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Summary
We present the case of a 13-year-old boy with a very 
unusual periventricular atypical central neurocytoma with 
unique molecular features treated with subtotal surgical 
resection and photon intensity-modulated radiotherapy. 
Histological features were most consistent with atypical 
central neurocytoma. However, next-generation sequencing 
analysis revealed a novel EWSR1-ATF1 gene fusion (EWSR1-
ATF1) as well as a MUTYH mutation. The EWSR1-ATF1 
raised the possibility of Ewing sarcoma or angiomatoid 
fibrous histiocytoma, however, FLI-1 immunohistochemistry 
was negative. MUTYH mutations have been reported in 
diffuse midline paediatric glioma. The role of EWSR1-ATF1 
and MUTYH mutations in central nervous system tumours 
is not well established. We present the first case of EWSR1-
ATF1 and MUTYH mutation in a rare paediatric atypical 
central neurocytoma. Further studies are indicated to 
elucidate the consequences of these gene alterations in the 
context of paediatric central nervous system tumours as well 
as to investigate the potential role for targeted therapies.

Background 
Central neurocytomas are rare WHO grade II 
tumours of the central nervous system typically 
located in the ventricles and are associated with 
favourable outcome.1 Atypical neurocytomas are 
more aggressive, with features of focal necrosis, 
vascular proliferation and increased mitotic activity 
associated with worse clinical outcomes.1 

Atypical neurocytomas are more aggressive, with 
features of focal necrosis, vascular proliferation and 

increased mitotic activity associated with worse 
clinical outcomes.1 Molecular genetics of neuro-
cytomas are not yet well  characterised, however, 
studies have shown chromosome 17 deletion and 
gain of chromosomes 2 p, 10q, 18q and 7.1 Other 
studies have demonstrated upregulation of genes 
involved in the Wnt/B-catenin and sonic hedgehog 
pathways2 as well as IGF2, N-myc and platelet-de-
rived growth factor.3 There are currently no thera-
peutic targets identified to treat neurocytomas.

EWSR1-ATF1 is classically implicated in mesen-
chymal neoplasms and has not previously been 
reported in neurocytomas. MUTYH mutations 
are typically associated with intestinal malignancy 
syndromes but have been described in paediatric 
glioma.4 5 The role of EWSR1-ATF1 and MUTYH 
mutations in central nervous system tumours is not 

Figure 1  T1-weighted axial MRI with contrast at 
presentation showing a large lobulated enhancing 
heterogeneous mass centred within the posterior right 
lateral ventricle and surrounding parenchyma with 
mass effect and leftward midline shift (A), with features 
of internal haemorrhage on susceptibility weighted 
imaging (B), and reduced diffusivity on apparent diffusion 
coefficient sequences (C).

Figure 2  Histopathology reveals sheet-like proliferation 
of polygonal cells with mildly pleomorphic nuclei, brisk 
mitotic activity and pink-fibrillar to clear cytoplasm at 
low (A) and high power (B). Immunohistochemistry 
staining was positive for both glial (GFAP) (C) and 
neuronal (Neu1) (D) markers most consistent with 
a histopathological diagnosis of atypical central 
neurocytoma.
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well established. We present the first case of EWSR1-ATF1 and 
MUTYH mutations in a rare paediatric atypical central neurocy-
toma. Further studies are indicated to elucidate the consequences 
of these gene alterations in the context of paediatric central nervous 
system tumours as well as to investigate the potential for targeted 
therapies.

Case presentation
A 13-year-old previously healthy boy presented with worsening 
headaches and vomiting. Neurological examination was notable for 
left-sided homonymous hemianopsia. MRI of the brain revealed a 
lobulated enhancing heterogeneous mass within the posterior right 
lateral ventricle and surrounding parenchyma with midline shift 
and components of internal haemorrhage, necrosis and reduced 
diffusivity (figure 1A–C). MRI of the spine revealed no evidence of 
leptomeningeal metastasis. He underwent subtotal resection where 
pathology revealed a sheet-like proliferation of polygonal cells 
with brisk mitotic activity and immunopositivity for both glial and 
neuronal markers, whose histological features were best classified as 
an atypical central neurocytoma (figure 2A–D).

