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Abstract

with no MYCN amplification.

Background Ependymomas are the third most common central nervous system tumor in the pediatric popula-
tion; however, spinal ependymomas in children are rare. Ependymomas affecting the spinal cord most frequently
occur in adults of 20-40 years of age. The current World Health Organization classification system for ependymomas
is now composed of ten different entities based on histopathology, location, and molecular studies, with evidence
that the new classification system more accurately predicts clinical outcomes.

Case presentation \We present the case of a 16-year-old Caucasian female patient with a history of type 2 neurofi-
bromatosis with multiple schwannomas, meningioma, and spinal ependymoma. Chromosome analysis of the har-
vested spinal ependymoma tumor sample revealed a 46,XX,—6,+7,—22,+mar[16]/46,XX[4] karyotype. Subsequent
OncoScan microarray analysis of the formalin-fixed paraffin-embedded tumor sample confirmed +7, —22 and clarified
that the marker chromosome represents chromothripsis of the entire chromosome 6 with more than 100 break-
points. Fluorescent in situ hybridization and microarray analysis showed no evidence of MYCN amplification. The final
integrated pathology diagnosis was spinal ependymoma (central nervous system World Health Organization grade 2

Conclusion This case adds to the existing literature of pediatric patients with spinal ependymomas and expands
the cytogenetic findings that may be seen in patients with this tumor type. This case also highlights the value
of cytogenetics and microarray analysis in solid tumors to provide a more accurate molecular diagnosis.
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Background

Ependymomas (EPNS) can develop anywhere along the
neuroaxis, and recent data suggest they may arise from
radial glial cells [1]. They are the third most common
central nervous system (CNS) tumor in the pediatric
population [2], representing approximately 6-12% of
brain tumors in children and 15% of spinal cord tumors
across all age groups, with the vast majority occurring
in adults [3]. However, pediatric spinal ependymomas,
specifically, are rare and there is limited information
regarding the true incidence and behavior of these enti-
ties. One study based on Surveillance, Epidemiology, and
End Results (SEER) data identified 279 pediatric cases of
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spinal ependymomas from 2004 to 2014. They concluded
that invasive tumors conferred a worse prognosis and,
interestingly, higher grade tumors were not clearly cor-
related with decreased overall survival rates [4].

The complexity of ependymomas and how they develop
is further acknowledged by the major change in the 2021
World Health Organization (WHO) classification system,
with more emphasis being placed on the molecular char-
acteristics of these tumors. The current WHO classifica-
tion system for ependymomas is now composed of ten
different entities based on histopathology, location, and
molecular studies, with evidence that the new classifica-
tion system more accurately predicts clinical outcomes
[5, 6].

We present the case of a pediatric patient with a clini-
cal diagnosis of neurofibromatosis type 2 (NF2) and early
onset spinal ependymoma with an extensive genetic anal-
ysis of the tumor.

Case presentation

A 16-year-old Caucasian female with a clinical diagnosis
of NF2 presented to the neurosurgery clinic for follow-
up of previously identified lesions including bilateral
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vestibular schwannomas, meningioma status postresec-
tion, and an enlarging cervicothoracic intramedullary
lesion. At the time of initial diagnosis, the patient pre-
sented with bilateral vestibular schwannomas in addition
to enhancing tumors involving the anterior aspect of the
cervical spinal cord, foramen magnum, and the left cav-
ernous sinus. There was no family history of NF2 or other
genetic neurological conditions. Of note, the patient’s
family declined germline NF2 testing. The physical exam
was significant for postoperative left foot drop follow-
ing resection of the right frontal meningioma and a right
frontal surgical site with well-approximated skin and
thick overlying scabbing, but no signs of infection.
Magnetic resonance imaging (MRI) of the cervi-
cal spine revealed a 4.8x1.4%0.9 cm [cranial-caudal
(CC)xtransverse  (TRV)Xanterior—posterior  (AP)]
intramedullary tumor extending from the upper C1 to
upper T3 level with a small focus of hydromyelia cau-
dal to the tumor at the T3 level and ill-defined patchy
enhancement after contrast (Fig. 1). There was progres-
sive enlargement totaling approximately 2.0 cm (CC) over
the course of 10 months when compared with previous
imaging studies over that time period. The lesion caused

