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Abstract

Introduction Glioma and moyamoya syndrome are both
potential complications of neurofibromatosis type 1 (NF1).
Here, we report the first case of NF1 concomitantly present-
ing with glioblastoma 10 years after surgical treatment of
moyamoya syndrome.

Case report A 14-year-old boy with NF1 was incidentally
diagnosed by magnetic resonance imaging (MRI) with a
thalamic tumor during a follow-up for moyamoya syn-
drome, which had been treated with surgery 10 years earlier.
After observation for 36 months, he developed left hemi-
paresis, and MRI revealed an increase in tumor size and
obstructive hydrocephalus due to the tumor. Needle biopsy
was performed through small craniotomy, and the histolog-
ical diagnosis was glioblastoma. After concurrent chemo-
radiotherapy with 23 cycles of temozolomide, partial
response of the tumor was observed. However, 24 months
after the start of the initial therapy, the tumor showed re-
growth, and the patient died 30 months after the initial
therapy. No cerebrovascular events associated with moya-
moya syndrome and chemoradiotherapy were observed dur-
ing the clinical course of glioblastoma.

Discussion Glioblastoma is a fatal disease in children, and
our patient successfully received chemoradiotherapy with
temozolomide despite the diagnoses of NF1 and moyamoya
syndrome. Although radiotherapy or chemotherapy
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potentially causes cerebrovascular complications, chemora-
diotherapy might be feasible for glioblastoma treatment in
patients with moyamoya syndrome and NF1. The following
issues are discussed in the management of the present case:
the indication of biopsy in NF1 cases, the method of sur-
gery, and the treatment protocol for tumors concomitant
with moyamoya disease or syndrome.
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Introduction

Neurofibromatosis type 1 (NF1) is an inherited tumor predispo-
sition syndrome in which affected patients develop tumors of
central and peripheral nervous systems with increased frequency
[1]. The most common brain tumor that occurs with this disease
is pilocytic astrocytoma (PA). Other types of glioma can also
occur, but the actual frequency is not known. Glioblastoma has
been reported to account for 7 % of gliomas complicated with
NF1 in a study of 100 pathological specimens that were avail-
able for review [2]. In another report that included non-surgical
cases, the frequency was 1.9 % [3]. Given that asymptomatic
cases of PA may remain undiagnosed, the actual incidence of
glioblastoma is likely much lower than described above, and
thus, glioblastoma is a relatively rare NF1 complication.

However, vasculopathies are also associated with NF1. In
316 cases of NF1, cerebrovascular disorders were found in
2.5 % [4]. Those abnormalities include occlusive, stenotic, or
aneurysmal patterns as well as other rare disorders, such as
arteriovenous fistulas or malformations [4—6]. Of these, moya-
moya syndrome has been referred to as a potential complica-
tion, with an incidence of 0.6 % in the largest series [4, 7—10].

Herein, we describe a rare case of glioblastoma in an NF1
patient 10 years after moyamoya syndrome treatment; this
case is unique in terms of the therapeutic process.
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Case description

A 14-year-old boy with NF1 was diagnosed by magnetic
resonance imaging (MRI) with a thalamic malignant tumor.
Although pathological diagnosis and treatment were neces-
sary, his past history of surgery for moyamoya syndrome
posed a significant problem in the therapeutic plan.

He was diagnosed with NF1 on the basis of familial
history and physical findings, including multiple subcutane-
ous neurofibromas and café-au-lait spots. He experienced
repeated transient ischemic attacks at age 4, and a moya-
moya syndrome associated with NF1 was diagnosed by
angiography. Indirect revascularization with encephalodur-
oarteriosynangiosis (EDAS) was performed on both sides
with staged operation. A right frontoparietal cortical infarc-
tion was a postoperative complication. He underwent an
additional EDAS operation because of recurrent ischemic
attacks. After the surgery, he received medical follow-up
with radiological examinations. At age 14, MR images
incidentally revealed a new lesion showing poorly margin-
ated high intensity on fluid-attenuated inversion recovery
(FLAIR) images, low intensity on the T1-weighed images,
and no significant contrast enhancement with gadolinium
contrast agent (Fig. 1a). Thalamic glioma was suspected on
the basis of the radiological findings, and he was referred to
our hospital for treatment. Both surgery and radiation

