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Abstract: Background: Diffuse midline glioma (DMG), H3 K27-altered, is a WHO grade 4 malignant
glioma located at midline structures, including the thalamus, brainstem and spinal cord. While
H3 K27-altered DMG is more common in pediatric age in which it shows a uniformly aggressive
clinical behavior, its occurrence is relatively unusual among adults, and its clinico-pathological and
prognostic features are not fully characterized in this age group. Methods: In this present paper, a
review of the literature, including all cases of adult H3 K27-altered DMG published from January
2010 to December 2023 was performed, and the following clinical parameters were evaluated: sex, age
(median and range), anatomic site, median follow-up, leptomeningeal dissemination, local recurrence
and treatment. In addition, the clinico-pathological features of three additional adult cases from our
retrospective series were also reported and discussed. Results: All tumors from our series exhibited
a high-grade morphology with brisk mitotic activity; microvascular proliferation and necrosis were
seen only in one case. The immunohistochemical loss of H3 K27me3 along with diffuse and strong
immunoreactivity for H3 K27M was found in all cases, leading to the diagnosis of H3 K27-altered
DMBG. Conclusions: The literature review showed that adult H3 K27-altered DMG more frequently
occurred in males aged between 18 and 40 years. The thalamus was the most affected site, followed
by the brainstem and spinal cord, in both sex groups. Adult tumors exhibited less aggressive clinical
behavior, with leptomeningeal dissemination and local recurrence reported in only 23.78% and 37.75%
of cases, respectively.

Keywords: diffuse midline glioma; diffuse intrinsic pontine glioma; adult; H3 p.K28M; H3 K27-altered

1. Introduction

K27 and K28 refer to specific lysine residues in the histone H3 protein, which plays a
critical role in the regulation of chromatin structure and gene expression. In the context of
histone H3-altered glioma, these residues are involved in mutations/molecular alterations
that contribute to tumor development and growth. According to the 5th edition (2021) of
the WHO Classification of Central Nervous System (CNS) Tumors, diffuse midline glioma
(DMG), H3 K27-altered, is a pediatric-type, infiltrative, high-grade glioma arising from
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midline structures that exhibits H3 p.K28M mutation and usually either an H3 c.83A>T
p-K28M substitution in one of the histone H3 isoforms, aberrant overexpression of EZHIP
or an EGFR mutation (CNS WHO grade 4) [1-5]. DMG is a typical tumor of the pediatric
age, but it may less frequently occur in adults [6]. The most common locations are the brain
stem, the thalamus and the spinal cord [6]. Although the presence of brisk mitotic activity,
microvascular proliferation and necrosis are frequent histologic features of DMG, they are
not necessary for diagnosis, and the WHO assigns a grade 4 to this entity regardless of its
morphology if one of the abovementioned molecular criteria is found [1,5].

As H3 p.K28M mutations have rarely been reported in other tumors exhibiting dif-
ferent clinico—pathological features and prognoses than DMG, including ependymomas,
Pilocytic astrocytomas, pediatric-type diffuse gliomas and gangliogliomas, both the C-
IMPACT-NOW Working Committee and WHO have emphasized the fact that the designa-
tion of “DMG, H3 K27-altered” should be applied only to those gliomas that are diffuse,
midline, and astrocytic in morphology and that meet the essential molecular criteria for
diagnosis and not to all H3 p.K28M mutant CNS tumors. Immunohistochemical analyses
for H3 K27M, H3 K27me3 and EZHIP status may be used to confirm this diagnosis [1,5,7-9].
H3 K27-altered DMGs variably exhibit aberrant nuclear expression of p53, suggesting a
TP53 mutation and loss of -thalassemia/mental retardation syndrome x-linked (ATRX)
expression in approximately 50% and 15% of cases [1,5,8,10]. On magnetic resonance
imaging (MRI), DMGs in the conventional presentation have their epicenter in the pons,
often asymmetrically, with frequent encasement of the basilar artery [11]. The prognosis is
poor, and the 2-year survival rate is less than 10% [1,10].

As DMGs are relatively unusual in adults, limited epidemiological data are currently
available in the literature; the incidence is estimated to be 2.32 cases per 1 million per-
sons/year in people older than 20 years, with no sex predilection [6,7,12]. Most patients
show the classic triad: cranial nerve palsy, long tract signs such as pyramidal tract im-
pairment and ataxia. Upon MRI, DMGs classically have their epicenter in the pons, often
asymmetrically, with frequent encasement of the basilar artery [6,7,12]. In this present
study, we systematically reviewed all cases of DMG diagnosed in adult patients, and we ad-
ditionally report three further adult cases from our institution, whose clinico—pathological
and immunohistochemical features are emphasized.

2. Materials and Methods

The studies involving human participants were reviewed and approved by the local
ethics committee, Catania 1 (CE 165/2015/PO). The patients provided written informed
consent to participate in this study.

All cases with a pathologic diagnosis of H3 K27-altered DMG were retrospectively
retrieved from the Pathology Archive of the Department of Medical, Surgical Sciences and
Advanced Technologies “G.F. Ingrassia” of the University of Catania. Age > 18 years was
the only inclusion criterion adopted. Three cases of adult patients with H3 K27-altered
DMG were found and included in the study. Clinical data were retrieved from the original
pathology reports. Hematoxylin and eosin (H&E)-stained sections were reviewed by
two pathologists for diagnostic confirmation. The following immunohistochemical (IHC)
slides, with appropriate positive control, were evaluated for all cases: glial fibrillary acidic
protein (GFAP), isocitrate dehydrogenase-1 (IDH1) (p.R132H), ATRX, p53, H3 K27M, H3
K27me3 and Ki67.

