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Neuroepithelial tumors, formerly known as primitive neuroectodermal tumors of the central nervous
system, are reclassified under embryonal tumors in the 2016 WHO Classification of Tumors of the Central
Nervous System. The tumor has two known genetic alterations: HGNET-MN1 and HGNET-BCOR. Previ-
ously, radiological features of the tumor have been reported as large, intra-axial lesions in the cerebral or
cerebellar hemisphere, which presents mild adjacent edema. Here, we report the first case of high-grade
neuroepithelial tumor not elsewhere classified (HGNET-NEC) arising from the cerebellar vermis,
demonstrating good outcomes in clinical follow-up when compared with previously known types.

© 2021 Publishing services provided by Elsevier B.V. on behalf of King Faisal Specialist Hospital &
Research Centre (General Organization), Saudi Arabia. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

High-grade neuroepithelial tumors (HGNET) are newly
described entities with two known genetic alterations: HGNET-
MN1 and HGNET-BCOR [1.2].

The previously reported tumors presented intra-axial, large and
well-demarcated solid lesions, demonstrating necrosis, with min-
imal or no perilesional edema in the cerebrum or cerebellar
hemisphere [1,2].

In our current case, the location of the tumor at the craniocer-
vical junction was peculiar as well as the pathological findings of
HGNET-not elsewhere classified (HGNET-NEC).

2. Case report

A 4-year-old female presented to our emergency department
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complaining of progressive unsteady gait for one month along with
frequent falls. Clinically, she presented left-sided upper and lower
limb weakness 4/5 with hyperreflexia and a positive Babinski sign
on the ipsilateral side.

Unenhanced computed tomography performed overnight
showedamidlinehyperdensemass in theposterior fossa,withamass
effect on the brain stem. However, no hydrocephalus was observed.

On the following day, magnetic resonance imaging (MRI) of the
brain and whole spine, with and without contrast, was performed
according to our department protocol, revealing a well-
circumscribed midline lesion arising from the inferior vermis,
extending into the craniocervical junction.

The lesion showed intermediate signal intensity on T1WI
(Fig. 1A), with markedly dark peripheral signal intensity on T2WI
and central necrosis (Fig. 1B). The lesion showed a solid pattern of
peripheral enhancement (Fig. 1C) and minimal restricted diffusion
(Fig. 1D and E). Extensive edema was observed in the adjacent part
of themedulla, which extended to the cervical spine. No spinal drop
metastasis was observed.

The extremely low signal on T2WI was assumed to be related to
high cellular impaction or high collagen/fiber contents; the tumor
differed from desmoplastic medulloblastoma as it showed minimal
diffusion restriction. Our differential diagnosis included high-grade
glioma or anaplastic ependymomas.
pecialist Hospital & Research Centre (General Organization), Saudi Arabia. This is an
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Fig. 1. A. Sagittal T1WI demonstrated a lesion in the inferior vermis with intermediate signal intensity on T1WI B. Axial T2WI demonstrated the lesion with markedly dark pe-
ripheral signal intensity and central necrosis and extensive edema C. Sagittal T1WI post contrast image showed a solid pattern of peripheral enhancement D. Axial DWI, and E. ADC
the lesion exhibited minimal restricted diffusion.
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Histopathological sections stained using hematoxylin & eosin
were examined, revealing collagen-rich, low to moderately cellular
neuroepithelial tumors. The tumor cells were arranged in a linear
profile with small nests. Necrosis and focal endothelial proliferation
wereobserved. The tumorcellswere round/oval andhyperchromatic,
with a fair amount of amphophilic cytoplasm. Additionally, some
tumor cells with nuclear grooves were noted. The tumor cell nucleoli
were not prominent. Frequentmitosiswas observed in cellular areas,
with a few entrapped neurons within the tumor (Fig. 2A, B, and 2C).

Additionally, we performed reticulin staining, and reticulin fibers
were foundtoencircle individual cells andsmall tumornests (Fig.2D).
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The tumor cells were immunopositive for synaptophysin (weak
and perinuclear), vimentin, S100, EMA (rare dot-like staining), and
immunonegative for glial fibrillary acidic protein (GFAP), Neu-N,
neurofilament protein (NFP), chromogranin, cytokeratin CAM5.2,
HMB45, Melan A, CD34, and CD68. INI-1 immunostaining was
normal (retained). Ki-67 immunolabeling was estimated to be high
(up to 40%) (Fig. 2E).

Given the unusual morphology, the case was transferred to St.
Jude Children’s Research Hospital for a second expert opinion.
Additional immunostaining and molecular studies were
performed.



