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Abstract

Background. High-grade glioma (HGG) of the spinal cord constitutes rare tumors in the pediatric population.
Knowledge of the molecular profile of this pediatric HGG (pedHGG) subgroup is limited and the clinical outcome
is poor.Therefore, the aim of this study is to provide more profound investigations of molecular characteristics and
clinical features of these tumors.

Methods. Between January 2015 and October 2023, 17 spinal tumors with HGG histology were analyzed by
the Individualized Therapy For Relapsed Malignancies in Childhood (INFORM) precision oncology registry.
Comprehensive molecular profiling (including next-generation sequencing approaches and DNA methylation anal-
ysis) was performed. Clinical data provided by the treating centers were evaluated regarding treatment approaches
and outcomes.

Results. Subgroup classification based on DNA methylation analysis revealed molecular HGG subgroups in 12/17
cases, while 2/17 were classified as molecular low-grade glioma (LGG) and 3/17 were not unequivocally classifi-
able. Typical genetic alterations described in pedHGG usually presenting at other localizations were also present
in the counterparts located in the spinal cohort. Alterations that might serve as a promising target for personalized
therapy approaches were identified in a subset of tumors.

Conclusion. With this cohort of 12 molecularly confirmed spinal pedHGG cases, we provide a compilation of ge-
nomic as well as clinical features of this rare subgroup, contributing to a better understanding and eventually to
future treatment approaches.

Key Points
e Pediatric spinal high-grade glioma are rare tumors with poor clinical outcome.

e Molecular characterization of these tumors provides an urgently needed basis for the
identification of potential therapeutic targets.
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Importance of the Study

Pediatric spinal high-grade glioma (HGG) are insuffi-
ciently studied and clinical outcomes of the affected
patients are poor. Assignment of the tumor to a specific
brain tumor entity and molecular subgroup classifica-
tion based on molecular diagnostics is essential for
treatment and prognosis prediction. As compared to
counterparts of pediatric high-grade glioma (pedHGG)
in other localizations within the central nervous system,

Primary tumors of the spinal cord are rare neoplasms, espe-
cially in childhood, accounting for approximately 5% of all
pediatric tumors of the central nervous system (CNS)."? In
pediatric patients, the most frequent histological tumor types
are low-grade glioma (LGG, 31.5%), ependymal tumors (18.5-
29.6%), high-grade glioma (HGG, 7.5-20.4%), nerve sheath tu-
mors (9.3-17.6%), and embryonal tumors (3.7-7.6%)."-3

As for pediatric HGG (pedHGG) in other localizations of
the CNS, prognosis for spinal pedHGG patients is poor,
with a median overall survival (OS) of 7-30.1 months'35
and a median event-free survival (EFS) of 7-11.5 months.'4

Most of the patients with spinal HGG undergo surgery
to reduce tumor burden and relieve symptoms.3® Previous
reports described partial resection as the most frequent
surgical result (in 45.4-51.7% of cases), although gross-
total resection (GTR) was achieved in 3.1-28.7% of cases.3®
As for pedHGG in other localizations, treatment ordinarily
consists of radio- and chemotherapy.

Several studies describe younger age at diagnosis
(below 5-7 years) as a positive prognostic factor in spinal
pedHGG.*” The prognostic value of the extent of surgery
and treatment with radiotherapy seems to be controver-
sial with the positive influence of GTR or application of ra-
diotherapy on survival in some series and studies, which
was not confirmed by others.*®7 Overall, data on the value
of different local therapy modalities for this subgroup of
pedHGG are still limited, and evidence-based treatment re-
commendations cannot be provided.

With regard to the occurrence of diffuse glioma in dif-
ferent age groups, a distinction between “adult-type”
and “pediatric-type” of HGG was first implemented in
the fifth edition of the World Health Organization (WHO)
Classification of Tumors of the CNS 2021,8 taking clinical
and molecular differences of these two groups into ac-
count. In the last decades, a robust molecular characteri-
zation of supratentorial pedHGG, diffuse midline glioma
(DMG), and diffuse intrinsic pontine glioma (DIPG) was
implemented.>" However, data on spinal pedHGG are
lacking, which would help to further understand the under-
lying tumor biology in this entity.

