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BACKGROUND Recent studies report that cerebellar glioblastoma (GBM) is categorized into the RTK1 methylation class. GBM pediatric RTK
(pedRTK) subtypes are distinct from those of adult GBM. We present a unique adult case of cerebellar GBM classified into the pedRTK subtype.

OBSERVATIONS Magnetic resonance imaging revealed a homogeneous enhancing lesion in the right cerebellum in a 56-year-old woman presenting
with ataxia and dizziness. Arterial spin labeling and angiographic findings and the intraoperative orange-colored tumor appearance were reminiscent of
hemangioblastoma. She showed an atypical presentation in terms of high glucose metabolism. The histological diagnosis was high-grade glioma with
differentiation similar to central nervous system neuroblastoma. The methylation class was GBM pedRTK1. Consistent with this classification,
immunoexpression was positive for SOX10 and negative for ANKRD55. She underwent craniospinal radiotherapy (23.4 Gy) with a boost to the tumor
bed (total 55.8 Gy). Twelve courses of temozolomide therapy were administered. There was no recurrence 18 months after surgery.

LESSONS Radiological and intraoperative findings, such as hemangioblastoma and high glucose metabolism, were notable characteristics in the
present case. Both glial and neuronal differentiation and SOX10 immunoexpression were presenting pathological features. Similar cerebellar GBMs
might form a previously unestablished subtype. Establishing effective molecular diagnoses is important.

https://thejns.org/doi/abs/10.3171/CASE2260
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Adult cerebellar glioblastomas (GBMs) are mostly categorized
into proneural type GBMs (RTK1 methylation class) via DNA meth-
ylation profile analysis.1 Studies report that GBM pediatric RTK
(pedRTK) subtypes are distinct from adult GBM.2

Herein, we present a unique adult case of cerebellar GBM that
was categorized into the GBM pedRTK1 methylation class. This case
showed not only characteristic radiological and intraoperative findings
reminiscent of hemangioblastoma but also uniquely presented with his-
tological differentiation (reminiscent of central nervous system neuro-
blastoma [CNS NB]). These findings might represent undiscovered
clinical and molecular characteristics of a previously uncharacterized
adult cerebellar GBM subtype.

Illustrative Case
A 56-year-old woman presented to her local hospital with dys-

arthria caused by a right cerebral lacunar infarction and was
admitted to this hospital 1 year before the final diagnostic and sur-
gical course reported herein. She had a history of hypertension
and hyperlipidemia with no notable family or personal psychoso-
cial history.

Although fluid-attenuated inversion recovery (FLAIR) magnetic
resonance imaging (MRI) performed at her local hospital showed a
slightly hyperintense lesion in the right cerebellum, she had no cer-
ebellar symptoms. The infarction was treated with antiplatelet ther-
apy, with routine follow-up for the cerebellar lesion.

ABBREVIATIONS ASL = arterial spin labeling; CNS NB = central nervous system neuroblastoma; FDG-PET = 18F-fluorodeoxyglucose–positron emission tomography;
FLAIR = fluid-attenuated inversion recovery; GBM = glioblastoma; MRI = magnetic resonance imaging; NGS = next-generation sequencing; pedRTK = pediatric RTK;
PCNSL = primary central nervous system lymphoma; SUVmax = maximum standardized uptake value.
INCLUDE WHEN CITING Published April 4, 2022; DOI: 10.3171/CASE2260.
SUBMITTED February 3, 2022. ACCEPTED February 21, 2022.
© 2022 The authors, CC BY-NC-ND 4.0 (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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One year later, her symptoms of ataxia in the right upper limb
and dizziness gradually worsened. MRI revealed not only an
enlargement of the FLAIR-hyperintense lesion (Fig. 1A) but also a

new homogeneously enhanced nodular lesion (Fig. 1B). The patient
was referred to our department for additional evaluation.

Arterial spin labeling (ASL) showed marked hyperintensity in the
nodular lesion (Fig. 1C) and 18F-fluorodeoxyglucose–positron emission
tomography (FDG-PET) revealed high glucose metabolism (maximum
standardized uptake value [SUVmax] 20.5; tumor-to-nontumor ratio
1.59; Fig. 1D). There were no abnormalities seen on a whole-body
PET scan. Angiography of the right vertebral artery revealed marked
tumor staining. A branch of the anterior inferior cerebellar artery was
the main feeding source for the tumor (Fig. 1E). Early venous filling to
the tentorial and superior petrosal sinus was observed in the late arte-
rial phase (Fig. 1F).

