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the concept that as much as possible, resection of glioma is the most
effective treatment of the patients with glioma, especially with the
high-grade glioma, like glioblastoma. The other crucial issue for
longer survival is dependent on the treatment after recurrence. If the
recurrence is located just adjacent to the primary site, additional
resection of the recurrent part is the most effective mass reduction
method pared to other modali pecially for gliomas which are
intractable to chemoradiation therapy. After successful local control of

more than subtotal resection and intensive treatment for recurrence,
includi  surgery and h diation. The authors conclude that this

p d survival, and suggest that tumor
di inati is the life d factor in their patients. This
work is well-written and supports the appropriateness of an aggressive
attitude when we are faced with an intracranial anaplastic ependy-
moma. However, the number of patients in the series is relatively
small and is well-known that many different factors can influence the

the tumor, recurrent pattern ch d into di ination which
condition is out of indication of surgical resection. In order to achieve
the effective treatment after recurrence, we have to check the patients
regularly and meticulously; that means regular control image
diagnosis, especially by MRI. So, in this situation in Japan, all people
living in Japan have the same chances to be checked evenly by the
medical insurance with relative low cost. So the active and positive
attitude for treatment of the patients with high-grade glioma is
basically needed to achieve higher results of the overall survival of
them. In this this paper sti geons to be
aware nf the unponancc of acnve resection with contrivance for
T of di and lous foll p of the patients
with regular control study by MRL

Jesus Vaquero, Madrid, Spain
In this revtew, Saito et al. descnbe their experience with a series of

patients with i ial pendy who underwent

@_ Springer

and survival of patients suffering brain tumors. Therefore,

the conclusions obtained in series as shown by the authors, although

they are justified and are extremely useful in increasing our
ding, should be idered with caution.

One point to note is that this series includes both children and

adults patients, being generally accepted that age is a very lmponam

factor when anal of i P
mas'. Furthermorc. it is obvxous that when a patient wuh an
i is dered individually, age may condi-

tion the type and agg, of adj t after surgery.
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Abstract We describe a rare case of melanotic neuroecto-
dermal tumor (MNT) of the brain recurring 12 years after
complete remission. An 11-year-old girl initially presented
with exotropia and bilateral papilledema. Magnetic reso-
nance (MR) imaging revealed an intracranial extraaxial
large tumor at the midfrontal region. T,-weighted MR
imaging showed the tumor to be well delineated with homo-
geneous enhancement by gadolinium. The tumor was sub-
totally removed, and the histological diagnosis was MNT.
The residual tumor became enlarged, so gamma knife radio-
surgery was performed 5 months after initial surgery. The
enhanced lesion disappeared, but another lesion emerged 3
years later. A second gamma knife radiosurgery was per-
formed for this local recurrence. The enhanced lesion disap-
peared once again. Twelve years after the second gamma
knife radiosurgery, another local recurrence was detected.
This tumor was subtotally removed. Histological examina-
tion confirmed the same diagnosis of MNT. This case sug-
gests that MNTSs not completely resected need long-term
follow up, even if complete remission was achieved after
adjuvant therapy.
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Introduction

Melanotic neuroectodermal tumor (MNT) is a rare, pig-
mented tumor of neural crest origin, mainly affecting
children under 1 year of age without sex predilection."”
Peripheral MNTs are considered to be benign, whereas
MNTs in the brain carry a much less favorable prognosis.®
More than 365 cases have been reported since the first
description in 1918.° A review of 140 cases of MNT reported
between 1990 and 2004 found that the main site of origin
was the maxilla (61.4%), followed by the skull (15.7%), the
mandible (6.4%), and the brain (5.7%).” The treatment of
MNT consists of total surgical excision and, if malignant,
followed by radiation therapy and chemotherapy.’ Most
MNTs have a benign clinical course after surgical removal,
but the local recurrence rate is reported to be as high as
20% and the rate of malignancy as 6.5%. Most recurrences
after surgical treatment occur within 4 weeks (39.3%). No
reported case has recurred more than 23 months after treat-
ment. Local recurrences are explained as subtotal removal
or multicentric origin of the tumor.” The recurrence rate of
MNT after incomplete resection is as high as 60%.°

We describe a rare case of MNT of the brain that recurred
12 years after complete remission.

Clinical summary

An otherwise healthy 11-year-old girl had initially pre-
sented with diplopia caused by left exotropia and bilateral
papilledema without other neurological deficits in July 1993.
Computed tomography revealed a large, approximately
6 cm in maximum diameter, rounded tumor in the intracra-
nial midfrontal region. Magnetic resonance (MR) imaging
revealed a well-delineated extraaxial tumor compressing
the bilateral frontal lobes with marked intracerebral edema
(Fig. la—). The tumor was isointense with the cortex
on both T,- and T,-weighted MR images, with strong
homogeneous enhancement with dural enhancement after
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Fig. 2. T -weighted MR images
with gadolinium obtained during
the 15-year follow-up period.
a Regrowth of the tumor was
detected 5 months after initial
surgery. b Complete remission
after first gamma knife radiosur-
gery (GRS). ¢ Local recurrence 3
years after first GRS. d Complete
remission after second GRS

Discussion

Histologically, MNTs are biphasic tumors characterized by
larger polygonal epithelioid cells resembling melanocytes,
with variable deposits of melanin, and smaller neuroblast-
like round cells in a stroma of fibrous tissue."”® Mitotic
index is usually low,” but malignant cases have a similar
histological appearance with increased mitosis, hypercellu-
larity, and focal necrosis."” The diagnosis of MNT may be
confirmed by immunohistochemical demonstration of
multiphenotypic expression for epithelial, melanocytic, and
neural markers. Typically, the small round cells express
CD56 and synaptophysin, and the melanin-containing
large cells express cytokeratin and HMB-45, although the
reported findings of immunohistochemical expression seem
rather inhomogeneous.” Together with the distinctive clini-

53

cal and histological features, recognition of the multipheno-
typic expression of MNT should avoid any serious
misdiagnosis."” In the present case, the tumor consisted of
small round cells and melanin-containing large cells. The
immunohistological features were similar to those of previ-
ous cases of MNT, with positive staining for the neuroendo-
crine/neural markers synaptophysin, CD56, NSE, and NFP.

The differential diagnosis of MNT includes other pedi-
atric “small round cell” neoplasms. In this case, immunohis-
tochemical study showed that negative staining of the small
round cells for pancytokeratin/HHF-35, olig2/GFAP, HMB-
45/8-100 protein, CD99, and WT-1 excluded rhabdomyosar-
coma, glioma, malignant melanoma, Ewing sarcoma/
primitive neuroectodermal tumor (PNET), and desmoplas-
tic small round cell tumor, respectively. The FISH analysis,
negative for EWSR, also supported the exclusion of Ewing
sarcoma/PNET. Histological examination of the specimens
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Fig. 3. T,-weighted MR images
with gadolinium before (a, b)
and after (¢, d) second surgery.
a, b Heterogeneously enhanced
recurrent tumor located in front
of the genu of the corpus callo-
sum. ¢, d Residual enhanced
lesion observed after subtotal
removal of the tumor

obtained at second surgery revealed proliferation of small
round cells within the hyaline fibrous stroma, which indi-
cated change after radiation, and the appearance of astro-
glial cells. The small round cells were similar to those at
initial surgery, and the results of the immunohistological/
molecular analysis were also similar. These findings indi-
cated that MNT recurred locally and intraaxially after
radiotherapy.