Therefore, in this study, we aimed to summarize data
of spinal pedHGG cases from the INFORM registry
(Individualized Therapy For Relapsed Malignancies in
Childhood)'>'* to gain knowledge on molecular features and
clinical aspects of these tumors. Here, we present clinical data
as well as results of the comprehensive molecular profiling of
17 cases with histological HGG located in the spinal cord.

biological and molecular data of spinal pedHGG are
scarce. Comprehensive molecular profiling of the tumor
provides valuable information on tumor characteris-
tics and on alterations that might serve as targets for
tailored therapeutic approaches. The study presented
here contributes to a better understanding of spinal
pedHGG and thus to improving treatment strategies and
potential prognosis for the affected patients.

Material and Methods

The INFORM registry is an ongoing, international,
multi-center, prospective, noninterventional molecular
diagnostic registry for pediatric patients with relapsed, pro-
gressive, or high-risk malignancies and is registered in the
German Clinical Trials Register (Study ID: DRKS00007623).

The INFORM registry protocol was reviewed and ap-
proved by the Ethics Committee of the Heidelberg University
Hospital. Informed consent for participation in the INFORM
registry including molecular analysis of tumor and constitu-
tional DNA as well as use of molecular and clinical results for
scientific purposes was obtained in written form. The study
was conducted in accordance with Good Clinical Practice
guidelines and the Declaration of Helsinki. All data evalu-
ated in this study were produced and kindly provided by the
INFORM program.'>' Processing and molecular profiling
of the tumor and constitutional (germline) material using
next-generation sequencing methods was performed via the
INFORM diagnostic pipeline as previously described.21315
This includes whole-exome sequencing, low-coverage
whole-genome sequencing, RNA sequencing, and DNA
methylation analysis. Protocols for bioinformatic processing
have been described previously.'?1315

To determine the respective molecular brain tumor
(sub-) groups by DNA methylation-based classification, the
previously described methylation classifier was applied'®
using the latest version v12.8 of the Heidelberg methyla-
tion classifier (https://www.molecularneuropathology.org/
mnp/). The threshold score for clear subgroup classifica-
tion was set at >0.9.

Furthermore, based on low-coverage whole-genome
profiling (IcCWGS), the genomic signature for alternative
lengthening of telomeres (ALT) was evaluated using the
previously outlined software tool TelomereHunter.'”'8

Clinical data regarding medical history, current disease
episodes as well as treatment and follow-up were entered
in an electronic Case Report Form (eCRF) by the treating
pediatric oncology centers.

Results

The evaluation of all pedHGG cases analyzed through the
INFORM pipeline between January 2015 and October 2015
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(data cutoff) revealed 17 cases as primarily located in the
spinal cord (Figure 1A). Spinal metastases from primary
tumors located elsewhere in the CNS were not included
in this study presented here.The patients were enrolled in
10 German pediatric oncology centers, as well as one case
each from a center in Norway and Sweden, respectively.

Clinical Features of Patients and Tumors

All 17 cases were registered in INFORM as HGG/glioblas-
toma, diffuse midline glioma (DMG), or other high-grade
glial/astrocytic tumor. The epidemiological details on the
cohort are displayed inTable 1.

Notably, two patients had suffered from another malig-
nancy previous to the current diagnosis (namely Burkitt's
lymphoma, case #1, and medulloblastoma, case #2), the
pedHGG analyzed here thus being the subsequent (or sec-
ondary) tumor. One further patient (case #17) was initially
histologically diagnosed with spinal ependymoma as the
primary disease, however, at the time of subsequent sur-
gery only 4 months later, the histological diagnosis was
changed to HGG. Another patient (case #14) was prima-
rily histologically diagnosed with spinal oligoastrocytoma
WHO °Il with several episodes of progressive disease.
At the time of further tumor progression 10.5 years after
primary diagnosis, histological assessment of newly ex-
tracted tumor material stated malignant progression to
HGG. The latter 2 cases were both included in the INFORM
analysis at subsequent relapse/progression episodes.

