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Abstract Central nervous system (CNS) germ cell tumors
constitute a unique class of rare tumors that mainly affect
children and adolescents. These tumors are believed to
originate from displaced primordial germ cells. Recently,
results of treatment of germ cell tumors have improved with
use of radiotherapy and combination chemotherapy. How-
ever, some tumors have proven refractory to intensive
treatment with surgery, radiation, and combination chemo-
therapy. Nestin is an intermediate filament protein
expressed in undifferentiated cells during CNS develop-
ment and in CNS tumors and is used as a marker of
immature elements of tumors, including brain tumor stem
cells. In this study, we examined for the first time nestin
expression in 19 CNS germ cell tumors (nine pure
germinomas, five germinomas with syncytiotrophoblastic
giant cells, one yolk sac tumor, one choriocarcinoma, one
embryonal carcinoma, and two mature teratomas). Nestin
was expressed in 14 cases but was not expressed in three
pure germinomas and two mature teratomas. Clinically,
nestin-negative tumors did not exhibit dissemination, while
all tumors that exhibited dissemination also strongly
expressed nestin protein. These findings suggest that the
detection of nestin expression could be useful in the
management of CNS germ cell tumors, as an auxiliary
predictor of dissemination and/or progression.
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Introduction

Central nervous system (CNS) germ cell tumors constitute
a unique class of rare tumors that affect mainly children and
adolescents. These tumors originate from displaced primor-
dial germ cells. Matsutani et al. {6, 7] reported that
radiotherapy and combination chemotherapy improved the
results of treatment of germ cell tumors, especially in
patients in the group with good prognosis, with pure
germinomas. However, some tumors have proven refractory
to intensive treatment with surgery, radiation, and combi-
nation chemotherapy.

Nestin is an intermediate filament protein (IFP)
expressed in undifferentiated cells during CNS develop-
ment and in CNS tumors and used as a marker of immature
elements of tumors, including brain tumor stem cells. There
is increasing evidence that cancers might contain their own
stem cells. Many cancers, like normal organs, seem to be
maintained by hierarchical organization that includes
slowly dividing stem cells, rapidly dividing transit ampli-
fying cells, and differentiated cells. Similar to normal stem
cells, cancer stem cells have drug export systems. This
property has been used for selection of cancer stem cells
from tumor specimens and cancer cell lines [4, 5]. We
suspected that stem cell drug resistance contributes to
cancer stem cell chemo-resistance. In addition, the presence
of a small subpopulation of slowly dividing cancer stem
cells might explain why primary CNS germ cell tumors
recur atter treatment with radiation or chemotherapy.

Given the possibility of resistance of stem cells to therapy,
detection of nestin expression in CNS germ cell tumors might
be useful as an indicator of dissemination and/or progression.
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In this study, we therefore examined nestin expression in 19
CNS germ cell tumors (nine pure germinomas, five germi-
nomas with syncytiotrophoblastic giant cells (STGCs), one
yolk sac tumor, one choriocarcinoma, one embryonal carci-
noma, and two mature teratomas) and their clinical course.

Materials and methods
Tissue specimens

CNS germ cell tumor specimens were obtained from 19
patients (3 women and 16 men) undergoing craniotomy or
biopsy at Yamagata University Hospital. The histological
diagnosis for 19 patients were: nine pure germinomas, five
germinoma with STGCs, one yolk sac tumor, one choriocat-
cinoma, onc embryonal carcinoma, and two mature teratomas.

immunoperoxidase staining

All specimens were fixed in 10% formalin, embedded in
paraffin, and cut into 3-pum-thick sections. The tissue sections
were immunostained with anti-Nestin (1: 1,500, Chemicon,
California, USA) using the biotin—streptavidin immunoper-
oxidase method (Nichirei, Tokyo, Japan). Immunorcaction
was visualized with diaminobenzidine, and tissue sections
were briefly counterstained with hematoxylin. Nestin positiv-
ity was evaluated semiquantitatively, as follows: 0, no

staining; 1+, less than 1-10% of total tumor cell population
positive; 2+, 11-20% of total tumor cell population positive;
3+, more than 20% of total tumor cell population positive.

Results

Five patients (one with pure germinoma, three with
germinomas with STGCs, one with embryonal carcinoina)
exhibited dissemination. The time from diagnosis to
dissemination ranged from 9 to 79 months (mean
24.2 months; Table 1).

