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Abstract We report an unusual case of extraventricular
(cerebral) neurocytoma with a long, 25-year history, and
which appeared to transform to neuroblastoma. In 1978, an
18-year-old woman was treated for right frontal oligoden-
droglioma, Eighteen years later (in 1996), recurrence ol tu-
mor in the fourth ventricle was noted and was treated with
gamma-knife radiotherapy. The tumor shrunk transiently,
but 7 years later (in 2004), MRI study demonstrated a
second recurrence and ventricular dissemination. Partial
removal was performed, and histological examination re-
vealed that tumor cells had round or oval nuclei with halos.
Frequent mitoses and vascular proliferation were observed.
The MIB-1 LT was 80%. Despite postoperative whole-brain
radiotherapy to a total dose of 30 Gy. the tumor progressed,
and she died at 4 months after the second surgery.

Key words Extraventricular Neurocytoma - Neuro-
blastoma

Introduction

Central neurocytoma (CN) is a definite clinicopathological
entity that has been well known 1o neurosurgeons since
1993." It commonly occurs as an intraventricular mass, and
is often calcified, but may also occur as a periventricular
parenchymal mass or even in locations remote from the
ventricles, as so-called extraventricular (cerebral) neruocy-
toma, ™ Neurocytomas frequently contain cells with small
round nuclei and a surrounding halo of empty-appearing
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cytoplasm that closely resemble the cells of oligodendro-
glioma. We report an unusual case of extraventricular neu-
rocytoma, initially treated as an oligodendroglioma in 1978,
The patient developed two recurrences 18 and 25 years
after initial surgery. and the tumor appeared to transform
to neuroblastoma.

Case presentation

In 1978, an 18-year-old woman presented with progressive
headache and nausea. Cranial computed tomography (CT)
revealed a right frontal lobe tumor with calcification. The
tumor was partially removed, followed by local irradiation.
Unfortunately, her clinical records had been discarded. and
her precise history of treatment was therefore unknown,
The pathological diagnosis was oligodendroglioma. A few
years later, she discontinued visiting the hospital.

In 1996, she complained of diplopia and vertipo and
consulted her previous physician, CT examination revealed
# fourth ventricular tumor with caleilication (Fig. 1). She
rejected radical resection and underwent gamma-knife
radiotherapy. The tumor decreased in size (Fig. 2), and her
symptoms were improved.

In 2004, the patient presented with disturbance of con-
sciousness and gait disturbance and was admitted 10 our
hospital. Magnetic resonance imaging (MRI) revealed
lateral ventricular and fourth ventricular tumor as well as
hydrocephalus (Fig. 3). In February 2004, the tumor was
partially removed. The pathological diagnosis was central
neuroblastoma. Although postoperative whole-brain radio-
therapy was performed to a total dose of 30Gy, the tumor
progressed (Fig. 4), and she died 4 months after the second
surgery.

Pathological findings

We reexamined the first specimens. The tumor cells had
round or oval nuclei with a finely speckled chromatin
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Fig. 1. Computed tomography (CT) examination
in 1996 revealed a fourth ventrcular and right
lateral ventricular calcified tumor

Fig. 2. Magnetic resonance imaging (MRT) a1 the time of first recur-
rence, showing that the volume of the fourth ventricular tumor had
decressed ofter gamma-knife surgery. Right column, pregamma-knile
status; fefi colipmn, postgamma-knife status

pattern with halos, In 1978 (“central neurocytoma™ had not
been described), the pathological diagnosis was oligo-
dendroglioma. The general architecture was monolonous.
Immunohistological study rev
synaptophysin and neuron-specific enolase (NSE). Staining
for elial fibrillary protein (GFAP) was negative. The MIB-|
labeling index (L1) was very low. Thus, we diagnosed the
tumor as neurocytoma (Fig. 5)

The specimens from the second operation displayed
nuclear atypia, frequent mitoses, and microvascular pro-
liferation. Immunohistological study revealed expression
of synaptophisin and NeuN. Staining for GFAP was
partly positive. The MIB-1 LI was extremely high, at
80%. The pathological dingnosis was  neuroblastoma
(Fig. ).

aled strong expression of

Fig. 3. MRI at the time of second recurrence shows enlargement of
the fourth ventricular and lateral ventricular tumors as well as
hyvdrocephilus