Primary MNTs of the brain are rare. Since the first case
described in 1957, only 28 MNTs of the brain, including
the present case, have been reported (Table 1)." >4 MNTs
are regarded as tumors of infancy, with only 8.9% of the
affected children aged over 12 months.’ In contrast, 75% of
the patients with MNTs of the brain are aged over 12
months, with mean age 7.3 years (range, 3.5 months to 69
years). All tumors were exclusively located around the

midline. The most common sites of origin were the vermis
(50.0%) and pineal region (17.9%). The present case is the
first originating from the midfrontal region. The midline
location of MNTSs accords with the widely proposed origin
from the neuroectoderm (neural crest). Peripheral MNTs
are considered to have a benign clinical course, but MNTs
of the brain have a much less favorable prognosis. Fifteen
of 23 patients (65.2%) died with a postoperative survival
time of just 9 months (range, 3 weeks to 2.5 years), whereas
8 patients were still alive within the observation period of
6 weeks to 16 years. MNTs of the brain tend to spread
rapidly throughout the central nervous system. Histological
malignancy or systemic metastasis was confirmed in 11 cases
(39.3%). However, the biological behavior of MNTs, such
as the potential for local recurrence or metastases, cannot
be predicted from the clinical or histological features."
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Fig. 4. Intraoperative  photo-
graph obtained at the second
surgery shows the recurrent
tumor consisted of a hard whitish
fibrous  component (arrow),
which was firmly adhered to the
bilateral anterior cerebral arter-
ies (ACAs) at the A3 portions
(asterisk), and a soft grayish
viable component (arrowhead)

anterior

posterior

right

Fig. 5. Micrographs of histological findings obtained at the initial
surgery (a, b) and second surgery (c). a, b Hematoxylin and eosin
(H&E) staining shows the biphasic cell population consisting of larger

Table 1. Previously reported cases of melanotic neuroectodermal tumors of brain

Year reported Age/sex Location Survival

1957 5 years'M Vermis D, 4 months
1962 2.5 years’M Vermis D, 3 weeks
1964 8 years/nd Vermis D, 30 months
1966 nd/nd Vermis (4 cases) D,nd

1973 12 months/M Cerebellum, pineal region D, 5 weeks
1973 3 yearsM ‘Vermis D, 2 months
1974 3.5 months/F Third ventricle D, 18 months
1976 21 years’M Vermis A, >9 months
1978 4 yearsyM Vermis A, >6 weeks
1979 4 months/F Middle fossa nd

1979 17 months/M Vermis D. 19 months
1980 6 months/M Mesencephalon D, 2 months
1981 14 yearsM Sellar region nd

1983 7 years’M Cerebellum nd

1983 3 years’M Cerebellum nd

1986 69 years/M Medulla oblongata A, >7 months
1988 4 months/nd Pineal gland A, >30 months
1989 4 years/F Pineal gland D, 12 months
1989 4 yearsM Vermis, cerebellar hemisphere nd

1991 21 months/M Vermis A, >6 years
1992 3 yearsM Vermis D, 3 weeks
1993 9 years/F Brain A, >20 months
1998 12 months/M Pineal gland D, 10 months
2001 23 months/M Pineal gland A, >2 years
Present case 11 years/F Frontal lobe A, >16 years

M, male; F, female; nd, no data available; A, alive: D, dead
Source: References 3, 12, 13, 14
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melanin-containing cells and small rounded cells. ¢ H&E staining
shows small round cells with astroglial cells in a background of orga-
nized hyaline fibrous tissue. Bars a 100 pm; b, ¢ 25 um
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Fig. 6. Immunohistochemical
staining of specimens obtained
from the initial surgery. Tumor
cells showed positive staining for
synaptophysin  (a), CD56 (b),
neuron-specific  enolase  (NSE)
(¢), and neurofilament protein
(NFP) (d), and negative staining
for glial fibrillary acidic protein
GFAP (e), olig2 (f), CD99 (g).
and WT-1 (h). Bars a-h 50 pum

The primary surgical approach achieving total excision
is the preferred procedure and is curative in most cases of
MNT. However, MNTs of the brain are often difficult to
remove totally, because of their invasive tendency and the
midline location, which results in involvement of the adja-
cent critical anatomical structures. Patients with MNT not

ble to surgical 2 may receive radiother-
apy and/or chemotherapy."” Some patients were treated by

radiotherapy, but the efficacy was not evident. Our treat-
ment included GRS twice because of local recurrence after
subtotal tumor resection. GRS was effective in obtaining
complete remission of the tumor, but local recurrence was
detected 3 and 12 years after each GRS.

The present MNT of the brain was unusual in the loca-
tion in the midfrontal region and in its recurrence more
than 10 years after the combined treatment of surgery and
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radiotherapy. This case suggests that MNTs not treated by
complete resection require long-term follow up, even if
complete remission was achieved after adjuvant therapy.
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Prognosis for the patients with glioblastoma, the most common malignant brain tumor, remains dismal. A
major barrier to progress in treatment of glioblastoma is the relative inaccessibility of tumors to
chemotherapeutic agents. Convection-enhanced delivery (CED) is a direct intracranial drug infusion
technique to deliver chemotherapeutic agents to the central nervous system, circumventing the blood-brain
barrier and reducing systemic side effects. CED can provide wider distribution of infused agents compared
to simple diffusion. We have reported that CED of a polymeric micelle carrier system could yield a clinically
relevant distribution of encapsulated agents in the rat brain. Our aim was to evaluate the efficacy of CED of
polymeric micellar Am80, a synthetic agonist with high affinity to nuclear retinoic acid receptor, in a rat
model of glioblastoma xenografts. We also used systemic administration of temozolomide, a DNA-
alkylating agent, which has been established as the standard of care for newly diagnosed malignant glioma.
U87MG human glioma cells were injected into the cerebral hemisphere of nude rats. Rats bearing U87MG
xenografts were treated with CED of micellar Am80 (2.4 mg/m®) on day 7 after tumor implantation.
Temozolomide (200 mg/m?/day) was intraperitoneally administered daily for 5 days, starting on day 7 after
tumor implantation. CED of micellar Am80 provided significantly longer survival than the control. The
combination of CED of micellar Am80 and systemic administration of temozolomide provided significantly
longer survival than single treatment. In conclusion, temozolomide combined with CED of micellar Am80
may be a promising method for the treatment of malignant gliomas.

Keywords: Am80; glioblastoma; convection-enhanced delivery; temozolomide; polymeric micelle
Tohoku J. Exp. Med., 2010, 221 (4), 257-264.  © 2010 Tohoku University Medical Press

Glioblastoma is the most common primary malignant
brain tumor in adults. Despite therapeutic advances, the
median survival continues to be approximately 12 months.
Therefore, a new therapeutic approach is required.

