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Abstract

Diffuse hemispheric glioma H3 G34-mutant (DHG) has been identified as a distinct pediatric-type high-grade glioma,
according to the World Health Organization (WHO) classification of central nervous system tumors. Widely accepted
treatment options include surgery, radiation, and conventional chemotherapy. However, the efficacy of the surgical
resection remains unclear. Although there are some reports, a comprehensive understanding of the clinical charac-
teristics, pathogenesis, and outcomes of DHG is insufficient to evaluate the efficacy of maximal tumor resection. We
retrospectively analyzed nine cases of DHG, focusing on imaging features and progression patterns. Initial Magnetic
Resonance Imaging (MRI) revealed T2/FLAIR high lesions with minimal or no contrast enhancement in all cases. The
lesions exhibited T2/FLAIR hyperintensities and focal diffusion restriction in the deep white matter, with most showing
high methionine accumulation, suggesting deep white matter infiltration at the time of diagnosis. The extent of white
matter infiltration in tumor resection cases was significantly negatively correlated with the extent of resection (EOR).
In addition, cases with EOR of 90% or more had significantly longer progression-free survival (PFS) and overall survival
(OS). However, achieving an EOR of 90% or more was possible in fewer than half of the cases, primarily in those

with relatively limited white matter involvement. Histopathological findings of the tumor obtained by initial resec-
tion and autopsy revealed extensive deep white matter infiltration, with one patient demonstrating tumor invasion
into the brainstem at death. Our study highlights early deep white matter infiltration of DHGs, complicating surgical
resection, and potentially contributing to a poor prognosis. While EOR may influence survival to some extent, residual
lesions extensively infiltrate the white matter and eventually invade the brainstem and contralateral brain, thereby
contributing to mortality. These findings underscore the challenges of managing DHGs and emphasize the need

for further research on effective therapeutic strategies, particularly to understand and target their unique progression
patterns.
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Introduction

Diffuse hemispheric glioma, H3 G34-mutant (DHG),
emerges as a distinct pediatric-type diffuse high-grade
glioma in the fifth edition of the World Health Organi-
zation (WHO) Classification of Tumours of the Central
Nervous System [20]. This aggressive brain tumor, with
characteristics distinct from those of other established
types of adult central nervous system (CNS) WHO grade
4 gliomas, primarily manifests in the cerebral hemi-
sphere of adolescents and young adults. They are most
frequently located in the cerebral hemispheres, especially
in the frontoparietal lobes, with occasional spreading to
midline structures and leptomeningeal dissemination
[15, 21]. DHGs are characterized by mutations in the his-
tone gene H3F3A (H3.3), resulting in the substitution of
glycine at position 34 with arginine or valine (G34R/V)
[28, 37, 46, 49]. These non-midline hemispheric high-
grade gliomas are exclusive to IDH mutations and mutu-
ally exclusive to H3 K27M mutations associated with
midline gliomas. DHGs are rare tumors, comprising
less than 1% of all gliomas and occurring at roughly half
the frequency of H3 K27M mutations. However, they
account for 15% of high-grade gliomas in adolescents
and young adults, disproportionately affecting younger
populations [28, 37, 49]. The median age at diagnosis in
DHGs is around 18-19 years, and patients with DHGs
exhibit a relatively more favorable prognosis compared to
both “Glioblastoma, IDH-wildtype” and “Diffuse midline
glioma’, H3 K27-altered [10, 14, 42]. Nevertheless, they
inevitably experience disease recurrence and mortality
under the current treatment regimens; hence, exploring
potential therapeutic strategies is critical.

Surgical tumor removal, followed by radiation and
chemotherapy, remains the standard treatment strat-
egy for malignant gliomas. However, the effectiveness of
maximal surgical resection for DHGs remains unclear,
underscoring the critical need for a deeper insight into
these aspects to develop better therapeutic strategies.
While glioma patients generally survive longer in cases
with a greater extent of tumor resection, the role of surgi-
cal treatment in DHGs and whether the extent of resec-
tion has any prognostic implications for this novel glioma
subtype remain uncertain [3, 39]. Surgical resectability
and postsurgical tumor progression may depend on the
radiological features and localization of gliomas in the
brain because gliomas usually arise from the edges of
the surgical cavity [2, 31, 32, 38]. Therefore, this article
presents a comprehensive examination of the radiologi-
cal features of DHG to reveal key tumor characteristics
and progression. Despite some existing reports on this
novel tumor type, a comprehensive understanding of
the clinical characteristics, pathogenesis, and outcomes
of DHGs is yet to be achieved [33, 45]. In this study, we
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retrospectively analyzed nine cases of DHGs, with a spe-
cific focus on imaging features and progression patterns,
to contribute to our understanding of this unique glioma
subtype.