Nestin immunopositivity was found in 14 (73.6%) cases.
Two mature teratomas were hestin negative. All cases of
dissemination were strongly positive (2+/3+) for nestin
immunostaining. Germinomas with STGCs expressed nes-
tin protein more strongly than pure germinoma. This
finding correlated with clinical outcomes; that is, germi-
nomas with STGCs were more refractory to radiochemo-
therapy than pure germinomas. Other clinical parameters
such as tumor size, location, and treatment modalities did
not appear to correlate with tumor dissemination.

Representative case (case 6)
Clinical course A !4-year-old boy suffered from visual

disturbance and pan-hypopituitarism. Magnetic resonance
(MR) imaging revealed a suprasellar mass and optic nerve

Table I Summary of cases

Case Age Sex Histological diagnosis Size (mm)/location  Treatment FT M)/status  TTD (M) Intensity of nestin staining
1 9 M Pure germinoma 30/BG SB+RT 158/alive -
2 17 M Pure germinoma 30/P RS+RT 131/alive - +
3 31 M Pure germinoma 20/P SB+RT+CHT  101/alive - +
4 10 M Pure germinoma 40/P RS+RT+CHT  85/alive - ++
5 13 M Pure germinoma 20/S+P RS+RT+CHT  66/alive -
6 14 M Pure germinoma 30/S RS+RT+CHT  Si/alive i1 -+
7 8 F Pure germinoma 30/8 RS+RT+CHT  39/alive - -
8 9 F Pure germinoma 35/BG RS+RT+CHT  35/alive - ++
9 32 M Pure germinoma 10/S+P EB+RT+CHT  40/alive - ++
10 10 M Germinoma with STGC  30/BG SB+RT+CHT  194/alive - +
11 17 M Germinoma with STGC ~ 30/P RS+RT+CHT  59/dead 10 ++
12 20 M Germinoma with STGC ~ 50/BG-frontal SB+RT+CHT  52/dead 12 ++
13 24 M Germinoma with STGC  40/8 EB+RT+CHT  98/alive 79 +++
14 17 M Germinoma with STGC ~ 20/S+P EB+RT+CHT  55/alive - ++
15 16 F Yolk sac tumor 15/S+P EB+RT+CHT  114d/alive - +
16 12 M Choriocarcinoma 40/P RSH+RT+CHT  123/alive - ++

| 17 16 M Embryonal carcinoma 30/P RS+RT+CHT  [3/dead 9 ++

| 18 14 M Mature teratoma 30/P RS+RT+CHT  180/dead - -
19 35 M Mature teratoma 40/8 RS 16/alive - -

FT Follow-up terminated month, 77D Time to dissemination (months), § suprasellar, P pineal, BG basal ganglia, RS radical surgery, EB
endoscopic biopsy, SB stereotactic biopsy, RT radiation therapy, CHT chemotherapy
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Fig. 1 MRI at first admission
(a, upper column) shows a
suprasellar mass and optic nerve
swelling. MRI (b, lower leff)
shows two nodular disseminated
lesions in floor of the fourth
ventricle and the cauda equina.
MRI (¢, lower right) after addi-
tional chemotherapy and radia-
tion demonstrates complete
disappearance of the two
disseminated lesions

swelling. The preoperative diagnosis was optic glioma.
Craniotomy was performed, but because the intraoperative
pathologic diagnosis was pure germinoma, we performed
only biopsy. He was treated with extended local irradiation
and three cycles of combination chemotherapy (ifospha-
mide-cisplatin—etoposide therapy), according to the proto-
col of the Japanese Pediatric Brain Tumor Study Group.
The tumor completely disappeared after this treatment.
However, 10 months after initial treatment, MR imaging
revealed dissemination along the fourth ventricle and in the
spinal cord. After additional chemotherapy and whole-brain
and whole-spine irradiation, the disseminated lesions dis-
appeared, and he has remained alive for 4 years with neither
recurrence nor dissemination (Fig. 1).

Fig. 2 Staining in case 6. a
Hematoxylin and cosin staining
(%400). Tumor cells are present
with abundant clear cytoplasm,
with infiltrating lymphocytic
cells. b Immunostaining for
nestin (x400). The intensity of
nestin staining is +++

Pathologic findings The tumor was composed of uniform
cells resembling primitive germ cells with lymphoid cell
infiltration. Nestin immunopositivity was strongly positive
(Fig. 2).