Fig. 1 Magnetic resonance
(MR) images of the tumor. a
Initial MR images of the tumor.
The FLAIR image showed a
high-intensity area in the right
thalamus, suggesting thalamic
glioma. b Preoperative MR im-
age. T1-weighed imaging with
contrast enhancement showed
an irregularly shaped enhanced
lesion in the right basal ganglia.
The right lateral ventricle was
dilated. ¢ MR image after

15 cycles of adjuvant chemo-
therapy using temozolomide.
The tumor in the right basal
ganglia had decreased in size. d
MR image after 23 cycles of
adjuvant chemotherapy. A
newly enhanced lesion appears
in the right corpus callosum and
the anterior horn of the lateral
ventricle, suggesting recurrence
of the tumor
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therapy were considered to pose significant risk of revascu-
larization damage, and his tumor was followed closely with-
out treatment. He had mild mental retardation but had a
normal high school life. Nineteen months after the first
diagnosis, the tumor showed partial contrast enhancement
on MR images. The tumor showed gradual growth, and left
hemiparesis appeared and gradually worsened. Thirty-six
months after the first diagnosis (when he was 17 years
old), radiological examination showed significant dilatation
of the right lateral ventricle, suggesting an isolated ventricle
syndrome due to the compression of the tumor (Fig. 1b). At
that time, needle biopsy for histological diagnosis was
planned. Preoperative angiography showed occlusive changes
in the distal portion of the bilateral internal carotid artery
(ICA) and multiple tiny collateral arteries from occluded
ICA and revascularized external carotid artery systems
(Fig. 2a—d). With the patient and his family’s written informed
consent, the biopsy was performed through a small frontal
craniotomy, which was considered to have lower risk of
vascular injury with careful preoperative planning. Tumor
tissue samples were obtained under ultrasonographic and
Stealth® (Medtronic, MN, USA) neuronavigation guidance.
Histological examination of obtained specimens revealed the
presence of glioblastoma. As the initial therapy for glioblas-
toma, local radiotherapy was administered for a total dose of
60 Gy at 2 Gy/fraction with concomitant chemotherapy
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Fig. 2 Preoperative cerebral
angiography. a, b Internal
carotid arteriography of the
right (a) and left (b) side.
Bilateral stenotic changes in the
terminal portion of the internal
carotid artery were apparent.
Tiny vessels from the cartoid
artery and ethmoidal artery
were also observed. ¢, d
External carotid arteriography
of the right (¢) and left (d) side.
Collateral arteries from the
external carotid system were
observed

¥

consisting of temozolomide (TMZ) at a daily dose of
75 mg/m?. Although the risk of ischemia induced by irradia-
tion and chemotherapy was discussed, the revascularized area
was included in the radiation field with consideration for the
fatal course of the tumor. The patient responded to the initial
therapy and was subsequently treated via chemotherapy with
TMZ for 5 days every 28 days (Fig. 1c). No cerebrovascular
events associated with moyamoya syndrome were observed.
After 23 cycles of TMZ, MRI showed a recurrence of the
tumor in the right corpus callosum and the anterior horn of the
lateral ventricle (Fig. 1d). The tumor showed progression even
after 2 cycles of second-line chemotherapy consisting of TMZ
and procarbazine. Subsequent MRI for follow-up showed
progressive tumor invasion of the brainstem, and he became
completely hemiplegic on the left side and had consciousness
disturbance. Twenty-nine months after the surgery, he under-
went ventriculoperitoneal shunt placement for obstructive
hydrocephalus. He died at home of the tumor 30 months after
beginning the initial therapy.

Discussion

This is the first reported case of glioblastoma in a NF1
patient 10 years after surgical treatment of moyamoya syn-
drome, even though both diseases are well-known compli-
cations of NF1. According to the later onset of glioblastoma,

the moyamoya syndrome was considered independent of the
tumor or irradiation. Three challenging issues were pre-
sented in the management of the present case: the indication
of biopsy in NF1 cases, the method of surgery, and the
treatment protocol for tumors concomitant with moyamoya
disease or syndrome.