For one patient (case #16), constitutional mismatch re-
pair deficiency (c(MMRD) had been previously diagnosed
as an underlying cancer predisposition syndrome (CPS).

Molecular Characteristics

Based on genome-wide DNA methylation profiling,'6 47.1%
of tumors (8/17) were clearly assigned to the subgroup
of diffuse midline glioma with Histone 3 K27M muta-
tion (DMG_K27, score >0.99) and showed the pathogno-
monic K27M single nucleotide variant (SNV) in the H3F3A
gene (Figure 1B). Three of the 17 tumors had the highest
classifier score for one of the pedHGG, RTK subgroups
(pedHGG_RTK) and the tumor of one adolescent patient
scored highest for the adult methylation class glioblas-
toma, IDH wildtype, subclass RTK | (GBM_RTK1). Even
though the threshold score of >0.9 for clear subgroup as-
signment was not reached in 2 of these latter 4 cases, al-
location to the respective subgroup was supported based
on DNA methylation profile due to clustering with refer-
ence samples'® based on t-distributed stochastic neighbor
embedding. Methylation analysis of the tumor pointed
toward the classification as LGG in 2 patients who had
been initially diagnosed as infants, with the highest clas-
sifier score for pilocytic astrocytoma (PA_INF) (score > 0.9
in 1 case and <0.9 but with unequivocal result in the
other case). One of the characteristic alterations for LGG/
pilocytic astrocytoma, a KIAA1549::BRAF fusion, was iden-
tified in one of these cases, whereas analysis revealed an
FGFR1tandem duplication in the other case.The remaining
three tumors with inconclusive classifier scores harbored

an EWSR1::PATZ1 fusion, an FGFR1::TACC1 fusion, and a
KIF5B::RET fusion, respectively, and could not distinctly be
assigned based on the DNA methylation analysis (Figure
1A). Further details on the methylation-based classification
scores according to Heidelberg classifier version v12.8 as
well as the MGMT promoter methylation status are pro-
vided in SupplementaryTable 1.

As expected, typical alterations of HGG like TP53 SNVs,
ATRX deletion/SNV, and ACVR17 SNV were detected in 8,
4, and 1 tumors, respectively, of the methylation sub-
groups DMG_K27, pedHGG_RTK, and GMB_RTK (Figure
1B). Beyond these, the most frequent single affected genes
were FGFR1 with SNVs in a total of 3/12 molecular HGG
cases (25.0%) and PIK3CA being altered in 4/12 HGG cases
(33.3%; 4 missense SNV). Other alterations in the MAPK
pathway were identified in 4/12 molecular HGG cases, af-
fecting KRAS (n=1) and NF1 (n=3). Further receptor ty-
rosine kinases (besides FGFR1), namely PDGFRA (SNV;
n=1, amplification; n= 1), KIT (amplification; n=1), NTRK
(fusion; n=1), and IGF1R (amplification; n=1) displayed
alterations in 4/12 molecular HGG cases. Cell cycle control
and PI3K/AKT/mTOR pathway genes were affected in 3/12
and 5/12 molecular HGG cases, respectively (Figure 1B).
Variant allele frequency for SNVs and small insertions/de-
letion (InDels) was 0.40 or higher in two-third of alterations.
The occurrence of a specific alteration in a large proportion
of tumor cells supports a potential value as a therapeutic
target. In each of the 12 molecular HGG cases, at least one
alteration was identified that could serve as a direct target
or provide rationale for targeted therapy approaches.