Materials and methods
Patient data
Nine patients treated between March 2015 and June 2021
at Nagoya University Hospital (Nagoya, Japan) were diag-
nosed with DHGs. All patients underwent surgery, tumor
resection, or biopsy under general anesthesia at the
Nagoya University Hospital or Nagoya Central Hospital
(an affiliated hospital of the Nagoya University Depart-
ment of Neurosurgery). Maximal safe tumor resection,
with routine use of neuronavigation, neuromonitoring,
and intraoperative Magnetic Resonance Imaging (MRI),
was attempted whenever the tumor formed a singular
mass, leading to a significant mass effect. If the intraop-
erative MR image showed any tumor that could be safely
resected, the remaining tumor was resected as much as
possible up to the functional boundary, as previously
described [24]. An integrated diagnosis of DHG was
made for all tumors by combining histopathological fea-
tures and H3 G34R/V detection using Sanger sequenc-
ing. Patient clinical information and outcomes, including
age, sex, histopathological findings, extent of resection,
prescribed adjuvant therapy, radiographic findings before
and after treatment, progression-free survival (PFS), and
overall survival (OS), were retrospectively analyzed.

Extent of resection (EOR) was defined as the resection
of a T2/FLAIR high-intensity lesion. While the EOR of
other grade 4 gliomas is usually defined as the resection
of gadolinium (Gd)-enhanced lesions on Magnetic Reso-
nance Imaging (MRI), T2/FLAIR high-intensity lesions
were used to calculate the extent of resection because
DHGs were not necessarily Gd-enhanced. We measured
the EOR using volumetric analysis with iPlan Cranial
3.0.6 software (Brainlab AG). The EOR was calculated
as the percentage of (Preoperative Tumor Volume-Post
operative Tumor Volume)/Preoperative Tumor Volume.
Abnormal T2/FLAIR lesions were used for volumetric
analysis.

PES and OS were defined as the duration from ini-
tial surgery to recurrence and death, respectively. One
patient underwent an autopsy examination after death.

MR and PET imaging

MR was performed using GE 3.0T scanners (GE Gen-
esis Signa and Signa HDe; GE Healthcare, Milwau-
kee, WI, USA) and Siemens 3.0T scanners (TrioTim
and Verio; Siemens Healthcare GmbH, Erlangen, Ger-
many). The MRI protocol included pre- and post-con-
trast T1-weighted, T2-weighted, and FLAIR imaging.
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Contrast-enhanced T1-weighted images were acquired
after administration of 0.1 mmol/kg gadopentetate
dimeglumine.

Positron emission tomography (PET) images were
acquired using a Headtome-V PET camera (Shimadzu,
Kyoto, Japan) with a spatial resolution of 4.5 mm (axial)
and a full width at half maximum of 3.9 mm (transaxial)
at the center of the field of view. The PET tracers were
intravenously injected at a dose of 11.1 MBq/Kg for
11C-methionine (MET) PET scan and 3.7 MBq/Kg for
18F-fluorodeoxyglucose (FDG) PET. All emission scans
were performed in 2D acquisition mode, and the recon-
structed images were attenuated using filtered back pro-
jection [30].

Imaging analysis
Among radiological findings, we evaluated the following
parameters:

+ Tumor location, Margin (ill-defined, well-delineated)

+ Enhancement pattern on gadolinium-enhanced MRI
(none, faint, partial)

« Diffusion restriction: (ADC values of the tumors
were measured, and diffusion restriction was defined
as a mean ADC value lower than 1.25x1073 mm?/s)
[5].