A literature review was performed using PubMed /MEDLINE, searching for all pub-
lished English language cases of adult (beyond the age of 18 years) H3 K27-altered DMG
from January 2010 to December 2023. The following Medical Subject Headings (MESHs)
were used: diffuse midline glioma, diffuse intrinsic pontine glioma, adult, pons, thalamus,
medulla oblongata, midbrain, spinal cord, brainstem, H3 p.K28M mutation and H3 K27-
altered. Both case series and single case reports on this topic were included in our review.
The following clinical parameters were evaluated: sex, age (median and range), anatomic
site, median follow-up, leptomeningeal dissemination, local recurrence and treatment.
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3. Results
3.1. Case Series

Table 1 summarizes the clinico-pathological and immunohistochemical features of
our cases.

Our cohort included two females and one male. The patient ages at the time of
diagnosis ranged from 31 to 77 years, with an average of 46 years. All tumors were located
in the thalamus. Figures 1-3 show the main histologic and immunohistochemical findings
of our series.

Figure 1. Case no. 1. (A) Histological examination shows a hypercellular diffuse glioma with
astrocytic morphology, exhibiting severe nuclear pleomorphism with a multinucleated giant cell
component. (B) Foci of tumor necrosis are seen. (C,D) Neoplastic cells show loss of nuclear stain-
ing for H3 K27me3 (C) and are strongly and diffusely positive for H3 K27M (D) (A-D, original
magnifications 300 x).

All cases exhibited an astrocytic morphology consistent with high-grade glioma; tumor
cellularity was moderate in two cases (case no. 2 and no. 3) and high in the remaining
case (case no. 1); a gemistocytic component was seen in one case (case no. 3). One tumor
(case no. 2) lacked cellular pleomorphism, which was conversely seen in the remaining two
cases (mild in case no. 3 and severe with multinucleated giant cell component in case no. 1).
Microvascular proliferation was identified in just one case (case no. 2), while necrosis was
found in case no. 1; all tumors exhibited brisk mitotic activity. Immunohistochemically, the
loss of nuclear staining for H3 K27me3 was observed in all cases, which conversely showed
diffuse and strong immunoreactivity for H3 K27M. No cases showed evidence of IDH1
p-R132H mutation by immunohistochemistry. ATRX was retained in all cases, while p53
was overexpressed (>10%) in two cases (case no. 1 and no. 3). The Ki-67 proliferative index
was variably high, ranging from 15% to 50%.
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Figure 2. Case no. 2. (A) Histological examination showing a moderately cellular, infiltrating glioma
with brisk mitotic activity. (B) Tumors exhibit rare foci of microvascular proliferation. (C,D) Immuno-
histochemically, the lack of immunoreactivity for H3 K27me3 (C) and strong and diffuse staining for

H3 K27M (D) are seen (A-D, original magnifications 300 x).

Figure 3. Case no. 3. (A) Tumor shows moderate cellularity and mild nuclear pleomorphism.
(B) Neoplastic cells with a gemistocytic morphology are found within the neoplasm. (C,D) Ad-
ditionally, in this case, the immunohistochemical loss of H3 K27me3 (C), along with the strong
immunoreactivity for H3 K27M (D), confirmed the diagnosis of H3 K27-altered DMG (A-D, original

magnifications 300 x).
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Table 1. Clinico—pathological and immunohistochemical features of the cases from our series.
Age Anatomic . Nuclear Mitotic . .
Cases Gender (Years) Site Cellularity Pleomorphism Activity ATRX p53 Ki-67 Necrosis MVP
1 F 31 T High Severe Brisk Retained Overexpressed 50% Present Absent
2 M 77 T Moderate Absent Brisk Retained Not 30% Absent Present
overexpressed
3 F 32 T Moderate Mild Brisk Retained Overexpressed 15% Absent Absent

Abbreviations: F, female; M, male, T, thalamus; MVP, microvascular proliferation.

Next-generation sequencing analyses, performed as previously described [9], con-
firmed the diagnosis of H3 K27-altered DMG in all three cases, demonstrating the presence
of H3 p.K28M mutation. No additional molecular alterations were found, except for RB1
(p-Arg358Ter) mutation and KIT- PDGFRA copy number gain in case no. 1.

All cases underwent intracranial radiotherapy (50 Gy for 6 weeks). No case showed
local recurrence of disease nor leptomeningeal spread at a median follow-up time of
5 months (range 4-13 months).

