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ARTICLE INFO ABSTRACT

Article history: We report an uncommon, infratentorial localization of adult H3 K27M-altered diffuse mid-
Received 11 October 2022 line glioma arising in a particularly rare site (medulla oblongata). In addition to this unusual
Accepted 23 October 2022 presentation, the lesion exhibited a substantial contrast enhancement and size decrease af-

ter dexamethasone, generating diagnostic dilemmas. Histology, molecular details, advanced
Magnetic Resonance imaging features and differential diagnoses are here described and

Keywords: discussed, as well as common misconceptions about steroid-sensitive mass lesions, and
Diffuse midline glioma practical difficulties for clinicians involved in the process of making diagnosis.

High-grade glioma © 2022 Published by Elsevier Inc. on behalf of University of Washington.
Medulla This is an open access article under the CC BY-NC-ND license
Steroid response (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Magnetic resonance imaging

Introduction

Brainstem high-grade gliomas of the adult population are rare,
representing 1%-2% of total malignant gliomas [1] (with the
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Fig. 1 - Upper panel: an intra-axial lesion centered in the right portion of the medulla oblongata, with high signal on
T2-weighted images (A) and irregular, peripheral enhancement (arrows) after gadolinium administration on T1-weighted
images (B, C). Lower panel: after 2 weeks of high-dose steroids (DEXA: dexamethasone), the mass appeared moderately
reduced in size on T2-weighed images (D); contrast enhancement was decreased on T1-weighted images (dashed arrows in

E, F).

majority of them occurring in the pons, and just about 30%
of cases primarily arising in the medulla oblongata [2]). As
they may have different genetic background or peculiar imag-
ing phenotypes from pediatric or supratentorial adult coun-
terparts, their description is important in order to improve our
understanding of the entities introduced by the most recent
WHO classifications of CNS tumors [3]. The current report in-
cludes an exceptionally rare presentation of an adult diffuse
midline glioma H3 K27M-altered of the medulla oblongata,
showing a significant and potentially confounding imaging re-
sponse after steroids, with a two-fold aim: (1) to fully docu-
ment imaging, pathology and molecular features of a rarely
observed lesion, as it may add useful information for future
classification studies; (2) to present diagnostic difficulties re-
lated to glioma steroid-responsiveness, and highlight the key
contribution of advanced imaging for the diagnosis.

Case presentation

A 54-year-old man, previous smoker with an unremarkable
past medical history, was hospitalized for a lesion in the right
medulla oblongata/upper cervical spinal cord.

Three months before he started complaining of a ther-
mal/pain anesthesia in the left arm, with a sensitive level
at D4; he then underwent a brain and spinal MRI examina-
tion, which demonstrated an expansile, intra-axial strongly
enhancing lesion with a necrotic core surrounded by edema
in the right medulla oblongata (Figs. 1A-C). No other brain or
spinal cord abnormalities were detected.

Total body 18F-FDG PET showed increased metabolic activ-
ity of the lesion. He underwent a total body CT scan with con-
trast that did not show any extra-cranial primary tumor.

Sensitive evoked potential tests were normal; considering
the possibility of an infectious disease, serological tests (Ig-G
and Ig-M for CMV, HIV, EBY, and quantiferon) were performed,
but resulted negative; also CSF examination returned normal,
with no cells nor inflammatory alterations.

To reduce mass effect in medulla, the patient was pre-
scribed a short cycle of dexamethasone. Following a mild
improvement of symptoms, a new MRI scan performed two
weeks later (Figs. 1D-F) showed reduction of the area of T2 hy-
perintensity, and overall mass effect and contrast enhance-
ment decrease. Shortly after, dexamethasone was withheld
for the onset of an acute psychotic status.