The initial (preliminary) preoperative diagnosis was hemangio-
blastoma. However, the patient’s clinical course (i.e., the enhancing
nodule enlarged within 1 year) and the finding of high FDG uptake
were inconsistent with the features of a benign tumor. Hence, a
malignancy could not be ruled out. We planned to perform surgical
resection followed by an applicable aftertreatment based on the
resulting histological diagnosis.

The surgery was performed using the right lateral suboccipital
approach. An orange-colored tumor located beside the feeding artery
was observed after retraction of the right cerebellum (Fig. 1G). The
tumor appearance was consistent with hemangioblastoma. However,
the boundary with the normal cerebellum was poorly demarcated,
and the tumor bled easily (thus denoting an atypical presentation). The
tumor was removed en bloc while the feeding branches were cauter-
ized. The resected sample was gelatinous and cell-rich, which differed
from the typical macroscopic findings of hemangioblastoma.

Histopathological and Molecular Findings
Hematoxylin-eosin staining revealed a marked proliferation of rel-

atively monomorphic tumor cells with a high nuclear-to-cytoplasm
ratio. In addition to glial differentiation, we found a cellular palisad-
ing pattern (Fig. 2A) and a neuropil island (Fig. 2B). Multiple malig-
nant tumors with a small, round, and blue-cell appearance were
compatible with a diagnosis of either GBM or CNS NB. Because a
rare brain tumor was suspected, the Japan Brain Tumor Reference
Center (Maebashi, Japan) was contacted for a central review.

Immunohistochemical staining was positive for nestin (Fig. 2C),
CD56 (Fig. 2D), Olig2 (Fig. 2E), ATRX, and H3K27me3, partially posi-
tive for synaptophysin (Fig. 2F), glial fibrillary acidic protein (Fig. 2G),
and neurofilament, and negative for IDH1 R132H, CD99, chromogranin
A, H3.3K27M, and p53. The Ki-67 index was 39.9% (Fig. 2H). Al-
though the expression of glial markers suggested a diagnosis of high-
grade glioma, it was difficult to confirm the subclassification.

We then consulted Heidelberg University (Heidelberg, Germany) to
obtain molecular analyses using methylation-based classification,3 a
next-generation sequencing (NGS) panel,4 and additional immunohisto-
chemical staining. In the methylation-based classification, the present
tumor was localized into the GBM pedRTK1 cluster (Fig. 3A) and thus
differed from previously characterized adult GBMs and CNS NBs.

The copy number variation profile revealed a CDKN2A/B homozy-
gous deletion (Fig. 3B), and NGS demonstrated mutations in SMO,
FGFR1, and NF1. The present case was positive for SOX10 but nega-
tive for ANKRD55 upon additional immunohistochemical staining
(Fig. 4A and B). These findings were consistent with a diagnosis of
GBM pedRTK1.5–8 However, the profiled case presented with an adult
cerebellar tumor. The final integrated diagnosis was cerebellar GBM
with no established reference class.

FIG. 1. Preoperative FLAIR image showed a hyperintense lesion in the
right cerebellum (A), and a postcontrast T1-weighted MRI scan
revealed a homogeneously enhanced nodular lesion (B). The nodular
lesion showed hyperintensity on ASL (C). FDG-PET (D) revealed high-
level tumor glucose metabolism. Preoperative right vertebral artery
angiography revealed a marked tumor stain. The main feeding artery
was determined to be the right anterior inferior cerebellar artery (arrow,
E). Early venous filling of the tentorial and superior petrosal sinus (right
and left arrowheads, respectively) were observed in the late arterial
phase (F). Intraoperative findings (G) through a right lateral suboccipital
approach. The orange-colored tumor beside the feeding artery was
exposed on the cerebellar surface. Postcontrast T1-weighted MRI (H)
conducted 18 months after surgery showed no recurrence.
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Postoperative Course
Postoperative MRI demonstrated that the solid enhancing lesion

was completely removed. Although the patient continued to present
with ataxia in the right upper and lower limbs, these lingering symp-
toms improved 2 weeks after surgery. During the diagnostic consul-
tation, she underwent craniospinal radiotherapy (23.4 Gy) with a
three-dimensional conformal boost to the tumor bed (total dose
55.8 Gy) according to the standard treatment protocol frequently
employed for embryonal tumors.9,10 After radiotherapy, she was dis-
charged without any neurological deficits. A total of 12 courses of
temozolomide maintenance therapy (4-week cycles) were adminis-
tered based on her integrated diagnosis. Eighteen months after sur-
gery, MRI showed no evidence of tumor recurrence (Fig. 1H).

Discussion
Herein, we report a case of adult cerebellar GBM with unique

radiological, pathological, and molecular characteristics. Represen-
tative cerebellar tumors in adults include GBM, hemangioblastoma,

and primary central nervous system lymphoma (PCNSL).11,12 The
radiological features of these tumors differ substantially, and preop-
erative differentiation is thus generally possible.