Discussion

CNS germ cell tumors constitute a unique class of rare
tumors that mainly affect children and adolescents. The
incidence of intracranial germ cell tumors is higher in Asia
than in Western countries. Matsutani and the Japanese
Pediatric Brain Tumor Study Group reported excellent
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clinical results with use of radiation and combination
chemotherapy [6, 7]. They treated germinoma with STGC
as an intermediate prognosis group, providing more
intensive treatment than would be given to patients of pure
germinoma. Although intracranial germ cell tumors are
believed to originate from displaced primordial germ cells,
whether the “germ cells” correspond to the primordial germ
cells known in embryology or to a certain stage of dif-
ferentiation of primordial germ cells is not clear. Sano {§]
propounded the hypothesis that tumors composed of cells
resembling the cells that appear in the earlier stages of
embryogenesis are more malignant than those composed
of cells resembling the cells that appear in the later stages of
embryogenesis [9].

Nestin is an IFP expressed in undifferentiated cells
during CNS development and in CNS tumors and is used as
a marker of immature elements of tumors, including brain
tumor stem cells. Many studics have revealed that various
brain tumors such as glioblastomas, anaplastic astrocyto-
mas, ependymomas, and medulloblastomas contain cancer
stem cells [1, 11, 12]. Nestin was originally thought to be a
marker of immature neural lineages. However, recently,
many studies have revealed expression of nestin in various
lineages, such as melanomas, gastrointestinal stromal
tumors, leiomyomas, and others {3, 10]. In a review, Wiese
et al.{13] noted that nestin expression is a property of
multilineage progenitor cells. Cancer stem cells have the
same abilities as normal stem cells and are tumorigenic.
Similar to normal stem cells, cancer stem cells have drug
export systems. We suspected that stem cell drug resistance
contributes to cancer stem cell chemoresistance. In addi-
tion, the presence of a small subpopulation of slowly
dividing cancer stem cells might explain why malignant
primary CNS germ cell tumors recur (dissemination and
metastasis) after treatment with radiation or chemotherapy.
Recently, Ehrmann et al. {2] reported that immunohisto-
chemical detection of nestin expression could be useful as a
diagnostic and prognostic marker of gliomas.

In this study, we examined nestin expression in 19 CNS
germ cell tumors and compared nestin expression and
tumor dissemination and/or recurrence. This is the first
study to examine nestin expression in intracranial germ cell
tumors. Nestin was expressed in 14 cases but not expressed
in three pure germ cell tumors and two mature teratomas.
Nestin-negative tumors did not exhibit dissemination,
whereas all tumors with dissemination (one pure germ cell
tumor and three germinomas with STGC, one embryonal
carcinoma) expressed nestin strongly. The Japanese Pediat-
ric Brain Tumor Study Group separated intracranial germ
cell tumors into three groups (good prognosis group: pure
germinomas, intermediate group: germinomas with STGCs,
poor prognosis group: embryonal carcinoma, choriocarci-
noma, yolk sac tumor)[7]. We treated tumors on an

@ Springer

individual basis according to group with radiation and
multidrug chemotherapy and obtained mostly excellent
results. However, a few patients had poor results despite
being in the good prognosis group. Although more precise
and long follow-up is necded, the present findings indicate
that detection of nestin expression could be useful in the
treatment of CNS germ cell tumors, as an auxiliary
indicator of dissemination and/or progression.
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Comments

Matthias Kirsch, Gabriele Schackert, Dresden, Germany
In the present paper, Sakurada et al. demonstrated the preferential
appearance of Nestin-positive tumor cells in disseminated versus local
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germ cell tumors. This finding wmight be relevant for therapeutic
decisions upon early, although radiologically unproven dissemination.

In addition, the authors refate to the possibility of a potential
germinoma stem-like cell population. For this purpose, CD133 or
prominin-1 is most prominently used as a tumor stem cell marker
although neither function nor pathogenetic role is known. Recently,
CD133+ glioma-initiating cells are tumorigenic in vivo even after
serial transplantation (reviewed in {1, 3]. These brain tumor stem cells
represent 1% to 30% of the total cell number and show characteristics
of neural stem cells. Their unique potential for chemotherapy and
radiation therapy resistance has enormous implications on our current
understanding of tumor biology and treatment rationals. Regarding
germ cell tumors, up-to-date, only one additional embryonic stem cell
factor has been associated with another type of germ cell tumors: sox2

