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The study of genetic alterations and molecular biology in central nervous system (CNS) tu-
mors has improved the accuracy of estimations of patient prognosis and tumor categoriza-
tion. Therefore, the updated 2021 World Health Organization (WHO) classification in-
cludes various diagnostic genes, molecules, and pathways for diagnosis, as well as histolog-
ical findings. These findings are expected both to have diagnostic applications and to facili-
tate new targeted therapies that target tumor-specific genetic changes and molecular biolo-
gy. Intramedullary spinal cord tumors (IMSCTs) are rare CNS tumors that are difficult to
treat because they occur in eloquent areas. Although the genetic underpinnings of IMSCTs
remain unclear compared to their intracranial counterparts, the genetic characteristics of
these tumors are gradually being revealed. Here, we describe the major changes in the new
2021 WHO classification and review the major types of IMSCTs, with an emphasis on their
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INTRODUCTION

Central nervous system (CNS) tumors, which arise from the
brain and spinal cord, are classified into over 120 entities. World
Health Organization (WHO) Classification of Tumors of the
Central Nervous System has been revised on several occasions
since its first publication in 1979." In the prior version of the
WHO dlassification, CNS tumors were classified based on their
histological findings with a diagnosis term and WHO grade (I-
IV) embedded. However, recent comprehensive genomic stud-
ies revealed that an integrated diagnosis based on pathological
and molecular findings more accurately predicted the progno-
sis than a diagnosis based on pathological findings alone. An
integrated diagnosis with molecular information was first pre-
sented in the 2016 WHO classification,** and the latest version
was published in 2021.*
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clinical features and genetic alterations.
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Although intramedullary spinal cord tumors (IMSCTs) are
included in the category of CNS tumors, they are much less com-
mon than intracranial tumors and their molecular and genetic
studies considerably lag behind those of intracranial tumors.
IMSCTs account for 5%-10% of all spinal cord tumors, with
ependymomas and astrocytomas comprising 80%-90% of IM-
SCTs.>” Hemangioblastomas are the third most common IM-
SCT5, after ependymomas and astrocytomas.® Recent advances
in molecular and genetic research have revealed that some in-
fratentorial tumors, including IMSCTs, have different genetic
characteristics from supratentorial tumors.”!" In this article, we
discuss the major changes in the 2021 WHO classification of
CNS tumors and present a narrative review of the literature on
recent molecular and genetic analyses that characterize the ma-
jor types of IMSCTs.

Informed consent was obtained from all subjects involved in
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the study. This study was approved by the Ethics Committee or
Institutional Review Board of Nagoya University (2012-0067-
19).

MAJOR CHANGES IN THE 2021 WHO
CLASSIFICATION OF CENTRAL
NERVOUS SYSTEM TUMORS

CNS tumors were conventionally classified based on histo-
logical findings. Molecular parameters were incorporated into
the classification of CNS tumors (i.e., an integrated diagnosis)
in the 2016 WHO classification of CNS tumors and its update
in 2021.>* The process of an integrated diagnosis for CNS tu-
mors is still developing in the 2021 WHO classification of CNS
tumors, where various key diagnostic genes, molecules, path-
ways are applied to define entities, and the nomenclature was
made more consistent and simpler by only including the loca-
tion, age, or genetic modifiers of clinical utility. Modifier terms
like “anaplastic” are not used because “grading within types” is
applied. Thus, terms such as “diffuse astrocytoma, IDH-mutant,”
“anaplastic astrocytoma, IDH-mutant;” and “glioblastoma, IDH-
mutant” in the 2016 WHO classification of CNS tumors are
now simply classified as “astrocytoma, IDH-mutant grade 2, 3,
and 47 Adult-type diffuse gliomas, which were divided into 15
entities in 2016, have been classified into only 3 types in 2021.
To standardize the 2021 WHO classification of CNS tumors
with other non-CNS tumor classifications, the term “type” and
“subtype” have been adopted instead of “entity” and “variant,”
respectively. For example, meningioma is considered a single
type in the 2021 WHO classification of CNS tumors with 15
subtypes.