Discussion

Central ncurocytoma (CN), named by Hassoun et al.” in
1982, is thought 10 be a benign neoplasm exhibiting neuro-
nal differentiation, typically located in the lateral ventricles,
and corresponding to WHO grade 11" CN may also occur
as a periventricular parenchymal mass, or even in locations
remote from the ventricles, as so-called extraventricular
neurocvioma.” * Neurocytomas [requently  contain  cells
with small round nuclei and a surrounding halo of empty-
appearing cytoplasm that closely resemble the cells of
oligodendroglioma. Before Hassoun's work, almost all
central neurocylomas miy have been diagnosed as intra-
ventricular oligodendroghomas. In the present case. the




Fig. 4. MRI after whole-brain radiotherapy
shows tumor progression as well as dissemi-

nation throughout the ventnicular system

Fig. 5. 'The tumor cells hud round or oval nucles with tinely speckled chromatin pattern with halos (a: HEE). Immunoreactivity for synaptophysin
(b} and NSE () was positive; immunoreactivity for GEAP was negative (d); and MIB-1 LI was very low (¢). a—e 2200

tumor was diagnosed as an oligodendroglioma at initial
treatment.

We reexamined the tumor pathologically and diagnosed
extraventricular neurocytoma based on the pathological
findings and the patient’s medical history (right [rontal
tumor). Some cases have been reported ol neurocytoma
with a poor clinical outcome, and anaplastic histological
features. including apparent mitotic  activity, micro-
vascular proliferation. and necrosis, have sometimes been
observed "™ The MIB-1 LI varies from low 1o high,
Sovliemezoglu et al. reported that wumors with MIB-1 LI

greater than 2% had a relapse rate of 63%, compared with
a rate of for tumors with a MIB-1 L1 less than 2%."
They proposed considering CNs with a MIB-L1 greater than
2% andlor vascular proliferation as “atypical central
neurocytoma.”

In the present case, the MIB-1 L1 was extremely high
(80% ), and mitoses and vascular proliferation were promi-
nent; we therefore dingnosed neuroblastoma. Horten and
Rubinstein collected and reviewed 35 cases with cerebral
neuroblastoma, They proposed the criteria for the histologi-

22%

cal pattern of neuroblastoma.™ According to the histologi-
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(e), TUJL (d). and NEP (e) was positive, immunore:s

tive. MIB-1 LI was 30% (h). o xd0: b, e, e x400; o, (=h <200

cal classification of tumors of the central nervous system
proposed by WHO in 2000, neuroblas toma is classified in
the supratentorial primitive neuroectodermal tumor group

with ganglioneuroblastoma."’ Tong ¢t al. reported that
central  neurocylomas  are  genetically  distinet  from

ncuroblastoma."’

For patients with typical neurocytomas, complete resee-
tion is considered the best treatment, and aflter incomplete
resection patients benefit from radiotherapy. In our case.
raciotherapy and gamma-knife radiosurgery were effective,
although not curative. To our knowledge. there has been
no previous report of transformation of neurocytoma
1o neuroblastoma, It is possible that the neuroblastoma
originated from a different site or was a radiation-induced
secondary tumor. However this may be, our case is of con-
siderable interest from both pathological and clinical
perspechves.

The most appropriate treatment for CN has vet to be
clearly cstablished, It has been suggested that radiation
therapy is advisable in patients with recurring tumors

and histological evidence of malignancy. The role of

Fig. 6. Tumor cells display nuclear atypin. frequent mitoses, and microvascular proliferation (a. e H&E), Immunorcactivity for svnaptophysin
ivity for GFAP wus partinlly positive (0: und immunoreactivity for OLG2 (g) was nega-

chemotherapy is less clear, and few reports have addressed
this issue.” " von Koch et al. reported that chemotherapy
including procarbazine, CCNU, and vinci
tive for recurrent central neurocytoma.”” However, because
our patient’s general condition was already very poor
at her final admission, we could not treat her with
chemotherapy.

Long-term controlled studies are necded for ¢
of the efficacy of postoperative radiation therapy.and ¢l
long-term follow-up is necessary for patienis with extraven-
tricular neurocytoma.

ine was effec-

aluation
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An Operative Case of Isomorphic Astrocytoma

Kenichiro Matsuda®, Kaori Sakurada”, Wataru Mouri", Makoto Saino",
Shinya Sato", Shinjiro Saito”, Takamasa Kayama", Yoichi Nakazato®

Abstract

Diffuse astrocytomas are classified as WHO Grade 11 tumors. Recently, a subtype presenting with
better prognosis has been proposed, and it is known as “isomorphic astrocytoma.” A clinical case that we

encountered was believed to be categorized as this subtype; it has been presented in this report.

