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Abstract

A 32-year-old man with familial neurofibromatosis type 1 presented with a rare case of coexisting pleo-
morphic xanthoastrocytoma (PXA) and moyamoya disease manifesting as progressive right hemipare-
sis. Magnetic resonance (MR) imaging with gadolinium showed an enhanced mass lesion in the left
basal ganglia extending to the left parietal lobe. Preoperative angiography showed severe stenosis of the
bilateral internal carotid arteries, and moyamoya vessels. The patient underwent open biopsy. Histo-
logical examination showed the characteristic findings of PXA. After radiation therapy and chemother-
apy, MR imaging showed decreased size and enhancement of the tumor, but his clinical condition wor-
sened with generalized convulsions and consciousness disturbance. He died 1 year and 6 months after
the first presentation. Autopsy findings demonstrated necrosis in the main mass and tumor cell dis-
semination without anaplastic change. The rare combination of PXA and moyamoya disease in the
basal ganglia limited treatment options. Injured moyamoya vessels and ischemic condition might have
caused tumor progression and dissemination. Radiation therapy, in combination with moyamoya dis-
ease, induced decreased cerebral blood flow (CBF) in the left frontal lobe. Tumor dissemination, CBF
decrease, and hydrocephalus led to the clinical deterioration of this patient.
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Introduction

Neurofibromatosis type 1 (NF1) is associated with in-
creased risk of development of intracranial tumors,®10
particularly multiple peripheral neurofibromas. NF1
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also predisposes to tumors of the central nervous system
such as pilocytic astrocytoma in the optic pathway and
brainstem.'®32) Only seven cases of pleomorphic xan-
thoastrocytoma (PXA) associated with NF1 were re-
ported.”1416.2627.2934)  NF1 is also associated with
cerebrovascular abnormalities,?® occurring in 2.5% of
patients with NF1, including 0.6% with moyamoya dis-
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ease.® In contrast, the annual rate of newly diagnosed
moyamoya cases is 0.54 per 100,000 people in Japan.'”)
The causative gene (NF1) has been assigned to chromo-
some 17q11.2. The protein product of the NF1 gene (neu-
rofibromin) is a guanosine triphosphatase-activating pro-
tein that regulates cellular growth through control of the
Ras oncogene and is likely related to vasculopathy.?® A
gene for familial moyamoya disease is also located on
chromosome 17q25 based on microsatellite linkage ana-
lyses.*) However, the location of the gene does not sup-
port the direct participation of the NF1 gene in the occur-
rence of moyamoya disease.

We treated a patient with NF1 associated with PXA and
moyamoya disease coexisting in the basal ganglia, and
describe the therapeutic strategy including radiotherapy
and chemotherapy in this difficult case.

Case Report

A 32-year-old man presented with progressive right
hemiparesis. Physical examination discovered multiple
subcutaneous neurofibromas and café-au-lait spots, and
his mother and his sister had similar manifestations of
NF1, compatible with the criteria for familial NF1. He had

Fig. 1 Fluid-attenuated inversion recovery (A) and T,-weight-
ed magnetic resonance images with gadolinium (B) showing a
tumor with mass effect in the left basal ganglia extending to the
left parietal lobe, enlargement of the lateral ventricles, and
peritumoral edema.

Fig. 2 Left carotid angiograms, lateral view, revealing steno-
occlusive changes at the terminal portions of the left internal
carotid artery, with anastomotic collateral vessels in the left
basal ganglia.
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no previous history of epilepsy or episodes of motor dys-
function. Magnetic resonance imaging with gadolinium
showed an enhanced mass lesion in the left basal ganglia

Fig. 3 Photomicrograph of the biopsy specimen showing xan-
thomatous tumor cells with nuclear pleomorphism, eosinophil-
ic granular bodies (arrowheads), and lymphocyte infiltration.
Hematoxylin and eosin stain, original magnification x 20.

