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high-grade glioma under current WHO classifications (updated in 2021). An essential
diagnostic criteria of DMG is its occurrence in the midline structures; most intracranial
DMG occurs in the brainstem or thalamus but can also occur in other midline structures.
We experienced 2 adult cases of intracranial DMGs in areas other than the brainstem
and thalamus that were initially difficult to diagnose. Case 1 was a 49-year-old man with
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extensive T2 high-signal lesions in the bilateral frontal lobes and corpus callosum on
brain MRI. A Gd-based contrast medium partially enhanced the lesion and showed marked
diffusion restriction, mimicking malignant lymphoma. Case 2 was a 24-year-old man who
presented with paroxysmal olfactory abnormalities. The tumor extended mainly to the
right temporal lobe, the right basal forebrain, and the bilateral hypothalamus, showing a
T2/FLAIR mismatch sign suggestive of IDH-mutant astrocytoma without 1p/19q co-deletion.

After a biopsy, both cases were properly diagnosed as DMG, H3 K27-altered (K27M-mutant).

Abbreviations: ADC, apparent diffusion coefficient; CC, corpus callosum; CED, convection-enhanced delivery; CNS, central nervous
system; CT, computed tomography; DMG, diffuse midline glioma; DWI, diffusion weighted imaging; EGFR, epidermal growth factor recep-
tor; EZHIP, enhancer of Zeste homologs inhibitory protein; FLAIR, fluid-attenuated inversion recovery; MET, methionine; MRI, magnetic
resonance imaging; PET, positron-emission tomography; PCNSL, primary central nervous system lymphoma; OS, overall survival; rCBV,
relative cerebral blood volume; TMZ, temozolomide; vs., versus; WHO, World Health Organization; W1, weighted image.
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Diagnosing adult cases involving atypical midline structures is sometimes challenging
before surgery; we discuss this phenomenon with both case details and a literature review.
© 2023 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Diffuse midline glioma (DMG), H3 K27-altered is a newly de-
fined, infiltrative brain tumor under current WHO classifica-
tion guidelines for central nervous system (CNS) tumors (up-
dated in 2021) [1], also referred to as “DMG, H3 K27M-mutant”
in a previous edition [2]. Although DMG is categorized as a
“pediatric-type,” diffuse, high-grade glioma, it also occurs in
adults, especially young adults [3].

An essential diagnostic criterion for DMG is its occurrence
in the midline structures. Most intracranial DMG occurs in the
brainstem or thalamus but can also occur in other midline
structures such as the cerebellum, pineal region, or sellar re-
gion [4-10]. Therefore, diagnosing cases in relatively rare age
groups (ie, adults) with nontypical midline sites is sometimes
challenging.

This report describes the diagnosis, treatment, and out-
comes of 2 difficult-to-differentiate adult cases of intracranial
DMG that occurred in areas other than the brainstem and tha-
lamus.

(A)

(D)

Case presentation

Case 1

A 49-year-old man presented with headache and left hemi-
paresis; a brain MRI revealed extensive T2 high-signal le-
sions in the bilateral frontal lobes and corpus callosum (CC)
(Fig. 1). There were no lesions in the thalamus or brainstem.
The lesion had an indistinct boundary and showed a par-
tially patchy contrast effect with a slight increase in relative
cerebral blood volume (rCBV). Methionine (MET) uptake was
markedly elevated on positron-emission tomography (PET),
consistent with the enhanced area, while the CC showed in-
creased signal intensity on diffusion-weighted imaging (DWI)
with restricted diffusion. From these findings, preoperative
imaging led to suspicion of a primary central nervous sys-
tem lymphoma (PCNSL) that primarily affected or secondar-
ily extended across the CC and a rigid endoscope biopsy
was performed based on contrast and hyper-accumulated
methionine.

(B)

Fig. 1 - Imaging findings of Case 1. Preoperative images are shown. The tumor, demonstrating bilateral widespread high
signal intensity area on MRI T2WI (A) and FLAIR coronal sections (B), with heterogeneous and pale contrast enhancement
on contrast enhanced T1WI (C). The tumor, partially showing a very restricted diffusion, especially in the corpus callosum
on DWI (D) and ADC-map (E). A hyperaccumulation of methionine is seen on MET PET (F). Abbreviations: ADC, apparent
diffusion coefficient; DWI, diffusion weighted image; FLAIR, fluid-attenuated inversion recovery; MET PET, methionine
positron-emission tomography; MRI, magnetic resonance imaging; W1, weighted image.
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Fig. 2 - Pathological findings of Case 1. H&E staining reveals glioma cells with prominent nuclear atypia (A). Although there
is no evidence of necrosis or microvascular proliferation, multiple mitoses are confirmed (blank arrows). The tumor is
positive for H3 K27M (B) and half negative for H3 K27Mme3 (C and D). Abbreviations: H&E, hematoxylin and eosin.