is expressed in embryonal carcinoma but not pure seminoma [2].
Therefore, an exciting road of future investigations lies ahead:
characterization of CD133 and other stemmness markers in germino-
mas, isolation and propagation of tumor-initiating cells, as well as a
demonstration of their tumorigenicity in vivo.
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A multicenter phase | clinical trial, namely, Integrated Japanese Multicenter Clinical Trial: A
Phase | Study of interferon- and Temozolomide for Glioma in Combination with
Radiotherapy (INTEGRA Study), is being conducted for patients with high-grade glioma in
order to evaluate the safety, feasibility and preliminary clinical effectiveness of the combi-
nation of interferon-g and temozolomide. The primary endpoint is incidence of adverse
events. The secondary endpoints are progression-free survival time and overall survival time.
In addition, objective tumor response will be evaluated in a subpopulation of patients with the
measurable disease. The reduction rate of tumor will be calculated according to Response
Evaluation Criteria In Solid Tumors for measurable tumors as determined by magnetic reson-
ance imaging. Subsequently, the overall response will be evaluated based on the results of
measurable and non-measurable tumors. Ten newly diagnosed and 10 recurrent patients will

be enrolled in this study.

Key words. chemo-phase I-1I-Il - clinical trials - CNS

INTRODUCTION

Gliomas account for ~40% of all brain tumors and are thus
the most common primary tumors of the central nervous
system. Primary brain tumors are classified according to
their cell type and histelogical grade into categories defined
by the World Health Organization (WHO) (1). High-grade
{WHO grades 1Tl and IV) gliomas, which include anaplastic
astrocytoma (AA), anaplastic oligodendroghoma (AQ),
anaplastic oligoastrocytoma (AOA) and glioblastoma multi-
forme (GBM), are often resistant to treatment; GBM, the
most common glioma in adults, kills patients within a
median time span of a year after diagnosis despite treatment
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with aggressive surgical resection, uitrosourca-based
chemotherapy and radiotherapy (2--4). A number of studies
by large cooperative groups have shown the benefits of
radiation therapy in doses up to 60 Gy after surgery for
improving overall survival and time to progression (5).
In Japan, nitrosourea agents such as 1-(4-amino-2-methyl-5-
pyridiminyl)ymethyl-3-(2-chloroethyl)-3-nitrosourea and
methyl-6-{3-(2-chloroethyl)-3-nitrosoureido]-6-deox y-alpha-
p-glucopyranoside have been used to treat malignant gliomas
for a long time; however, this treatment offered few clinical
benefits. Temozolomide (TMZ), an oral alkylating agent. has
been demonstrated o possess antitumor activity against
malignant gliomas, with minimal additional toxicity; further-
more. in a previous study of concomitant radiation therapy
and chemotherapy with TMZ followed by adjuvant TMZ,
survival duration substantially improved (6). In 2006, TMZ
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was certified as the treatment agent for malignant gliomas
by the National Ministry of Health and Welfare of Japan,
and a combination of radiotherapy and chemotherapy
with TMZ is now used as the first-line therapy. However, its
clinical outcomes depend on the O-(6)-methylguanine-DNA
methyltransferase (MGMT) status, and MGMT modification
is one of the key factors to obtain greater clinical benefits in
the future.

Interferon-B (IFN-B) exhibits plelotropic biological effects
and has been widely used either alone or in combination
with other antitumor agents in the treatment of malignant
gliomas and melanomas (7). In the treatment of malignant
gliomas. IFN-f can act as a drug sensitizer, enhancing
toxicily against various neoplasms when administered in
combination with nitrosourea. IFN-B and nitrosourea combi-
nation therapy has been particularly used for the treatment of
gliomas in Japan (8). Previously, we demonstrated that
IFN-B markedly enhanced chemosensitivity to TMZ in an
in vitro study of human glioma cells (9); this finding
suggested that one of the major mechanisms by which
IFN-B enhances chemosensitivity is the downregulation of
MGMT transcription via p33 induction. This effect was also
observed in an experimental animal model (10). These two
studies suggested that chemotherapy with IFN-f and TMZ
plus radiation might further improve the clinical outcome in
malignant gliomas when compared with TMZ plus radiation
therapy. Here, in arder to evaluate the safety, feasibility and
preliminary clinical effectiveness of the combination of
IFN-B and TMZ. we are conducting a clinical study, namely,
Integrated Japanese Multicenter Clinical Trial: A Phase 1
Study of Interferon-f and Temozolomide for Glioma in
Combination with Radiotherapy (INTEGRA study). This
study involves eight medical institutions, covering the entire
regional population of Japan.

PROTOCOL DIGEST OF THE STUDY
Purrose

The main aim of this study is to evaluate the safety, feasi-
bility and preliminary clinical effectiveness of IFN-§ and
TMZ for the treatment of malignant gliomas.