The patient was a 20-year-old male with a chief complaint of intractable epileptic seizures. He
experienced his first attack at 16 years of age in July 2001, and it was a generalized seizure. Anticonvul-
sants prescribed by a previous doctor had no effect on controlling the seizures. MRI performed in March
2004 showed a lesion approximately 2.0 cm in diameter in the left temporal lobe. The patient was referred

to our institution for further investigation of the lesion and therapy.

Electroencephalography and magnetoencephalography were used to assess the lesion at seizure focus.
The tumor was resected under awake surgery. The pathological diagnosis was diffuse astrocytoma, but
this tumor was considered to be the isomorphic subtype. Some parts of the tumor showed a relatively high
MIB-1 labeling index (LI) of 9.2%, and additional 50-Gy radiotherapy was performed. The postoperative

course was uneventful and despite decreasing the anticonvulsant dosage, he has remained seizure free.

Isomorphic astrocytoma is characterized by prolonged epileptic seizures, a low MIB-1 LI, and better
prognosis. In our case, since the MIB-1 LI was higher in some parts of the tumor, the appropriate therapy
for WHO Grade I tumors was performed. However, this case was considered representative of isomorphic
astrocytoma. No reports of this tumor subtype have been previously described in Japan. Therefore, this

report is the first case of isomorphic astrocytoma reported to Japanese literature.

(Received: December 15, 2006, Accepted: March 16, 2007)
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Fig. 1 Preoperative MRI
T,-weighted (A), Ts-weighted (B), Gd-enhanced-(C), and FLAIR-(D, E, F) MRI showing a mass lesion in the left

temporal lobe.
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Fig. 2
Thallium-SPECT (A), Iomazenil-SPECT (B) and FDG-PET-(C) show a low-uptake lesion in the left temporal lobe.
MEG results revealed that epileptic activity was detected in the left temporal lesion (D, E, F)
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Fig.3 Intraoperative photograph
The lesion showed swelling and was reddish. On the EEG rerealed spike activity in the
posterior part of the lesion. T: tumor, O: dysarthria, 4: anomia.
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Fig. 4 Postoperative MRI
The lesion was removed completely.
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Fig.5 Pathological findings

Diffuse proliferation of the glial cells was noted and cellularity is slightly elevated (A: H&E X100,
B: H&E X 400). Immunoreactivity for CD34 was negative (C % 100) and the MIB-1 LI was low (DX

200).
Table The differential diagnosis of the brain tumor and associated long-term
epilepsy
Tumor WHO Grade Nuclear atypia MAP2 CD34

isomorphic astrocytoma 1 No - —
astrocytoma i Yes + =
oligodendroglioma 11 Yes + =
ganglioglioma I Var. + +

The features of the isomorphic astrocytoma were as follows: no nuclear dysmor-
phism and negative results on immunochistochemical staining for MAP2 and CD34.

Var: variable.

fuse astrocytoma &0 & FEBIEFE W) BEERT—
BUFET2ELTHEZAEFLLOEBSTHLY, &
&1, diffuse astrocytoma O T, BEMTAGAELE
D2—HOTHED, FITTVHELERRFTHIILE
R L, clinical entity & LT LEAT (long-term epi-
lepsy associated tumors) LI BLEETBH LA, T
OELEATOFHE§ # FF# < M3 L, isomorphic
astrocytoma VI LW EEL 129, FERF
4 &4 %, isomorphic astrocytoma it WHO 8T
it Grade | K#EYT 5 LiivbhT g,

BEHOTAL»ARELEHR L7 2REEE L TH,
astrocytoma @ £ # K oligodendroglioma, gangliog-
lioma Ewofc b DM H 2%, T OHPT, isomorphic
astrocytoma OFEERSGEE LT, BEMNA 2 {#ilg
EEOLEMEGEREG, BRISEHBEM DTN
&, BLUMHEENEL: (MIB-1LI<1%) T b8
5D, i, REHEBLEFNE MAP2 ® CD34 T8
#TH 3 Z &z & D oligodendroglioma % gangliog-
lioma E DERIHARETHS L ER T2 (Table)?,

#HEH b, isomorphic astrocytoma ORIEEASH
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Supplementary Motor Area Syndrome with Frontal Glioma