Fig. 1 T1-weighted sagittal C-spine MRI: predominantly hypointense 0.9x 1.4x4.8 cm (AP X TRV x CC) intramedullary tumor extending from upper
C1 to upper T3 level (top left). T2-weighted transverse C-spine MRI: expansion of the dominant tumor causes the cord to completely fill the spinal
canal from C7 through T2 (top right). Characteristic perivascular pseudorosettes [hematoxylin and eosin (H&E) stain x100 magnification) (bottom
left). Isomorphic glial tumor cells with round to oval nuclei in a dense fibrillary glial matrix (H&E x200 magnification) (bottom right)
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the spinal cord to completely fill the spinal canal from the
C7 level through the T2 level. Of note, there were at least
three smaller, clustered intramedullary tumors extending
from the C4 level through the C6 level with evidence of
enlargement as well. Given the progressive enlargement
of the dominant intramedullary lesion, the decision was
made to undergo debulking of the tumor for pathological
diagnosis as well as possible initiation of treatment.
Subsequently, the patient underwent C7-T1-T2-T3
laminectomies for decompression of the spinal cord and
resection of the dominant intradural, intramedullary spi-
nal cord tumor. Pathology examination revealed spinal
ependymoma, CNS WHO grade 2 (Fig. 1). Immunohis-
tochemistry staining for H3K27me3 showed retained
nuclear staining consistent with the normal/wild-type
immunophenotype. Fluorescence in situ hybridization
(FISH) of the tumor was performed at an outside refer-
ence laboratory, which showed no evidence of MYCN
amplification. Chromosome analysis of the harvested
spinal ependymoma tumor sample [7] revealed a 46,XX,
—6,4+7,—22,+mar[16]/46,XX[4] karyotype. Subsequent
OncoScan microarray analysis of the formalin-fixed
paraffin-embedded (FFPE) tumor confirmed+7,—22
and clarified that the marker chromosome represents
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chromothripsis of the entire chromosome 6, involv-
ing more than 100 breakpoints, which was visualized as
a complex pattern of alternating copy number changes
(Fig. 2). Microarray also confirmed no evidence of MYCN
amplification in agreement with FISH results. The final
integrated pathology diagnosis is spinal ependymoma
(CNS WHO grade 2) with no MYCN amplification.

The patient made a full, uneventful recovery from sur-
gery. She was also seen by the hematology—oncology
team with specialization in neuro-oncology. There have
been lengthy discussions regarding possible further treat-
ment options including mitogen-activated protein kinase
(MEK) inhibitors and mammalian target of rapamy-
cin (mTOR) inhibitors in which the final decision upon
which treatment to initiate has yet to be determined.

Discussion and conclusion

NEF2 is a genetic neurocutaneous disorder character-
ized by the formation of particular lesions throughout
both the central and peripheral nervous systems. The
syndrome is inherited in an autosomal dominant fash-
ion, although approximately 50% of patients acquire a
de novo loss of function variant and approximately 30%
of patients are mosaic for the disease-causing loss of
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Fig.2 A Abnormal karyotype of the harvested spinal ependymoma shows a derivative chromothriptic chromosome 6, extra copy of chromosome
7, and loss of chromosome 22 in 80% of the examined cells. BWhole genome ThermoFisher SNP microarray from FFPE tumor confirms gain

of chromosome 7, loss of chromosome 22, and numerous regions with copy number losses over the entire chromosome 6. C Close up examination
of chromosome 6 shows chromothripsis spanning from pter to gter and involving more than 100 breakpoints. A-B allele frequency track appears
as 5 tracks with the log, ratio falling slightly below 2. Upon close inspection (green boxed region), it appears that the A-B allele track represents
alternating regions, with three and two tracks consistent with normal and deleted regions, respectively
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function variant in the NF2 gene [8, 9]. The incidence of
NF2 is approximately 1 in 25,000 individuals, and there
is considerable variability in presentation and severity
[10]. The NF2 gene is a tumor-suppressor gene local-
ized to chromosome 22q12.1, which produces a protein
called merlin. In turn, merlin regulates the downstream
signaling of many pathways including, but not limited
to, RAS/RAF/MEK/ERK, PI3K/AKT, Rac/PAK/JNK,
WNT/B-catenin, mMTORC2, SRC/FAK, and others, which
are responsible for promoting cellular proliferation and
growth [11, 12]. The hallmark feature of NF2 is bilateral
vestibular schwannomas, which occur in more than 95%
of patients [10]; however, these patients are also suscep-
tible to other tumors such as meningiomas, ependymo-
mas, and schwannomas of other cranial nerves, spinal
roots, or peripheral nerves [11, 12].

In children, tumors of the spinal cord are rare, account-
ing for less than 10% of all pediatric CNS tumors, with
ependymomas constituting approximately 30% of those
[13]. In patients with NF2, 33-53% of patients develop
ependymomas typically in the cervical cord or cervi-
comedullary junction; however, there is limited literature
on the true incidence of spinal ependymomas specifically
within the pediatric population [14]. One study based on
Surveillance, Epidemiology, and End Results (SEER) data
identified 279 pediatric cases of spinal ependymomas
from 2004 to 2014 [4]. Another study by Benesch et al.
[15] identified 29 pediatric patients with spinal epend-
ymomas between 1991 and 2007 from the pediatric Ger-
man brain tumor studies Hirntumor (HIT) 1991 and HIT
2000, of whom four patients had NF2. At our institu-
tion, the case we present is the first case of spinal epend-
ymoma in a pediatric patient in the past 20 years.