The WHO CNS tumor classification has adopted an original
grading system in line with the non-CNS tumor classification
to facilitate grading across different entities."” In the prior WHO
classification of CNS tumors, a CNS was given one diagnosis
name and automatically assigned to one WHO grade. In the
2021 classification, CNS tumors are graded within types and
the grading is written using Arabic numerals, not Roman. For
example, astrocytoma is assigned to grade 2, 3, or 4 based on its
histological and genetic findings in 2021. Nonetheless, the 2021
WHO classification has generally retained the ranges of grades
used for tumor types in prior editions (grade I: curable if surgi-
cally removed, grade IV: highly malignant, leading to death with-
out effective therapy). Notably, although grading was based on
histological findings in the prior version of the WHO classifica-
tion of CNS tumors, molecular findings are applied as biomark-
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ers to assign grades within the tumor type in the 2021 WHO
classification of CNS tumors. The WHO grading of CNS tu-
mors is no longer a histological system. For example, CDKN2A/
B in IDH-mutant astrocytoma and the TERT promoter muta-
tion, EGFR amplification, and +7/-10 copy number changes in
IDH-wildtype astrocytoma are enough information to assign
grade 4 even if the tumor is histologically low-grade.”

THE CLINICAL FEATURES AND
GENETIC FINDINGS OF
INTRAMEDULLARY SPINAL CORD
TUMORS

1. Spinal Astrocytomas

Astrocytomas are the second most common IMSCTs observed
in adults, but the most common in children.” Several recent
studies have demonstrated a clear prognostic difference between
high-grade (WHO grade 3, 4) and low-grade spinal astrocyto-
mas (mainly pilocytic astrocytoma WHO grade 1 and diffuse
astrocytoma WHO grade 2).>7 Therefore, we discuss spinal
high-grade and low-grade astrocytomas separately, with de-
scriptions of the important genetic mutations in each category.

1) High-grade astrocytomas

Gross total resection (GTR) is almost impossible for most
high-grade astrocytomas, and subtotal resection or biopsy fol-
lowed by radiation and chemotherapy is performed as the stan-
dard treatment in practical settings. Even with such treatment,
the prognosis of these tumors is unfavorable (Fig. 1). Thereis a
survival advantage with an excision extent of 78% or higher in
intracranial glioblastoma, comparable to total excision." Even
in spinal high-grade astrocytomas, the extent of excision might
be correlated with the prognosis, although the exact threshold
of the extent of excision that improves the prognosis has yet to
be clarified.”'® The benefits of adjuvant radiation and chemo-
therapy are controversial, although they are often performed

for patients with residual tumors.>'¢*®

(1) H3 K27M

The H3 K27M mutation of the H3F3A gene is the most im-
portant and well-established genetic mutation in high-grade
astrocytomas (Table 1). Histones are major proteins that pro-
vide structural support for chromosomes. The histone tail (the
N-terminal of the histone protein) plays an important role in
the transcriptional regulation of DNA. Histone tail amino acids
undergo various chemical modifications such as acetylation
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and methylation. The major histone is H3.1 in humans, and the
histone subtypes referred to as histone variants, such as H3.2 and
H3.3, are functionally encoded by a different gene. The K27M

Fig. 1. Diffuse midline glioma, H3K27-altered. (A) A 15-year-
old male patient with neck pain and limb weakness for 2 months
presented with an intramedullary tumor with ring enhance-
ment on gadolinium-enhanced T1-weighted magnetic reso-
nance imaging (MRI) from the medulla oblongata to the C4
level on MRI. (B) T2-weighted MRI showed extensive edema-
tous changes. (C) The tumor was surgically removed, although
MRI one month later showed residual tumor. A histopatho-
logical examination showed anaplastic astrocytoma; however,
the H3 K27M mutation was found, and the final diagnosis
was diffuse midline glioma, H3K27-altered. After surgery, the
patient underwent radiotherapy and chemotherapy. (D) Fif-
teen months after the first surgery, MRI showed tumor regrowth,
and the patient died 21 months after surgery.