3.2. Literature Review

In total, from January 2010 to December 2023, approximately 484 cases of adult patients
(over 18 years of age) have been published in the literature [12-41] to the best of our
knowledge, with an age range between 18 and 83 years. The radiographic, epidemiological,
clinical and prognostic data of H3 K27-altered DMGs in adults are not well known. We
have summarized all cases of adult tumors (1 = 487) reported in the literature, including
our series, in Table 2. According to the available data, there were 179 females and 219 males
(gender was absent in 89 cases) (Figure 4A). The majority of patients were males, and the
overall male-to-female ratio was 1.22:1. The date of clinical presentation was not reported in
most cases. The age ranged between 18 and 83 years, with a median of 35.5 years. Tumors
most frequently occurred in people aged between 18 and 40 years. The three most frequent
sites were the thalamus (n = 186; 38.19%), followed by the brainstem (n = 115; 23.61%) and
the spinal cord (n = 92; 18.9%) (Figure 4B). Overall, the female subgroup had a median age
of 38 years (range 18-83 years), and the male subgroup had a median age of 34 years (range
20-69 years). In both subgroups, the most frequently affected site was the thalamus. The
mean follow-up time was 15.6 months and ranged between 3 and 59.2 months. Follow-up
data were not available in 133/487 cases (27.31%). Leptomeningeal dissemination was
observed in 39 of 164 cases (23.78%), while there was no information on this feature in
the remaining 214 /487 cases. Data about local recurrence of disease were not available in
171/487 cases, while they were found in the remaining 77/204 (37.75%). For 145 patients,
no data regarding the treatment were available. The majority of patients (n = 148; 30.39%)
underwent surgery alone, and 79 patients (16.22%) underwent surgery plus adjuvant
chemoradiotherapy. Only chemoradiotherapy was administered to 78 patients (16.01%),
while chemotherapy alone and radiotherapy alone were administered to 16 (3.28%) and
eight patients (1.64%), respectively. Four patients (0.82%) did not undergo any treatments.
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Table 2. Cases of adult diffuse midline H3 K27-altered gliomas reported in the literature to date.
Cases Age Median Leptomeningeal
Author Gender (Median; Anatomic Site Local Recurrence Treatment
(n) Follow-Up Spread
Range)
Aihara et al. [13] 9 Not available 38; 2046 Thalamus 10.4 months Not available Not available Chemoradiotherapy
8 Thalamus
Solomon et al. . 7 Spinal cord . . .
20 Not available 28.5; 20-65 . Not available Not available Not available Surgery
[14] 1 Brain stem
4 Other midline sites
15 Female e 15 Thalamus . Surgery +
Feng et al. [15] 43 28 Male 32,7;20-53 28 Brain stem 17.4 months Not available No Chemoradiotherapy
7 Thalamus
Kleinschmidt 9 Female . 4 Spinal cord .
etal. [16] 13 4 Male 52;27-81 1 Hypothalamus 9.3 months Yes (1/13 cases) Yes (2/13 cases) Not available
1 Brain stem
. 4 Chemoradiotherapy
Daoud et al. [17] 7 1 Female 41; 25-54 > Bra”f‘ stem 9 months Not available No 1 Surgery
6 Male 2 Other midline sites .
2 Not available
7 Thalamus
Wang et al. [18] 35 16 Female Not available 10 Splr}al cord Not available Not available Not available Not available
19 Male 11 Brain stem
7 Other midline sites
Surgery +
He et al. [19] 1 Female 27 Hypothalamus 9 months Yes Yes Chemoradiotherapy
. 4 Female e . . Surgery +
Liu et al. [20] 10 6 Male 32;18-54 Thalamus Not available Not available No Chemoradiotherapy
3 Thalamus
Schreck et al 10 Female 2 Spinal cord 13 Chemotherapy
’ 18 38; 30-68 6 Brain stem 17.6 months Not available Not available
[21] 8 Male 5 Surgery
6 Cerebellum

1 Other midline site
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Table 2. Cont.

Cases Age Median Leptomeningeal
Author Gender (Median; Anatomic Site Local Recurrence Treatment
(n) Follow-Up Spread
Range)
15 Thalamus
Ebrahimi et al. 10 Female . 6 Spinal cord .
[22] 29 19 Male 37,18-73 7 Brain stem 4 months Yes (11/29 cases) Yes (7/29) cases Not available
1 Cerebellum
Yekula et al. [23] 1 Male 36 Other midline site Not available Yes Not available Surger
gery
3 Thalamus
Alzoubi et al. 1 Female i 1 Spinal cord 2 Radiotherapy
[12] 6 5 Male 39; 31-52 1 Cerebellum 3 months No Yes (2/6 cases) 4 Surgery
1 Other midline site
Chen et al. [24] 1 Female 20 Prepontine cistern 3 months Yes Yes Surgery
Tu et al. [25] 1 Female 56 Medulla oblongata 5 months No Yes Surggry N
Chemoradiotherapy
34 Thalamus
10 Spinal cord
Schulte et al. 60 Not available 32;18-71 5 Brain stem 59.2 months Not available Yes (44 /60 cases) 16 Surg.e Y
[26] 44 Chemoradiotherapy
4 Cerebellum
7 Other midline sites
3 Brain stem
3 Femal 1 Pineal gland 1 Sureer
Dono et al. [27] 9 emale 38; 23-68 2 Thalamus 18 months Not available Yes (5/9 cases) gery
6 Male 8 Chemoradiotherapy
1 Cerebellum
2 Spinal cord
5 Thalamus ! S}lrgery
. 2 Radiotherapy
6 Spinal cord .
Meyronet et al 12 Femal 5 Brain stem 9 Chemoradiotherapy
eyronet et ak 21 emate 32;18-82 19.6 months Yes (1/21 cases) Not available 3 Chemotherapy
[28] 9 Male 3 Cerebellum
1 Hvpothal 3 Surgery
ypothalamus +Chemoradiotherapy

1 Pineal region

3 None
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Table 2. Cont.
Cases Age Median Leptomeningeal
Author Gender (Median; Anatomic Site Local Recurrence Treatment
(n) Follow-Up Spread
Range)
38 Thalamus
4 Spinal cord
26 Female 10 Brain stem
Qiu et al. [29] 66 Not available 1 Hypothalamus Not available Yes (8/66 cases) Not available Not available
40 Male .
8 Whole brain
3 Corpus callosum
2 Hemispheres
3 Female . . Surgery +
Gu et al. [30] 5 2 Male 42;27-65 Spinal cord 45 months No Yes (3/5 cases) Chemoradiotherapy
Yutaka Fuiiok Thalamus, left
ueat ; [?13) a 1 Female 66 hippocampus and 30 months Yes No Chemoradiotherapy
' frontoparietal lobes
Low JT et al. [32] 1 Female 83 Pons and cerebellum 4.5 months Yes No Chemoradiotherapy
Spinal cord, medulla, . . ..
Babarczyey al. 1 Female 73 pons, cerebral 3 months No No Cortlcosterqdemplrlcal
[33] antibiotics
peduncles
Julien Rousseau Radiotherapy +
etal. [34] 1 Female 18 Thalamus 16 months No Yes Chemotherapy
Karita et al. [35] 1 Male 26 Spinal cord 4 months No No Surgery
. . Surgery +
Kraus et al. [36] 1 Male 28 Spinal cord Not available No No Chemoradiotherapy
3 Surgery
6 Surgery +
) Radiotherapy
Yietal. [37] 25 18 Female 39.1; Spinal cord 26.4 months No Not available 1 Surgery +
7 Male 23-55
Chemotherapy
15 Surgery +