« Uptake of 11C-methionine in PET

+ Uptake of 18F-fluorodeoxyglucose (FDG) in PET

« Initial white matter lesions (cerebral peduncle, inter-
nal capsule, corona radiata, temporal stem, anterior
commissure, and corpus callosum)

+ Terminal stage white matter lesions (cerebral pedun-
cle, internal capsule, corona radiata, temporal stem,
anterior commissure, and corpus callosum)

Deep white matter lesions evaluation

In this study, we evaluated and scored six locations (the
Cerebral Peduncle, Internal Capsule, Corona Radiata,
Temporal Stem, Anterior Commissure, and Corpus callo-
sum) of deep white matter lesions. These locations were
chosen because they involve representative projections,
associations, and commissural fibers of cerebral white
matter [4, 40]. Each location was assigned a score of one.
In cases where lesions spanned multiple brain lobes or
extended from the brain surface to broader regions, such
as the basal ganglia, we considered white matter struc-
tures along the connecting line as part of the infiltration
area. We calculated the White Matter Lesion (WML)
score for each case, assigning one point to the presence of
each white matter lesion.
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DNA extraction from tumor and blood samples
Intraoperative tumor samples were collected. DNA was
extracted from frozen tumors and blood samples using
the QlAamp DNA Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. The amount
of DNA obtained was evaluated using the Qubit dsDNA
HS Assay Kit (Invitrogen, Paisley, Scotland). DNA was
extracted from formalin-fixed paraffin-embedded (FFPE)
tumor samples using the GeneRead DNA FFPE Kit (Qia-
gen) according to the manufacturer’s instructions.

Sanger sequencing

Sanger sequencing was performed to detect H3F3A
mutations in the DNA extracted from the tumor samples.
We amplified a 194-base pair (bp) fragment for DNA
spanning the sequence encoding histone H3 glycine (G)
34 of the H3F3A gene. We applied a conventional PCR
involving the following steps: 35 cycles with denaturation
at 98 °C for 10 s, annealing at 55 °C for 30, and extension
at 68 °C for 30s, with a final extension step at 68 °C for
5 min; the forward primer (5-TGCTGGTAGGTAAGT
AAGGAG-3') and reverse primer (5'-AGCAGTAGT
TAAGTGTTCAAATG-3") were used. Sequence analysis
was performed using ApE v2.0.55.

Whole-genome sequencing (WGS)

DNA libraries were prepared using the TruSeq DNA
PCR-Free Library Prep Kit (Illumina, San Diego, CA,
USA) according to the manufacturer’s instructions. The
NovaSeq6000 platform (Illumina) was used to sequence
and generate 400-bp long paired-end reads. A median of
676,766,942 reads per sample were obtained and aligned
to cover the hgl9 reference genome with 31.6X cover-
age using the Burrows—Wheeler aligner (http://bio-bwa.
sourceforge.net/) with default parameters and a -mem
option. Sequence variations were detected and anno-
tated using VarScan2 (http://dkoboldt.github.io/varsc
an/). For copy number analysis, the coverage of each
10kb span was compared with the mean coverage of
the entire genome. The data were segmented by circular
binary segmentation using DNAcopy 1.56.0 with modi-
fied parameters.

FoundationOne CDx testing

FoundationOne CDx is a CGP platform that applies NGS
to in vitro diagnostics using a hybrid capture-based tar-
get enrichment approach and whole-genome shotgun
library construction to identify all four classes of somatic
genomic alterations including substitutions, insertions,
deletions (indels), copy number alterations, and select
rearrangements. The typical median depth of cover-
age is > 500x. The FoundationOne CDx Panel detected


http://bio-bwa.sourceforge.net/
http://bio-bwa.sourceforge.net/
http://dkoboldt.github.io/varscan/
http://dkoboldt.github.io/varscan/

Kibe et al. Acta Neuropathologica Communications (2025) 13:43

alterations in 324 genes. These genes included all coding
exons of 309 cancer-related genes, one promoter region,
one non-coding RNA, and selected intronic regions of 34
commonly rearranged genes; 21 coding exons were also
included. Tumor mutation burden (TMB) and micros-
atellite instability (MSI) status were analyzed simultane-
ously (detailed information is available at https://www.
foundationmedicine.com/genomic-testing/foundation-
one-cdx) [43].