Histologically, glioma cells with prominent nuclear atypia
were confirmed, with no evidence of necrosis or microvascular
proliferation. This finding was equivalent to anaplastic astro-
cytoma, grade III in a previous classification (Fig. 2). Molecular
information was as follows: mIDH1(R132H) (-), p53 (<5%), H3
K27M (+), H3 K27me3 (1/2 loss), ATRX (partial loss), and Ki-
67 index (10%) by immunohistochemistry; MGMT hyperme-
thylation (-) by quantitative PCR; and IDH1 (wildtype), IDH2
(wildtype), H3F3A K27 (K27M-mutant), H3F3A G34 (wildtype),
HIST1H3 K27 (wildtype), and TERT promoter hotspot mutation
(-) by sequence. Hence, the integrated diagnosis was diffuse
midline glioma, H3 K27-altered, CNS WHO grade 4. The tumor
was too large to remove and radiotherapy (60 Gy/30 fractions)
with temozolomide (TMZ) and bevacizumab was offered. Re-
fusing further treatment, the patient was transferred to an-
other hospital for palliative care, where he gradually lost con-
sciousness and died with an overall survival (OS) of 9 months.

Case 2

A 24-year-old man presented with paroxysmal olfactory ab-
normalities and was found with a brain tumor, mainly in the
right temporal lobe but also extended to the right basal fore-
brain and bilateral hypothalamus (Fig. 3). The lesion did not
extend to the thalamus or brainstem. An MRI revealed low
signal intensity on T1WI and high on T2WI without diffusion
restriction. The tumor’s intensity was partially suppressed

on fluid-attenuated inversion recovery (FLAIR), indicating a
T2/FLAIR mismatch. There was neither contrast enhancement
nor MET hyperaccumulation. We suspected astrocytoma (IDH-
mutant and 1p/19q co-deleted) and performed a biopsy be-
cause radical resection was unavailable. We resected the an-
terior part of the superior temporal gyrus (Fig. 4).

Histological findings suggested lower-grade, adult-type,
diffuse glioma, but the H3 K27M mutation was confirmed
by sequencing. Other molecular information was as follows:
mIDH1(R132H) (-), p53 (-), H3 K27M (4), H3 K27me3 (loss),
ATRX (loss), and Ki-67 index (10%) by immunohistochemistry;
MGMT hypermethylation (-) by quantitative PCR; and IDH1
(wildtype), IDH2 (wildtype), H3F3A G34 (wildtype), HIST1H3
K27 (wildtype), and TERT promoter hotspot mutation (-) by se-
quence. From these results, we diagnosed it as diffuse midline
glioma, H3 K27-altered, CNS WHO grade 4. The patient under-
went radiation therapy (60 Gy/30 fractions) with concomitant
TMZ and is on maintenance TMZ chemotherapy as an outpa-
tient (6 months at this time).

Discussion

We experienced 2 rare cases of DMG arising from the hypotha-
lamus or CC. There were no apparent lesions in the distinctive
areas of the DMG (ie, brainstem or thalamus), which made the
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Fig. 3 - Imaging findings of Case 2. Pre- and 6-month-postoperative images are shown. The tumor, demonstrating
hyperintensity on MRI T2WI (A) and FLAIR coronal sections (B) without contrast enhancement on T1WI (C), spreading from
the right temporal lobe to the right frontal lobe and bilateral hypothalamic areas. Areas enclosed by dotted circles
suggesting of T2/FLAIR mismatch. Six months postoperative T2WI (D) and FLAIR coronal sections (E), revealing that the
lesion has responded well to treatment and has shrunk markedly. Abbreviations: FLAIR, fluid-attenuated inversion
recovery; MRI, magnetic resonance imaging; WI, weighted image.

preoperative diagnosis difficult; we initially suspected other
tumor types before surgery but reached an accurate patho-
logical diagnosis of DMG from molecular information. DMG,
H3 K27-altered, is a new disease concept changed in 2021
that includes epidermal growth factor receptor (EGFR) mu-
tation/amplification, enhancer of Zeste homologs inhibitory
protein (EZHIP) overexpression, and H3 K27M mutation [1,11].
The exact incidence rate of H3 K27-altered DMG is unclear
since there are still few existing reports, but the H3 K27M mu-
tation rate among adult infiltrating glioma is reported to be
2.3%-3% [7,11,12]. About 80%-85% of DMGs occur within any
of the 3 most frequent locations (ie, brainstem, thalamus, and
spinal cord) and the brainstem is most common in children
while thalamus localization is dominant in adults [4-10]. Al-
though reports focusing on DMG arising outside these dis-
tinctive areas are scarce, reported frequencies of DMGs from
the hypothalamus and CC are 1.2%-3.3% and 4.5%-4.9%, re-
spectively [5,7-9]. The mean age at diagnosis in adults is older
among DMG with nondistinctive areas vs distinctive areas [9];
however, the mechanisms and predictors of DMG develop-
ment in unusual sites are not yet known. In any case, we must
consider DMG as a differential diagnosis in cases of diffuse
glioma with nontypical midline structure involvement, even
in adults.