Chemoradiotherapy
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Table 2. Cont.
Cases Age Median Leptomeningeal
Author Gender (Median; Anatomic Site P 8 Local Recurrence Treatment
(n) Follow-Up Spread
Range)
31 Brainstem
42 Female 33; 33 Thalamus
Zheng et al. [38] 94 52 Male 19-71 9 Spinal cord 10.5 months Yes (13 cases) Yes (9 cases) Surgery
21 Other midline sites
1 Surgery +
1 Corpus callosum .
Sugii et al. [39] 2 2 Male 49 and 24 1 temporal lobe and 9 months and No No Chemoradiotherapy
hvpothalamus 6 months 1 Surgery +
YP radiotherapy
Chen et al. [40] 1 Male 32 Spinal cord 6 months No No Radiotherapy
Aftahy et al. [41] 1 Male 24 Spinal cord 3 months No Yes Chemoradiotherapy
Present study 3 21F§4n;i1;e 46.6; 31-77 Thalamus 5 months No No Radiotherapy




Diagnostics 2024, 14, 2617 10 of 14

M Females (36.75%)
B Males (44.97%)
M Not Available (18.27%)

M Thalamus (38.19%)
M Brainstem (23.61%)
M Spinal Cord (18.9%)
B Other Sites (16.8%)
® Not Available (2.5%)

Figure 4. Gender (A) and anatomic site (B) distributions among adult H3 K27-altered DMGs reported
in the literature.

4. Discussion

Although several studies and case series have tried to describe the radiologic features
of adult H3 K27-altered DMGs, they still remain controversial and nonspecific due to their
relative rarity and the difficulties in obtaining an accurate integrated diagnosis [6,7]. Adult
H3 K27-altered DMGs affect males slightly more frequently than females and patients aged
between 18 and 40 years, while they are rarer in people aged > 40 years. They mostly arise
from the thalamus followed by the brainstem and the spinal cord, while the brainstem
represents the most affected site in children.

Histologically, adult H3 K27-altered DMG are considered WHO grade 4 tumors even
if necrosis and /or microvascular proliferation are absent, as their pediatric counterparts.
This entity encompasses a wide spectrum of morphological features, mainly reminiscent
of high-grade astrocytoma, and no significant differences regarding histologic grade and
morphology have been reported between adult and pediatric age groups [6]. It has been
reported that H3 K27-altered DMGs lack mitoses, necrosis and microvascular proliferation
in approximately 10% of cases [1,5]; in our series, brisk mitotic activity was seen in all
cases, while foci of microvascular proliferation and necrosis were found only in case
no. 2 and case no. 1, respectively. Some colleagues [14] described a series of 47 cases
showing different anatomic locations and a wide morphological spectrum including giant
cell features, epithelioid /rhabdoid morphology, primitive neuroectodermal tumor (PNET)-
like components, neuropil-like islands, pilomyxoid and ependymal areas, sarcomatous
and/or glioneuronal differentiation and areas resembling pleomorphic xanthoastrocytoma.
The authors also reported that p53 overexpression and ATRX immunohistochemical loss
were frequently shared by tumors harboring H3 p.K28M mutation, with these alterations
being more frequently encountered in thalamic and pontine tumors, respectively [14]. In
our series, we also found p53 immunohistochemical overexpression (>10%) in two out of
three cases, while the nuclear expression of ATRX was retained in all cases. Tu et al. [24]
described an unusual case of H3 K27-altered DMG with chondroid metaplasia, exhibiting a
high-grade glioma morphology with foci of microvascular proliferation and necrosis and a
well-differentiated cartilaginous component.
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Although surgical gross total resection represents an ideal treatment for DMGs, it is
often not feasible due to the difficulties of the anatomical site, in which it is often difficult
to obtain even a valid biopsy for an integrated histological and molecular diagnosis [6,7].
Accordingly, surgery alone (30.39%) represents the most frequent therapeutic approach
in adult patients, followed by surgery plus adjuvant chemoradiotherapy (16.22%). In
16.01% of the reported cases, the patients underwent only chemoradiotherapy, while
chemotherapy and radiotherapy as sole treatments were reported in a minority of patients.
H3 K27-altered DMGs exhibit poor prognosis both in adult and pediatric patients; however,
while pediatric median survival ranges from 9 to 12 months, the overall prognosis in adults
is less clear, with some studies reporting better outcomes compared to children [6]. It
has been reported that adult DMGs tend to be more indolent and have longer survival
times than their pediatric counterparts [6,7]. The results of our literature review also
demonstrated that adult tumors behave more indolently with long follow-up times (mean
value of 15.6 months; range 3-59.2 months) and leptomeningeal dissemination and local
recurrence occurring in only 23.78% and 37.75% of cases, respectively. When comparing our
cases to the literature on H3 K27-altered DMG in adults, several similarities and differences
emerged. Our cases involved patients aged 31, 32 and 77 years. The literature reports cases
across a wide age range (18-83 years) with a median of 36.5 years. Two of our cases fell
within the more common age group (18-40 years), which is frequently affected according
to the literature. All our cases involved the thalamus, which is also the most frequently
reported site in the literature (38.19%). This indicates that the thalamus is a preferential
site for H3 K27-altered DMG, both in our cases and in published cases. Our cases included
a 77-year-old male, which is less commonly seen in the literature in which these tumors
predominantly affected younger adults. This finding highlights a demographic difference,
namely that H3 K27-altered DMG is typically more prevalent among younger individuals.
Case no. 3 occurred in a patient with a history of surgery for a different type of brain tumor
(thalamic anaplastic astrocytoma). This differs from many cases in the literature where the
initial diagnosis of H3 K27-altered DMG is often the first instance of brain tumor diagnosis,
without prior surgical interventions for related conditions. In conclusion, while our cases
share important similarities with the published literature regarding tumor location and
radiographic features, the inclusion of an elderly patient and a complex clinical history in
one case illustrate some notable differences. These variations underscore the heterogeneity
and clinical complexity observed in H3 K27-altered DMG, emphasizing the importance of
individualized assessment and management strategies in such cases.