Few weeks later, the patient underwent another brain MRI
at 3 Tesla (Fig. 2) for neurological deterioration. MRI confirmed
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Fig. 2 - Brain MRI performed on 3 Tesla for neurological worsening few weeks after steroid withheld (DEXA:

dexamethasone).

a large intra-axial expansive lesion in the right medulla ob-
longata, extending along the upper right cervical spinal cord
down to the level of C2. Compared with the previous studies
(Fig. 1) the lesion had increased in size, and looked heteroge-
neously T2 hyperintense, T1 hypointense, with low ADC val-
ues (mean + SD: 636.8 + 63.6 x 10~® mm?/s). Susceptibility-
weighted imaging (SWI) showed a little intralesional param-
agnetic dot (Fig. 2D). Lesion enhancement was very intense
(Figs. 2E and F). MR spectroscopy conducted with a single-
voxel 2D PRESS technique and TE = 144 ms showed increased
Choline (Cho) and decreased N-acetyl aspartate (NAA) peaks,
with a Cho/NAA ratio of 3.42 (Fig. 3). pCASL, dynamic con-
trast enhancement (DCE) and dynamic susceptibility contrast
(DSC) were acquired (Fig. 3), with leakage correction as recom-
mended. ASL showed a highly perfused lesion (quantitative
CBF = 46.76 mL/100 g per minute, with 3.95-fold increase in
comparison to normal appearing contralateral parenchyma).
Both DSC- and DCE-derived parameters were markedly ele-
vated (rBV corrected = 14.48, Vp = 7.43) with normalized val-
ues of rBV and Vp of 6.29 and 6.32. A diagnosis of primary
malignant neoplastic lesion was suggested. The patient was
made informed about the difficulty of his individual case and
involved in the decision process. After multi-disciplinary dis-
cussion, he eventually underwent a stereotactic brain biopsy.

Histological examination revealed a high-grade glioma
with hypercellularity, marked atypia, mitosis and microvas-
cular proliferation (Fig. 4). No lymphocytic infiltrates were

present in the tissue sample. Neoplastic cells were immunore-
active for GFAP and negative for IDH1 (clone HO9/R132H) and
p53; ATRX was retained.

Tumor sample was also immunostained with anti-H3K27M
antibody showing a strong and diffuse nuclear staining in neo-
plastic cells; H3K27me3 expression was lost. Ki67 proliferation
index was also assessed with value of about 20%.

No mutations were detected either in IDH1 gene (codon
132) or in IDH2 gene (codon 172). The MGMT promoter
was methylated.

According to the 2021 WHO Classification of Tumors of the
Central Nervous System, the integrated histo-molecular diag-
nosis was diffuse midline glioma, H3 K27M-altered, grade 4 [4].

The patient was dismissed in a discrete global condition
with an indication to start conformal fractionated radiother-
apy (54 Gy in total, 27 daily fractions) in association with
Temozolomide chemotherapy as standard of care [5,6]. De-
spite that, over the following weeks he underwent a progres-
sive clinical deterioration until death.

Discussion

We fully reported the imaging and molecular features an adult
malignant brainstem diffuse midline glioma H3 K27M-altered
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Fig. 3 - DCE- and DSC-derived maps of plasma volume (VP), regional blood volume (rBV), extracellular volume (VE), and
Ktrans at the level of the lesion. ROI indicated as «1» was placed on the non-necrotic portion of the mass; on the left side,
corresponding axial T2-weighted (first row) and ASL CBF map (second row). Single-voxel spectroscopy (MRS) is displayed in
the bottom panel of the figure: in the upper row, the spectrum obtained with TE = 144 ms demonstrated high Cho/Cr ratio,
low NAA/Cr ratio, and no lipid/lactic acid peaks. In the lower row: axial, coronal, and sagittal T1-weighted images that were

used to place the voxel.

with a significant response to steroids, with the primary goal
of documenting an atypical presentation of a rare lesion.

The medulla oblongata is not a common site for a malig-
nant glioma and the presented lesion was not close to the
ventricular system as typically reported for infratentorial
high-grade gliomas [1]. However, the basic MRI signal intensity

features were overall well-fitting with a hypothesis of glial tu-
mor. Long TE MR Spectroscopy with very high Cho/NAA (>2)
pointed toward an aggressive neoplasm rather than toward
an inflammatory disease [7]. All in all, perfusion parameters
with extremely high Vp and rBV suggested a densely vascu-
larized lesion, in keeping with a malignant process [8]. Con-
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Fig. 4 - (A,B) Images of formalin-fixed paraffin-embedded (FFPE) tumor specimen hematoxylin and eosin (H&E) stained, 20 x
and 40x). Panels A and B highlight a high-grade glioma with increased cellularity, atypia, mitosis, and microvascular
proliferation. (C-E) FFPE tumor sample immunostained with anti-GFAP antibody which shows a strong and diffuse
immunoreactivity in neoplastic cells (C, 20 x), and with anti-H3K27M antibody (D and E 10x and 40x, respectively) showing
a strong nuclear staining in neoplastic cells. In contrast, normal cerebellar tissue (D, asterisk) is negative for anti-H3K27M

antibody.