The present case demonstrated a solid and homogeneous enhancing
lesion upon MRI as well as marked tumor staining upon angiography.
These findings were consistent with a diagnosis of hemangioblastoma.
The intraoperative orange-colored tumor appearance was likewise remi-
niscent of hemangioblastoma. However, a previous study reported lower
FDG uptake levels in hemangioblastoma (SUVmax 4.3 ± 0.65; mean ±
standard deviation) as compared with malignant cerebellar tumors,
including GBM, PCNSL, and metastatic brain tumors (SUVmax 13.4 ±
3.5).13 The FDG uptake in the present case (SUVmax 20.5) was
extremely high, thus indicating the presence of malignancy.

Based on the findings of contrast-enhanced MRI and FDG-PET,
PCNSL was included within the differential diagnosis. However,
PCNSL is traditionally reported to be avascular on angiography.14

Moreover, our previously published data have demonstrated that
ASL is not hyperintense in PCNSL.15 The angiography and ASL
findings in the present case differed from those of PCNSL, thus
supporting our determination of surgical resection.

The findings of light microscopy examination in the present case
demonstrated both neuronal and glial differentiation. Moreover, the
expression of glial markers and the methylation-based classification
supported a diagnosis of GBM RTK1 and was suggestive of the GBM
pediatric subtype. The immunoexpression findings in the present
case, which was positive for SOX10 and negative for ANKRD55,
were consistent with this diagnosis.6

The SOX10 gene has been reported to be a master regulator based
on the epigenomic profiling of GBM RTK1 and has been suggested to
have a favorable prognosis.16 This could explain the favorable clinical
course seen in the present case. In addition, SOX10 encodes a tran-
scription factor mediating the differentiation of neural crest cells,17–19 and
its expression is found not only in neuroblastomas but also in diffuse glio-
mas.19,20 In fact, a previously reported case of CNS NB presenting with
both neuronal and glial differentiation was recently reported.21 This case
was classified as CNS NB with FOXR2 activation, and the differentiating
characteristic was the high-level expression of SOX10.6,22 High SOX10
expression may have mediated the confusing histology within the pre-
sent case.

Observations
Integrating the comprehensive information presented herein, the

ultimate diagnosis of the present case was consistent with GBM
pedRTK1. However, in this regard, we forewarn that “pedRTK1” is
the name of a methylation-based class that is relevant to pediatric
brain tumors. Whether this methylation class is applicable to adult
cases in general or to adult cerebellar GBMs specifically has not
been investigated to date. To our knowledge, the present case is
the first case of adult cerebellar GBM that has been classified into
the pedRTK1 methylation class through detailed molecular analy-
ses. The clinical and molecular characteristics of this methylation
class need to be elucidated more comprehensively through an addi-
tional accumulation of cases.

Lessons
Herein, we present a unique adult case of cerebellar GBM that

was classified into the GBM pedRTK1 methylation class. Radiologi-
cal and intraoperative findings, including findings reminiscent of
hemangioblastoma and high FDG uptake levels, were notable

FIG. 2. Representative pathological findings. Hematoxylin and eosin
staining revealed a cellular palisading pattern (A) and a neuropil island
(B). Immunohistochemical staining findings. The tumor cells were posi-
tive for nestin (C), CD56 (D), and Olig2 (E) and were partially positive
for synaptophysin (F) and glial fibrillary acidic protein (G). The Ki-67
index was 39.9% (H). Original magnification�200.
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clinical characteristics in the present case. Neuronal and glial differ-
entiation and high-level SOX10 expression were notable pathologi-
cal features. It is possible that such cerebellar GBMs form a

previously unestablished subtype. Informing molecular diagnostics
is thus extremely important in future case reports, case series, and
rigorous clinical investigations.

FIG. 3. Molecular findings. A two-dimensional t-distributed stochastic neighbor embedding analysis demonstrated that the present case (arrow) was local-
ized in the methylation class of GBM pedRTK1 (A). The copy number variation profile showed several chromosomal alterations, including a gain on chro-
mosome 2p (including MYCN), a gain on chromosome 17q (including PPM1D), and a homozygous CDKN2A/B deletion (arrowhead, B). CNS NB FOXR2
= central nervous system neuroblastoma with FOXR2 activation; MES = mesenchymal type; NB 1 = neuroblastoma with MYCN activation; NB 2s = telo-
mere maintenance mechanism-negative neuroblastoma.
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FIG. 4. The findings of additional immunohistochemical staining. The
tumor cells were mostly positive for SOX10 (A) and negative for
ANKRD55 (B). Original magnification�400.
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