By conducting a comparative analysis between adult and pediatric cases of H3 K27-
altered DMG, the following data emerged [42,43]: (i) The thalamus is the predominant
affected anatomic site in adult cases (38.19%); conversely, pediatric DMGs often arise from
the brainstem as the most frequent location. (ii) Histologically, both adult and pediatric
H3 K27-altered DMG are categorized as WHO grade 4 tumors. They exhibit high-grade
features resembling astrocytomas, although morphological variations such as giant cell
features or epithelioid /rhabdoid morphology have been described in both age groups.
(iii) Molecular markers such as p53 overexpression and ATRX immunohistochemical loss
are reported in DMGs with H3 K27-alterations. Adult cases show variability in these
markers (e.g., p53 overexpression in two out of three cases from our series), reflecting the
molecular heterogeneity observed across both adult and pediatric populations. (iv) Surgi-
cal resection, often challenging due to anatomical constraints, is less frequently achieved
in adults compared to children. Adult cases demonstrate variable treatment strategies,
predominantly involving surgery with adjuvant therapy or combined chemoradiotherapy,
reflecting the complex management decisions in adult H3 K27-altered DMG cases. (v) Prog-
nosis in adult H3 K27-altered DMG remains less defined compared to the generally poor
outcomes observed in pediatric patients (median survival 9-12 months). Some studies
suggested a relatively indolent course in adults with potentially longer survival times,
though outcomes can vary widely.
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We believe it may be useful to mention that, differently from diffuse gliomas with H3.3
p-G35R (G34R) or p.G35V (G34V) mutations, which appear to be primarily hemispheric
and fulfill the diagnostic criteria for “diffuse hemispheric glioma, H3 G34-mutant”, it has
also been reported that some diffuse gliomas with H3 p.K28M mutations combined with
the loss of H3 K27me3 may rarely exhibit the lack of involvement of midline structures
and do not fulfill the diagnostic criteria for H3 K27-altered DMG [44]. According to the
WHO classification recommendations, a diagnosis of “diffuse hemispheric gliomas with H3
p-K28M mutation not elsewhere classified (NEC)” should be rendered for such tumors [44].

5. Conclusions

In summary, while both adult and pediatric H3 K27-altered DMGs share common
histological and molecular features, significant differences in clinical presentation, radio-
logical characteristics, treatment approaches and prognosis underscore the importance of
tailored management strategies. One of the main limitations of this present study lies in
the impossibility of performing survival analyses and applying a multivariable Cox model
to the data extracted from the literature review, as the data are reported and organized by
study cohort rather than at the individual level. In addition, we believe that the sometimes-
conflicting data regarding the clinical course of these tumors in adults may be due to often
incomplete or non-homogeneous follow-up times reported in the literature; in this regard,
the need for international registries for these rare tumors must be emphasized.

Further research is crucial to better understand the distinct clinical behaviors and
optimize therapeutic interventions for adult patients with H3 K27-altered DMG.

Author Contributions: Conceptualization, G.B. and S.S.; methodology, M.F.; investigation, M.Z.
(Magda Zanelli), A.P.,, M.Z. (Maurizio Zizzo), N.K. and G.M.; resources, EC. and G.M.V.B,; data
curation, S.S.; writing—original draft preparation, G.B. and S.S.; writing—review and editing, G.B.
and R.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The studies involving human participants were reviewed
and approved by the local ethics committee, Catania 1 (CE 165/2015/PO). The patients provided
written informed consent to participate in this study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in this
study. Written informed consent was obtained from the patients to publish this paper.

Data Availability Statement: All data presented in this article are available from the first author
upon reasonable request.

Acknowledgments: This study was partially supported by the Italian Ministry of Health—Ricerca
Corrente Annual Program 2025. We wish to thank Sabrina Francesca Vinci, Giovanni Mattia and
Virginia Dolcini from Struttura Semplice Grant Office & Research Administration S.C. Infrastruttura
Ricerca-Statistica, Direzione Scientifica Azienda USL-IRCCS Reggio Emilia. We also thank Andrea
Maugeri and Giorgio Ivan Russo from the University of Catania for their statistical consultancy.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Louis, D.N,; Perry, A.; Wesseling, P.; Brat, D.J.; Cree, A ; Figarella-Branger, D.; Hawkins, C.; Ng, H.K.; Pfister, 5.M.; Reifenberger,
G.; et al. The 2021 WHO Classification of Tumors of the Central Nervous System: A summary. Neuro Oncol. 2021, 23, 1231-1251.

[CrossRef] [PubMed]

2. Ahmad, Z.; Rahim, S.; Abdul-Ghafar, J.; Chundriger, Q.; Ud Din, N. Events in CNS Tumor Pathology Post-2016 WHO CNS:
cIMPACT-NOW Updates and Other Advancements: A Comprehensive Review Plus a Summary of the Salient Features of 2021
WHO CNS 5. Int. ]. Gen. Med. 2023, 16, 107-127. [CrossRef]

3.  Gonzalez Castro, L.N.; Wesseling, P. The cIMPACT-NOW updates and their significance to current neuro-oncology practice.
Neurooncol. Pract. 2020, 8, 4-10. [CrossRef] [PubMed]

4. Chai, R.C,; Yan, H.; An, S.Y,; Pang, B.; Chen, H.Y.; Mu, Q.H.; Zhang, K.N.; Zhang, YW.; Liu, Y.Q.; Liu, X; et al. Genomic profiling
and prognostic factors of H3 K27M-mutant spinal cord diffuse glioma. Brain Pathol. 2023, 33, e13153. [CrossRef] [PubMed]


https://doi.org/10.1093/neuonc/noab106
https://www.ncbi.nlm.nih.gov/pubmed/34185076
https://doi.org/10.2147/IJGM.S394872
https://doi.org/10.1093/nop/npaa055
https://www.ncbi.nlm.nih.gov/pubmed/33664964
https://doi.org/10.1111/bpa.13153
https://www.ncbi.nlm.nih.gov/pubmed/36751054