For one patient having received previous treatment
for medulloblastoma including radiotherapy (most likely
craniospinal irradiation) more than 8 years ago, the cur-
rent diagnosis of spinal HGG might be considered as a
secondary malignancy or radiation-induced glioma. The
tumor (case #2) showed no H3F3A K27M mutation, but
further HGG-typical alterations like CDK4 amplification,
NF1 structural variant, TP53 mutation, and ATRX deletion.
However, typical alterations for radiation-induced glioma
such as PDGFRA amplification and CDKN2A/B deletion
were not present in this case.

Two cases displayed a hypermutator phenotype with a
very high somatic mutation count. The tumor mutational
burden (TMB) was 94.65 somatic mutations per Megabase
(Mb) (case #1) and 284.19 (case #16), respectively, with the
cutoff for hypermutation being set at TMB > 10.2° One of
the two patients (case #1) had suffered from Burkitt's lym-
phoma in the past medical history and clinical information
on the other patient (case #16) includes a known consti-
tutional mismatch repair deficiency syndrome (cMMRD).
In-depth analysis of constitutional DNA revealed bi-allelic
alterations (compound-heterozygous in case #1 or homo-
zygous in case #16) of the mismatch repair gene PMS2 in
both cases explaining the phenotype. Moreover, somatic
mutations in genes playing an important role in DNA re-
pair were detected in both tumors (namely MSH2, MSH6,
POLE, and POLDT1 in case #1 and PMS2 and MSH2 in case
#16) which might have further contributed to the high
mutational load. The first of these two patients (case #1)
succumbed to the disease only three months after diag-
nosis of the HGG. Since a constitutional alteration had not
been known before, no specific treatment was applied.
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Figure 1. (A) Overview of case selection based on enrollment in the INFORM registry. DMG_K27 = methylation class diffuse midline glioma
H3 K27M mutant; GBM_RTK = methylation class glioblastoma, IDH wildtype, subclass RTK; pedHGG_RTK = methylation class pediatric high-
grade glioma, subclass RTK. (B) Molecular alterations and characteristics of 12 molecularly confirmed spinal pedHGG cases. ALT = alternative
lengthening of telomeres; DMG_K27 = methylation class diffuse midline glioma H3 K27M mutant; GBM_RTK = methylation class glioblastoma,
IDH wildtype, subclass RTK; InDel = small insertion/deletion; NA = not available; pedHGG_RTK = methylation class pediatric high-grade glioma,
subclass RTK; SNV = single nucleotide variant; TMB = tumor mutational burden, somatic mutations per Megabase (Mb).
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Table 1. Clinical Characteristics of the Study Cohort

Clinical characteristics

Spinal histological HGG (total n=17)

Spinal molecular HGG (n=12)

Sex, no. (%)
Female 9(52.9) 6 (50.0)
Male 8(47.1) 6 (50.0)
Age, no. (%)
4y 4(23.5) 2(16.7)
>4y 13(76.5) 10 (83.3)
Age, median years (range) 12 (2-17) 13 (2-17)
Number of relapse, no. (%)
Primary diagnosis (including secondary malignancy) 6 (35.3) 6 (50.0)
Relapse 1 8 (471) 4(33.3)
Relapse 2 2 (11.8) 2 (16.7)
Relapse 3 1(5.9) 0
Median latency after previous episode for relapses 18.3 (6.7 - 90.7) 13.9 (6.7 — 84.5)
(range, months)
Metastatic status, no (%)
Mo02 11 (64.7) 7 (58.3)
M+ (including meningeosis cerebri) 3(17.6) 2(16.7)
Missing data 3(17.6) 3(25.0)
Level of resection, no. (%)
Biopsy (R4) 1(5.9) 0
Partial resection (R3) 5(29.4) 4(33.3)
Rim near total resection (R2) 5(29.4) 4(33.3)
Gross-total resection (R1) 3(17.6) 2(16.7)
Missing data 3(17.6) 2 (16.7)

aM0 = no metastases as radiologically detected.
M+ = metastases detected radiologically.