Shigeki Watanabe®, Kaori Sakurada®, Wataru Mori®,
Shinya Sato*, Takamasa Kayama®

Abstract

The supplementary motor area (SMA) is a region located within each cerebral hemisphere at the
posterior medial border of the frontal lobe. It is considered to play an important role in planning,
initiating and maintaining sequential motor actions. In this report, we aimed to confirm or invalidate the
somatotopic organization of the SMA, correlates the pattern of clinical symptoms observed after SMA
removal with the extent of resection. Althogh there was no apparent change shown in the meonitoring of
intraoperative motor evoked potential (MEP), four patients displayed postoperative SMA syndrome on the
side of the body contralateral to the SMA resection. All patients developed postoperative severe hemi-
plegia. One dominant frontal glioma patient was followed by transient mutism and motor aphasia. In
this study, there is no correlation between extent of SMA resection and postoperative clinical pattern of

deficits.
(Received: January 15, 2007, Accepted: March 14, 2007)

Key words : supplementary motor area syndrome, glioma, MEP
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#RMBEF (supplementary motor area: SMA) K,
HIGEEEAI(ER I FEZE L, AiZS# (anterior commissure:
AC) #3 D, HIZ5H (AC) —#35M (posterior commis-
sure: PC) line KEFE 4 VCA (vertical commissure
anterior) line io & 0, BIA® pre SMA L#75D SMA
proper & iKBIZ 13", SMA proper IEBO L,
Bts, #REE-TW3 AN, WAy 6HE, Li,
T EWSERURBEXS I LOHMELRZEINATY
5,

SMA OR®Iz L 0, HRIOHSE L, S REETR
mutism BEL 24, FASREENSICEETSC

LAY L A, FUREREFEREE (SMA ERER) £0F
Bhtwd, SEbhbhid, YECHMBERET- 0
BHE glioma® & SMATEEBEEZE L 4 flick v
T, SMA Of§HEE & M E 2T 5 SMA O
HOBE: OB W TORIEELLOTRET 5.

I, WREFE

WENE T, 1994 EroBAEE THEIN LT 4 #l
OWIEE glioma ® 3 5, i SMAERNEELE
Fiz 44 (9.1%) THol: (Tablel)s ZD4EHFSE
W, MfFETEoO MRI k81 2 SMA #i = MiEE,
UREEoMELERL, ORYMES L UEERED
i r, SMA OVIRHEE L QBB DL TR L.

* ekt RS R ENE Department of Neurosurgery, Yamagata University School of Medicine
(UEEsE) BILETE = AT ELERAEATE (T990-9585 |LFTNIMRME 2-2-2) Address reprint requests to; Takamasa Kayama,
Department of Neurosurgery, Yamagata University School of Medicine, 2-2-2 lida-Nishi, Yamagata 900-9585, Japan

1881-6096/07/ ¥ 500/E3/JCLS

19




Table 1 Summary of the 4 patients.
Case Pathology MIB-1 MEP
LL D-wave
1 dominant oligodendroglioma 5.0 no change
2 1 non-dominant oligodendroglioma 10.6 no change
3 right non-dominant igodendroglioma 3.2 no change
4 18/M right non-dominant oligoastrocytoma T4 no change
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Enhanced antitumor effect of combined-
modality treatment using convection-
enhanced delivery of hydrophilic nitrosourea
with irradiation or systemic administration of
temozolomide in intracranial brain tumor

xenografts

Shin-Ichiro Sugiyama, Yoji Yamashita, Toshio Kikuchi, Yukihiko Sonoda,
Toshihiro Kumabe and Teiji Tominaga

Department of Neurosurgery, Tohoku University Graduate School of Medicine, 1-1 Seiryo-machi, Aoba-
ku, Sendai 980-8574, Japan

Objective: Convection-enhanced delivery (CED) is a local infusion technique that delivers
chemotherapeutic agents directly to the central nervous system, circumventing the blood-brain
barrier and reducing systemic side effects. We previously reported the safely and efficacy of
CED of ACNU (nimustine hydrochloride: 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-1-(2-
chloroethyl)-1-nitrosourea hydrochloride), a hydrophilic nitrosourea, in rat brain tumor models.
This study evaluated the efficacy of combined-modality treatments using CED of ACNU with

irradiation or systemic administration of temozolomide.