Diagnostics 2024, 14, 2617 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Louis, D.N.; Giannini, C.; Capper, D.; Paulus, W.; Figarella-Branger, D.; Lopes, M.B.; Batchelor, T.T.; Cairncross, ].G.; van den Bent,
M.; Wick, W.; et al. IMPACT-NOW update 2: Diagnostic clarifications for diffuse midline glioma, H3 K27M-mutant and diffuse
astrocytoma/anaplastic astrocytoma, IDH-mutant. Acta Neuropathol. 2018, 135, 639-642. [CrossRef]

Lopez-Pérez, C.A.; Franco-Mojica, X.; Villanueva-Gaona, R.; Diaz-Alba, A.; Rodriguez-Florido, M.A.; Navarro, V.G. Adult diffuse
midline gliomas H3 K27-altered: Review of a redefined entity. ]. Neurooncol. 2022, 158, 369-378. [CrossRef]

Bin-Alamer, O.; Jimenez, A.E.; Azad, T.D.; Bettegowda, C.; Mukherjee, D. H3K27-Altered Diffuse Midline Gliomas Among Adult
Patients: A Systematic Review of Clinical Features and Survival Analysis. World Neurosurg. 2022, 165, e251-e264. [CrossRef]
Santisukwongchote, S.; Teerapakpinyo, C.; Chankate, P.; Techavichit, P.; Boongird, A.; Sathornsumetee, S.; Thammachantha, S.;
Cheunsuchon, P.; Tanboon, J.; Thorner, P.S.; et al. Simplified approach for pathological diagnosis of diffuse gliomas in adult
patients. Pathol. Res. Pract. 2021, 223, 153483. [CrossRef]

Tirro, E.; Massimino, M.; Broggi, G.; Romano, C.; Minasi, S.; Gianno, F; Antonelli, M.; Motta, G.; Certo, F,; Altieri, R.; et al. A
Custom DNA-Based NGS Panel for the Molecular Characterization of Patients With Diffuse Gliomas: Diagnostic and Therapeutic
Applications. Front. Oncol. 2022, 12, 861078. [CrossRef]

Louis, D.N.; Perry, A.; Reifenberger, G.; von Deimling, A.; Figarella-Branger, D.; Cavenee, W.K.; Ohgaki, H.; Wiestler, O.D.;
Kleihues, P,; Ellison, D.W. The 2016 World Health Organization Classification of Tumors of the Central Nervous System: A
summary. Acta Neuropathol. 2016, 131, 803-820. [CrossRef]

Seong, M.; Kim, S.T.; Noh, ].H.; Kim, Y.K; Kim, H.J. Radiologic findings and the molecular expression profile of diffuse midline
glioma H3 K27M mutant. Acta Radiol. 2021, 62, 1404-1411. [CrossRef] [PubMed]

Alzoubi, H.; Maraqa, B.; Hasasna, N.; Giangaspero, E.; Antonelli, M.; Gianno, E; Arcella, A.; Al-Hussaini, M. Diffuse midline
glioma H3 K27M-mutant in adults: A report of six cases and literature review. Clin. Neuropathol. 2021, 40, 108-117. [CrossRef]
[PubMed]

Aihara, K.; Mukasa, A.; Gotoh, K,; Saito, K.; Nagae, G.; Tsuiji, S.; Tatsuno, K.; Yamamoto, S.; Takayanagi, S.; Narita, Y.; et al. H3F3A
K27M mutations in thalamic gliomas from young adult patients. Neuro Oncol. 2014, 16, 140-146. [CrossRef] [PubMed]
Solomon, D.A.; Wood, M.D.; Tihan, T.; Bollen, A.W.; Gupta, N.; Phillips, ].J.; Perry, A. Diffuse Midline Gliomas with Histone
H3-K27M Mutation: A Series of 47 Cases Assessing the Spectrum of Morphologic Variation and Associated Genetic Alterations.
Brain Pathol. 2016, 26, 569-580. [CrossRef]

Feng, J.; Hao, S.; Pan, C.; Wang, Y.; Wu, Z.; Zhang, ].; Yan, H.; Zhang, L.; Wan, H. The H3.3 K27M mutation results in a poorer
prognosis in brainstem gliomas than thalamic gliomas in adults. Hum. Pathol. 2015, 46, 1626-1632. [CrossRef]
Kleinschmidt-DeMasters, B.K.; Mulcahy Levy, ]. M. H3 K27M-mutant gliomas in adults vs. children share similar histological
features and adverse prognosis. Clin. Neuropathol. 2018, 37, 53—63. [CrossRef]

Daoud, E.V.; Rajaram, V,; Cai, C.; Oberle, R.].; Martin, G.R.; Raisanen, ].M.; White, C.L., 3rd; Foong, C.; Mickey, B.E.; Pan, E.; et al.
Adult Brainstem Gliomas With H3K27M Mutation: Radiology, Pathology, and Prognosis. |. Neuropathol. Exp. Neurol. 2018, 77,
302-311. [CrossRef]

Wang, L.; Li, Z.; Zhang, M.; Piao, Y.; Chen, L.; Liang, H.; Wei, Y,; Hu, Z.; Zhao, L.; Teng, L.; et al. H3 K27M-mutant diffuse midline
gliomas in different anatomical locations. Hum. Pathol. 2018, 78, 89-96. [CrossRef]

He, P; Chen, W.; Qiu, X.X,; Xi, Y.B.; Guan, H.; Xia, J. A Rare High-Grade Glioma with a Histone H3 K27M Mutation in the
Hypothalamus of an Adult Patient. World Neurosurg. 2019, 128, 527-531. [CrossRef]

Liu, Y;; Zhang, Y,; Hua, W,; Li, Z.; Wu, B; Liu, W. Clinical and Molecular Characteristics of Thalamic Gliomas: Retrospective
Report of 26 Cases. World Neurosurg. 2019, 126, e1169-e1182. [CrossRef]

Schreck, K.C.; Ranjan, S.; Skorupan, N.; Bettegowda, C.; Eberhart, C.G.; Ames, H.M.; Holdhoff, M. Incidence and clinicopathologic
features of H3 K27M mutations in adults with radiographically determined midline gliomas. J. Neurooncol. 2019, 143, 87-93.
[CrossRef] [PubMed]