Table 1. Summary of intramedullary spinal cord tumors

mutation changes lysine 27 to methionine in the N-terminus of
the histone tail of the H3F3A gene, which mainly encodes the
histone variant H3.3. This mutation is frequently detected in
pediatric glioblastomas, diffuse intrinsic pontine gliomas (DIP-
Gs), thalamic gliomas, and spinal cord astrocytomas'®*'; howev-
er, it is not found in other CNS tumors or normal nerve tissues.
This indicates that H3 K27M is a driver gene abnormality in
brain stem gliomas and could be a powerful diagnostic marker
of spinal diffuse astrocytomas.”

In the 2016 WHO classification of CNS tumors, diffuse mid-
line gliomas with the H3 K27M mutation were categorized as
having a poor prognosis following the results of molecular di-
agnosis. Diffuse midline gliomas, characterized by a specific
site mutation of H3 K27M, usually occur in the midline of the
CNS, and this entity was renamed “diffuse midline glioma, H3
K27-altered” to reflect the fact that other changes (e.g., EZHIP
protein overexpression) can define this entity in addition to the
previously recognized H3 K27 mutations in the fifth edition of
the WHO Brain Tumor Classification (2021).*

According to recent studies of comprehensive molecular pro-
filing of CNS tumors, approximately 50%-60% of high-grade
spinal astrocytoma cases have the H3F3A K27M (H3 K27M)
mutation, as do DIPGs and thalamic gliomas.*'**"*

H3 K27M-mutant spinal cord gliomas are highly malignant
tumors according to the WHO classification; however, their
clinical manifestations, imaging characteristics, chemotherapy,

Tumor type Gene mutation Incidence Clinical implications
High-grade H3 K27M About half of spinal high-grade astrocytomas were de- ~ H3 K27M mutation is associated with high
astrocytomas scribed to harbor the H3 K27M mutation. malignancy, regardless of the histopatho-
logical findings.
Low-grade BRAF Although not restricted to spinal cord lesions, more than KIAA1549-BRAF mutation is correlated
astrocytomas 75% of PA harbor the KIAA1549-BRAF mutation, and  with better prognosis.
about 6% harbor the BRAF V600E mutation. BRAF V600E is associated with more ag-
The frequency of the mutation in DA is unknown. gressive behavior in pediatric low-grade
astrocytomas.
IDH Although common in intracranial counterparts, it seems The relationship with the prognosis in spi-

to be quite rare in spinal cord lesions.

Spinal ependymomas NF2
mas.

nal astrocytomas is controversial because
of its rarity.

NF2 mutation is not apparent in intracranial ependymo- Driver mutation for spinal cord ependymo-

mas.

MYCN amplifi- Most likely present in a quite small number of patients in It has characteristic clinical features and

cation spinal ependymoma.

Spinal hemangioblas- VHL
tomas
tion.

correlates with poor prognosis.

Most cases of VHL disease are associated with HBand  Benign vascular lesion.
some patients with sporadic HB carry the VHL muta-

PA, pilocytic astrocytoma; DA, diffuse astrocytoma; HB, hemangioma.
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and appropriate surgical treatment have not yet been well-elu-
cidated due to their rarity. At present, there are few reports about
the diagnosis and treatment of H3 K27M-mutant spinal cord
gliomas.?***** Although H3 K27M-mutant diffuse midline glio-
mas have currently been classified as WHO grade IV, recent
studies on high-grade gliomas of the spinal cord have not re-
vealed a clear prognostic difference between the prognosis of
H3 K27 wild-type cases and H3 K27M mutant cases.**** How-
ever, high enhancer of zeste homolog 2 (EZH2) expression and
H3 K27me3 loss may be associated with a poor prognosis.”>*
The interaction between the H3 K27M mutation and polycomb
repressive complex 2 is promoted by EZH2. This interaction
results in an overall reduction of H3 K27me3, as observed in
tumors other than spinal cord gliomas. Ishi et al.** found that
the combination of H3 K27me3 status and EZH2 expression
had prognostic value for WHO grade 2-4 diffuse spinal cord
gliomas. Maeda et al.” reported that mutant allele-specific im-
balance was associated with significantly higher Ki-67 index and
poorer survival, and related to downregulation of H3 K27me3
modification.