Convection-enhanced delivery (CED) is a relatively
new method that might overcome the problems posed by
the requirements of local drug delivery (Bobo et al. 1994).
CED uses a pressure gradient established at the tip of an
infusion catheter to create bulk-flow that pushes the drug
through the interstitial spaces. CED of therapeutic agents
bypasses the blood-brain barrier, delivers high concentra-
tions of therapeutic agents to the target site, and minimizes
systemic exposure, thus resulting in fewer side effects.
CED has been used to deliver many antineoplastic agents in
animal studies with promising outcomes (Bruce et al. 2000;
Degen et al. 2003; Vogelbaum 2007). However, CED of

free drugs has various problems including rapid clearance
from the tumor interstitium, so no selective accumulation in
the targeted tissue can be achieved (Kunwar et al. 2007).
We considered that it was necessary to develop a new phar-
maceutical composition comprising an effective CED agent.

Drug carrier systems offer the advantage of sustained
drug release as well as targeting of specific sites. Liposomes
have been used as drug carriers in combination with CED
(Saito et al. 2004, 2006a, 2006b; Noble et al. 2006;
Yamashita et al. 2007; Kikuchi et al. 2008). Recently, we
demonstrated the therapeutic efficacy of a newer type of
drug carrier system, polymeric micellar doxorubicin, which
was infused by CED in rat brain tumor models (Inoue et al.
2009). Polymeric micelles are an assembly of synthetic
polymers, which typically block copolymers with both
hydrophobic and hydrophilic properties. Polymeric micelle
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carrier systems were first studied for targeting solid tumors
by intravenous injection (Yokoyama et al. 1990, 1999).
Polymeric micelle carrier systems are electrically neutral
and have the so-called stealth property that evades rapid
clearance by the reticuloendothelial system. Consequently,
systemic administration of polymeric micelle systems is
effective against solid tumors because of the enhanced per-
meability and retention effect, which depends on the hyper-
permeable vasculature and the absence of effective lym-
phatic drainage that prevents efficient clearance of
macromolecules in the solid tumor tissues (Greish 2007).
Various micelle-encapsulated cytotoxic agents are currently
undergoing clinical evaluation for systemic administration,
including doxorubicin (Tsukioka et al. 2002), paclitaxel
(Hamaguchi et al. 2007), cisplatin (Uchino et al. 2005), and
a camptothecin derivative SN-38 (Koizumi et al. 2006).

All-trans retinoic acid (ATRA) and other retinoids are
reported to inhibit the growth rate of various malignancies
including acute polymyelocytic leukemia, lung cancer, and
glioblastoma both in vivo and in vitro (Flynn et al. 1983;
Yung et al. 1996; Jaeckle et al. 2003). ATRA induces cell
differentiation, cell cycle arrest, apoptotic cell death, and in-
terleukin 6/interleukin 6 receptor downregulation in vitro.
Retinoid effects are mediated through the interaction with
two types of nuclear receptors, retinoic acid receptor (RAR)
and retinoid X receptor (RXR), each of which has three
subtypes (-a, -3, and -y). ATRA is one of the most clinical-
ly effective retinoids; nevertheless, high rates of adverse
effects have been reported such as exanthesis, fever, and
xeroderma (Delva et al. 1993). The adverse effect on the
skin is due to the large number of RAR-y receptors distrib-
uted in the skin. The definition of retinoids has been
expanded to include molecules that bind to RARs and
RXRs, regardless of the similarity in molecular structure to
ATRA. Am80 is such a synthetic retinoid with strong bind-
ing affinity to the nuclear receptors, but has a very different
chemical structure to ATRA (Tobita et al. 1997). Am80 is a
RAR-a/B-selective retinoid that does not activate RAR-y
and RXRs, so it may not cause adverse effects. Am80 is a
promising candidate for CED infusion because glioma cells
have extensive expression of RAR-a/B (Chattopadhyay et
al. 2001; Costa et al. 2001). Alkylating agents and retinoids
are among the chemotherapeutic agents that have shown
activity against gliomas, either individually or in combina-
tion. Temozolomide and 13-cis-retinoic acid have also
shown activity against recurrent gliomas in phase II clinical
trials (Yung et al. 1996; Wismeth et al. 2004).

In the present study, we evaluated the efficacy of CED
administration of micellar Am80 and/or systemic adminis-
tration of temozolomide in the intracranial xenograft model.

Methods
Preparation of Agents
Am80 was kindly provided by Dr. Koichi Shudo of the Research
Foundation Itsuu Laboratory (Tokyo. Japan). Temozolomide was
provided by Schering-Plough K.K. (Osaka, Japan) and was dissolved

in a solution of 0.1% dimethyl sulfoxide (Sigma Chemical Co., St.
Louis, MO) in 0.9% NaCl solution.

Am80 was incorporated into a polymeric micelle formed from
poly(ethylene glycol)-3-poly(benzyl aspartate) block copolymer. The
polymer synthesis, Am80 incorporation into the polymeric micelle
carrier, and characterization of the carrier system were as previously
described (Satoh et al. 2009). Briefly, the block copolymer and Am80
were dissolved in furan, and the obtained solution was sub-
jected to solvent evaporation. Water was added to the dried residue,
followed by sonication. The micelle solution was centrifuged to
remove any insoluble precipitate (3.900 rpm, 10 min, 20°C) and then
filtered through a Millex 0.22 ym PVDF filter (Millipore Corp,
Billerica, MA). The composition of the block copolymer was as fol-
lows. The mean molecular weight of the poly(ethylene glycol) chain
was 5,200, and the mean unit number of the poly(aspartic acid) chain
was 24. Hydrophobic benzyl ester was formed at 83 mol% of the
aspartic acid residue. Therefore, the mean molecular weight of the
poly(aspartate) chain (83% benzyl aspartate residues and 17%
aspartic acid residues) was 4600. In addition, N,N-dimethyloctadecy!-
amine was added as a hydrophobic amine with Am80 at a molar ratio
of 1:1 in the micelle preparation step. The drug content by weight in
the polymeric micelle was 14%.

Tumor Cell Line

The blished human gliobl cell line US7MG was
obtained from the American Type Culture Collection (Rockville,
MD). Cells were maintai as I ina
consisting of Eagle’s minimal essential medium supplemented with
10% fetal calf serum, non-essential amino acids. and 100 U/ml peni-
cillin G. Cells were cultured at 37°C in a humidified atmosphere con-
sisting of 95% air and 5% CO,.

medium

Cell Viability Assay

The cell viability of US7MG cell lines treated with Am80 and
temozolomide was assessed using the MTS assay (CellTiter96
Aqueous One Solution Cell Proliferation Assay: Promega Corp,
Madison, WI). MTS, (3-(4.5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4 phenyl)-2H ), was reduced by
living cells in the p of ph i hosulfate (PMS) to yield
a purple formazan product that could be assayed colorimetrically.
Cells were seeded at 750 cells per well in 75 uI of medium in 96-well
flat-bottom plates and grown overnight at 37°C in an incubator.
Temozolomide was used at 100 zM as described previously (Das et
al. 2005). After exposure to Am80 (0, 50. 100, 200, or 500 M),
temozolomide (100 M), and a combination of the two agents (100
#M Am80 + 100 M temozolomide) for 24 hours, the plates were as-
sayed with a microplate reader (Softmax Pro: Molecular Devices
Corp, Sunnyvale, CA). Results were compared using one-way analy-
sis of variance (ANOVA) with Tukey’s Multiple Comparison test at a
95% confidence interval.