Investigations
Immunohistochemistry was positive for GFAP and NeuN. 
Negative staining was observed for synaptophysin, EMA, Olig2 
and HMB-45. Next-generation sequencing analysis revealed 
an EWSR1-ATF1 fusion as well as MUTYH G382D mutation. 
Following molecular diagnosis, Fli-1 immunohistochemistry was 
performed that revealed absent staining.

Differential diagnosis
The histological differential diagnosis included atypical central 
neurocytoma, atypical glioneuronal tumour and ependymoma. 
Based on the EWSR1-ATF1 detected by next-generation sequencing, 
Ewing’s sarcoma, primitive neuroectodermal tumour and angioma-
toid fibrous histiocytoma were included in the differential.

Treatment
The patient’s family initially declined adjunctive therapies and 
the 6-month follow-up MRI showed progressive disease. The 
patient underwent re-resection at the time followed by focal 
photon intensity-modulated radiotherapy.

Outcome and follow-up
One year postdiagnosis follow-up MRI showed a third local 
recurrence that was treated with surgery only at the family’s 
request. The patient currently remains stable with no evidence 
of tumour recurrence 3 years postdiagnosis without evidence of 
dissemination.

Discussion
Molecular genetics of neurocytomas are not yet well character-
ised, however, studies have shown chromosome 17 deletion and 
gain of chromosomes 2 p, 10q, 18q and 7.1 Other studies have 
demonstrated upregulation of genes involved in the Wnt/B-cat-
enin and sonic hedgehog pathways6 as well as IGF2, N-myc and 
platelet-derived growth factor.7 There are currently no thera-
peutic targets identified to treat neurocytomas.

EWSR1 (Ewing sarcoma breakpoint region 1) encodes the 
RNA-binding protein EWSR1 whose specific function is largely 
unknown, however, it is thought to play a role in regulating hema-
topoietic stem cells.6 The ATF1 gene encodes cyclic AMP-depen-
dent transcription factor ATF1.7 Fusion of EWSR1-ATF1 has been 

implicated in angiomatoid fibrous histiocytoma, clear cell sarcoma, 
clear cell sarcoma-like tumour of the gastrointestinal tract, primary 
pulmonary myxoid sarcoma, hyalinising clear cell carcinoma and 
myoepithelial tumour of soft tissue.7 EWSR1 mutations are present 
in <1% of central nervous system tumours (0.13%, COSMIC, July 
2017). EWSR1 mutations have not been reported in cerebral neuro-
cytoma to date. Thus, our findings highlight the first reported case 
of EWSR1-ATF1 in atypical central neurocytoma.

MUTYH encodes a DNA glycosylase involved in base excision 
repair. Loss of function mutations, such as MUTYH G382D, results 
in increased mutagenesis and tumourigenesis.8 MUTYH mutations 
are classically implicated in familial colorectal cancer syndromes 
such as familial adenomatous polyposis. They have also been shown 
to increase the incidence of non-intestinal malignancies such as 
ovarian, bladder and skin cancers.8 MUTYH mutations are present 
in <1% of CNS tumours, most frequently in high-grade gliomas 
(0.18%, COSMIC, July 2017). Mutations in MUTYH have been 
reported in midline paediatric glioma.4 5 The role of MUTYH muta-
tion in the pathogenesis of brain tumours is not well established. We 
present the first reported case of MUTYH mutation in an atypical 
central neurocytoma.

Learning points

►► Atypical central neurocytoma is a rare tumour with no 
currently identified molecular therapeutic targets.

►► EWSR1-ATF1 gene fusions have been described in Ewing 
sarcoma and other mesenchymal neoplasms. We highlight 
the first reported case of EWSR1-ATF1 in atypical central 
neurocytoma.

►► MUTYH mutations are classically implicated in intestinal 
malignancies and are uncommon in central nervous system 
tumours. We present the first reported case of MUTYH 
mutation in atypical central neurocytoma.

►► Next-generation sequencing of paediatric brain tumours may 
lead to an expanded differential diagnosis and potential of 
targeted therapy.
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