Ebrahimi, A.; Skardelly, M.; Schuhmann, M.U.; Ebinger, M.; Reuss, D.; Neumann, M.; Tabatabai, G.; Kohlhof-Meinecke, P.;
Schittenhelm, J. High frequency of H3 K27M mutations in adult midline gliomas. . Cancer Res. Clin. Oncol. 2019, 145, 839-850.
[CrossRef] [PubMed]

Yekula, A.; Gupta, M.; Coley, N.; U, H.S. Adult H3K27M-mutant diffuse midline glioma with gliomatosis cerebri growth pattern:
Case report and review of the literature. Int. . Surg. Case Rep. 2020, 68, 124-128. [CrossRef] [PubMed]

Chen, X.; Zhong, L.; Lin, J.; Yu, J. A rare case of adult diffuse midline glioma with H3 K27M mutant in the prepontine cistern. J.
Int. Med. Res. 2021, 49, 300060520981266. [CrossRef]

Tu, ].H.; Piao, Y.S.; Lu, D.H.; Wang, L.M.; Liu, L.; Bai, D.Y,; Han, HW.; Lin, YK.; Zhong, S. An adult case of diffuse midline glioma
with H3 K27M mutation. Neuropathology 2020, 40, 627-631. [CrossRef]

Schulte, J.D.; Buerki, R.A.; Lapointe, S.; Molinaro, A.M.; Zhang, Y.; Villanueva-Meyer, J.E.; Perry, A.; Phillips, J.J.; Tihan, T,
Bollen, A.W.; et al. Clinical, radiologic, and genetic characteristics of histone H3 K27M-mutant diffuse midline gliomas in adults.
Neurooncol. Adv. 2020, 2, vdaal42. [CrossRef]

Dono, A.; Takayasu, T.; Ballester, L.Y.; Esquenazi, Y. Adult diffuse midline gliomas: Clinical, radiological, and genetic characteris-
tics. J. Clin. Neurosci. 2020, 82, 1-8. [CrossRef]

Meyronet, D.; Esteban-Mader, M.; Bonnet, C.; Joly, M.O.; Uro-Coste, E.; Amiel-Benouaich, A.; Forest, E.; Rousselot-Denis, C.;
Burel-Vandenbos, F,; Bourg, V.; et al. Characteristics of H3 K27M-mutant gliomas in adults. Neuro Oncol. 2017, 19, 1127-1134.
[CrossRef]


https://doi.org/10.1007/s00401-018-1826-y
https://doi.org/10.1007/s11060-022-04024-5
https://doi.org/10.1016/j.wneu.2022.06.020
https://doi.org/10.1016/j.prp.2021.153483
https://doi.org/10.3389/fonc.2022.861078
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1177/0284185120968560
https://www.ncbi.nlm.nih.gov/pubmed/33175579
https://doi.org/10.5414/NP301331
https://www.ncbi.nlm.nih.gov/pubmed/33191898
https://doi.org/10.1093/neuonc/not144
https://www.ncbi.nlm.nih.gov/pubmed/24285547
https://doi.org/10.1111/bpa.12336
https://doi.org/10.1016/j.humpath.2015.07.002
https://doi.org/10.5414/NP301085
https://doi.org/10.1093/jnen/nly006
https://doi.org/10.1016/j.humpath.2018.04.015
https://doi.org/10.1016/j.wneu.2019.04.172
https://doi.org/10.1016/j.wneu.2019.03.061
https://doi.org/10.1007/s11060-019-03134-x
https://www.ncbi.nlm.nih.gov/pubmed/30864101
https://doi.org/10.1007/s00432-018-02836-5
https://www.ncbi.nlm.nih.gov/pubmed/30610375
https://doi.org/10.1016/j.ijscr.2020.02.046
https://www.ncbi.nlm.nih.gov/pubmed/32145563
https://doi.org/10.1177/0300060520981266
https://doi.org/10.1111/neup.12689
https://doi.org/10.1093/noajnl/vdaa142
https://doi.org/10.1016/j.jocn.2020.10.005
https://doi.org/10.1093/neuonc/now274

Diagnostics 2024, 14, 2617 14 of 14

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Qiu, T.; Chanchotisatien, A.; Qin, Z.; Wu, J.; Du, Z.; Zhang, X.; Gong, F; Yao, Z.; Chu, S. Imaging characteristics of adult H3
K27M-mutant gliomas. J. Neurosurg. 2019, 133, 1662-1670. [CrossRef]

Gu, Q.; Huang, Y.; Zhang, H.; Jiang, B. Case Report: Five Adult Cases of H3K27-Altered Diffuse Midline Glioma in the Spinal
Cord. Front. Oncol. 2021, 11, 701113. [CrossRef]

Fujioka, Y.; Hata, N.; Hatae, R.; Suzuki, S.0.; Sangatsuda, Y.; Nakahara, Y.; Mizoguchi, M.; Iihara, K. A case of diffuse midline
glioma, H3 K27M mutant mimicking a hemispheric malignant glioma in an elderly patient. Neuropathology 2020, 40, 99-103.
[CrossRef] [PubMed]

Low, ].T.; Wang, S.H.; Peters, K.B. Diffuse midline glioma with H3 K27M-mutation in an 83-year-old woman. CNS Oncol. 2021, 10,
CNS71. [CrossRef] [PubMed]

Babarczy, K.; Reisz, Z.; Szabo, E.; Rajda, C.; Vecsei, L.; Bodi, I.; Klivenyi, P.; Hortobagyi, T.; Szalardy, L. A longitudinally extensive
H3 K27M-mutant diffuse midline glioma in an elderly patient clinically mimicking central nervous system inflammation: A case
report. Folia Neuropathol. 2020, 58, 377-385. [CrossRef] [PubMed]