Western Blot Analysis
On the day before treatment, 1 x 10° cells per dish were seeded.
After 24 hours incubation, cells were treated with Am80 (100 xM),
lomide (100 M), or a of both agents. Cells were
collected 24 hours and 48 hours after the treatment. Protein was
extracted from these cells with a mammalian protein extraction
reagent (M-PER: Thermo Scientific, Rochester. NY). Samples were
then prepared in sample buffer (Novex; Invitrogen, Carlsbad, CA) and
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heated to 94°C for 5 minutes. Samples were then subjected to elec-
trophoresis on 10% polyacrylamide gels (or 16% gels only for cleaved
caspase-3), and then blotted onto polyvinylidene fluoride membranes
(PDVF) (Invitrogen). PDVF were then incubated overnight with pri-
mary antibody against phospho-mitogen-activated protein kinase

micellar Am80, was chosen. The dose of 1.2 mg/m’ and 0.6 mg/m’
were also evaluated. Rats were monitored daily for survival, weekly
for weight, and for general health (alenncss grooming, feeding.
excreta, skin, fur, mucous b ion, breath-
ing, and posture). The rats were euthanized 6 weeks after the CED

(phospho-MAPK) (Cell Signaling Te logy. Cambridge, MA:
1:200), phospho-Akt (Cell Signaling Technology; 1:200), cleaved
caspase-3 (Cell Signaling Technology: 1:500), cleaved caspase-9 (Cell
Signaling Technology: 1:500), and -actin (Santa Cruz Technology,
Santa Cruz, CA; 1:1000). The residue targets for each phospho-spe-
cific antibody were p-MAPK (Thr202/Tyr204) and p-Akt (Thr308).
The membranes were washed 3 times in Tris-buffered saline contain-
ing Tween 20, then incubated with secondary antibody for 60 minutes
and subsequently washed. The blot was visualized with the ECL Plus
Western Blotting Detection System (GE Healthcare Bioscience, Little
Chalfont. Buckinghamshire, UK).

Animals
Male Sprague-Dawley rats weighing approximately 200 g were

and their brains were removed, fixed, sectioned (5 #m), and
stained with hematoxylin and eosin and examined using a stereoscop-
ic microscope (SZX7; Olympus Corp, Tokyo, Japan) and a light mi-
croscope (ECLIPSE 80i; Nikon Corp. Tokyo. Japan).

Survival Studies

Thirty rats implanted with U87MG tumor cells were randomly
assigned to 6 groups of 5 rats: 1) a control group treated with CED of
PBS (20 ul solution), 2) a group that underwent systemic treatment
with temozolomide (200 mg/mzlday), 3) a group treated with CED of
free Am80 (2.4 mg/m® Am80 in a 20 y solution). 4) a group treated
with CED of micellar Am80 (2.4 mg/m* Am80 in a 20 ! solution), 5)
a group that underwent systemic treatment with micellar Am80 (2.4
mg/m* Am80 in a 20 yI solution) and systemic treatment with temo-

obtained from Charles-River Japan, Inc. (Yokoh Kanagawa,
Japan). Seven-week-old male Fischer 344/NJcl-rnu/ru (nude) rats
were purchased from CLEA Japan, Inc. (Tokyo. Japan). All protocols
used in the animal studies were approved by the Institute for Animal

lomide (200 mg/m’/day), and 6) a group treated with CED of Am80
(2.4 mg/m* Am80 in a 20 g1 solution) and systemic treatment with
temozolomide (200 mg/m*/day). CED infusion of free Am80 or
mnellar Am80 was performed on day 7 after tumor implantation.

E i ion of Tohoku Uni ity Graduate School of Medici

Intracranial Tumor Implantation

U8TMG cells were harvested by trypsinization, washed once
with Hanks balanced salt solution without Ca* and Mg™* (HBSS), and
resuspended in HBSS for imp ion. A cell susp ini

5 x 10° cells per 10 g1 of HBSS was used for implantation into lhe

Sy with id d of a dose of 200
mg/m*/day in a solution of 10% dimethyl sulfoxide in 0.9% NaCl
solution for a total volume of 90 ml/m’, which was intraperitoneally
administered daily for 5 days, starting on day 7 after tumor implanta-
tion. Systemic treatment of micellar Am80 was performed by injec-
tion through the tail vein 7 days after tumor implantation. Rats were
monitored daily for survival and general health. Survival rates in the

striatum of rat brains. Rats were placed in a small animal
frame (Narishige Manufacturing Co., Ltd., Japan) under deep halo-
thane anesthesia. A sagittal incision was made through the skin to
expose the cranium, and a burr hole was made in the skull at 0.5 mm
anterior and 3 mm lateral from the bregma using a small dental drill.
Cell suspension (5 ul) was injected at a depth of 4.5 mm from the
brain surface. After a wait of 2 minutes, another 5 »I was injected ata
depth of 4 mm. After a final wait of 2 minutes, the needle was
removed, and the wound was closed with sutures.

CED

CED of micellar Am80, free Am80, or PBS was performed with
a volume of 20 ul as described previously (Saito et al. 2006b). The
infusion system consisted of a reflux free step-design infusion cannula
connected to a loading line (containing micellar Am80. free Am80, or
PBS) and an olive oil infusion line. A 1-ml syringe (filled with olive
oil) mounted onto a micro-infusion pump (BeeHive; Bioanalytical
Systems, West Lafayette, IN) regulated the flow of fluid through the
system. On the basis of the chosen coordinates, the infusion cannula
was mounted onto stereotactic holders and guided to the target region
of the brain through the same burr holes made in the skull at tumor
implantation. The following ascending infusion rates were applied for
the 20! infusion: 0.2 gl/min for 15 minutes, 0.5 ul/min for 10 min-
utes, and 0.8 yl/min for 15 minutes.

Evaluation of Micellar Am80 Toxicity

Sprague-Dawley rats (3 rats in each group) received a single 20
! CED infusion of micellar Am80. To ensure the safety of micellar
Am80, the starting dose of 2.4 mg/m’, available highest dose of

groups were d using a log-rank test. Estimated sur-
vival was expressed as a Kaplan-Meier curve.