Fig. 4 Serial T,-weighted magnetic resonance images with
gadolinium after tumor biopsy and ventriculoperitoneal shunt
(A) and 5 months after tumor biopsy (B) showing enlargement
and heterogeneous enhancement of the tumor, and 17 months
later (C) showing dissemination of the tumor to the ventricular
wall and brain surface (arrows) and marked hydrocephalus.
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Fig. 5 Photomicrographs of the autopsy specimen showing
moyamoya vessels with focal fibrinoid necrosis (arrows)
traversing the necrotic pleomorphic xanthoastrocytoma lesion
(A) containing viable neoplastic cells (B). Hematoxylin and
eosin stain, original magnification x 20 (A), X 200 (B).
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extending to the left parietal lobe and hydrocephalus (Fig.
1). His right hemiparesis became worse over 2 weeks.
Preoperative angiography showed severe stenosis of the
bilateral internal carotid arteries and moyamoya vessels
(Fig. 2). This presentation is called quasi-moyamoya dis-
ease, or moyamoya disease with basic manifestations.
Tumor stain fed by the moyamoya vessels was observed.
The anterior part of the anterior cerebral artery territory
was supplied through a transdural anastomosis.

Surgery was planned for histological diagnosis and
resolution of hydrocephalus. Cerebral perfusion was sup-
plied through the middle meningeal and superficial tem-
poral arteries, so these vessels had to be preserved. Gross
total removal of the lesion might have caused further de-
terioration of right hemiparesis because of the location in
the left basal ganglia. Therefore, the patient underwent
open biopsy through a small craniotomy. A ven-
triculoperitoneal (VP) shunt was inserted to relieve the
hydrocephalus. Histological examination of the biopsy
specimen revealed the neoplastic lesion was an astrocytic
tumor consisting of xanthomatous cells with marked
pleomorphism. Eosinophilic granular bodies and lympho-
cytic infiltration, which are typical features of PXA, were
observed (Fig. 3). No microvascular proliferation or
palisading necrosis was identified. The MIB1 index was
5-10%.

His symptoms worsened in a short time due to tumor
progression (Fig. 4A, B), so he underwent extended local
radiation therapy (54 Gy). Chemotherapy was performed
with nine cycles of intravenous nimustine (80 mg/m?) in-
jection followed by four cycles of temozolomide (150
mg/m?). Magnetic resonance imaging showed reduced
size and enhancement of the lesion, but his clinical condi-
tion deteriorated with worsened hemiparesis and aphasia,
and generalized convulsions. Meningitis caused by VP
shunt infection was treated with antibiotic therapy follow-
ing VP shunt revision. Dissemination of the tumor to the
ventricular wall and brain surface was observed 17
months after the biopsy (Fig. 4C). Serial technetium-99m-
L,L-ethyl cysteinate dimer (°**"Tc-ECD) single photon
emission computed tomography (SPECT) showed gradual
decrease in cerebral blood flow (CBF) in the left frontal
lobe. He died 1 year and 6 months after the first presenta-
tion.

Autopsy specimen revealed that the tumor was 5 cm in
diameter, and dissemination of tumor cells was found on
the cerebral surface. Moyamoya vessels were observed
traversing the PXA with massive necrosis in the left basal
ganglia. Fibrinoid vascular necrosis, compatible with
radionecrosis, was observed in multiple foci. No anaplas-
tic change was identified (Fig. 5). The MIB1 index of the
autopsy specimen was 2-7%. Examination of hypoxic
markers was not performed.

Discussion

Coexistence of brain tumor and moyamoya disease is rare,
with only 11 previous cases reported.!2:811,13.18,2435-37) The
tumors were three astrocytomas, three meningiomas,
three pituitary adenomas, one craniopharyngioma, and

one germinoma. The histological diagnoses for the as-
trocytomas were two pilocytic astrocytomas and one as-
trocytoma. The patients were aged from 4 to 11 years. No
case of PXA and moyamoya disease has been reported. An
8-year-old patient with moyamoya disease and pilocytic
astrocytoma in the brain stem was treated by partial resec-
tion for tumor decompression, and local radiation therapy
sparing the supratentorial region, followed by direct by-
pass surgery.!¥ Four mechanisms have been proposed for
the combination of brain tumor and moyamoya disease??):
Direct compression of arteries by the tumor, secondary
effects of radiation on the tumor, presence of neu-
rocutaneous syndrome, and incidental association. Our
patient was predisposed to the combination of brain
tumor and moyamoya disease by the presence of NF1.