Methods: Antitumor effica
intracranial brain tumor models.

and toxicity of the treatment were evalvated using rat 9L

Results: Combined treatment using CED of ACNU with irradiation produced significantly fcm’ge
survival time than each treatment alone (versus CED: p<0.001, versus irradiation: p<0.05, log-
rank test) or systemic administration of ACNU with irradiation (p<0.001). Long-term survival

sho
enhanced survival rate compared wit
systemic temozolomide: P( .05).
iscussion: Multimodality
chemotherap
[Neural Res 2008; 000; 000-000]

(120 days) and eradication of tumor occurred only in this combined-treatment gemup. We also
that CED of ACNU plus systemic administration of temozolomi
each treatment alone (versus CED: p<0.001, versus

significantly

treatment using CED of ACNU, radiotherapy and systemic
with temozolomide is a promising strategy for treatment of brain tumors.

Keywords: Brain tumor; convection-enhanced delivery; nimustine hydrochloride; radiotherapy;

temozolomide

INTRODUCTION
Despite aggressive multimodal therapy, the prognosis of
patients with high-grade glioma remains dismal. Though
radiotherapy plus concomitant and adjuvant temozolo-
mide, a novel oral alkylating agent, improves the
survival of patients with high-grade glliorna, median
survival is still less than 15 months', and further
exploration is needed in order to increase the efficacy
of temozolomide-based regimens in the treatment of
high-grade glioma.

In the application of systemic chemotherapy to
intracranial malignancies, poor penetration of most
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anticancer drugs across the blood-brain barrier (BBB)
into the central nervous system remains a major
obstacle’”. Even with use of agents that penetrate the
BBB, tumoricidal drug concentrations are difficult to
obtain in tumor tissue without systemic side effects. On
the other hand, local methods of delivery that bypass
the BBB, including direct injection or biodegradable
polymer or wafer implantation, yield only limited
distribution of drug within the target site”.

In an effort to improve drug distribution within brain
tissue, several recent studies have demonstrated the
possibility of use of convection-enhanced delivery
(CED)™®. With the use of a pressure-driven bulk flow
process, CED distributes agents to clinically relevant
volumes of solid tissues®. Therapeutic drugs delivered
via CED circumvent the BBB, and high drug concentra-
tions reach the site of injection and are widely

Neurological Research, 2008, Volume 000, 000 1
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distributed within the target site. Compared with routes
of administration dependent on diffusion from injection
or implantation sites, CED yields a greater volume of
distribution and is designed to direct a drug to specific
target volumes’™'". In addition, CED minimizes sys-
temic exposure, resulting in fewer systemic side effects.

Many investigators are now applying this technique to
brain tumors. A large variely of antineoplastic rugs,
such as immunotoxins’''~'*, boronated drugs'*™,
liposomal  drugs'”™'® and free antineoplastic
agents®®?' have been administered using this techni-
que, all with promising outcomes. In particular, 1,3-bis-
chlorethyl-1-nitrosourea (BCNU), which had one of the
most proven efficacies in systemic chemotherapy for
high-grade glioma before the advent of temozolomide,
has been considered as a promising candidate for CED,
and it has been reported that BCNU locally delivered
via CED provided favorable therapeutic outcomes in rat
models of glioma®'. The efficacy of TMZ delivered via
CED has also been reported in rat models of glioma®?,
and together with the findings noted above, suggests
that CED of alkylating agents is a promising strategy for
treating intracranial malignancies.

We previously demonstrated that a hydrophilic nitro-
sourea,  1-(4-amino-2-methyl-5-pyrimidinyl)methyl-3-
(2-chloroethyl)-3-nitrosourea  hydrochloride  (ACNU),
could be safely and effectively administered via CED
in an in vivo rat brain tumor model®*. However, our
findings then were still unsatisfactory, and some factors
limiting antitumor efficacy were noted: (1) the limitation
of the therapeutic window of ACNU delivered via CED
due to the local CNS toxicity ascribed to the non-
specific cytotoxicity of ACNU; (2) the short tissue
retention time of ACNU infused once via CED in brain;
(3) the heterogeneous distribution of ACNU adminis-
tered via CED within tumors, which resulted in partial
response and local recurrence of brain neoplasms.

To improve the variability in efficacy within tumors,
this study examined the efficacy of combined treatment
using CED of ACNU with irradiation or systemic
concomitant administration of temozolomide in rat 9L
brain tumor models.

The findings obtained in this study advocate the new
concept of a multimodal approach usinﬁ CED of ACNU
with radiotherapy or systemic chemotherapy of temo-
zolomide for the treatment of malignant glioma.