Results

Patient characteristics

Nine patients were diagnosed with diffuse hemispheric
glioma at the Department of Pathology, Nagoya Uni-
versity Hospital. H3 G34R was detected by Sanger
sequencing in all tumors. Patient characteristics and
treatment histories are summarized in Table 1. The
mean age at onset was 20.2 years (range 10—26 years).

Table 1 Clinical characteristics of patients of DHGs-G34m
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Five patients (55.6%) were female and four (44.4%) were
male. All tumors were supratentorial, with two tumors
in the frontal lobe, two tumors in the parietal lobe, one
tumor each in the insula and temporal lobe, and three
tumors extending to two or more brain lobes (Table 2).
Surgical resection with craniotomy was performed in
eight patients (88.9%), whereas tumor biopsy was per-
formed in one patient. Initial histopathological diagno-
sis classified four tumors as glioblastoma (GBM), four
tumors as central nervous system embryonal tumors
(CET), and one as anaplastic astrocytoma (AA). WGS
and FoundationOne CDx revealed mutations of H3F3A
(H3 G34R), TP53 and ATRX in all analyzed cases (cases
1, 2, 3, 5 and 6). Additionally, EGFR amplification was
observed in case 1, and PDGFRA mutations were iden-
tified in three cases (cases 3, 5, and 6) (Supplementary
Fig. 1). All patients were treated with chemotherapy
and radiotherapy after diagnosis (Table 1).

Case Sex Age Histology H3F3A Treatment Outcome

EOR cT RT PFS (m) 0OS (m)
1 Female 12 CET—GBM G34R 94% TMZ, BEV 60Gy 2.1 26.2
2 Female 22 CET G34R 95% CARE, TMZ, ETP, BEV CSI25.2Gy 33.1 483

boost36Gy

3 Female 20 GBM G34R 74% TMZ, BEV, TTF 60Gy 30 134
4 Female 1 GBM G34R 98% ™Z 60Gy 714 874
5 Male 14 GBM G34R 73% TMZ, BEV 60Gy 1.6 89
6 Male 10 CET G34R 100% T™Z 60Gy 15.6 274
7 Male 26 AA G34R Biopsy TMZ, BEV 60Gy 32 17.2
8 Male 17 GBM G34R 58% ™Z 60Gy 13 Alive
9 Female 50 CET G34R 73% T™Z 60Gy 14 Alive
Mean 20.2 14.7 32.7

EOR, Extent of resection; CT, Chemotherapy; RT, Radiation therapy; PFS (m), Progression free survival (month); OS (m), Overall survival (month); CET, Central nervous
system embryonal tumor; GBM, Glioblastoma; TMZ, Temozolomide; BEV, Bevacizumab; CARE, Carboplatin and etoposide; ETP, Etoposide; CSI, Craniospinal irradiation;

TTF, Tumor-treating field; AA, Anaplastic astrocytoma

Table 2 Initial radiographic features of DHGs-G34m

Case Location Margin Contrast enhancement Diffusion restriction MET-PET FDG-PET
1 Frontal Well Faint Yes Very high Partial

2 Frontal Well Partial Yes Very high Low

3 Parietal Il Faint Yes Very high Low

4 Parietal Well Partial Yes n/a n/a

5 Insula Il None Yes Very high Partial

6 Temporal 1l None Yes n/a n/a

7 Multiple Il None Yes High Low

8 Temporal, parietal Il Faint Yes High n/a

9 Temporal, occipital Il Faint Yes n/a n/a

MET-PET, [11C] methionine positron emission tomography; FDG-PET, [18F] fluorodeoxyglucose positron emission tomography; n/a, No data available
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Radiographic characteristics

Initial MRI revealed T2/FLAIR high lesions with poor
contrast enhancement in all cases (Fig. 1). Three of the
nine tumors (33.3%) showed no contrast enhancement
(Table 2). Three (33.3%) tumors with faint-to-partial
contrast enhancement exhibited well-defined mar-
gins at initial presentation. All tumors (100%) demon-
strated restricted diffusion on MRI. Six patients (66.7%)
underwent preoperative positron emission tomography
(PET). High accumulation of methionine (MET) and
low or partial accumulation of FDG were observed in