2) Low-grade astrocytomas

The majority of spinal cord low-grade astrocytomas are grade
1 pilocytic astrocytomas and grade 2 astrocytomas. These tu-
mors have been reported to have a better prognosis than high-

grade astrocytomas.**' Surgical resection is the mainstay of treat-
ment for patients with low-grade spinal cord astrocytoma with
the intention of maximizing resection and avoiding long-term
neurological dysfunction. GTR may be possible in cases with a
clear tumor-parenchyma interface (Fig. 2). It is difficult to achieve
GTR with more invasive tumors, such as grade 2 astrocytoma,
although a better prognosis is expected than with high-grade
astrocytoma because of their slower growth pattern (Fig. 3).

(1) BRAF

Two major mutations have been noted in BRAF: a fusion on-
cogene between BRAF and KIAA1549 (KIAA1549-BRAF), and
the substitution of valine to glutamate at position 600 (BRAF
V600E).” These genetic mutations have been reported to acti-
vate the mitogen-activated protein kinase (MAPK) pathway,
which is associated with tumorigenesis.”** Pilocytic astrocyto-
mas harboring the BRAF V600E mutation account for about
5%-15% of all cases,” and the KIAA1549-BRAF fusion gene is
more likely to be detected, especially in infratentorial lesions****
(Table 1). In a study including 10 cases of grade 1 spinal cord
pilocytic astrocytomas, there were 3 cases with BRAF-KIAA1549
translocation and 5 cases with BRAF copy number gain.** An-
other study that included 26 grade 1 spinal cord pilocytic astro-
cytomas revealed that 10 patients harbored the KIAA1549-BRAF
mutation and 1 patient harbored the BRAF V600E mutation.”

Fig. 2. Pilocytic astrocytoma, World Health Organization grade 1. (A-D) An 18-year-old man scheduled for surgery for scoliosis
revealed a mass lesion at T8-12 with syrinx. The tumor was shown in contrast by gadolinium-enhanced T1-weighted magnetic
resonance imaging (MRI) (arrow: tumor, arrowhead: syrinx). During the waiting period for surgery, the patient suffered from
sudden onset of paralysis of the lower limbs and urinary retention, and emergency surgery was performed. The tumor had a rel-
atively distinct surgical plane that separated it from the surrounding spinal cord parenchyma, and almost the entire tumor could
be removed. Thirty-one months later, MRI showed that a tiny contrast-enhancing lesion was still present (E, G) and the syrinx
resolution (F). At 40 months postoperatively, the patient’s neurological symptoms were stable.
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Fig. 3. Diffuse astrocytoma, World Health Organization grade 2, IDHI R132H mutant. A 42-year-old woman experienced numb-
ness in both lower extremities for about 3 years and numbness in the right upper extremity and muscle weakness in the right
lower extremity for 2 months. Magnetic resonance imaging (MRI) revealed an intramedullary spinal tumor at the C5-T3 levels.
The tumor diffusely expanded with high signal intensity on T2-weighted MRI (A, C, D) and without any enhancements on gad-
olinium-enhanced T1-weighted MRI (B). It was difficult to identify a distinct surgical plane for the tumor, and partial removal
was achieved. The tumor was diagnosed as diffuse astrocytoma, IDHI R132H mutant. Forty-two months later, MRI showed no

evidence of tumor growth (E), and her symptoms were stable.