MATERIALS AND METHODS

ACNU and temozolomide

ACNU was provided by Sankyo Co. Ltd (Tokyo, Japan).
Infusion solutions of ACNU were prepared by diluting
ACNU in saline to a concentration of 0.5 mg/ml. TMZ
was provided by Schering-Plow K.K. (Osaka, Japan) and
was dissolved in a solution of 10% dimethyl sulfoxide
(Sigma, St Louis, MO, USA) in 0.9% saline.

Tumor cell line
9L gliosarcoma cells (American Type Culture
Collection, Rockville, MD, USA) were maintained as
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monolayers in complete medium consisting of Eagle’s
minimal essential medium supplemented with 10% fetal
call serum, non-essential amino acids and 100 U/ml
penicillin G. Cells were cultured at 37°C in a humidified
atmosphere consisting of 95% air and 5% CO,.

Animals and intracranial xenograft technique

All protocols used in the animal studies were
approved by the Institute for Animal Experimentation
of the Tohoku University Graduate School of Medicine.

Male Fisher 344 rats weighing ~200 g were pur-
chased from Japan SLC Inc. (Japan SLC Inc., Shizuoka,
Japan). To produce the intracranial xenograft tumor
model, 9L gliosarcoma cells were harvested by trypsi-
nization, washed once with Hanks balanced salt solu-
tion (HBSS) without Ca™ * andMg™ *, and resuspended
in HBSS for implantation. Cells (5 x 10%) in 10 pl HBSS
were implanted in the striatal region of Fisher 344 rat
brains as follows: under deep isoflurane anesthesia, rats
were placed in a small-animal stereotactic frame (David
Kopf Instruments, Tujunga, CA, USA). A sagittal incision
was made to expose the cranium, followed by a burr
hole in the skull at 0.5 mm anterior and 3 mm lateral to
bregma using a small dental drill. Cell suspension (5 pl)
was injected over 2 minutes at a depth of 4.5 mm from
the brain surface; after a 2 minute wait, another 5 pl
was injected over 2 minutes at a depth of 4.0 mm, and
after a final 2 minute wait, the needle was removed and
the wound was sutured.

Convection-enhanced delivery

CED of ACNU or saline was performed using a
volume of 20 pl as described previously®®. Briefly, the
infusion system consisted of a reflux-free, step-design
infusion cannula® connected to a loading line (contain-
ing ACNU or saline) and an olive oil infusion line. A
1 ml syringe (filled with oil) mounted onto a micro-
infusion pump (BeeHive; Bioanalytical Systems, West
Lafayette, IN, USA) regulated the flow of fluid through
the system. Based on chosen coordinates, the infusion
cannula was mounted onto stereotactic holders and
guided to the target region of the brain through burr
holes made in the skull. The following ascendin
infusion rates were applied to achieve the 20 pl tmaﬁ
infusion volume: 0.2 pl/min (15 minutes) + 0.5 pl/min
(10 minutes) + 0.8 pl/min (15 minutes).

Whole-brain irradiation in a single fraction

Irradiation was conducted with X-rays generated by a
Shimadzu HF-320 apparatus (Shimadzu Mectem, Shiga,
Japan) operated at 200 kV and 10 mA with 0.5 mm Cu
and 1.0 mm Al filters. The dose rate to the brain was
0.72 Gy/min and total dose of 8.64 Gy was given in
12 minutes. The animals were anesthetized before
irradiation with intraperitoneal sodium pentobarbital
30 mg/kg body weight. The whole body of each animal,
excluding the head, was covered with lead sheets, and
four rats were irradiated at a time.
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Toxicity of combined treatment with CED of ACNU plus
irradiation in normal rodent CNS

Nine male Sprague-Dawley rats weighing ~200 g
(Jlapan SLC Inc.) were assigned to three groups: (1) a
radiation group, receiving whole-brain irradiation to a
total dose of 8.64 Gy (n=3); (2) a CED group, receiving
a single 20 pl CED infusion of ACNU (n=3); (3) a CED
plus radiation group, receiving CED of ACNU and
irradiation 3 days after CED (n=3). ACNU was used at
half the maximum tolerated dose (MTD), 0.01 mg/rat, as
determined in a previous study””. Rats were monitored
daily for survival and weekly for weight and general
health. All rats were euthanized on the thirtieth day after
conclusion of treatment, and their brains were removed,
fixed, subjected to paraffin sectioning (5 pm) and
stained with hematoxylin and eosin (H&E).

