, GBM O median survival it 13 » Btk &h,
placebo Bl N2 P AREOEFEERENA SN T W
B1418
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DFECh? 3 koo TE Tz, HREEEE: b DX
FlO 6, BRIETOAZ YV —=v itk o> TR
RENLTEBELRELY, 5TV~ TORNOBEE
BEHIT LI L THERTI OB FIENERTH S,
FoTENER1RTY, ZhehssEEEE b -
Twaied, HHENFFREMTI LY, 20
TROEBOFTFCHEVPTENL bbb, BEHERE
BEOEFICEVWTE, HEMNEROEH bR TY
% epidermal growth factor receptor (EGFR), vascular
endothelial growth factor receptor (VEGFR) 7% &3
BROBREL INTWn5E (R, FHLWIEREE LTH
b Ioh 5D, EHEWMERECHL T, REETO
& HEPIRNREEIREA SN TR,

1) Thalidomide

GBM BINEFHELFE> KT I2EETH D29,
Thalidomide @ X 3 iZ VEGF & & EH LIMEH £
W T2 RACIINEBBERIPF T E 3,
Thalidomide #%]% % \» & BCNU ® temozolomide 7
EOTNVFNMER E OFFATORKMEN K E->TEH
D, ETOHEFERPI|ESI N TN B,

2) Imatinib mesylate (Gleevec)

imatinib mesylate (STI 571, Gleevec) i Ber-Abl
FEH B & U platelet-derived growth factor (PDGF) %%
FEpgteFuy vy F—¥rve sy —icfEAL, %
FaDBEREMEIER % & D, T CIBEMEaIRCE
BThBEVIMENDHY, MEE L THEKRPR
BERE - T 5,

3) Gefitinib (Iressa)

gefitinib (Iressa) IZ epidermal growth factor rece-
ptor (EGFR) icfEFIL, MFUEREMGIER 2 5L, —
ORI BV T2 OREIFA S Tw 5, EGFR
HEEROBEWEEHERBECH L CH RIS ERT

w3, Rich ik, H¥ GBM iz L T event-free sur-

vival 8.1, overall survival 39.4 8, BifEf X grade
17 20EBRIEHDVWIITH T EREL T
V2319,

3. 8 =

FHEELLRBEEERPES 2EBCEED 2
[EE I BE TEA T % (convection-enhanced deliv-
ery system) ZtW Y, BRI X CTHEREBEIRT
BEESHRZED LI ET5HA BT T W3, inter-
leukin-13 (IL-13) &I R BE I BRI HBEL T»
508, EEMICIBIELAEREL ThELELbRTY
5, Nk PE3B 2EE3 ¥/ IL13-PE38 #BETHE
AT BRI 06 % > T 529, Effic Transferrin
EV 7T UTERERES X ¥ Transferrin-CRM 107
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b ERARIG R 035848 & iy,
IV, @RHLER F—5—X—Fik

BERDILEIEIR, TNE CRERSNIZIEF YR
KEDE, RVYBRUROMF TS 2RBH2ERT L
WHIEE E-TETz, ZhizWL, BETI, B—0K
BYN2HOEE TH TN ThERNI T 2 REHNA
RLEVWSBELS, HrOBEI L TRLELIER
BEBEBRTILVIFHEVEONDI LD R TE,
Zﬂﬁ@%ﬁ%ﬁ?%D,f~5~%—F%ﬁt%@&
NEBBETH S, FRBZUHLTNDLIFHELLT, #
KIEEMEREERRCEL C0a o= —FRiERBRe
MTT assay % EBFEETH - 1208, ILE TR, FFEY
FHFHROFKRC LY, BREFEHCEDOIIBRED
BIRBEIND L Sk o7z, BHMEBEDLEREE
KBWTE, MHEORREVD KEERZT —F—4—
FIEEN TR I N T3, (LEEERICN 3 2 MRS
& UTREMZ b DX, multidrug resistance (MDR)-
1 DBEFEYTH 5 pglycoprotein TH v, Mtz
HEN 2P T 5@ %1 X b, adriamycin, vincristine,
cyclophosphamide, methotrexate 7 ¥ 2 [RIEH I it %
R 329, multidrug resistance-associated protein
(MRP)-1 & JE#RiZ, etoposide % adriamycin I fiftE %
T ELDBRTY %, 2O, BEMRBE IR b IA <
I T 5 nitroseurea FREEFNZ N T 5 MBS L
T 5O W O%-methylguanine-DNA  methyltransfer-
ase (MGMT) THY, ZOEERRT 2HRHHEE
WEERANC B S T 52429,

1. MGMT (Z & % nitrosourea ZREHITHENTAR

nitrosourea RIUBEHI<XF 5 MGMT i & % A
HEE T RS 5729, MGMT © mRNA 3R
MGMT EHBHEOREBITH R, MGMT OXHDHE
WIBE I LT, nitrosourea RESND 7 Z F 5 KRB
Bl 2B BN LTHWB LW TRMBEE > T
5o Lo Lend s, B CRER ot U CEREBGENG & 7% -
TVLBEENRD b Dz, EEOERIEET
BB T, MGMT HIE 7 TII BRI i3
AICBZESE WV & W I FHLCT R VBT, Bidko
procarbazine I & 5 MGMT{E TER 2R AL /2158
3, TZOBRTT —JF—A—FHEO—DLRVED,
BBl To MGMT 28EL, EiELZRTFIIHL T
1%, ACNU #5380z procarbazine Iz & AHLE %3 5
Z Tt IR T & 2 REED D 59,

2. REF1p, 19q RERETRTZEEBEDER

S FEYFHIA R OREE OB BRI EHENIC R - T
WHM—DEBERTH D, BEMfgEIcIiN, ZREBER