Terminal Deoxynucleotidyl Transferase dUTP Nick End Labeling
(TUNEL) Staining

Eight rats implanted with U87MG tumor cells were randomly
assigned to 4 groups of 2 rats: 1) a control group, 2) a group treated
with CED of micellar Am80, 3) a group treated with systemic temo-
zolomide, and 4) a group treated with CED of micellar Am80 and
systemic temozolomide. Paraffin sections made from the brains of 2
rats from each group euthanized 12 days after tumor implantation
were examined for apoptosis. The sections were deparaffinized fol-
lowed by incubation with NaN; and H,0; in PBS with 0.3% Triton-X
for 20 minutes at room temperature. Then, the slides were washed 3
times with PBS. After incubation with terminal deoxynucleotidy!
transferase (TdT) buffer (TdT, Recombinant; Invitrogen) for 15 min-
utes at room temperature, a mixture of TdT (2.5 ul) (Invitrogen), bio-
tinylated 16-dUTP (6 ul) (Roche Diagnostics. Mannheim, Germany).
and TdT buffer (100 1) was added to each slide for 60 minutes at
37°C. Then, the slides were washed 2 times with TB buffer (6 mM
sodium citrate, 60 mM NaCl) and blocked by incubation in 2% bovine
serum albumin in PBS for 15 minutes at room temperature, followed
by washing 3 times after bl b

king and i ion in an avidin-biotin
peroxidase complex (ABC) solution (VECTASTAIN Elite ABC

dard Kit; Vector Lat i . CA) in PBS for
30 minutes at room temperature. The slides were twice washed with
0. 175 M sodium acetate for 10 minutes and then reacted with 3° %-
di benzidi drochloride for appropriate times. Cc

ing was performed with methyl green solution.

Inc., Burling:
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Results

Enhanced Cytotoxic Effects of Am80 and Temozolomide
In Vitro

Am80 significantly reduced the viability of U§7MG
cells in a dose-dependent manner through U87MG cells
seeded in a 96-well flat-bottom plate and treated after 24
hours, then incubated for 2, 4, and 6 days (Fig. 1A).
Inhibition of cell growth was high at 4 and 6 days after
treatment. The 50% inhibition concentration (IC50) of
Am80 was 123 M. In combination with temozolomide,
Am80 was used at 100 M, approximate IC50 concentra-
tions. Am80 combined with temozolomide achieved addi-
tional reduction in cell viability (Fig. 1B). Expression lev-
els of phospho-Akt, phospho-MAPK, cleaved caspase-3,
cleaved caspase-9, and S-actin were evaluated by western
blot analysis using antibodies that detect only the phosphor-
ylated forms of these proteins (Fig. 2). Treatment with

Am80 or temozolomide showed a modest decrease in the
expression of phospho-Akt protein, but treatment with
Am80 and temozolomide further decreased the expression.
Expression of phospho-MAPK was strongly suppressed in
cells treated with Am80 or temozolomide, and the suppres-
sion effect was sustained in cells treated with these in com-
bination. Western blot analyses for cleaved caspase-3 and
cleaved caspase-9 indicated the activation of caspase-3 and
caspase-9, respectively, in US7MG cells treated with temo-
zolomide, Am80, or the combination of temozolomide and
Am80. Similar levels of activation of both caspases were
observed in the US7MG cells treated with temozolomide
alone and Am80 alone. The combination of Am80 and te-
mozolomide enhanced activation of both caspases. The
molecular events occurring during synergistic induction of
cell death due to temozolomide and Am80 were character-
ized in US7MG cells.

Toxicity of Am80 in Normal Brain Parenchyma

No dose-limiting toxicity was found at 0.6, 1.2, or 2.4
mg/mz. Animals that received CED of micellar Am80 at 2.4
mg/m” or less showed evidence of minor tissue damage at
the site of the infusion cannula in the striatum, but no other
apparent toxicity (Fig. 3).

Efficacy of Combined Micellar Am80 and Temozolo-
mide in US7MG Brain Tumor Xenograft In Vivo

All rats from the control group had to be euthanized
because of tumor progression between 12 to 16 days after
implantation. Single treatment with CED of free Am80
showed no improvement in survival. In contrast, CED of
micellar Am80 provided significantly longer survival (p =
0.019, log-rank test). Furthermore, the combination treat-
ment of CED of micellar Am80 and systemic treatment of
temozolomide provided significantly longer survival than
the single treatment (p = 0.0027 compared with the CED of
micellar Am80 group, p = 0.0018 compared with the temo-
zolomlde group). However, the combination of systemic

inistration of Ilar Am80 and temozolomide did not

A
100
S
< 80
2
@ 60
hd
®
3w
Z
5 2
w
0
0 2 4 6
day
B
100 ©
E« 80 - TN\ .
g =
o 60 - —2)
- j—r- 3
S w0 == 4
e
5 20 |
@
o " )
0 2 4 6
day

Fig. 1. Effects of Am80 and its combination with temozolo-
mide on the viability of US7MG cells.
Shown are the effects of Am80 alone (A) and its combi-
nation with temozolomide (B) on the viability of US7MG
cells, as determined by MTS assay. US7MG cells were
seeded in a 96-well flat-bottom plate and incubated for 24
hours, then treated for 2, 4, and 6 days. Fig. 1A shows
the dose-response effects of Am80: 1) 0 uM, 2) 50 uM, 3)
100 M, 4) 200 uM, and 5) 500 uM. Fig. 1B shows the
effects of 1) control, 2) 100 uM Am80, 3) 100 uM TMZ,
and 4) 100 M Am80 + 100 uM TMZ. Significant dif-
ference between Am80 treated cells and Am80 + TMZ
treated cells was indicated with * (p < 0.001) and signifi-
cant difference between TMZ treated cells and Am80 +
TMZ treated cells was indicated by ** (p <0.001).

achieve longer survival than systemic temozolomide alone
(Fig. 4).

Detection of Apoptotic Cell Death after Treatment

TUNEL staining was performed on brain slices of rats
from each group euthanized 6 days after treatment had
started. Tumors from rats treated with CED of micellar
Am80 and temozolomide exhibited decreased tumor density
and increased number of TUNEL-positive cells compared
with those from animals treated with only agent or control
animals (Fig. 5).

Discussion
In the present study, we found that the CED of micellar
Am80 provided long survival for rats bearing U§7MG
xenografts. We previously reported that micellar agents
infused by CED were extensively distributed in normal rat
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Fig. 2. Western blotting analysis for phospho-Akt, phospho-MAPK, cleaved caspase-3 and -9, and g-actin. The data shown

are ive of three

Fig. 3. Toxicity evaluation of micellar Am80 after CED infusion into the brain striatum of wild-type rats. There was only a
slight cannulation scar; an arrow indicates small fibrous tissues with inflammation. No damage was induced to the

infused hemisphere in any rats. Hematoxylin and eosin stain, original

and x 200 in a light microscope (B).

brain (Inoue et al. 2009). We also reported that micellar
agents were distributed over almost the entire tumor area,
including tumor margins, in rat brain tumor models (Inoue
et al. 2009). The distribution of agents infused by CED in
the rat brain is significantly increased if the infusate is more
hydrophilic, which implies less tissue affinity (Saito et al.
2004. 2006b; MacKay et al. 2005: Yamashita et al. 2007).
Furthermore, polyethylene glycol encapsulation provides
steric stabilization, reduces surface charge, and achieves
better distribution (Inoue et al. 2009). In the present study,
the poorer brain/tumor tissue distribution caused by Am80
hydrophobicity might be overcome by polymeric micelle
carrier system.