With regard to the diagnosis of cMMRD for the other pa-
tient (case #16) a treatment with the immune checkpoint
inhibitor nivolumab was initiated and ongoing at the last
follow-up, complemented by ipilimumab for 4 doses. For
all other cases, sequencing of constitutional DNA did not
reveal underlying germline alterations potentially relevant
to the current tumor disease.

Furthermore, positive genomic signatures for alternative
lengthening of telomeres (ALT) were detected in 3/12 mo-
lecular HGG cases, which are also the cases harboring an
ATRX deletion.

Treatment and Outcome Data

Due to the fact that patients were included in the INFORM
registry and therefore also in this study at different epi-
sodes during the clinical course of the oncological dis-
ease, previously applied treatment regimens as well as
subsequent therapeutic strategies for the patients with
molecular pedHGG varied widely (Table 2). In line with the
current treatment recommendation for pedHGG, the most
frequently used therapeutic agent was temozolomide com-
monly combined with radiotherapy. However, various

chemotherapeutic agents and targeted therapies were
given. Details on previous and subsequent treatment are
summarized in Table 2. (Remark: in cases with multiple re-
lapses information on treatment details is not available for
all previous episodes.) As dictated by the INFORM inclusion
criteria, routine surgery of the current episode was con-
ducted for all patients as part of standard of care treatment.

A total of four pedHGG patients in this cohort received
targeted therapy after the molecular tumor analysis within
the INFORM registry. One patient (case #7) was treated
with the mTOR-inhibitor everolimus based on a detected
PTEN deletion and the PI3K-inhibitor copanlisib due to
PIK3CA SNV. The tumors of two patients harbored FGFR1
SNV, serving as a basis for the treatment with the FGFR-
inhibitors ponatinib (case #12) and erdafitinib (case #13).
The mTOR-inhibitor everolimus was also applied in another
patient (case #17) due to a PIK3CA SNV detected in the
tumor, with mTOR being located downstream within the
PI3K/AKT/mTOR signaling pathway.Two of these 4 patients
additionally received another targeted therapy without a
corresponding targeted identified, namely sirolimus (case
#13) and bevacizumab (case #17). Concomitant chemo-
therapy was administered in two of these 4 patients and
radiotherapy in 1 patient.
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Table 2. Details on Previous Oncological Therapy and Treatment of Current Episode

Previous treatment Treatment of current episode

Radio-
therapy

Radio- Tar-
geted

therapy

Further sur-
gery

Extent Comment
of sur-

gery

Chemotherapy Chemotherapy Targeted

therapy

therapy

1 TMZ according to  Ac- No R3 Burkitt’s ymphoma No Yes No Laminotomy
HIT-HGG 2007° cording to in medical history,
HITHGG no details on pre-
2007° vious treatment
available
2 Yes Yes NA R2 Previous treat- T™Z Yes NA No
ment according to
HIT 2000 Interim
Register? (MET-HIT
2000-AB4-M1) due
to diagnosis of
medulloblastoma
No No No R3 T™Z Yes No NA
No No No R3 TMZ +VPA Yes NA NA
According to Yes No NA TROF/ETO NA Everolimus, NA
HIT-HGG 2013° at (stopped be- Copanlisib
primary diagnosis; fore start of TT)
TROF/ETO at re-
lapse
8 CARBO/ETO No No R3 No No No NA
1 No No No R1 TMZ +VPA Yes NA NA
12 TMZ accordingto  Yes No R2 TMZ +VPA No Ponatinib NA
HIT-HGG 2007°
13 No No No R2 TMZ +VPA + Yes Erdafitinib, NA
Irinotecan Sirolimus
15 TMZ accordingto  Yes No R2 NA NA No NA
HIT-HGG 2013°
16 No No No R1 CCNU yes NA NA
TMZ + CCNU atre- Yes at No NA No NA Everolimus, Yes
17 lapse/progression relapse/ Bevacizumab
progres-
sion

Abbreviations: CARBO, carboplatin; CCNU, lomustine; ETO, etoposide; HIT, German brain tumor cooperation network; NA, not available; TMZ,

temozolomide; TROF, trofosfamide; TT, targeted therapy; VPA, valproic acid.