Rousseau, J.; Labidi, M.; Bahary, ].P.; Bélanger, K.; Berthelet, F.; Lapointe, S. PATH-10. A case of adult thalamic diffuse midline
glioma, H3 K27-altered with an impressive response to radiotherapy and concomitant plus adjuvant temozolomide. Neuro Oncol.
2022, 24, viil51-viil52. [CrossRef]

Karita, H.; Tsurubuchi, T.; Amano, T.; Koiso, T.; Sakamoto, N.; Ishikawa, E. Spinal cord diffuse midline glioma with postoperative
acute swelling: A case report and review of literature. Surg. Neurol. Int. 2023, 14, 360. [CrossRef]

Kraus, T.E].; Machegger, L.; Poppe, J.; Zellinger, B.; Dovjak, E.; Schlicker, H.U.; Schwartz, C.; Ladisich, B.; Spendel, M.; Kral,
M.; et al. Diffuse midline glioma of the cervical spinal cord with H3 K27M genotype phenotypically mimicking anaplastic
ganglioglioma: A case report and review of the literature. Brain Tumor Pathol. 2020, 37, 89-94. [CrossRef]

Yi, S.; Choi, S.; Shin, D.A.; Kim, D.S.; Choi, J.; Ha, Y,; Kim, K.N.; Suh, C.O.; Chang, ].H.; Kim, S.H.; et al. Impact of H3.3 K27M
Mutation on Prognosis and Survival of Grade IV Spinal Cord Glioma on the Basis of New 2016 World Health Organization
Classification of the Central Nervous System. Neurosurgery 2019, 84, 1072-1081. [CrossRef]

Zheng, L.; Gong, J.; Yu, T.; Zou, Y.; Zhang, M.; Nie, L.; Chen, X.; Yue, Q.; Liu, Y.; Mao, Q.; et al. Diffuse Midline Gliomas With
Histone H3 K27M Mutation in Adults and Children: A Retrospective Series of 164 Cases. Am. J. Surg. Pathol. 2022, 46, 863-871.
[CrossRef] [PubMed] [PubMed Central]

Sugii, N.; Ninomiya, Y.; Akimoto, Y.; Tsurubuchi, T.; Ishikawa, E. H3 K27-altered diffuse midline glioma in adults arising
from atypical regions: Two case reports and literature review. Radiol. Case Rep. 2023, 19, 200-206. [CrossRef] [PubMed]
[PubMed Central]

Chen, X,; Li, Y,; Bu, H.; Zou, Y.; He, J.; Liu, H. Adult spinal cord diffuse midline glioma, H3 K27-altered mimics symptoms of
central nervous system infection: A case report. Front. Neurol. 2023, 14, 1097157. [CrossRef] [PubMed] [PubMed Central]
Aftahy, AK,; Butenschoen, V.M.; Hoenikl, L.; Liesche-Starnecker, E; Wiestler, B.; Schmidt-Graf, F.; Meyer, B.; Gempt, . A rare case
of H3K27-altered diffuse midline glioma with multiple osseous and spinal metastases at the time of diagnosis. BMC Neurol. 2023,
23, 87. [CrossRef] [PubMed] [PubMed Central]

Weller, M.; van den Bent, M.; Preusser, M.; Le Rhun, E.; Tonn, ].C.; Minniti, G.; Bendszus, M.; Balana, C.; Chinot, O.; Dirven, L.;
et al. EANO guidelines on the diagnosis and treatment of diffuse gliomas of adulthood. Nat. Rev. Clin. Oncol. 2021, 18, 170-186.
[CrossRef] [PubMed]

Noon, A.; Galban, S. Therapeutic avenues for targeting treatment challenges of diffuse midline gliomas. Neoplasia 2023, 40, 100899.
[CrossRef] [PubMed]

Donev, K.; Sundararajan, V.; Johnson, D.; Balan, J.; Chambers, M.; Paulson, V.A.; Scherpelz, K.P.; Abdullaev, Z.; Quezado, M.;
Cimino, PJ.; et al. Diffuse hemispheric glioma with H3 p.K28M (K27M) mutation: Unusual non-midline presentation of diffuse
midline glioma, H3 K27M-altered? ]. Neuropathol. Exp. Neurol. 2024, 83, 357-364. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3171/2019.9.JNS191920
https://doi.org/10.3389/fonc.2021.701113
https://doi.org/10.1111/neup.12609
https://www.ncbi.nlm.nih.gov/pubmed/31762138
https://doi.org/10.2217/cns-2020-0030
https://www.ncbi.nlm.nih.gov/pubmed/33908265
https://doi.org/10.5114/fn.2020.102440
https://www.ncbi.nlm.nih.gov/pubmed/33480242
https://doi.org/10.1093/neuonc/noac209.583
https://doi.org/10.25259/SNI_636_2023
https://doi.org/10.1007/s10014-020-00365-z
https://doi.org/10.1093/neuros/nyy150
https://doi.org/10.1097/PAS.0000000000001897
https://www.ncbi.nlm.nih.gov/pubmed/35416795
https://pmc.ncbi.nlm.nih.gov/articles/PMC9093723
https://doi.org/10.1016/j.radcr.2023.10.031
https://www.ncbi.nlm.nih.gov/pubmed/38028289
https://pmc.ncbi.nlm.nih.gov/articles/PMC10651424
https://doi.org/10.3389/fneur.2023.1097157
https://www.ncbi.nlm.nih.gov/pubmed/37396765
https://pmc.ncbi.nlm.nih.gov/articles/PMC10310954
https://doi.org/10.1186/s12883-023-03135-4
https://www.ncbi.nlm.nih.gov/pubmed/36855102
https://pmc.ncbi.nlm.nih.gov/articles/PMC9972747
https://doi.org/10.1038/s41571-020-00447-z
https://www.ncbi.nlm.nih.gov/pubmed/33293629
https://doi.org/10.1016/j.neo.2023.100899
https://www.ncbi.nlm.nih.gov/pubmed/37030112
https://doi.org/10.1093/jnen/nlae018

	Introduction 
	Materials and Methods 
	Results 
	Case Series 
	Literature Review 

	Discussion 
	Conclusions 
	References