A
B
C Cerebral Internal
peduncle capsule
T2/FLAIR
MET-PET

gl'.ﬁ% d coronal
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all cases (Table. 2 and Fig. 1A). The MET-accumulated
area corresponded to T2/FLAIR high lesions, suggest-
ing that all T2/FLAIR high lesions were tumor com-
ponents rather than edema. The MET-accumulated
area also corresponded to areas of diffusion restric-
tion, confirmed as non-intratumoral bleeding through
preoperative SWI or T2* images (Fig. 1B). All tumors
also harbored T2/FLAIR high lesions in the deep white
matter, including the internal capsule, corona radiata,
temporal stem, and corpus callosum (Table 3). Most
of these lesions showed high MET accumulation,

Corona
radiata

Temporal
stem

Corpus
callosum

/ coronal

&

axial

Fig. 1 Initial radiographical features and white matter lesions. A MRI, Methionine (MET) PET and FDG-PET images of case 3. B MRl and MET-PET
images of case 3. Orange line reveals methionine high uptake region. C Deep white matter lesions at initial presentation. The upper row shows T2/
FLAIR images, and the lower row shows MET-PET images of the corresponding cases. From left side, case 8, case 1, case 7, case 5, case 1
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Table 3 Initial white matter lesion and EOR

Case Cerebral Internal Corona radiata Temporal stem Anterior Corpus callosum EOR
peduncle capsule commissure

1 Yes Yes Yes No No Genu 94%

2 No No No Yes No No 95%

3 No Yes Yes Yes No Splenium 74%

4 No No Yes No No No 98%

5 Yes Yes No Yes Yes No 73%

6 No No No Yes No No 100%

7 Yes Yes No Yes Yes No Biopsy

8 Yes Yes Yes Yes No Splenium 58%

9 Yes Yes Yes Yes No Splenium 73%

EOR, Extent of resection

suggesting that the DHGs had deep white matter infil-
tration at the initial diagnosis (Fig. 1C).

Treatment and outcome

Tumors in eight of nine patients (88.9%) were surgically
resected. An extent of resection (EOR) of 90% or more
was achieved in four (44.4%) cases (Table 1). A biopsy
was performed in one case.

The white matter lesion (WML) score in cases with
tumor resection showed a significantly negative corre-
lation with EOR (R*=0.688, p=0.01) (Fig. 2A). Median
progression free survival (PFS) in cases with an EOR of
90% or more was significantly longer than in cases where
EOR was less than 90% (24.4 months vs 1.6 months,
p=0.032) (Fig. 2B). Overall survival in cases with an EOR
of 90% or more was also significantly longer than in cases
with EOR of less than 90% (37.3 months vs 13.4 months,
p=0.01) (Fig. 2C).

Tumor progression in DHGs

The clinical course of case 3 is shown as a representa-
tive case (Fig. 3A-D). Tumor resection was performed
for residual lesions in the corona radiata and corpus
collosum. After partial resection, concurrent treatment
with radiation therapy (60 Gy/30 Fr) and temozolomide
(TMZ) (Stupp regimen) was administered. However,
3 months later, the residual lesions progressed rapidly
along the deep white matter. Although combination ther-
apy with TMZ, bevacizumab (BEV), and tumor-treating
field (TTF) achieved a partial response, the lesions even-
tually expanded to the bilateral temporal lobes and brain-
stem. The patient died 13 months after surgery. MRI at
the terminal stage of each case showed tumor infiltration
into the cerebral peduncle via the pyramidal tract and
into the contralateral brain via the corpus callosum or
anterior commissure in six and seven cases, respectively
(Supplementary Table 1).

Autopsy findings

An autopsy performed in one patient (case 3) revealed
atypical glial cells with a high N/C ratio that densely pro-
liferated around the surgical cavity, consistent with the
histopathological findings of the initial tumor. Exten-
sive infiltration of the tumor cells into the bilateral tem-
poral lobes and brainstem was observed. In addition,
tumor cells were observed in the internal capsule passing
through the lenticular nucleus, demonstrating infiltration
of DHGs along the deep white matter (Fig. 3E, Supple-
mentary Fig. 2).

Discussion

DHGs are pediatric-type brain tumors that have emerged
as unique entities according to the latest WHO classifi-
cation [20]. Because this is a rare tumor, especially in
adults, little is known about its pathophysiology or natu-
ral history [47].