On the other hand, micellar Am80 administered intra-
venously did not contribute to long survival for rats bearing

x8ina c (A)

US7MG xenografts, despite the fact that micellar agents
have been shown to accumulate around tumor vessels and
effectively pass through brain tumor vessels (Kuroda et al.
2009). Although this study lacks monitoring or confirma-
tion of infusate, it is speculated that micellar Am80 admin-
istered systemically could not sufficiently penetrate into the
hypovascular central area of implanted tumor with three-
dimensional cellular structures, in which the diffusion of
infusate was restricted. Development of monitoring of the
distribution of infusate is required to gain a deeper apprecia-
tion of micellar Am80.

Several chemotherapeutic agents delivered locally
using CED, including 1,3-bis(chloroethyl)-1-nitrosourea
(Bruce et al. 2000), gemcitabine, and carboplatin (Degen et
al. 2003), prolonged survival of rats bearing US7MG xeno-
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Survival rate (%)

Days after tumor implantation

Fig. 4. Survival of treated animals bearing i

ot oliobl:

fi

Survival of treated animals is expressed as a Kaplan-Meier curve (5 rats per each group). Rats bearing intracranial glio-
blastoma xenografts were treated with 1) vehicle (control). 2) systemic lemozolomlde (200 mg/m’/day). 3) CED of the

free Am80 (2 4 mg/m®), 4) CED of micellar Am80 (2.4 mg/m’), 5) bi

of micellar Am80

(2.4 mg/m®) and temozolomide (200 mg/m*/day). and 6) combination of CED of micellar Am80 (2.4 mg/m’) and sys-
temic temozolomide (200 mg/m®/day). p-Values were obtained using a log-rank test.

Fig. 5. Histological estimation with TUNEL staining. Brain slices of rats from each group were examined 12 days after
tumor implantation. TUNEL-positive cells are stained brown. Arrowheads indicate the margin of xenografts. Counter-
staining with methyl green. original magnification x 200. A: control group, B: group treated with CED of micellar
Am80, C: group treated with systemic temozolomide, D: group treated with CED of micellar Am80 and systemic temo-

zolomide.

grafts. However, some of these agents applied locally to the
cerebrospinal fluid have long-term side effects including
leukoencephalopathy and brain atrophy (Shapiro and Young
1984). Ideally, agents for CED administration into brain
tumors would show the highest possible therapeutic ratio
against tumor cells over normal cells. Retinoids such as
Am80 show sclective toxicity against neoplastic trans-

with enhanced delivery. These results suggest that CED-
delivered Am80 may be a viable therapeutic option
(Chattopadhyay et al. 2001).

The most important function of the carrier is the inhi-
bition of rapid drug absorption by cells at the injection site,
since the agent cannot be distributed over a large volume of
tissue in the presence of rapid absorption. Sustained drug

formed cells, so they rep an il didate for
local delivery (Schneider et al. 2000). In our study, the tox-
icity of Am80 against normal brain cells was minimal, even

1 is needed for effective inhibition of rapid drug
absorption by cells. In this study, we prepared polymeric
micelles containing Am80, which were observed to sustain
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the release of Am80 in vitro more than that of free Am80
(Satoh et al. 2009). For this reason, CED of this micelle
was more effective than that of the free agent.

We chose temozolomide as a drug in combination with
Am80 because the use of temozolomide is already clinically
established for glioma therapy. The strategy for induction
of differentiation followed by activation of apoptosis has
been highly promising in cancer therapy. We found that
Am80 and/or temozolomide treatment down-regulated cell
growth signaling, p-MAPK. Activation of Akt is a major
event in the development of glioblastoma, and high levels
of Akt were frequently expressed in glioblastoma (Sonoda
et al. 2001; Choe et al. 2003). Phosphorylation of Akt
results in activation of Akt kinase activity, which has the
potential to deregulate the cell cycle and suppress apoptosis.
The present study demonstrated that treatment of U87MG
xenografts with Am80 and temozolomide down-regulated
phospho-Akt and activated cleaved caspase-3 and -9, indi-
cating activation of the caspase cascade for apoptosis. In
the survival study, CED of micellar Am80 individually or in
combination with temozolomide improved the therapeutic
outcome in the human glioblastoma model.

Agents such as temozolomide combined with CED
administration of micellar Am80 may be promising for the
treatment of malignant gliomas.
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Gamma Knife radiosurgery for hemangiomas of the
cavernous sinus: a seven-institute study in Japan

Clinical article
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Object. Gamma Knife radiosurgery (GKS) is currently used for primary or postoperative management of cav-
ernous sinus (CS) hemangiomas. The authors describe their experience with 30 cases of CS hemangioma successfully
managed with GKS.

Methods. Thirty patients with CS hemangiomas, including 19 female and |1 male patients with a mean age of
53 years (range 19-78 years) underwent GKS at 7 facilities in Japan. Pathological entity was confirmed using surgi-
cal specimens in 17 patients, and neuroimaging diagnosis only in 13. Eight patients were asymptomatic before GKS,
while 22 had ocular movement disturbances and/or optic nerve impairments. The mean tumor volume was 11.5 cm*
(range 1.5-51.4 cm®). The mean dose to the tumor periphery was 13.8 Gy (range 10.0-17.0 Gy).

Results. The mean follow-up period was 53 months (range 12138 months). Among the 22 patients with symp-
toms prior to GKS, complete remission was achieved in 2, improvement in 13, and no change in 7. Hemifacial sen-
sory disturbance developed following GKS in | patient. The most recent MR images showed remarkable shrinkage
in 18, shrinkage in 11, and no change in 1 patient.

Conclusions. Gamma Knife radiosurgery proved to be an effective strategy for CS heman-
giomas. Given the diagnostic accuracy of recently developed neuroimaging techniques and the potentially serious
bleeding associated with biopsy sampling or attempted surgical removal, the authors recommend that GKS be the

primary treatment in most patients who have a clear neuroimaging diagnosis of this condition.

(DOI: 10.3171/2009.6 JNS08271)
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of CS hemangiomas,’ Gonzalez et al? recently

reported that this condition is now recognized
as a histologically benign vascular tumor with charac-
teristics completely different from those of intracerebral
carvernous angiomas, which are vascular malformations.
Recent advancements in neuroimaging techniques have
allowed precise diagnosis of hemangiomas involving the
CS prior to treatment.”'* The ideal treatment for CS he-
mangiomas, whether symptomatic or incidental, has long
been total microsurgical resection* However, because
they involve extremely complex anatomical structures
and tend to bleed excessively when removed, or even
with attempted biopsy sampling, reported surgical results
are still unfavorable,”'#?' i.e., relatively low rates of total

D EsPITE past confusion regarding the clinical entity

Abbreviations used in this paper: CS = cavernous sinus; GKS =
Gamma Knife radiosurgery.
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removal, though with negligible morbidity rates, even
when recently recommended surgical techniques are ap-
plied; the extradural approach>!” and induced systemic
hypotension."" For cases in which total removal cannot
be achieved, fractionated radiotherapy for the residual
tumors has been recommended.’”> At present, GKS is
being used for primary or postoperative management
of patients with CS hemangiomas and favorable treat-
ment results have been reported.>1%1213.1¥ However, the
incidence of this condition is extremely low. Thus, the
small number of reported cases prompted this multiinsti-
tutional analysis of the authors’ experiences. Fortunately,
GKS is relatively uniform such that treatment techniques
using basically the same equipment vary little among
institutes. Thus, GKS is considered to be suitable for a
multiinstitutional study.

