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We present three cases of rosette-forming glioneuronal
tumours (RGNT), diagnosed through DNA-methylation
profiling, without the classical FGFR] alteration commonly
reported in this entity.

Case 1 involves a 29-year-old man with no significant
medical history, presenting with two episodes of severe
headaches, occurring 1 year apart, which resolved spon-
taneously. Ophthalmological examination revealed meta-
morphopsia in the bitemporal hemifields, also resolving
spontaneously. MRI revealed a lesion in the third ventricle
with central enhancement, obstructing the interventricular
foramina, invading the basal cisterns and making contact
with the pituitary stalk and optic chiasm (Fig. 1a). Biopsy
during ventriculocysternostomy (VCS) revealed a prolifera-
tion forming numerous neurocytic rosettes, occasionally lon-
gitudinally sectioned and resembling columns, accompanied
by a myxoid background (Fig. 1b). There were no histo-
logical signs of aggressiveness. The cells strongly expressed
glial markers and synaptophysin (Fig. 1c). Monitoring was
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decided upon and the patient has been asymptomatic for
6 months.

Case 2 concerns a 27-year-old woman who had been suf-
fering from subacute headaches of increasing intensity for
2 years. Ophthalmological examination showed bilateral
early papilledema. MRI revealed a lesion centred on the
fourth ventricle with FLAIR hyperintensity and spontane-
ous T1 peripheral hyperintensity, without significant gado-
linium enhancement. The lesion had infiltrated the cerebellar
vermis and extended into the beginning of the foramina of
Luschka (Fig. 1d). Histological analysis of surgical resec-
tion revealed a biphasic proliferation alternating oligo-like
or piloid areas with areas containing neurocytic and perivas-
cular rosettes (Fig. le). There were no histological signs
of aggressiveness. The cells exhibited strong expression of
glial markers and heterogeneous synaptophysin expression
(Fig. 1f). The patient remained clinically and radiologi-
cally free of relapse at the last follow-up which took place
14 months post-surgery.
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Fig.1 MRI on the T1 sequence revealed well-circumscribed lesions
with heterogeneous gadolinium enhancement located in the third ven-
tricle obstructing the two interventricular foramens and invading the
basal cisterns in case 1 (a), in the fourth ventricle in case 2 (d) and in
the right mesencephalon in case 3 (g). Haematoxylin and eosin (HE)
staining showed characteristic neurocytic rosettes viewed longitu-
dinally, with a columnar arrangement in this small biopsy in case 1
(b), a biphasic proliferation with neurocytic rosettes (left) and piloid
features (right) in case 2 (e) and rosettes with various size and shapes

Case 3 concerns a 33-year-old man with migraines since
childhood, with recent onset of photophobia and binocular
diplopia accompanying the headaches as well as Parinaud's
syndrome. MRI revealed a lesion in the right mesencepha-
lon with heterogeneous enhancement after gadolinium injec-
tion, extending into the quadrigeminal cistern, pineal region
and thalamus (Fig. 1g). Surgical resection showed a bipha-
sic proliferation alternating oligo-like or piloid areas with
Rosenthal fibres and areas containing rosette formations
centred on amorphous, hyaline material (Fig. 1h). There
were no histological signs of aggressiveness. Immunohis-
tochemistry revealed strong Olig2 expression and weaker,
focal expression of GFAP and synaptophysin (Fig. 11). Last
follow-up MRI, which took place six years post-surgery,
showed no tumour recurrence.

For case 1, DNA-methylation profiling using v2 chip
revealed diagnostic scores of 0.98693 for MC RGNT in
v12.8 and 0.71257 in v12.5. Cases 2 and 3, analysed using
v1 chips, showed diagnostic scores of 0.99851 and 0.78276
in v12.5 and 0.99951 and 0.49826 in v12.8, respectively.
t-SNE analysis localised the cases within the MC RGNT
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in case 3 (h). Cell staining for synaptophysin was diffuse and strong
in case 1 (c¢), more heterogeneous in cases 2 (f) and 3 (i). Zoom on
t-SNE using idat files freely available on GEO (publication PMID:
29539639) enhanced with personal data on extraventricular neurocy-
tomas (EVN) (j). Schematic representation of KIF5B-ERBB4 fusions
in case 1 and in the lung adenocarcinoma described by Guenzi et al.
[6] (top) compared to the KIF5B-NTRK? fusion reported in extraven-
tricular neurocytoma by Gubbiotti et al. [5] (bottom) (k)

cluster (Fig. 1j). Copy number variation (CNV) analysis
showed a flat profile for all three cases.