Antitumor effect of combined treatment using CED of
ACNU with irradiation in a rat 9L brain tumor model

Forty rats with 9L tumor cells were randomized into
five experimental groups with eight animals each. The
groups were as follows: (1) a control group, receiving
CED of saline; (2) a CED group, receiving CED of ACNU
at a dose of 0.01 mg/rat; (3) a radiotherapy group,
receiving whole-brain iradiation to a total dose of
8.64 Gy; (4) a systemic chemotherapy plus radiotherapy
group, receiving intravenous (i.v.) injection of ACNU at
a dose of 0.4 mg/rat (2 mg/kg: clinically tolerable dose
for iv. administration®®) followed by whole-brain
radiation to a total dose of 8.64 Gy; (5) a CED plus
radiotherapy grour, receiving CED of ACNU at a dose
of 0.01 mg/rat, followed by whole-brain radiation to a
total dose of 8.64 Gy. Seven days after tumor cell
implantation, a single CED infusion (20 pl; saline) was
performed for the control and radiotherapy %:oups,
while the CED group and the CED plus radiotherapy
group were given a single 20 pl CED infusion of 0.5 mg/
ml ACNU. The systemic chemotherapy plus radio-
therapy group received a bolus IV injection via a tail
vein (0.4 ml; 0.1 mg/ml ACNU). Ten days after tumor
implantation, whole-brain irradiation in a single fraction
to a total dose of 8.64 Gy was given to the radiotherapy
group, the systemic chemotherapy plus radiotherapy
group and the CED plus radiotherapy group. Rats were
monitored daily for survival and general health. Animal
weights were reported weekly. The study was termi-
nated 120 days after tumor implantation, when the
surviving animals were euthanized and their brains
stained with H&E. Results for the survival studies are
indicated using Kaplan-Meier curves. Survival rates of
the treatment groups were compared with the log-rank
test.

Toxicity of combined treatment with CED of ACNU plus
systemic administration of temozolomide in normal
rodent CNS

Nine male Sprague-Dawley rats weighing ~200 g
(Japan SLC Inc.) were assigned to three groups: (1) a
CED group, receiving a single 20 pl CED infusion
of ACNU at doses of 0.01 mg/rat (n=3); (2) a
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temozolomide grour, receiving intraperitoneal injection
of temozolomide for 5 days (n=3); (3) a CED plus
temozolomide group, receiving both CED of ACNU and
systemic administration of temozolomide (n=3).
Temozolomide was given systemically (intraperitoneal
administration) at a dose of 350 mg/m*/day daily for
5 days®”. CED of ACNU was performed on the third day
after starting temozolomide administration. Rats were
monitored daily for survival and weekly for weight and
general health. All rats were euthanized on the thirtieth
day after the conclusion of treatment, and their brains
were removed, fixed, subjected to paraffin sectioning
(5 pm) and stained with H&E.

Antitumor effect of combined treatment using CED of
ACNU with systemic administration of temozolomide in
a rat 9L brain tumor model

Thirty-eight rats that received 9L tumor cell implants
were randomly divided into four groups: a control group
(n=8), a CED group (n=10), a temozolomide group
(n=10) and a combination group (n=10). Seven days
after tumor implantation, CED infusions of 20 pl ACNU
at a dose of 0.01 mg/rat were performed in the CED and
combination groups. In the control and temozolomide
groups, CED infusion of 20 ul 0.9% saline was
performed as a control. In the temozolomide and
combination groups, temozolomide (350 mg/m*/day)
was given systemically (intraperitoneal administration)
daily for 5 days, starting on day 5 after tumor implanta-
tion. Survival rates in the treatment groups were
compared using the log-rank test. Survival was esti-
mated using Kaplan-Meier curves.

RESULTS

Toxicity of combined treatment using CED of ACNU
with irradiation
Rats receiving whole-brain irradiation to a total dose of
8.64 Gy exhibited no radiation-induced changes in the
CNS (Figure 1a). In animals receiving CED of ACNU at
0.01 mg/rat, brain tissues exhibited only evidence of
minor trauma at the site of the infusion cannula in the
striatum (Figure 1b). Animals that received CED of
ACNU at 0.01 mg/rat, followed by whole-brain irradia-
tion to a total dose of 8.64 Gy, also had minor trauma at
the site of infusion, but no increase in tissue damage
was found (Figure Ic).