Fig. 2. Hematoxylin and eosin stains 100� A. H&E 200� B. and H&E 400� C. showed that frequent mitosis was observed in cellular areas, with a few entrapped neurons within the
tumor. D. Reticulin stain showed reticulin fibers were found to encircle individual cells and small tumor nests. E. Immunohistochemistry of the tumor cells Ki-67 immunolabeling
was positive and estimated to be as high as 40%.
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Immunoreactivity (IR) for CD99 characterized all tumor cells,
with some demonstrating IR for GFAP and/or OLIG2, and rare cells
expressing microtubule-associated protein-2 (MAP-2). Further-
more, a variable, but generally weak, IR for BCOR was observed. No
IR for NFP, CD34, NUTM1, or cytokeratins was documented.

Based on immunofluorescence in situ hybridization (immuno-
FISH), no rearrangement of EWSR1, CIC, or MN1 was observed.

Targeted next-generation sequencing (NGS) was performed on
DNA extracted from tissue containing neoplastic cells to evaluate a
panel of genes relevant to pediatric CNS tumors. No pathogenic or
likely pathological variants were detected.

This unusual neuroepithelial tumor presented challenging
morphology with dense hyalinization, reminiscent of that observed
in some astroblastomas. Although retained in the 2016 WHO
classification, astroblastoma is a diagnosis now aligned with the
CNS HGNETs containing MN1 alterations or extremely rarely, BCOR
alterations. Molecular testing (iFISH and NGS) results failed to
indicate MN1, BCOR, or any other alterations. The tumor considered
as HGNET-NEC.

The patient underwent a gross total excision within a few days
of presentation, using an occipital craniotomy approach. Total tu-
mor resection was performed, and the tissue was observed on an
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immediate postoperative MRI scan. The patient developed respi-
ratory symptoms and weakness. Therefore, the patient did not
receive any chemotherapy or radiation therapy. Follow-up with
serial MRI was performed every 2e3 months, demonstrating no
evidence of recurrence.

The patient showed excellent respiratory and neurological re-
covery and was discharged in stable condition, with normal
breathing and almost normal neurological status. The total dura-
tion of follow-up was 15 months with no adjuvant treatment.

3. Discussion

The previously known primitive neuroectodermal tumors of the
central nervous system (CNS-PNET) terminology was replaced by
embryonal tumors in the 2016 World Health Organization Classi-
fication of Tumors of the Central Nervous System [3e5]. It has been
reclassified into four new, molecularly defined subgroups: CNS
neuroblastoma with FOXR2 activation, CNS Ewing sarcoma family
tumor with CIC alteration, CNS HGNET with MN1 alteration, and
CNS HGNET-BCOR. However, a minority of CNS-PNETs fail to be
classified and are currently considered as CNS embryonal tumors,
not otherwise specified (NOS) [4].
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Recently, HGNETs of the CNS have been described in the pedi-
atric age group. The tumor demonstrates no gender predilection
and may arise from the cerebrum or cerebellum. The age group of
the tumor varies; however, most patients are below 5 years of age
[1,2,6]. Clinically, patients present with variable symptoms,
including headaches, seizures, or focal neurological deficits.

Tauzi�ede-Esparia et al. [1] have observed that CNS HGNET-MN1
was predominantly present in girls, mainly supratentorial tumors.
Radiologically, all our tumors were large, well-demarcated solid
lesions, demonstrating necrosis with minimal or no perilesional
edema.

A study by Ferris S [2] has shown that CNS HGNET-BCOR is
predominantly detected in girls, with tumors present in the cere-
bral or cerebellar hemisphere as a well-circumscribed, large mass
with associated mass effect. Several tumors demonstrated central
areas of necrosis or blood products, with variable contrast
enhancement. Diffusion-weighted imaging frequently showed
reduced diffusion, suggestive of neoplasms that demonstrated high
cellularity.

Our case demonstrated CNS HGNET-NEC, with a peculiar loca-
tion at the inferior vermis/craniocervical junction. The lesion was
well-circumscribed with central necrosis; however, it showed a
significant mass effect on the adjacent part of the brain stem.
Additionally, reduced diffusion with contrast enhancement was
noted.

In a previous study, all patients underwent gross total resection,
similar to our patient, undergoing chemotherapy with or without
radiotherapy, presenting poor overall prognosis in general, and
limited follow-up data.

4. Conclusion

CNS HGNET is an embryonal tumor, recently classified into two
groups with MN1 and BCOR, which presents a poor prognosis.
However, our case showed HGNET-NEC, a new category that, to our
knowledge, has not been previously reported. This tumor should be
considered in our differential diagnosis for the craniocervical
junction location. Furthermore, this tumor presented a superior
prognosis during our short-term follow-up.
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