PXA is usually described as an uncommon astrocytic
tumor with a relatively favorable prognosis, typically
encountered in children and young adults, with cerebral
cortical location.?” Only a few cases of PXA have been
reported in the basal ganglia.’® The histological charac-
teristics of PXA are the presence of nuclear and cyto-
plasmic pleomorphism and xanthomatous change. Eo-
sinophilic granular bodies and lymphocytic infiltration
are also observed.2% PXA is classified as one of the grade II
astrocytic tumors by World Health Organization.?” In our
case, the histological findings were consistent with PXA at
both biopsy and autopsy. Seven cases of PXA have been
reported in patients with NF1, but none in the basal gan-
glia.7,14,16,26,27,29,34)

Treatment of PXA is mainly by maximal surgical resec-
tion. The extent of resection of the original mass is the
most significant predictive factor.®’ Overall survival has
been estimated as 81% at 5 years and 70% at 10 years. Ad-
juvant radiotherapy or chemotherapy have not been
shown to prolong survival,® but may reduce recurrence
of this rare tumor.223% Postoperative radiation is reserved
mainly for recurrence with anaplastic change,®3® because
of the risk of radiation-induced malignancy.? Chemother-
apy has been used to facilitate surgical resection of PXA.3
Four cases of PXA with dissemination at diagnosis have
been reported and were treated by chemotherapy and/or
radiotherapy.?'-232831) One patient died of tumor progres-
sion 5 years after diagnosis, and the other three are alive
without tumor progression 2 years after treatment.

Radiation can cause endothelial cell injury and death.
Endothelial cell damage coupled with cytokine-mediated
functional changes in the vasculature can cause
hemodynamic alterations that lead to slowed blood flow
and perivascular edema, and may predispose to stasis and
thrombus formation.? In our case, the moyamoya disease
might have caused the clinical progression after radiation
therapy. Serial %"T¢-ECD SPECT revealed decreased CBF
in the left frontal lobe after radiation therapy, which may
explain the decrease of CBF in the moyamoya vessels or
surrounding vessels following radiation therapy. Further-
more, serum levels of matrix metalloproteinase-2, mono-
cyte chemoattractant protein-1, interleukin-14, vascular
endothelial growth factor, and platelet-derived growth fac-
tor-BB are increased in patients with moyamoya disease.'?
These cytokines are thought to be important in the mobili-
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zation of endothelial progenitor cells in patients with
moyamoya disease.'”? We speculate that the changes in
cytokine levels associated with injured moyamoya vessels
and ischemic disease may have contributed to the aggres-
sive behavior of the tumor in our patient.

In our patient, surgical resection was neither rational
nor indicated because of the location of the tumor and the
association of moyamoya disease. Chemotherapy and
radiation therapy were performed because the symptoms
progressed. However, the presence of moyamoya disease
and radiation therapy might cause hemodynamic altera-
tion and thrombus formation in the basal ganglia, leading
to clinical worsening.

This very rare case of PXA in the basal ganglia and
moyamoya disease in a patient with NF1 demonstrates the
restricted treatment choices for this rare combination in
the dominant-side central structure. Maximal surgical
resection was impossible, so additional therapeutic op-
tions such as radiation and chemotherapy should be com-
bined. Concurrent moyamoya disease was important in
the tumor progression and clinical deterioration. A better
understanding of the biological basis leading to progres-
sion and dissemination of PXA is essential and may pro-
vide key insights into the treatment strategy for such
difficult cases.
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