The 2021 WHO classification system has redefined the
classification of ependymal tumors with the inclusion of
molecular phenotypes. Ependymomas of the spinal cord
can now be classified into four subtypes: spinal epend-
ymoma (SP-EPN), spinal ependymoma with MYCN
amplification (SP-MYCN), myxopapillary ependymoma
(MPE), and subependymoma (SE). It is noteworthy to
mention the MYCN amplification typically confers a
more aggressive course with evidence of early metasta-
ses, poor treatment response, and poor prognosis [16,
17]. SP-EPNs are, by definition, localized to the spinal
cord, most frequently in the cervical spine, and lack the
histologic features of MPE or SE [16, 18]. The median
age at the time of diagnosis is approximately 41 years
old, with a range between 11 and 59 years, and they typi-
cally confer a relatively benign course [16, 19]. Majority
of SP-EPNs demonstrate loss of chromosome 22q where
the NF2 gene is located; however, it is not clear if there
are other significant differences between NF2-altered SP-
EPNs versus NF2 wild-type SP-EPNs [16]. Additionally,
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only 31% of children with ependymomas show evidence
of monosomy 22 [3].

Evidence supports the claim that pediatric ependymo-
mas display a different genomic profile compared with
that of adults, and tumor location also seems to be asso-
ciated with differences in molecular genotypes. Given the
lack of data on pediatric populations, much of the evi-
dence we have to date is based on data from mixed age
groups. Across all age groups, SP-EPNs harbor a gain of
chromosome 7 in more than 95% of lesions and show
loss of chromosome 6 and 22 in some tumors [3, 20].
Pediatric EPNs are more frequently associated with gain
of chromosomes 1q, 7, and 9 and loss of chromosomes
1p, 3, 6/6q, 9p, 13q, 17, and 22 [3, 21]. Moreover, pedi-
atric EPNs show a much higher association with gain of
chromosome 1q compared with adults (20% versus 8%,
respectively), as well as more partial and complex imbal-
ances [21]. Of note, gain of chromosome 1q seems to be
associated with more aggressive tumors and worse prog-
nosis in intracranial ependymomas [3, 21, 22]. When
comparing tumor location, EPNs arising in the spinal
cord often demonstrate whole chromosomal imbal-
ances including gain of chromosomes 7, 9, 11, 18, and 20
or loss of chromosomes 1, 2, and 10 versus intracranial
ependymomas, which frequently harbor gain of chromo-
some 1q and loss of chromosomes 3, 9p, 13q, and 22 [21].
Furthermore, in contrast to intracranial ependymomas,
SP-EPNS upregulate peptide production genes includ-
ing PLA2GS, ITIH2, anteroposterior development home-
obox (HOX) genes, and tumor suppressor gene CDKN2A
[21].

In our case, cytogenetic and molecular studies of the
tumor revealed an abnormal female karyotype with gain
of chromosome 7, loss of chromosome 22, and chromo-
thripsis of the entire chromosome 6. Chromothripsis is
thought to be the result of a single event by which up
to hundreds of clustered chromosomal rearrangements
occur in localized, genomic regions of one or a few chro-
mosomes. Such an event has the potential to hasten
oncogenesis via creation of fusion genes, elimination of
tumor suppressor genes, and loss of regulatory genes,
which are critical for cellular proliferation and survival.
This event was initially estimated to occur in approxi-
mately 2-3% of all cancers with a predilection for bone
cancers; however, more recent studies suggest that the
prevalence may be much higher with this phenomenon
occurring across many cancer subtypes [23-26]. The
literature regarding the prevalence of chromothrip-
sis among pediatric tumors is limited. However, Grob-
ner et al. [26] analyzed the molecular footprint of 961
tumors, which included 24 types of cancer and reported
that 3 out of 32 mutational signatures were linked to
chromothripsis and TP53 mutations. Another study by
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Voronina et al. [25] reported similar findings that ger-
mline mutations in TP53 and ATM are strongly linked
with chromothripsis. Our patient declined sequencing
analysis of the tumor; therefore, it remains uncertain if
these genes harbor any somatic mutations.

There are rare reports of chromothripsis occurring
in intracranial ependymomas. Zschernack et al. [27]
reported chromothripsis of chromosome 22 in two
astroblastoma-like tumors out of 18 pediatric non-v-rel
avian reticuloendotheliosis viral oncogene homolog A
(RELA)/non-yes-associated protein (YAP) supratento-
rial ependymomas. However, there are no case reports
of chromothripsis occurring in SP-EPNs. We believe this
case report is the first of its kind and, thus, a valuable
addition to the molecular genetic signature of pediatric
SP-EPNs. It is noteworthy to mention that both of our
patient’s tumors, meningioma, and spinal ependymoma
harbored genomic alterations that are commonly seen in
these lesions except for chromothripsis of chromosome 6
in the SP-EPN.

Given the relative paucity of these tumors, especially
in children, the true incidence and molecular character-
istics are difficult to completely ascertain. More research
is needed to further classify these tumors in the pediatric
population as well as the population of patients with NF2
to better understand the nature of these entities as well as
provide timely and effective treatment options.

This case also highlights the versatility and importance
of single-nucleotide polymorphism microarray analysis
on a FFPE tumor when a fresh sample is limited or not
available. We believe the information acquired from the
utilization of this tool is invaluable, and characterization
of the tumor genomic profile may aid in future risk strati-
fication and treatment.
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SP-MYCN  Spinal ependymoma with MYCN amplification
TP53 Tumor protein 53

TRV Transverse

WHO World Health Organization
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