BRAF mutations have also been reported in grade 2 spinal
cord astrocytomas. In a study including 10 cases of grade 2 spi-
nal cord diffuse astrocytomas, 1 case had BRAF-KIAA 1549 trans-
location and 2 cases had BRAF amplification.”® Another study
that included 17 grade 1 spinal cord pilocytic astrocytomas re-
vealed that 2 patients harbored the BRAF V600E mutation.”
Low-grade gliomas with BRAF mutations can be classified into
new tumor types according to the 2021 WHO classification. Re-
flecting the practical and conceptual importance of separating
pediatric gliomas from other diffuse gliomas, 2 additional groups
were added: pediatric diffuse low-grade gliomas and pediatric
diffuse high-grade gliomas. “Diffuse low-grade glioma, MAPK
pathway-altered” in the group of pediatric diffuse low-grade
gliomas is defined as a pediatric glioma with broad histologic
features, including astrocytic, oligodendroglial, or mixed mor-
phology that shows activation of the MAPK pathway, such as
BRAF mutations.*

The influence of BRAF mutations on the prognosis remains
controversial. Some studies have shown that the KIAA1549-
BRAF fusion is associated with improved prognosis in pediatric
low-grade astrocytomas,*****" while another report revealed that
the absence of the KIAA1549-BRAF fusion did not contribute
significantly to the prognosis of spinal cord grade 1 pilocytic
astrocytomas.” The BRAF V600E point mutation is thought to
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be associated with more aggressive behavior in pediatric low-

grade astrocytomas.®

(2) IDH

Isocitrate dehydrogenase (IDH) mutations were first identi-
fied in 2008 in intracranial glioblastoma*' and in >80% of WHO
grade 2 and 3 cases.*>* Because IDH mutations are associated
with the prognosis of intracranial gliomas,** IDH mutations
are considered clinically significant, and the 2021 WHO classi-
fication classifies the common diffuse gliomas of adults into 3
types: “astrocytoma, IDH-mutant”; “oligodendroglioma, IDH-
mutant and 1p/19q-codeleted”; and “glioblastoma, IDH-wild-
type”* However, IDH mutations are extremely rare in spinal
gliomas and their incidence in spinal cord gliomas is not well
understood*>* (Table 1). According to the results of immuno-
histochemistry and Sanger sequencing for 120 midline gliomas,
including 35 spinal gliomas, 61 patients tested positive for the
H3 K27M mutation, while only 2 cases exhibited the IDHI R132H
mutation.” In another study examining the molecular charac-
teristics of 83 spinal gliomas, there were no IDHI1 mutations,
although H3 K27M mutations were found in 35 cases.® Further-
more, the results of the genetic analysis of spinal cord gliomas
by next-generation sequencing (NGS) have been recently re-
ported. NGS for 61 intramedullary astrocytomas including 17
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grade 2 diffuse astrocytomas, revealed 2 cases of IDH mutations.”
In another study of NGS for 26 spinal astrocytomas, there were
2 IDH mutation cases.” Thus, spinal cord gliomas are less likely
to harbor the IDH mutation than intracranial gliomas.