Stuny SETTING AND Protocor. Review

This is a multicenter clinical trial involving eight neuro-
surgical institutions: Yamagata, Saitama Medical, Nippon
Medical, Nagoya, Osaka, Kyoto, and Hiroshima Universities
and Kitano Hospital. The protocol has been reviewed and
approved by institutional review boards of each of these
institutions.

REGISTRATION AND MONITORING

Participating investigators are instructed to send an eligibility
criteria report to the Data Center at Nagoya Universily,

which is a third party different from the study director. Ten
newly diagnosed and 10 recurrent patients are registered for
a period of 6 months from December 2007. Data, including
those of magnetic resonance imaging (MRI), blood tests. and
pathology. will be collected at the data center. The quality of
data will be checked and verified at the data center. If
required, the data center would provide feedback to the insti-
tutions. The data center will send high-quality data Lo the
study director. Committees of safety and efficacy (Dr Kazuo
Tabuchi, Koyanagi Memorial Hospital, Saga). radiotherapy
(Dr Shinji Naganawa, Department of Radiology, Nagoya
University School of Medicine). pathological review
{Dr Youichi Nagasato, Department of Pathology, Gunma
University School of Medicine) and statistics (Dr Kuniliko
Hayashi. Gunma University School of Health Science) will
send their reports to the head office.

ENDPOINTS

The primary endpoint is incidence of adverse events, The
secondary endpoints are progression-tree survival time and
overall survival time. In addition, objective tumor response
will be evaluated 1n a subpopulation of patients with measur-
able disease. The reduction rate of tumor will be calculated
according to Response Evaluation Criteria In Solid Tumors
for measurable tumors as determined by MRIL Non-measurable
tumors are classified into four grades: complete remission.
partial response, progression and not evaluable. Subsequently,
the overall response will be evaluated based on the results of
measurable and non-measurable tumors.

EricmiLity CRITERIA
The eligibility criteria are as follows:

(i) Histologically confirmed diagnosis of newly diag-
nosed or recurrent high-grade glioma (AA. AO, AOA
or GBM). More than 30% volume of tumor is located
in the supratentorial region.

(i) No tumor recognized in the optic nerve, olfactory
nerve and pituitary gland on pretreatment MRE

(i11) No digsemination detected by MR Age belween 18
and 75 years at the time of registration.

(iv) Performance status is 0--2, 3 only due to newrological
deficits.

(v) Sufficient organ function before chemotherapy accord-
ing to the following laboratory data: WBC > 3000/mm’
or neutrophils > 1500/mm’, platelets > 100 000/mm’.
hemoglobin >8.0 g/dl, bilirubin <1.5 mg/dl, serum
glutamic oxaloacetic transaminase < 100 IU, serum
glutamic pyruvic transaminase < 100 1U. creatinine
<1.5 mg/dl, creatinine clearance >50 ml/min and
clectrocardiogram showing no serious arrhythmia and
no serious ischemic heart disease.

(vi) No prior chemoradiotherapy {or newly diagnosed
patients.
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(vii) The interval from the end of prior anti-tumor therapy
(e.g. chemotherapy. radiotherapy, immunotherapy)
must be at least 4 weeks (or vecurrent patients, regard-
less of the reghmen.

(vii) Written mformed consent.

Exciusion CRITERIA
The exclusion criteria are as follows:

(1) synchronous double cancer or metachronous double
cancer in last § years, carcinoma in situ accepted;
(i) meningitis or pneumonia;
(1ii) pregnant, possibly pregnant, or nursing women;
(iv) mental disorder;
(v) uncontrolled diabetes mellitus (DM) or
treatment with insubin for DM;
(vi) myocardial infarction in last 3 months;
(vii) history of pulmonary fibrosis or interstitial pneumonia.

under

TREATMENT METHODS

For newly diagnosed patients:

Radiotherapy 60 Gy/30 i, 2 Gy x 3 days/week;

TEN-8 3 MIU/body. administered intravenously on
alternate days during radiotherapy;
T™MZ 75 mg/(m” day), daily from the first day to the

last day of radiotherapy.

After completing this induction period. all patients will
have 4 weeks of washout period. and they will be then
shifted to adjuvant period.

IFN-B 3 MIU/body. administered on the first day morning
every 4 weeks:

150 mg/(m™ day) (days 1-5: first cycle);

200 mg/(m” day) (days 1--5: second to sixth cycle).

T™Z

In the absence of hematologic toxicity, the dose is
increased to 200 mg/(mZ day), beginning with the second
cycle to the sixth cycle.