First, the indication for biopsy in NF1 cases should be
determined according to the possibility of histological types
other than PA, which necessitates different therapeutic
approaches. Not surprisingly, histological type is a signifi-
cant indicator for survival time in NF1 cases [2], and iden-
tifying non-PA cases is crucial. Although the frequency of
histological types is not known, extra-optic location and
symptomatic or progressive tumors have been referred as
poor prognostic factors or malignant histological types [3,
11]. The present patient underwent biopsy because malig-
nancy was suspected due to the progressive clinical course
and tumor location. Chemoradiotherapy, without histologi-
cal diagnosis, might be a treatment option for such cases.
However, given that systemic pathologic analyses for such
cases have been limited, a differential diagnosis from PA,
which is likely to respond to conventional carboplatin/vin-
cristine chemotherapy, should be made if possible [11].

Second, brain tumor surgery in patients with moyamoya
disease or syndrome is associated with the risk of cerebral
ischemia due to collateral vessel damage, and requires spe-
cial attention to surgical approaches. Limited number of
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reports have documented the coexistence of brain tumors
and moyamoya disease or syndrome, except for cases of
vasculopathy after irradiation [12—-15]. In reports where
surgical approaches were chosen without damaging vessels,
no cerebrovascular events occurred, similar to our case
[12—15]. Even in patients with moyamoya vessels, surgery
for tumors can be achieved without complications as long as
the collateral or moyamoya vessels are preserved.

The third issue pertains to chemoradiotherapy. Vasculop-
athy after radiation therapy for intracranial lesions is a
severe adverse effect, which likely occurs in younger
patients [16]. Irradiation may damage cerebral arteries and
increase the risk of cerebral ischemia, particularly in patients
with pre-existing cerebrovascular disease. Very few reports
have described the experience of irradiation for patients with
moyamoya disease or syndrome [14, 15]. One report docu-
mented the case of a germinoma patient who received focal
and whole-ventricle irradiation and did not experience an
ischemic event [14]. Another case with pleomorphic xan-
thoastrocytoma might have shown progression of moya-
moya disease after irradiation [15]. Chemotherapy may
also increase the risk of cerebrovascular events [17, 18].
Cisplatin has been referred as a potential causing agent of
cerebral ischemic events most frequently, although the
mechanism of this drug-induced stroke remains unknown
[19-22]. Anti-angiogenic agents including bevacizumab can
also increase cerebral vascular events [18, 23, 24]. The
indication and risks of irradiation and chemotherapy for
patients with moyamoya disease remain unclear. In our case,
NF1 itself was also a major risk factor for vasculopathy after
irradiation [25]. There is only limited information about
glioblastoma in NF1 cases, and the radiation results for such
cases are not well described [2, 26-29]. Thus, the limited
number of case reports about this dual pathology makes it
difficult to determine the indication of radiotherapy. A pre-
vious study showed that the median overall survival of
pediatric malignant glioma patients treated with TMZ and
radiotherapy was less than 2 years, which is shorter than the
survival time of the present patient [30]. Another series
reported that glioblastoma patients without NF1 showed a
median overall survival of 1.08 years, but five patients with
NF1 had a median survival of 9.3 years after undergoing
multimodal treatment, including TMZ and radiotherapy
[26]. Thus far, the previous observations have been sup-
ported, and chemoradiotherapy should be adopted even in
patients with dual pathologies. Another challenging point in
the treatment for such cases is the irradiation method. Ste-
reotactic radiotherapy allows precise beam shaping and
delivery to the target, and could reduce a radiation injury
of normal brain structures. Thus, this approach might be
appropriate for cases susceptible to radiation injuries. How-
ever, there are no studies proving the efficacy of stereotactic
radiosurgery or fractionated stereotactic radiotherapy for
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newly diagnosed malignant gliomas without previous external
beam radiotherapy [31]. The poorly marginated shape and the
size of the tumor in our case also precluded the indication of
this approach. Fractionated intensity-modulated radiotherapy
might be a better option in our case, but the appropriate
therapeutic dose of this method has not been well elucidated
[32].

In summary, the rare dual pathology of glioblastoma and
moyamoya syndrome in an NF1 patient mandated careful
clinical management. In the present case, the patient was
successfully treated using surgery and chemoradiotherapy
with TMZ without any adverse events. These treatment
options should be considered even for NF1 patients with
moyamoya syndrome when a histological diagnosis of glio-
blastoma is confirmed.
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