2ln cases with multiple relapses, not all data are available.
bHIT-HGG-2007 trial (EudraCT Number: 2007-000128-42).
¢HIT-HGG-2013 trial (ClinicalTrials.gov Identifier: NCT03243461).

9HIT 2000 Interim Register (ClinicalTrials.gov Identifier: NCT02238899).

Regarding patients with molecularly confirmed HGG,
9 patients succumbed to the disease after a median time
of 20.5 months (range 7.8-98.5 months) after diagnosis of
spinal HGG, whereas two patients were alive at the last
follow-up 30.4 and 11.8 months after diagnosis of spinal
HGG. For one patient (case #11), no follow-up data were
available. Details on the full clinical course of the 12 molec-
ular spinal pedHGG cases are depicted in Figure 2.

Discussion

Data on pediatric spinal HGG is very limited due to the
rarity of the disease, and with the study presented here,

we provide a clinical and molecular data compilation of 12
molecular pedHGG cases from the INFORM registry.

The fact that for five cases enrolled as histological HGG
the molecular characterization, especially DNA methylation
analysis, could not confirm molecular pedHGG but rather
pointed toward diagnosis of LGG or even nonglial tumor,
underlines the importance of molecular diagnostics. For
example, case #14 which could not be clearly assigned to
a specific subgroup based on the DNA methylation profile,
showed an EWSRT1::PATZ1 fusion as the only relevant al-
teration. PATZ1 fusions are described in a small series of
pediatric brain tumors?' and as the typical alteration in a
recently outlined molecular subgroup of neuroepithelial
tumors.Z22These latter tumors exhibit a wide spectrum of
histological diagnosis and might occur in the spinal cord.
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Figure 2: Visualization of the individual clinical courses of 12 molecular pedHGG patients: chemotherapy pre (stop) = stop date of previous
chemotherapy before enrollment in INFORM; radiotherapy pre = radiotherapy applied before enrollment in INFORM; chemotherapy post
(start) = start of chemotherapy applied after INFORM analysis; targeted therapy post (start) = start of targeted therapy applied after INFORM
analysis; radiotherapy post = start of radiotherapy applied after INFORM analysis; DMG_K27 = methylation class diffuse midline glioma H3 K27M
mutant; pedHGG_RTK = methylation class pediatric high-grade glioma, subclass RTK; GBM_RTK = methylation class glioblastoma, IDH wildtype,
subclass RTK. Timeline in months before/after diagnosis of spinal pedHGG (= time point 0).

Therefore, the mentioned tumor in our cohort possibly be-
longs to this recently described group of PATZ1-fused brain
tumors. Besides, EWSRT1::PATZ1 fusion constitutes a typ-
ical translocation in a specific group of sarcoma/sarcoma-
tous tumors?426 which are currently classified by the World
Health Organization Classification of Soft Tissue and Bone
Tumors as “undifferentiated round cell sarcomas with
EWSR1-non-ETS fusions."?’

Regarding the 12 molecular pedHGG cases, as opposed
to other reports focusing mostly on tumors at primary di-
agnosis,® almost two-thirds of cases in our analysis were
enrolled at relapsed/progressive disease. However, the
detected spectrum and incidence of molecular alterations
did not differ considerably compared to primary pedHGG
cohorts irrespective of the tumor localization. The histone
H3 (H3F3A) K27M mutation which is a diagnostic criteria
according to the 2021 WHO classification of Tumors of the
CNS® pathognomonic for diffuse midline glioma H3 K27M-
altered, was identified in two-thirds of molecularly-defined
spinal pedHGG in our cohort. This finding is in line with the
frequency of 53% in another report investigating H3F3A
mutations in spinal HGG.?® Further typical alterations for
pedHGG such as TP53 mutations and cell cycle disruption
occurred at similar frequencies compared to a large meta-
analysis of >1000 pedHGG and DIPG by Mackay et al.®
Notably, alterations affecting the RTK-PI3K-MAPK pathway
were present in 11/12 molecular pedHGG cases in our co-
hort (91.7%), which is higher than the frequency of 61.7%
reported in the mentioned meta-analysis by Mackay et al.®