The mean age of the patients at diagnosis in our series
was 20.2 years. Although DHGs are usually regarded as
pediatric gliomas, they affect young adults, and our data
agree with similar age groups previously reported [28, 37,
45, 49]. The mean overall survival in our case series was
32.7 months. Notably, one female patient who under-
went gross total resection survived for more than 7 years,
exceeding the longest survival previously reported [47].
All tumors in our series had a glycine-to-arginine (G34R)
mutation, which may have contributed to the slightly
better survival observed, compared with the glycine-to-
valine (G34V) mutation [45]. WGS and FoundationOne
CDx revealed molecular alterations (Supplementary
Fig. 1), including mutations of TP53 and ATRX, consist-
ent with prior studies [7, 15, 33, 45]. Among the 9 cases
in this study, 4 tumors were initially diagnosed as CET,
with the initial histopathology showing small round
cell tumors with high N/C ratio. These cases can be
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Fig. 2 A Scatter plot and linear correlation analysis depicting the relationship between white matter lesion score and extent of resection (EOR),
calculated using Pearson correlation coefficient, in cases where tumors were surgically resected via craniotomy. The blue line represents the linear
regression model, whereas the gray zone represents the 95% confidence interval. B Kaplan—Meier survival curve demonstrating Progression Free
Survival (PFS) of the two groups (Extent of resection, EOR of 90% or more vs EOR of less than 90%). C Kaplan—Meier survival curve demonstrating

Overall Survival (OS) of these two groups

categorized as DHG H3G34 mutants with embryonal
features, as previously reported [6, 7, 12, 23].

MRI performed at diagnosis showed T2/FLAIR high
lesions with poor contrast enhancement and restricted
diffusion in all cases. High methionine accumulation
and moderate FDG accumulation were observed in all
cases, with the MET-accumulated area corresponding
to the T2/FLAIR high lesion. This finding suggests that
all T2/FLAIR high lesions in the deep white matter rep-
resented the tumor itself rather than edema. Another
striking feature in this series was focal diffusion

restriction, characterized by high-intensity areas on
diffusion-weighted images, possibly indicating the
presence of an aggressive hypercellular tumor with a
poor prognosis [34, 35, 44]. While MET-PET may offer
superior diagnostic capabilities for assessing tumor
extension and tumor cell density in gliomas [18, 27, 29],
the consistency of the MRI and MET-PET findings in
our series suggests that MRI alone can adequately eval-
uate tumor expansion when PET is unavailable. More-
over, preoperative SWI or T2* sequences confirmed
the areas of diffusion restriction as non-intratumoral
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Fig. 3 Clinical course of case 3. A Post operative MRI, B MRI 3 months

after tumor removal, C MRI 4 months after tumor removal and D MRI

13 months after tumor removal. Each image includes FLAIR (left), DWI

(middle) and T1CE (right) images. E Extensive infiltration along deep

white matter in histopathological findings. Macroscopic images

of each site obtained by autopsy (left). Hematoxylin-eosin staining

of the specimens from each site (right). Scale bar indicates 100 um

s

bleeding, suggesting that the diffusion restriction
reflected a distinct characteristic of the tumor rather
than hemorrhage.

The WML score showed a strong negative correla-
tion with EOR in our case series, clearly indicating that
white matter infiltration is a limiting factor for EOR in
DHGs. Cases with an EOR of less than 90% had signifi-
cantly worse prognosis, indicating that WML limits EOR
and acts as a poor prognostic factor in these tumors.
Although statistical significance was not observed for
OS, possibly due to the limited number of cases in this
study, a trend toward worse prognosis was noted in cases
with high WML scores (Supplementary Fig. 3).

