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Abstract

“Diffuse midline glioma (DMG), H3K27M-mutant” was newly classified in the revised World Health
Organization (WHO) 2016 classification of central nervous system tumors. Spinal cord DMG,
H3K27M-mutant is relatively rare, with poor prognosis, and there are no effective treatment proto-
cols. In this study, we report two cases of spinal cord DMG, H3K27M-mutant treated with bevaci-
zumab. The two patients were women in their 40s who initially presented with sensory impairment.
MRI showed spinal intramedullary tumors, and each patient underwent laminectomy/laminoplasty
and biopsy of the tumors. Histological examination initially suggested low-grade astrocytoma in
case 1 and glioblastoma in case 2. Upon further immunohistochemical examination in case 1 and
molecular examination in case 2, however, both cases were diagnosed as DMG, H3K27M-mutant.
Case 1 was treated with radiation therapy and temozolomide (TMZ) chemotherapy, which induced
a transient improvement of symptoms; 3 months after surgery, however, the patient’s symptoms
rapidly deteriorated. MRI showed tumor enlargement with edema to the medulla. Triweekly admin-
istration of bevacizumab improved her symptoms for the following 12 months. Case 2 was treated
with bevacizumab from the beginning because of acute deterioration of breathing. After bevaci-
zumab administration, both cases showed tumor regression on MRI and drastic improvement of
symptoms within a few days. Although spinal cord DMG, H3K27M-mutant has an aggressive clin-
ical course and poor prognosis, bevacizumab administration may offer the significant clinical benefit
of alleviating edema, which improves patient’s capacity for activities of daily life.
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Introduction

Spinal intramedullary tumors are relatively rare
lesions, accounting for only 2%—-4% of all central
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nervous system tumors in adults.? Diffuse midline
glioma (DMG) with histone H3K27M mutation (DMG,
H3K27M-mutant) is a newly described entity in the
revised World Health Organization classification
(WHO, 2016) that corresponds to a grade IV diag-
nosis regardless of tissue histological features.? The
intersection of these two categories is extremely
uncommon: fewer than 100 adult cases of spinal
cord DMG, H3K27M-mutant have been reported in
the literature,” and only 4.3% of all DMG,
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H3K27M-mutant cases are located in the spinal
cord.? In general, DMG, H3K27M-mutant often
results in rapid neurological deterioration and has
a poor prognosis,” with a 2-year survival rate under
10%.% The standard treatment for spinal cord DMG,
H3K27M-mutant includes gross total resection or
biopsy followed by radiation and chemotherapy,”
but due to the rarity and severity of the condition,
no optimal treatment has been established with
certainty.

We have experienced two cases of spinal cord
DMG, H3K27M-mutant in which bevacizumab
temporarily stopped tumor progression and allevi-
ated edema. Bevacizumab is a humanized monoclonal
antibody against vascular endothelial growth factor
(VEGF)® that has been clinically applied as a molec-
ular-targeted agent for primary and recurrent high-
grade glioma in Japan. Although bevacizumab does
not improve overall survival in glioblastoma,®'?
previous trials have shown that it does extend
progression-free survival. However, its effectiveness
against spinal cord DMG, H3K27M-mutant has not
been clarified. In this study, we report on our
successful use of bevacizumab against spinal cord
DMG, H3K27M-mutant in two patients.

Case Report

Case 1

A 47-year-old woman presented with sensory
impairment of the right lower extremity that had
persisted for 1 month. She was referred to our
department because MRI suggested a spinal cord
tumor. Her symptoms worsened into right-side/
dominant-limb paresis and dysuria over the following
month, and she was admitted to the hospital on
an emergency basis. MRI at the initial visit had
shown an intramedullary tumor at the C6-Th1 level
(Fig. 1A and 1B), but MRI on admission revealed
tumor growth (Fig. 1C and 1D). The patient under-
went laminectomy/laminoplasty and biopsy. Histo-
logical examination revealed proliferation of tumor
cells with piloid appearance and numerous corpora
amylacea. Mitotic figures, endothelial proliferation,
and necrosis were not found. A diagnosis of
low-grade astrocytoma was made (Fig. 2A and 2B).
We then performed immunohistochemistry for
H3K27M because of the rapid tumor growth and
found that the tumor cells were positive for
H3K27M. The definitive diagnosis was DMG,
H3K27M-mutant (Fig. 2C). Radiation therapy and
chemotherapy with temozolomide (TMZ) were
initiated, and the paraparesis and sensory impair-
ment gradually improved. As the patient’s

condition stabilizes, she was scheduled to be
discharged from the hospital; just before her
scheduled discharge, however, bilateral upper-ex-
tremity sensory impairment reappeared with nausea.
MRI showed tumor growth with severe edema
extending to the brain stem (Fig. 1E and 1F). In
response, bevacizumab was started. The patient’s
symptoms drastically improved with a few days,
and she was discharged from the hospital. MRI at
14 days after bevacizumab administration showed
tumor regression with significant improvement in
edema (Fig. 1G and 1H). She was treated with
maintenance therapy (TMZ (a 5-day course every
28 days) + bevacizumab (triweekly)) as an outpa-
tient and lived at home without symptom worsening
for over 1 year. Fourteen months after discharge,
however, her paralysis gradually became exacer-
bated, and MRI showed tumor regrowth and intra-
cranial metastases (Fig. 1I-K). She died due to
poor general condition 17 months after discharge.

