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Pediatric spinal tumors are rare and account for 10% of all central nervous system tumors in children. Onset usually
occurs with chronic nonspecific symptoms and may depend on the intra- or extradural neoplastic location. Meningiomas,
schwannomas, and neurofibromas are the most common intradural-extramedullary lesions, while astrocytomas and
ependymomas represent the majority of intramedullary tumors.
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| 1. Introduction

Pediatric spinal tumors are relatively rare and account for 10% of all central nervous system tumors in children 2IE],
Related to location, spinal neoplasms are divided into extradural (two-thirds of cases), intradural-extramedullary, and
intramedullary (one-third of cases) lesions Bl. Extradural neoplasms have a variable origin and arise from bone, soft
tissues, and meningeal sheets; intradural-extramedullary neoplasms are usually meningiomas, schwannomas, and
neurofibromas. Intramedullary cancers mainly include glial tumors such as astrocytomas and ependymomas, which
represent 90% of all intramedullary neoplasms 4, but can also include gangliogliomas and hemangioblastomas.

Computed tomography (CT) and radiographic imaging can be useful to evaluate bone involvement and spinal stability in
selected cases.

The advancement of molecular findings in pediatric central nervous system tumors (CNS) provides additional information
regarding the tumor subtypes and their biological behaviors and patient outcomes. These novel findings help to reach a
detailed diagnosis, obtaining new therapeutic options by targeted drugs. These molecular advances have also been
described for spinal neoplasms.

Our aim in this review was to describe the imaging findings of the most frequent intradural intra/extramedullary pediatric
spinal tumors according to the World Health Organization (WHO) 2016 revised classification & and to investigate the
connection with the latest molecular findings and genetic syndromes. It is also interesting to mention some very rare
spinal tumors that can be exceptionally diagnosed in children, such as the diffuse leptomeningeal glioneuronal tumor (DL-
GNT), due to its typical radiological aspect.

| 2. Gliomas and Mixed Neuronal-Glial Tumors

The genetic landscape of pediatric spinal tumors has been less studied than that of intracranial localization: the
involvement of KIAA1549-BRAF (v-raf murine sarcoma viral oncogene homolog B1), BRAFV600E, PTPN11, H3F3A,
TP53, FGFR1, and CDKN2A deletion has been detected in pediatric spinal tumors EIld, One of the most studied
molecular alterations concerns LGG and it is KIAA1549-BRAF fusion that causes the hyperactivation of the MAPK/ERK
pathway.

It has been largely investigated and demonstrated that KIAA1549-BRAF-fused cerebellar pLGGs have a better prognosis
compared to the ones not carrying the fusion; the same evidence has been described for the spinal low-grade gliomas [
[8, On the other hand, the presence of BRAF fusion in the tumor suggests the potential use of target therapy, such as
MEK inhibitors &, while the use of BRAF inhibitors are indicated and useful when the BRAFV600 mutation is present U
However, the association between KIAA1549-BRAF fusion and outcome has not yet been validated, as according to some
studies, this molecular alteration could not predict the prognosis . Mutations in genes encoding histone H3.1
(HIST1H3B) and H3.3 (H3F3A) have been considered as a hallmark of diffuse midline gliomas. Instead, histonic
mutations are also rarely found in pediatric low-grade gliomas 2: this concept is important in highlighting the pathological
heterogeneity in gliomas and the overlapped genetic landscape between high- and low-grade gliomas [©I13],



In the landscape of spinal pediatric LGG, clinical outcome can be related to type of resection, age, and presence of
metastasis: there is a known link between subtotal resection, young age, and metastatic spreading at diagnosis with less
event-free survival (EFS). A primary management goal for pediatric spinal tumors is to extend long-term follow-up
because progression is possible even 10-20 years after diagnosis; for this reason, it is important to expand our
knowledge around these tumors 14,

DL-GNT is a rare neuronal—glial tumor that was first defined in 2016. It is more common in males, with a median age at
diagnosis of 4-6 years [l characterized by slow growth and leptomeningeal dissemination. MRI may show different
features, such as multiple spinal and/or intracranial (i) leptomeningeal nodular lesions with diffuse sheet enhancement
(the most frequent findings), (ii) cystic-like leptomeningeal nodular lesions (T2 hyperintensity), (iii) intraparenchymal
lesions R4IL3] (i) an intraparenchymal spinal/intracranial mass, and (v) nonenhancing cystic-like small intra-axial lesions (
Figure 2 ) [ Differential diagnoses include infections, leptomeningeal dissemination of other neoplasms,
lymphoproliferative diseases, and neurosarcoidosis (rare in pediatric age).