An EOR of 90% or more was achieved in less than
50% of the cases in this study. Although we routinely

Page 8 of 11

employed a strategy of maximal safe resection utiliz-
ing navigation and intraoperative MRI in all possible
glioma cases, the EOR in this series of DHGs was lower
than that achieved in our previous glioma studies [25,
26]. This outcome is likely due to the early infiltration
of DHGs into the deep white matter, which poses a for-
midable challenge for surgical resection. On the other
hand, in cases with minimal initial white matter infil-
tration (cases 2, 4 and 6), a higher EOR was achieved,
corresponding to better survival in our series, which
is generally consistent with those in diffuse gliomas [3,
22, 25, 39, 41]. An EOR of 90% or more significantly
increased both the PFS and OS in this study which is in
concordance with the report by Crowell et al. that more
than near-total resection is associated with a better
prognosis in DHGs [7]. It has also been reported that
the DHG cases with well-defined margins, implying low
white matter infiltration, showed better survival rates
[16]. Studies have shown that radical resection, includ-
ing T2/FLAIR high-intensity areas, may improve the
prognosis for malignant gliomas [13, 36]. Additionally,
case reports from our group and others have shown
prolonged survival after supratotal resection of the
tumor beyond the radiologically marked tumor border
[11, 48].

Extensive white matter infiltration often limits the
EOR, and incomplete resection is generally associated
with poor outcomes in glioma [9, 17, 19, 26]. However,
this study is, to our knowledge, the first to demonstrate
that a higher EOR may improve prognosis even in highly
infiltrative tumors such as DHG. Although complete
resection was rarely achievable, cases like Case 1 (WML
score of 4) showed that safe resection of tumors with sig-
nificant white matter infiltration is possible. In this case,
an EOR of over 90% was achieved, which may have con-
tributed to improved survival. While the precise impact
of aggressive resection on survival remains uncertain,
even modest prolongation of survival may hold signifi-
cant value for the young patients with DHG. Therefore,
we propose that aggressive surgical resection should
be attempted in cases of DHG where it can be safely
performed.

Despite the limited number of cases, our study showed
that DHGs are infiltrative tumors that expand throughout
the T2 high-intensity areas, thus making radical resection
virtually impossible. The residual tumor eventually infil-
trates the brainstem and contralateral brain, leading to
patient death. Although current therapies have improved
local tumor control, patients with malignant glioma still
have a poor prognosis, with the majority succumbing to
tumor infiltration into the brainstem or dissemination [1,
8]. Infiltration to the brainstem and contralateral brain
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was pathologically confirmed in our autopsy case. To the
best of our knowledge, this is the first study to report evi-
dence of brainstem infiltration as the cause of death in
DHG using multiple modalities, such as MET-PET and
histopathological findings.

In our DHG cases, deep infiltration was found at initial
diagnosis, indicating that DHG had a greater tendency
to invade the white matter than glioblastoma. One of
the main reasons for the poor prognosis of DHGs is that
they present with deep white matter infiltration at initial
onset, making radical resection difficult, especially along
the midline, making them prone to further deep infiltra-
tion towards the brain stem. Considering the radiological
features of DHGs, improving prognosis through surgi-
cal strategies alone may not be practical. Therefore, fur-
ther research into the molecular characteristics of these
tumors appears essential for enhancing patient outcomes.

Study limitations

The major limitations of our study were the limited sam-
ple size, retrospective design, and the absence of a com-
parative pediatric and other CNS WHO grade 4 glioma
series. Statistical bias due to the limited number of cases
suggests that these results need to be validated in a larger
prospective study. Nevertheless, this study provides valu-
able information regarding the radiological features and
possible tumor progression of DHGs.

Conclusions

DHGs exhibited deep white matter infiltration at the
time of initial onset. Although surgical resection may
influence the prognosis of these tumors to some extent,
complete resection is nearly impossible. Residual lesions
extensively infiltrate the white matter and eventually
invade the brainstem and the contralateral brain, leading
to patient death.
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Upper bar graph indicates the number of alterations of each case. Right
bar graph indicates the number of cases exhibiting alterations of each
gene. Figure S2. Extensive infiltration of the deep white matter observed
in histopathological findings. T2-weighted images of initial tumor and
terminal stage (left). Macroscopic images of each site obtained during
autopsy (middle). Hematoxylin-eosin staining of the specimens from each
site (right). Scale bar indicates 100 um. Figure S3. A Kaplan-Meier survival
curve demonstrating progression-free survival (PFS) of the two groups
based on white matter lesion (WML) scores (WML < 1 vs. WML > 1). B
Kaplan—Meier survival curve demonstrating overall survival (OS) of these
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