In addition, the majority of IDH gene mutations in intracra-
nial gliomas are IDHI R132H*; however, the IDH mutation vari-
ants found in spinal cord gliomas may be different from those
found in intracranial gliomas. A recent retrospective study fur-
ther supports this hypothesis. In this study of IDHI R132H mu-
tant gliomas and noncanonical IDH-mutant (not IDHI R132H)
gliomas, none of the 166 IDHI R132H mutant gliomas includ-
ed an infratentorial region, while nine of 155 (5.5%) noncanon-
ical IDH-mutant gliomas were infratentorial regions.”” Intra-
cranial gliomas and infratentorial gliomas including the spinal
cord seem to have different genetic underpinnings. Even though
IDH-mutant spinal gliomas are very rare, several spinal gliomas
with variants other than IDH1 R132H have been reported, and
IDH]I R132H mutations are probably not so prevalent in spinal
gliomas. Konovalov et al.* reported 5 cases of spinal cord astro-
cytomas with IDH mutations: 2 had IDHI R132H mutations,
while 1 had an IDHI R132G mutation. In addition, the remain-
ing 2 cases had translocations at positions 82 (Arg > Lys, R82K)
and 76 (Ile > Thr, 176T) of the IDHI gene, which had never been
described in intracranial gliomas in the past. In another study,
Takai et al.* reported one case of spinal astrocytoma with an
IDHI R132S mutation, and we previously reported 2 cases with
IDH]I R132C and IDHI R132H mutations, respectively.”” There
is also a report of spinal cord glioma with IDH2 R172.*' Even
though IDH-mutant spinal gliomas are very rare, several spinal
gliomas with variants other than IDHI R132H have been report-
ed, and IDHI1 R132H mutations are probably not very prevalent
in spinal gliomas. Therefore, Immunohistochemistry using an
anti-IDH1 R132H antibody, which is commonly used for intra-
cranial gliomas, is not sufficient for spinal gliomas, and genetic
testing is desirable.

The prognostic impact of IDH mutations in spinal cord glio-
mas is controversial.”*"****** Because IDH mutations are rare in
spinal gliomas, the current knowledge of IDH mutations and
the associated prognosis is inadequate. However, the prognosis
of IDH-mutant spinal gliomas does not seem to be different de-
pending on the IDH variant. A study of IDH variants and pa-
tients’ prognosis found no significant difference in prognosis
between IDHI1 R132H mutant glioma and noncanonical IDH-
mutant glioma.*” The clinical significance of IDH mutations in
spine gliomas needs to be confirmed in a larger cohort.

https://doi.org/10.14245/ns.2244168.084

Fig. 4. Spinal ependymoma. A 44-year-old woman who had
been treated for multiple intracranial meningiomas developed
numbness in her right upper extremity. Magnetic resonance
imaging (MRI) revealed an intramedullary tumor at the C5-6
level with an enlarged spinal cord. (A) T2-weighted MRI showed
a hyperintense tumor with a syrinx and a partially hypoin-
tense lesion reflecting hemosiderin. (B) The tumor was shown
in contrast by gadolinium-enhanced T1-weighted MRI. Tu-
mor removal was performed via a posterior approach, and
gross tumor resection was achieved because the surgical plane
of the tumor was clear. (C, D) T2-weighted MRI 67 months
after surgical removal showed low intensity that reflected he-
mosiderin, whereas there was no evident tumor recurrence
and no enhancement on gadolinium-enhanced T1-weighted
MRL

2. Spinal Ependymomas

Spinal ependymomas are the most common IMSCTs.>*"*
Almost all ependymomas are benign tumors with clear tumor
borders, and long-term survival can be expected by targeting
GTR (Fig. 4).*” Therefore, the long-term functional prognosis

should also be considered in the treatment.**’

1) NF2

Neurofibromin (NF2) gene mutations are driver mutations
for spinal cord ependymomas and appear to be the most preva-
lent genetic mutations in spinal ependymomas® (Table 1). Pa-
jtler et al." analyzed about 500 ependymomas, including 47
spinal lesions and revealed that most spinal ependymomas had
a loss of the 22q locus, which harbors the NF2 gene, although
NF2 mutations were not seen in intracranial ependymomas. In
another study, 47% (9 of 19) of spinal ependymomas had NF2
mutations.”” NF2 is a tumor suppressor gene, and aberrations
of the NF2 gene make cells less responsive to contact inhibition,
thereby promoting tumorigenesis.”