All three cases underwent next-generation sequencing
(NGS) molecular analysis with large panel targeting the
FGFRI gene, with no alterations of this latter found:
DRAGON (SureSelect CD Curie CGP) panel was used for
cases 1 and 2 and DNA panel from Toulouse University
Hospital for case 3 (Supplementary Tables 1 and 2, online
resource). For case 1, no molecular alteration was identified.
It is noteworthy that this case could not undergo RNA
sequencing due to the limited amount of biopsy material
available. Case 2 underwent RNA sequencing using the
RNA Illumina TSOS500 panel and panel from Toulouse
University Hospital while case 3 utilised the Illumina
TruSight RNA Fusion panel (Supplementary Tables 3, 4
and 5, online resource).

Case 2 exhibited an AKT2 E17K mutation, previously
reported in thyroid and breast cancers [7, 9]. AKT2 is a
serine/threonine kinase playing a role in the PTEN/PI3K/
AKT pathway, including numerous oncogenes, in particular
PIK3CA, which is frequently mutated in RGNT [1, 8]. The
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E17K hotspot mutation occurs at the beginning of exon 3
within the protein's functional domain. A similar mutation
has been described in breast, colorectal and ovarian
carcinomas in the AKTI gene, with experimental studies
demonstrating the oncogenic nature of this mutation through
overactivation of the protein's kinase activity, thereby setting
in motion the cell survival pathway [2]. The significant
similarity between the AKTI and AKT2 genes suggests the
oncogenic potential of the E17K mutation can be extended
to AKT2.

Case 3 showed a KIF5::ERBB4 fusion which was
structurally identical to that recently reported in lung
adenocarcinoma (Fig. 1k) [6]. The KIF5B protein has
already been observed in several oncogenic fusions with
other tyrosine kinases [4]. The coiled-coil portion of KIFSB
leads to dimerisation, followed by transphosphorylation
and activation of its partner's tyrosine kinase domain. The
ERBB4 protein belongs to the MAPK signalling pathway. In
the brain, no ERBB4 fusion has yet been reported. However,
a fusion between the KIF5B gene and NTRK2, coding
another protein with tyrosine kinase activity, has been
described in an extraventricular neurocytoma (Fig. 1k) [5].

RGNT are defined in the 5th edition of the World Health
Organization (WHO) classification of central nervous
system tumours as biphasic tumours comprising both
glial and neurocytic components, with neurocytic rosette
or perivascular pseudorosette formations associated with
synaptophysin expression. Desirable criteria include the
presence of a FGFRI mutation with coexisting PIK3CA
and/or NFI mutation. Several teams have reported the
constant presence of FGFRI mutation in their RGNT
series, suggesting that this criterion should appear as
essential in the next classification [1, 8]. Nevertheless,
our three cases of RGNT proven by DNA-methylation
profiling show that the absence of FGFRI alteration does
not eliminate this diagnosis. Furthermore, two of our cases
which underwent exhaustive molecular investigations (NGS
and RNA sequencing with a large panel) presented only a
single oncogenic event. On the other hand, our observations
concur with previous studies on the exclusive localisation
of these tumours in the midline which could be a significant
diagnostic aid given the lack of specificity of current WHO
diagnostic criteria [1].

This study extends the spectrum of RGNT by including
tumours with genetic abnormalities other than FGFRI
mutation. Our finding is important from a therapeutic point
of view since there are AKT inhibitors involved in clinical
trials as well as second-generation pan-ErbB tyrosine kinase
inhibitors [3, 10].

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00401-024-02779-x.
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