No systemic toxicity was observed following any of
these treatments. All rats survived without neurological
or behavioral signs.

Synergistic antitumor effect of combined treatment
using CED of ACNU with irradiation in a 9L rat brain
tumor model

As shown in Figure 2, all animals in the control group
died due to tumor progression by day 21 and mean
survival was only 17.8 days (median: 18.5 days). CED
of ACNU at half MTD (0.01 mg/rat) yielded no
improvement in survival. All animals died by day 36
and mean survival was 21.0 days (median: 17.0 days).

Neurological Research, 2008, Volume 000, 000 3
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Figure 1: Evaluation of toxicity of combined treatment with CED of ACNU and irradiation in normal adult ral brains. Representative H&E

sections 30 days after conclusion of treatment. Rats receiving

whole-brain irradiation to a tolal dose of 8.64 Gy exhibited no radiation-

induced changes (a). Rals treated with CED of ACNU at half MTD (0.01 mg/rat) had evidence only of minor lrauma at the site of the infusion
cannula in the striatum (b). Rats that received CED of ACNU at 0.01
had minor trauma at the site of the infusion, but no other apparent local damage (c)
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Figure 2: Combined treatment using CED of ACNU plus irradia-
tion, (A} Experimental design of the survival study. CED infusion of
saline, systemic administration of ACNU (0.4 mg/rat) and CED of
ACNU at 0.01 mgfrat were performed 7 days after tumor implanta-
tion, Whole-brain irradiation was performed 9 days after tumar
implantation. (B) Survival of trealed animals was observed for
120 days and is indicated using Kaplan-Meier curves. Animals
were trealed with CED of saline (a), L.v. administration of ACNU
plus irradiation (b), CED of ACNU alone (c), irradiation alone (d)
or CED of ACNU plus irradiation (e)
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rat, followed by whole-brain irradiation lo a total dose of 8.64 Gy,

Animals receiving whole-brain irradiation died by day
34, with a mean survival of 25.1 days (median:
24.0 days). This group had a significantly improved
survival rate compared with the control group (p<0.01,
log-rank test). Animals treated with systemic adminis-
tration of ACNU Flus irradiation died by day 24, with a
mean survival of 19.6 days (median: 19.5 days). No
survival advantage was observed compared with the
control group. Animals treated with using CED of
ACNU plus irradiation exhibited significantly improved
survival rate compared with controls (p<0.001), ani-
mals receiving CED alone (p<0.001), those with
systemic ACNU plus radiation (p<<0.001) and those
with radiation alone (p<0.05); as a result of this
combined treatment, three of eight animals (37.5%)
survived beyond day 120 (median: 29.5 days).

Histopathologic evaluation of brain tissue was per-
formed in all animals at death or after sacrifice. Only
three animals, in the group receiving CED of ACNU
plus irradiation, survived to the end of the study at day
120 and exhibited complete pathologic response
(Figure 3a). Tumor progression was observed in the
brains of all rats that died (Figure 3b).

Toxicity of combined treatment using CED of ACNU
with systemic temozolomide

In animals receiving CED of ACNU at 0.01 mg/rat, no
increase in tissue damage was observed compared with
the previous study (Figures Tb and 4a). Animals receiv-
ing intraperitoneal injection of temozolomide (350 mg/
m*/day) for 5 days exhibited no change in the CNS (data
not shown). Animals that received combined treatment
with CED of ACNU plus systemic administration of
temozolomide had minor trauma at the site of infusion,
but no clear increase in CNS toxicity was found in them
(Figure 4b).
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Figure 3: Representalive brain sections from surviving and non-surviving animals, (a) Brain section obtained from one of the survivors treated
by CED of ACNU a1 0,02 mg/rat. None of the survivors had residual wmor. (b) Brain section from a rat of the control group showing typical
tumor found In all non-surviving animals, in which tumor progression led 1o death

Figure 4: Evaluation of toxicity of combined treatment using CED of ACNU and systemic administration of temozolomide in normal adult rat
brains, Representative H&E sections 30 days after the conclusion of treatment. Rats receiving CED of ACNLU at half MTD (0.01 mg/rat) had
evidence only of minor trauma at the site of the infusion cannula in the striatum (a), Rats that received CED of ACNU plus systemic temozo-
lomide had minor trauma at the sie of the infusion, but no other drug-induced damage (b)
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