The authors describe 30 patients with CS heman-
giomas who were successfully managed with GKS in our
7 institutes in Japan. All 7 facilities started performing
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TABLE 1: Summary of characteristics in 30 patients*

Age at Tumor
Case GKS (yrs), Initial Presen-  Surgery CN Symptoms Vol Length of Symptom Changes
No. Sex tation Pre-GKS Pre-GKS (cm?)  Min Dose (Gy) FU (mos) Post-GKS Most Recent MR Findings
1 33, M diplopia no n 52 15.00 30 resolved remarkable shrinkage
2 54,F incidental no none 35 16.00 30 none remarkable shrinkage
3 44 M incidental yes n 123 13.00 50 resolved shrinkage
4 54, F  incidental no none 41 13.00 30 none shrinkage
5 48,M  diplopia yes I, v, v 85 13.00 27 improved no change
6 50,F  ocular pain no n, v 15 16.20 138 improved remarkable shrinkage
7 38,F  diplopia yes v 34 17.00 116 stable remarkable shrinkage
8 66,F incidental yes I, 0,1V, Vi 11 14.00 83 stable shrinkage
9 73,F  diplopia no A} 77 16.00 78 improved shrinkage
10 69,F  decreased yes IV, v, Vi 397 10.00 56 stable shrinkage
visual acu-
ity
1 77,M  ocular pain yes 1l 1.9 13.00 43 stable shrinkage
12 67,F  diplopia no none 197 12.50 41 none shrinkage
13 59,M  decreased yes N1} 334 1.0 x2f 26 improved shrinkage
visual acu-
ity
14 46,M  diplopia yes+RT  none 514 15.00% 84 none remarkable shrinkage
15 68,F  diplopia yes ] 6.0 12.00 74 stable shrinkage
16 54,F  headache no none 10.5 15.00 64 none shrinkage
17 54,F  incidental yes none 10.2 15.00 24 none remarkable shrinkage
18 78,F  diplopia yes i 85 15.00 52 improved remarkable shrinkage
19 51,F  diplopia no Vi 79 14.00 26 improved remarkable shrinkage
20 61,M diplopia yes Vi 29 16.00 81 improved remarkable shrinkage
21 45 F  diplopia no Vi 39 15.00 25 improved remarkable shrinkage
22 46,M  diplopia no 1} 49 15.00 13 improved remarkable shrinkage
23 50,F  diplopia no [IAY] 19.0 10.00 38 improved remarkable shrinkage
24 54, F  diplopia no ] 6.4 16.00 57 improved remarkable shrinkage
25 35, F  decreased no ] 45 12.00 12 improved ) remarkable shrinkage
visual acu-
ity
26 19,M diplopia yes none 19 14.00 36 none remarkable shrinkage
27 40,M  diplopia, facial yes V. Vi 53 12.00 96 stable remarkable shrinkage
numbness
28 58,F  headache yes I 136 10.00 52 improved remarkable shrinkage
29 51,F  diplopia yes ] 208 80 x2t 66 stable shrinkage
30 56,M diplopia yes none 49 12.00 48 none remarkable shrinkage

* CN = cranial nérve; FU = follow-up; RT = radiation therapy.
1 Indicates 2-stage GKS.
1 Indicates partial coverage.

GKS between 1991 and 1998. Each of the study authors,
all of whom are chief neurosurgeons at their facilities,
has more than 10 years of GKS experience and each has
treated more than 3000 patients with a GK.

Methods

Thirty patients who underwent GKS at 7 GK facili-
ties in Japan and who were followed using MR imaging

J Neurosurg / Volume 112 / April 2010

for 12 months or more after treatment were studied (Table
1). All patients signed consent forms allowing their data
to be used, after the study had been fully explained. Five
(Cases 6,7, 8, 18, and 27) of these 30 patients have been
described elsewhere>>!%1 but are included in this study
with further long-term follow-up results. As summarized
in Table 1, there were 19 female and 11 male patients with
a mean age at the time of GKS of 53 years (range 19-78
years). The most common initial presentation was ocular
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TABLE 2: Summary of postsurgical changes in symptoms (17
patients)

M. Yamamoto et al.

TABLE 3: Summary of postradiosurgical changes in symptoms
(30 patients)

Ocular
Move-  De-  Ocular
ment creased Pain/  No

Distur-  Visual ~Head- Defi-

Preop Symptoms ~ bance  Acuity aches cits Total (%)
no. of patients 10 2 2 3 17
improved 3 0 0 0 3(176)
no changes 3 0 0 1 4(23.5)
additional disturbance 4 2 2 2 10(5838)

movement disturbances, seen in 18 patients (60.0%). One
of the 18 patients had hemifacial sensory disturbance, 4
(13.3%) ocular pain and/or headache, and 3 (10.0%) visual
disturbances. The remaining 5 patients were asymptom-
atic.

Prior to GKS, surgical removal was performed in
17 patients, one of whom underwent postoperative frac-
tionated radiotherapy (Case 14). The nature of the patho-
logical entity was confirmed using surgical specimens
in these 17 patients and neuroimaging diagnosis only in
13. Postoperative symptom changes are shown in Table
2. Among 10 patients with ocular movement disturbanc-
es, symptom palliation was achieved in 3, there were no
changes in 3, and additional neurological deficits devel-
oped in the remaining 4. Additional ocular movement
disturbances occurred postoperatively in 2 patients with
preoperative visual disturbances. Among the remaining
5 patients with no neurological deficits, additional ocular
movement disturbances developed postoperatively in 3,
and visual disturbance in 1. These postoperative results
can be summarized as follows: no neurological deficits
before or after surgery in | patient (5.9%), improvement
in 3 (17.6%), no change in 3 (17.6%), and worsening in 10
patients (58.8%).

Eight patients were asymptomatic before GKS, while
15 had ocular movement disturbances, 2 had optic nerve
impairments, and 5 patients had both. The mean tumor
volume was 11.5 cm?® (range 1.5-51.4 cm?). Due to the
relatively large tumor volumes, staged GKS with inter-
vals of a few weeks was applied in 2 patients (the selected
dose at the tumor periphery was 1.0 Gy each time for
the patient in Case 13, and 8.0 Gy for the patient in Case
29), and only the tumor base was irradiated in 1 patient
(Case 14). In all other patients, the entire tumor volume
was fully covered with a 50-60% isodose gradient, and
the mean and median doses at the tumor periphery were
13.8 Gy and 14.0 Gy, respectively (range 10.0-17.0 Gy).