This cycle is repeated six times every 28 days in the
absence of tumor progression. serious adverse events such
as grade 4 hematological toxicity. refusal of therapy and
deviation from the protocol.

For recurrent patients:

IFN-B 3 MIU/body, administered the first day morning
every 4 weeks (day 1);
TMZ 150 mg/(m” day) (days 1--5: first cycle);

200 mg/(m® day) (days 1-5: second to sixth cycle).

In the absence of hematologic toxicity, the dose is
increased to 200 mg/( m~ day), beginning with the second
cycle to the sixth cycle.

Jpn J Clin Oncol 2008,38(10) 717

This cycle 1s repeated six times every 28 days.

This regimen has been considered to be the most
promising based on previous clinical studies (8.11-14).
Thus, dose-limiting toxicity was not evaluated in this study.

FoLTow-UP AND StATISTICAL METHODS

Disease progression and occurrence of new disease will be
examined by MRT performed at baseline and at least after
every 4--5 weeks during treatment. Blood tests and symptom
checks will be carried out before treatment and at least after
every 2 weeks during treatment. Follow-up will continue for
3 months from the end of trealment. In cases wherein
therapy 1is discontinued due to toxicity, clinicians would
follow-up patients until they recover {rom toxicity. In
addition, overall swvival, progression-free survival and treat-
ment success curves are constructed as tune-to-event plots
by the Kaplan—Meier method.
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Clinical Indications for High-Field 1.5 T Intraoperative
Magnetic Resonance Imaging and Neuro-navigation for
Neurosurgical Procedures

—Review of Initial 100 Cases—

Satoshi MAESAWA, Masazumi FUJIT*, Norimoto NAKAHARA,
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Tetsuya NAGATANI*, Toshihiko WAKABAYASHI*, and Jun YOSHIDA*
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Abstract

Initial experiences are reviewed in an integrated operation theater equipped with an intraoperative
high-field (1.5 T) magnetic resonance (MR) imager and neuro-navigation (BrainSUITE®), to evaluate
the indications and limitations. One hundred consecutive cases were treated, consisting of 38 gliomas,
49 other tumors, 11 cerebrovascular diseases, and 2 functional diseases. The feasibility and usefulness
of the integrated theater were evaluated for individual diseases, focusing on whether intraoperative im-
ages (including diffusion tensor imaging) affected the surgical strategy. The extent of rescction and out-
comes in each histological category of brain tumors were examined. Intraoperative high-ficld MR imag-
ing frequently affected or modified the surgical strategy in the glioma group (27/38 cases, 71.1%), but
less in the other tumor group (13/49 cases, 26.5%). The surgical strategy was not modified in cerebrovas-
cular or functional discases, but the success of procedures and the absence of complications could be
confirmed. In glioma surgery, subtotal or greater resection was achieved in 22 of the 31 patients (71%)
excluding biopsies, and intraoperative images revealed tumor remnants resulting in the extension of
resection in 21 of the 22 patients (95.4%), the highest rate of extension among all types of pathologies.
The integrated neuro-navigation improved workflow, The best indication for intraoperative high-field
MR imaging and integrated neuro-navigation is brain tumors, especially gliomas, and is supplementary
in assuring quality in surgery for cerebrovascular or functional diseases. Immediate quality assurance
is provided in several types of neurosurgical procedures.

Key words: intraoperative magnetic resonance imaging, navigation, glioma

Introduction

Intraoperative magnetic resonance (MR) imaging
has gradually become widespread since Brigham
and Women’s Hospital in Boston introduced a 0.5
Tesla (1) open MR imager to the operating theater in
199425244041 Qur institution installed a fully in-
tegrated neurosurgical system including neuro-npavi-
gation and an intraoperative 1.5 T high-field MR im-
ager (BrainSUITE¥; BrainLAB AG, Heimsteten,
Germany), the first such unit in Asia, in 2006. Com-
pared to intraoperative low- or medium-field MR im-

aging, this system provides high quality images with
short scan times, and various sequences are availa-
ble intraoperatively including MR spectroscopy,
diffusion tensor imaging, diffusion-weighted imag-
ing, and MR angiography.?” %3192 Using an image-
fusion technique, the integrated navigation system
can combine MR imaging data with functional
and/or metabolic information obtained by other
modalities such as positron emission tomography
{PET) and magnetoencephalography.®?” Qverall, the
fully integrated architecture facilitates straightfor-
ward workflow including patient transport, image
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