sidering primary central nervous system lymphoma (PCNSL)
as the main neoplastic diagnostic alternative, the absence of
intralesional susceptibility signal on SWI and quite low ADC
could have favored lymphoma [8], but the lack of a lipid peak
at MR spectroscopy and very high Cho/Cr ratio were less char-
acteristic.

In such a setting, an imaging-based approach correctly
suggested the diagnosis of a high-grade glioma with little
uncertainties; however, in a less specialized environment,
a significant response to steroids may have introduced a
diagnostic bias in favor of PCNSL or alternative diagnoses
(eg, inflammatory), thus delaying biopsy and treatment. In-
deed, steroid-induced lesion size reduction and contrast en-
hancement decrease is typical of inflammation and PCNSL,
but this phenomenon has been also documented in other
non-lymphomatous brain tumors (kidney metastasis, medul-
loblastoma, high-grade glioma) [9].

Steroids are commonly used for their anti-inflammatory
and anti-edematous effects in neuro-oncology, and steroid-
sensitivity is a renowned phenomenon in the management
of gliomas, to the extent that variation of steroid dosage is
one of the critical elements taken into account when evalu-
ating treatment efficacy [10]. Despite this knowledge, steroids
may anyway complicate imaging interpretation, especially for
gliomas occurring in rare sites acting like “chameleons.” In
such particular cases, it is particularly challenging to man-
age the information of previous steroid administration, and
to balance its weight in the diagnostic reasoning. In our spe-
cific patient, it is also possible that the particularly con-
strained anatomical location (medulla oblongata) might have
enhanced such steroid-induced fluctuations.

Whereas in PCNSL a dramatic imaging improvement af-
ter steroid treatment is known to be mediated by apoptosis
of neoplastic lymphocytes [11], mechanisms of steroid action
in gliomas are still not completely understood, despite short-
term empirical use of dexamethasone for symptomatic re-
lief and anti-edema effect is very common. Some pathological
specimens of the few reported steroid-responding high-grade
gliomas described peritumoral mature non-neoplastic lym-
phocytes [12], suggesting a similar mechanism with PCNSL.
As these features were not present in our brain tissue sample,
we cannot exclude a different pathway of steroid-sensitivity
in our patient, maybe directly mediated by steroid receptors,
which are expressed on glial neoplastic cells, as known from
animal studies [13].

Regardless of the atypical presentation, our patient’s ex-
tremely short survival was similar with other H3 K27M-altered
gliomas: H3K27M mutation in the H3F3A gene is frequent in
midline thalamic and brainstem gliomas, and it causes a gain-
of-function mechanism in the neoplastic cells that eventu-
ally leads to abnormal cell-cycle control, autophagy inhibi-
tion, potentially increasing tumor resistance to radiotherapy.
As in other works [14], also in our patient the presence of
K27M mutation was mutually exclusive with IDH1 mutation.
Noteworthy, our patient’s lesion presented MGMT promotor
methylation, a positive predictive factor of good response to
therapy which is not frequently encountered in brainstem
gliomas [15], but despite that, his final outcome was poor. It
is possible that the positive effect provided by MGMT promo-
tor methylation was mitigated by the coexisting K27M mu-
tation, which is known to have a major impact on patients’
prognosis [14].
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Conclusion

The current report includes a rare presentation of an adult dif-
fuse midline glioma H3 K27M-altered occurring in the medulla
oblongata, with a significant and potentially confounding
imaging response after steroids. A practical lesson for clini-
cians involved in the process of making diagnosis is that an
imaging-driven approach, independent from clinical informa-
tion and steroid assumption, is always preferable and highly
recommended when facing difficult cases. It is also worth
bearing in mind that the phenomenon of steroid response is
not confined to PCNSL or inflammatory lesions, and that it
may occur with other CNS tumors, particularly glioma.

Patient consent

The patient has provided written informed consent to use his
clinical and imaging data for scientific use in the medical lit-
erature.
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