In addition to the scarcity of the site of occurrence, pre-
operative imaging findings were also confusing in the pre-
sented cases. In Case 1, the tumor spread bilaterally with het-

erogeneous contrast enhancement and showed CC involve-
ment with evidently restricted diffusion. In adult cases, such
findings usually infer PCNSL because it extends along white
matter fibers, including the CC, and exhibits lower ADC values
than gliomas [13,14]. As for Case 2, IDH-mutant astrocytoma
was initially suspected due to the presence of a T2/FLAIR mis-
match sign, a particular MRI feature strongly indicating IDH-
mutant astrocytoma without 1p/19q codeletion [15]. In recent
years, some reported H3 K27-altered DMG cases with T2/FLAIR
mismatch, suggesting a T2/FLAIR mismatch sign is not neces-
sarily unique for 1p/19q noncodel astrocytoma [16-18].
Generally, DMG shows hypointensity on T1WI and hy-
perintensity on T2WI, with varied contrast effects by Gd-
based medium ranging from no enhancements to par-
tial/heterogeneous, diffuse, nodular, or rim enhancements
[6,7,11,19]. Leptomeningeal involvement or subependymal
dissemination at presentation are reported at 4.8%-4.9% [4,6]
and become more prevalent later in the disease course [20].
Bilateral or whole brain extension can occur in DMG patients
[7,8,21] and rCBV values are variable but generally increased
in the enhanced area [19,22]. DMG generally shows restricted
diffusion, but the apparent diffusion coefficient (ADC) value
alone is not decisive in delineating DMG from others [19,20].
MET hyperaccumulation was seen in 81.8%-85.7% of DMG
and most recurrence occurs within the initial MET accumu-
lated areas; however, MET-PET imaging features are reported
unhelpful in differentiating H3 K27M-mutations [20,23,24]. In
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Fig. 4 - Pathological findings of Case 2. H&E staining reveals glioma cells with prominent nuclear atypia invading existing
brain structures (A). Although there is no evidence of necrosis or microvascular proliferation, areas of nuclear atypia and
high cell density are conspicuous, and little mitosis is seen (blank arrow). The tumor cells are positive for H3 K27M (B).
Tumor cells showing nuclear atypia are negative for H3 K27me3 (C and D), whereas cells in existing brain tissue are

positive. Abbreviations: H&E, hematoxylin and eosin.

summary, if multidisciplinary imaging studies are combined,
no definitive findings would differentiate DMG.

There is no established treatment method for DMG and
the reality is that treatment is considered on a case-by-case
basis. Safe maximal resection should be the first considera-
tion and up to 35% of DMG patients undergo surgical resec-
tion (from gross total resection to partial removal) [3,11]. How-
ever, the impact of tumor resection on survival is still con-
troversial in H3 K27M-mutant tumors [10,25,26]. In the pre-
sented cases, safe maximal resection was difficult due to the
vast tumor extension, and we chose to perform a biopsy fol-
lowed by radiation plus chemotherapy with TMZ. Radiation
therapy for DMG is indispensable and a conventional high
dose of 54-60 Gy fractionated external beam radiotherapy
is commonly used [10,11,26]. As for chemotherapy, no treat-
ment drugs or regimens have been proven to be effective for
DMG [10,11]. Nevertheless, TMZ is considered a first-line ther-
apy in adult DMG patients in accordance with other high-
grade gliomas because there are no other treatment options
[3,4,11,26,27]. In recent years, a small number of cases have
been reported suggesting the effectiveness of convection-
enhanced delivery (CED) for DMG and further development is
expected [28].

The median OS period of DMG is reported to be 10.5-19.6
months, considered as poor as glioblastoma [4,6,9], and, gen-
erally, adult DMG patients have a better prognosis than chil-
dren [6]. This age-related difference may be partly caused by
the anatomical tendencies of involved midline structures (eg,
brainstem vs others). Some reports suggest that anatomical
location may impact the prognosis of DMG since brainstem
DMGs have a poorer prognosis than those of the thalamus or
spinal cord [9,10,29] and DMGs with non-distinctive midline
structure (ie, CC or cerebellum) involvement seem to confer
an extended survival period versus typical locations [9]. On
the contrary, as some reports indicate that anatomical loca-
tion does not affect prognosis [8,25], a consensus has yet to
be reached. Additionally, the H3 K27M mutation may not nec-
essarily indicate a poor prognosis, especially in adults. In 3
reports on thalamic DMGs in adults, tumors with H3 K27M
mutations showed similar [3,29] or even better [27] prognoses
than those without mutations. Taken together, adult DMG
with K27-alterations arising outside the brainstem may expect
a relatively long OS prognosis. Further accumulation of cases
is awaited.

Here, we report 2 adult cases of intracranial DMG with H3
K27-alterations that occurred in nondistinctive areas of the
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hypothalamus and CC that were challenging to differentiate
from other tumors before surgery. The imaging findings of
DMG are varied; we must consider DMG as a differential di-
agnosis in case of diffuse glioma with midline structure in-
volvement, even in adults.

Patient consent

We

obtained informed consent concerning publication and

handled clinical information anonymously in accordance
with the principles of the Declaration of Helsinki and the Act
on the Protection of Personal Information in Japan.
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