Alterations in FGFR1 have been described mainly in tha-
lamic HGG with concomitant H3F3A K27M mutation,?® but
were one of the most frequent alterations in the cohort of
spinal pedHGG presented in this study.

With regard to the extremely poor outcome, identifi-
cation of targets for potential targeted therapy options
would be desirable. In the current cohort, findings in sev-
eral cases could be considered as promising therapeutic
targets. The tumor of an infant patient (case #8) carried a
TPM3:NTRK1 fusion. NTRK inhibitors have shown activity
in pediatric and adult patients with TRK fusion-positive
primary CNS tumors.3%3" Moreover, two cases in the co-
hort exhibiting a hypermutator phenotype were identified.
Treatment of pediatric patients suffering from tumors with
hypermutator phenotype (TMB > 10), including pedHGG,
with immune checkpoint inhibitors has shown responses
and prolonged survival.??3% Regarding the most frequently
altered targetable gene in this cohort, FGFR1, there are
case reports demonstrating promising anti-tumor activity
of FGFR-inhibitors in FGFR-altered pediatric glioma (both
LGG and HGG).?*% The RET-fusion detected in one (non-
HGG) tumor might also serve as a therapeutic target for
the treatment with a RET inhibitor.38 For the four patients in
our cohort who received matching targeted therapy based
on the molecular analysis results, the available data does
not allow for an evaluation regarding clinical benefit for
the patients. Two of these four patients were treated with
concomitant antineoplastic therapy (chemotherapy/radio-
therapy or both) and due to the fatal course of the disease
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all 4 patients died within 7 months after initiation of tar-
geted therapy.

There are several limitations of the current study. The
small cohort size impairs profound interpretation, espe-
cially of outcome data. Due to the rarity of spinal pedHGG,
prospective collections of cases within large (international)
consortia are needed. Furthermore, the current cohort in-
cludes patients enrolled at primary diagnosis as well as
patients suffering from relapse/progressive disease. The
heterogeneity in previously applied treatment regimen
and the varying duration of the preceding clinical course
further hinders to draw detailed conclusions. This limita-
tion could also be overcome by prospectively enrolling
cases at primary diagnosis only.

Taken together, with the report on 17 pediatric spinal
histological pedHGG cases presented here, we show that
the assignment of these tumors to one of the molecular
HGG subgroups is possible in most cases. Genetic alter-
ations do not differ remarkably between molecular spinal
pedHGG and pedHGG in other midline localizations of the
CNS. In a subset of patients, alterations that might serve
as promising targets for targeted therapies could be iden-
tified. Considering the fatal outcome of this disease, novel
treatment approaches are needed and therefore inves-
tigations of larger cohorts of spinal pedHGG patients are
required.

Supplementary Material

Supplementary material is available online at Neuro-
Oncology Advances (https://academic.oup.com/noa).
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Lay Summary

Gliomas are tumors found mostly in the brain, and a lot of re-
search has been done on their genetic changes. Gliomas can
rarely also be found in the spine, and their genetics have not
been heavily studied. The authors of this study wanted to better
understand the genetic changes in spinal high-grade gliomas in
children and compare them to those found in the brain. To do
this, they identified 17 patients with a diagnosis of spinal high-
grade gliomas in a registry and genetically tested the tumors.
They found that the genetic changes that are seen in brain
gliomas also are seen in spinal gliomas.
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