Figure 2. Diffuse leptomeningeal glioneuronal tumor in a four-year-old child. Sagittal T2-weighted (a) and post-contrast
T1l-weighted (b) images show multiple spinal and subtentorial cystic-like leptomeningeal nodular lesions (arrows) with
diffuse sheets enhancement (arrowheads).

| 3. Meningiomas and Tumors of the Paraspinal Nerves

Pediatric schwannomas develop from Schwann cells and are rarely sporadic. They account for 0.3% of intraspinal tumors
(28] and are most commonly associated with NF2. When their localization is the spine, they may arise from the intra- (more
common) or extradural tract of the spinal root with variable associated signs and symptoms, such as bone remodeling.
The most important feature is that the lesion usually shows expansive (and non-infiltrative) growth relative to the nerve
root, a well-defined capsule, and a plane of cleavage Bl In the T1- and T2-weighted sequences, the tumor appears
iso-/hypo-intense and iso-/hyper-intense, respectively, with homogeneous enhancement . Differential diagnoses of
spinal schwannomas are those of plexiform neurofibromas, which are intradural-extramedullary tumors. With similar
signaling and enhancement features, neurofibromas differ from schwannomas in that they include both Schwann cells and
fibroblasts, have infiltrative rather than expansive growth towards the spinal root &, and could have a malignant evolution
with rapid development 2. Sometimes in neurofibromas, it is possible to observe the “target sign” (central area of
hypointensity in T2) due to the high stromal component of collagen 4. In pediatric patients with malignant peripheral
nerve sheath tumors, the 5-year event-free survival (EFS) has been shown to be around 52.9% and overall survival (OS)
is around 62.1% 18],

Meningiomas, rare in children, make up only 3% of pediatric SNC tumors 12 and are closely related to the diagnosis of
NF2; it is estimated that 20% of NF2 patients harbor spinal meningiomas. Meningiomas in NF2 are typically WHO grade
1, slow-growing, benign tumors. When present, meningiomas in NF2 patients are often multiple, which contributes
significantly to morbidity and mortality. The “clear cell meningioma (CCM)” (WHO grade Il) is a typical pediatric/juvenile
spinal meningioma and represents the most common histological subtype of sporadic pediatric spinal meningioma [,



They are characterized by early local recurrence and cerebrospinal fluid metastasis. The World Health Organization
defines CCM as a grade Il cancer. Its incidence rate in children is higher than that in adults, who may manifest aggressive
features such as recurrence and CSF dissemination 22211122123 The MRI features include dural tail, isointensity in T1 and
T2 compared to the spinal cord, clear margins, and homogeneous enhancement ( Figure 2 ) El. Outcome is closely
related to surgery: gross total resection is associated with a good clinical outcome, while subtotal resection or partial
resection could be associated with recurrence or growth of the residual lesion with clinical progression even 60 months
after the first surgery (long-term recurrence) 241,

Figure 2. Gadolinium-enhanced T1-weighted image. Craniocervical junction meningioma (arrow) characterized by dural
base, well-defined margins, and intense and homogeneous enhancement. Compression and anterior dislocation of the
bulb and cervical cord are evident (arrowhead).

Some authors suggest a complete clinical, radiological, and genetic evaluation in single, apparently sporadic,
cranial/spinal meningioma and schwannoma 1281, Beyond the NF2, the SMARCE1 (SWI/SNF-related, matrix-associated,
actin-dependent regulator of chromatin, subfamily E, member 1) gene mutation was found in young adults (16—24 years)
with meningioma. Heterozygous loss-of-function mutations in the SWI/SNF chromatin-remodeling complex subunit gene
SMARCET1 play a key role in the pathogenesis of spinal meningiomas with clear cell histology 221, Furthermore, in young
people (1-15 years), the germline LZTR1-mutation is associated with the development of schwannomas, as well as that
of SMARCB1, which, in the older age group, accounts for 25% of schwannomatosis disease 18!,

| 4. Embryonal Tumors

Embryonal tumors with spinal localization are very rare. In our opinion, among these, it is useful to describe the atypical
teratoid/rhabdoid tumors and embryonal tumors with multilayered rosettes, which are rarely found in children.

Atypical teratoid/rhabdoid tumor (ATRT) is a rare brain tumor that is more common in children under 2 years of age and
accounts for 1-2% of all pediatric brain neoplasms 2311281271 with aggressive development and poor prognosis 27281,
Intramedullary spinal atypical teratoid/rhabdoid tumor (spATRT) origin accounts for 3.5% of all ATRTs, and intradural-
extramedullary and extradural cases have also been described. MRIs show an inhomogeneous lesion and
iso/hypointense in T1 and T2 due to the presence of solid and/or cystic components, necrosis, and bleeding with
heterogeneous enhancement [B28], There are three molecular subgroups based on DNA methylation, which include
ATRT-MYC, ATRT-SHH, and ATRT-TYR 2289 pyt currently there is no recognized correlation with localization, response
to treatment, and prognosis due to the few cases of spATRT B, Moreover, the deletion or mutation of the SMARCB1
locus, a typical genetic alteration, was detected [28132l33]. Outcome of children with ATRT is poor and the median survival
is about 17 months [341133],



Embryonal tumor with multilayered rosettes (ETMR), C19MC-altered, is a rare and aggressive, high-grade neoplasm,
more common in infants (<3 years old) B84 with an average survival of about 1 year 8. Introduced in 2016, ETMR
encompasses previous diagnostic entities, such as embryonal tumor with abundant neuropil and true rosettes (ETANTR)
(B9 ependymoblastoma (EBL), and medulloepithelioma (MEPL) B9 ETMRs have frequent brain localization (70%
supratentorial; 30% infratentorial) and are exceptionally pronounced in the spinal cord (<1%) 1. MRIs show a large
tumor with restricted diffusion, cystic components, and heterogeneous pre-contrast signal and enhancement 4243l The
genetic hallmark of this neoplasm is the C19MC amplification (90% of all ETMRs), and it is possible to identify (in the
rosette-forming cells) LIN28A-positive immunostaining (RNA-binding protein) %3l Half of the ETMR cases that do not
show C19MC amplification are characterized by biallelic DICER1 inactivation 4.
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