2) MYCN amplification

“Spinal ependymoma, MYCN-amplified” is a new category
in the 2021 WHO dlassification.* Although MYCN-amplified
ependymomas are very rare, they are associated with aggressive
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behavior and unfavorable outcomes®®' (Table 1). Ghasemi et
al.” investigated 13 MYCN-amplified ependymomas, of which
10 were WHO grade 3 and 3 were WHO grade 2 on histopath-
ological examination. Compared to other subtypes of ependy-
momas, these groups had worse median progression-free sur-
vival (17 months) and median overall survival (87 months).
These tumors were also characterized by a favored location of
the cervical and thoracic spine, and were predominantly intra-
dural and extramedullary.®® The presence of diffuse leptomen-
ingeal spread and dissemination has also been revealed as a dis-
tinctive feature of these tumors. Further study is required to de-
velop new strategies to improve the prognosis of patients with
MYCN-amplified spinal ependymoma.

3. Spinal Hemangioblastomas

Spinal cord hemangioblastomas are benign vascular lesions
and constitute the third most common IMSCTs.* Surgical re-
section is recommended in cases of symptomatic lesions or le-
sions that appear to be growing on repeat imaging studies. Be-
cause hemangioblastoma generally shows a well-defined tumor
border that allows GTR, radiotherapy has a limited role.>** Al-
though these are vascular-rich tumors, intraoperative hemor-
rhage is generally not a problem due to the availability of tech-
niques such as temporary intraoperative arterial occlusion and
preoperative embolization (Fig. 5).*% Although hemangioblas-

Fig. 5. Hemangioblastoma. A 44-year-old man presented with
numbness in the right upper extremity and right paralysis. A
radiological examination revealed a tumor at the C5 level. (A)
T2-weighted MRI showed a well-defined tumor with a syrinx
and flow void. (B) The tumor was strongly shown in contrast
with gadolinium-enhanced T1-weighted magnetic resonance
imaging (MRI). (C) Dynamic computed tomography angiog-
raphy also showed a strongly contrasted tumor with dilated
feeder and drainer. Preoperative angiography and feeder oc-
clusion were performed, and the tumor was totally resected
microscopically via a posterior approach. Immediately after
surgery, the patient’s symptoms improved. (D) Thirty-six months
later, MRI showed no recurrence of the tumor and the syrinx
had collapsed.
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toma regrowth is very rare once the tumor is completely removed,
patients with von Hippel-Lindau (VHL) disease may show mul-
tiple hemangioblastomas with new lesions repeatedly arising.

1) VHL

Approximately 20% to 40% of patients who develop heman-
gioblastomas have VHL disease,” which is an inherited disor-
der that causes multiple tumors and cysts in various parts of the
body (Table 1). Glasker et al.”” reported that 94% of VHL dis-
ease-associated hemangioblastomas harbor VHL mutations and
62% exhibit loss of heterozygosity (LOH) at the VHL locus
(3p25-56). By contrast, of 13 sporadic hemangioblastomas, 23%
expressed germline mutations in VHL and 50% had LOH of
the VHL locus.” The VHL gene encodes an E3 ubiquitin ligase
that targets hypoxia-inducible factor-1a (HIF-a), which is known
to be a regulator of vascular growth.” Mutations or deletions of
the VHL gene cause cells to be unable to adequately degrade
HIF-q, leading to vascular proliferation. Activated HIF-a and
vascular endothelial growth factor were found to be correlated

and increased in VHL mutant cells.*>

CONCLUSION

The discovery of the genetic and molecular mechanisms of
CNS tumors is beginning to impact the management of intra-
cranial tumors, with improved predictions of prognosis and
availability of targeted therapy. The 2021 WHO classification
has been modified to reflect these facts. However, the genetic
underpinnings of spinal cord tumors remain less well under-
stood as those of their intracranial counterparts due to their
rarity and difficulty in treatment because of their location in el-
oquent areas. Molecular and genetic differences exist between
tumors located in the spinal cord and intracranial regions, even
within the same pathological type. Therefore, further genetic
studies on IMSCTs are warranted in order to develop novel ther-
apies and improve the prognosis of patients suffering from these
challenging tumors.
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