Results

All 30 patients underwent periodic MR imaging
follow-up. The mean and median follow-up periods after
GKS were 53 and 49 months, respectively (range 12-138
months). The most recent MR images demonstrated re-
markable tumor shrinkage (> 50% tumor volume reduc-
tion) in 18 patients (60.0%), slight shrinkage in 11 (36.7%)
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Ocular De-
Movement creased No

Distur-  Visual Defi-
Symptoms Pre-GKS ~ bance  Acuity Both* cits Total (%)
no. of patients 15 2 5 8 30
recovery 2* 0 0 0 21 (6.7)
improved 9 2 2 0 13(433)
no changes 0 3 8 15(50.0)
additional distur- 1t 0 0 0 1t (3.3)

bance

* Indicates both ocular movement disturbance and decreased visual
acuity.

+ Ocular movement recovered completely but additional trigeminal
nerve disturbance occurred in 1 patient.

and no change in 1 (3.3%). No tumors showed transient
enlargement after GKS. In the 18 tumors in which re-
markable shrinkage was attained, a marked tumor vol-
ume decrease had occurred by 12 months after GKS. To
date, no patients have experienced tumor recurrence.

Post-GKS changes in neurological symptoms are
listed in Table 1 and summarized in Table 3. Among
the 20 patients with ocular movement disturbances, in-
cluding 5 who also had visual disturbances, complete
remission of symptoms was obtained in 2, improvement
in 12, and no change in 6. Additional trigeminal nerve
disturbance occurred in 1 patient (Case 3). Among the
7 patients with visual disturbances (including the 5 with
ocular movement disturbances), improvement was noted
in 4 and no change in 3. Thus, among the 22 patients with
cranial neuropathy before GKS, complete remission was
achieved in 2 (9.1%), improvement in 13 (59.1%), and no
change in 7 (31.8%). No additional disturbances occurred
in the remaining 8 patients who did not have neurological
deficits before GKS.

Illustrative Cases
Case 14

Presentation and First Operation. In 1982, an oph-
thalmologist recommended further examination after
this 29-year-old man presented with diplopia. At another
institution, neurological examination revealed left oculo-
motor nerve paresis and a left CS tumor was demonstrat-
ed on CT. The patient received a preoperative diagnosis
of meningioma and underwent craniotomy, despite failed
biopsy sampling due to massive bleeding. The patient’s
symptoms subsided after steroid treatment.

Second Operation. In 1995, left oculomotor nerve
paresis recurred and MR images obtained on January 17,
1996, demonstrated the presence of a left CS tumor ex-
tending into the middle fossa (Fig. 1A). The patient under-
went a left frontotemporal craniotomy followed by biopsy
sampling. Because of massive hemorrhaging, however,
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TABLE 4: Summary of the 16 cases reported in the literature*

Age at Symptom
GKS (yrs), CN Symptoms Tumor Vol Length of FU Changes Post-  Tumor Volat Vol Reduction
Authors & Yr Sex Pre-GKS (cm?)  Min Dose (Gy) (mos) GKS Latest FU (cm?)  Rate (%)
Iwai et al,, 1999 40,M I, V, Vi 53 120 20 no change shrinkage NA
Thompson et al., 2000 24, F 1] 5.6 14.0 24 improved 0.8 14
14,F V, Vi, Vil 5.2 19.0 18 improved 0.9 17
44 M i, v 10.8 15.0 12 improved 10.9 101
Seo et al., 2000 79,F i, v 85 15.0 24 recovery shrinkage NA
Kida et al., 2001 50, F v 15 16.2 33 no change 0.7 47
38, F I,V 3.4 170 36 improved 14 4
66, F LIV, VI 11 14.0 12 no change 5.1 46
Nakamura et al., 2002 75, F [IN1]] 9.5 12.0-14.0 60 improved 43 45
68, F I 33 12.0-14.01 48 no change 30 91
55,F none 6.6 12.0-14.0f 24 none 46 70
Peker et al., 2004 39, F none 38 15.0 52 none 15 39
60,M 1] 5.8 16.0 32 no change 21 36
M VAl 6.2 15.0 45 improved 13 21
39,F v 46 15.0 29 improved 11 24
4. M I 44 14.0 6 no change 17 39

* NA = not applicable.
+ The selected dose for the individual patient was not described.

an attempt at tumor removal had to be discontinued. The
pathological report was consistent with a hemangioma.
Postoperatively, the patient received fractionated radio-
therapy with a total dose of 51 Gy, and significant tumor
shrinkage was noted on follow-up MR imaging (Fig. 1B).
His oculomotor function gradually improved after radio-
therapy, eventually normalizing.

Gamma Knife Radiosurgery. Although there was
no neurological deterioration, MR images obtained 60
months posttreatment demonstrated apparent regrowth
of the tumor (Fig. 1C). The patient underwent GKS at
the Katsuta Hospital Mito GammaHouse on January 19,
2000. Because of prior radiotherapy and a relatively large
tumor volume (51.4 cm?) the lower half of the tumor was
covered with a 50% isodose gradient and irradiation was
administered with the maximum dose of 30.0 Gy; that is,
56% of the entire tumor received a radiation dose of = 15.0
Gy. The patient’s neurological status has been stable since
radiosurgery. Follow-up MR images obtained 6 months
after GKS revealed remarkable shrinkage through the
12th postradiosurgical month and confirmed the absence
of growth thereafter up to the most recent follow-up MR
imaging studies obtained 84 months after radiosurgery
(Figs. 1D and E and 2).

Case 15

This 68-year-old woman presented with a 3-month
history of diplopia, and further examination was recom-
mended by the ophthalmologist. At another institution
(not one of the 7 GKS institutions), neurological exam-
ination revealed right oculomotor nerve paresis and a
right CS tumor was demonstrated on MR imaging. Bi-
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opsy sampling through a frontotemporal craniotomy was
performed, and the lesion was confirmed to be consistent
with a hemangioma.

The patient underwent GKS at the Katsuta Hospital
Mito GammaHouse on August 7, 2001. The tumor, with a
volume of 6.0 cm?, was covered with a 60% isodose gradi-
ent and irradiated with a peripheral dose of 12.0 Gy (Fig.
3A). Postradiosurgically, to date, her oculomotor nerve
function has remained unchanged. Follow-up MR images
obtained 6 months after GKS showed a slight shrinkage
of the lesion that continued through the 12th postradio-
surgical month, and absence of growth was confirmed
thereafter up to the most recent follow-up MR imaging,
conducted 74 months after GKS (Fig. 3B and C).

Case 16

This 54-year-old woman presented to an outside
institution with a 2-month history of headaches. Neu-
roimaging examinations showed typical findings of a
hemangioma involving the left CS. Her headaches were
nonspecific and not considered to be caused by the tumor.
Therefore, a watch and wait approach was recommended.
However, the patient was extremely concerned about not
being treated, and GKS was therefore undertaken at Kat-
suta Hospital Mito GammaHouse on February 9, 2002.
The tumor, with a volume of 10.5 cm?, was covered with
a 60% isodose gradient and irradiated with a maximum
dose of 25.0 Gy (the entire tumor received an irradiation
dose of 15.0 Gy or more; Fig. 4 leff). Periodic follow-up
MR images showed slight shrinkage. No growth has been
seen to date, with the most recent follow-up MR images
having been obtained 64 months after radiosurgery (Fig.
4 right).
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