Case 2

A 46-year-old woman presented with a 5-month
history of sensory impairment of the right upper
extremity. She was referred to our department for
a suspected spinal intramedullary tumor on MRI
taken at her previous hospital (Fig. 3A and 3B).
Physical findings revealed right hemiparesis (Manual
Muscle Test (MMT): 2) and sensory impairment of
the right extremities. Two weeks later, her symp-
toms deteriorated and she was admitted to the
hospital on an emergency basis. MRI on admission
revealed a spinal intramedullary tumor at the
C1-C5 level (Fig. 3C and 3D). The patient under-
went laminectomy/laminoplasty and biopsy. Histo-
logically, the tumor showed a dense proliferation
of tumor cells with a necrotic focus, and a histo-
logical diagnosis of high-grade glioma, suggestive
of glioblastoma or DMG, was made (Fig. 4A—C).
We also pursued a molecular diagnosis because of
her rapid deterioration of symptoms and MRI
findings and found a K27M mutation in H3F3A
through Sanger sequencing. The patient was diag-
nosed with DMG, H3K27M-mutant (Fig. 4D). Thir-
teen days after surgery, her breathing worsened:
in response, bevacizumab was administered, followed
by radiation therapy and TMZ. MRI 7 days after
bevacizumab administration showed tumor regres-
sion with improved edema (Fig. 3E and 3F). Her
breathing condition and right hemiparesis dramat-
ically improved up to MMT 4 and she was trans-
ferred to a regional hospital. She died 11 months
after the transfer due to intracranial dissemination
of the tumor (Fig. 3G-I).
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Fig. 1 Changes over time in spinal MRI findings in a spinal intramedullary tumor with edema (case 1). (A)
T2-weighted imaging (T2WI) prior to admission showed a high-intensity area at the C6-Th1 level. (B) Contrast-en-
hanced T1-weighted imaging (CET1WI) prior to admission revealed that the tumor was diffusely enhanced at the
C6-Th1 level. (C and D) T2WI and CET1WI on admission showed tumor growth. (E and F) MRI at the time of the
deterioration of symptoms showed tumor growth with severe edema extending to the brain stem. (G and H) MRI at
14 days after bevacizumab administration showed tumor regression with significant improvement in edema. (I-K)
MRI at 14 months after discharge showed tumor regrowth and intracranial dissemination of the tumor (white arrow).

Discussion

Due to the distinctly less favorable prognosis for
glioma patients harboring the H3K27M mutation,
DMG with an H3K27M mutation in either H3F3A
or HIST1H3B/C is now considered a novel entity
known as “DMG, H3K27M-mutant.” This condition
is classified as a grade IV glioma regardless of its
other histological features and location, although it
can occur in the thalamus, pons, or spinal cord.*!*?

NMC Case Report Journal Vol. 8, 2021

Chai et al. have reported that, among 35 cases of
spinal cord DMG, H3K27M-mutant, the median age
was 35 years (range: 9—52 years), with the following
locations: cervical vertebrae, 29%; cervicothoracic
vertebrae, 20%; thoracic vertebrae, 43%; thoraco-
lumbar vertebrae, 9%.

DMG, H3K27M-mutant patients have poor prog-
noses. The overall median survival time of spinal
cord DMG, H3K27M-mutant has been reported to
range from 6 to 16 months,*'® with the longest
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Fig. 2 Histological and immunohistochemical findings in case 1. (A and B) Hematoxylin and eosin staining
showed a piloid appearance. Numerous corpora amylacea (black arrow) were seen within the tumor (A: x200,
B: x400). (C) Immunohistochemistry for H3K27M-mutant protein showed strong nuclear positivity (x400).

Fig. 3 Changes over time in spinal MRI findings in a spinal intramedullary tumor with edema (case 2). (A)
T2WI prior to admission showed a high-intensity area at the C1-C4 level. (B) CET1WI prior to admission revealed
that the tumor was enhanced at the C4 level. (C and D) T2WI and CET1WI on admission showed tumor growth
at the C1-C5 level with severe edema extending to the brain stem. (E and F) MRI at 7 days after bevacizumab
administration showed tumor regression with significant improvement in edema. (G-I) MRI at 7 months after the
transfer out of our hospital showed intracranial dissemination of the tumor (white arrow).

NMC Case Report Journal Vol. 8, 2021



Spinal Cord Diffuse Midline Glioma, H3K27M-mutant

H&E %200

H3F3A K27

Aol A

CTCGCAAIGAGTGSGC

Fig. 4 Histological and immunohistochemical findings
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in case 2. (A and B) Hematoxylin and eosin staining

showed signs of glioblastoma or diffuse midline glioma, including dense proliferation of tumor cells and necrosis
(A: x200, B: x400). (C) Immunohistochemistry showed no expression of IDH1 R132H-mutant protein (x400). (D)
Mutation analysis using Sanger sequencing showed a H3F3A K27M mutation.

survival time reported to be 31 months.® In general,
DMG, H3K27M-mutant is associated with shorter
survival time than DMG without H3K27M mutation,
regardless of tissue histological features.'” When
cases in the thalamus, pons, and spinal cord are
considered together, DMG with H3K27M mutation
has a reported median overall survival of 13.1 months,
compared to 23.1 months for DMG without mutation.
When cases in the spinal cord are considered alone,
however, the results are conflicting: Kleinschmidt-
DeMasters et al. have reported that H3K27M muta-
tion is significantly associated with poorer prognosis
in spinal cord DMG,” yet a few recent studies have
reported that spinal cord DMG with H3K27M muta-
tion is associated with prolonged overall and
progression-free survival.”'® Thus, the prognostic
relevance of the H3K27M mutant for spinal cord
tumors is controversial.

In the few years since the category of “DMG,
H3K27M-mutant” was established, circumscribed/
non-DMG with the same H3K27M mutation have
also been observed: the reported types include
pilocytic astrocytomas, gangliogliomas, and ependy-
momas.'?Y In response to these reports, in 2018,
the Consortium to Inform Molecular and Practical
Approaches to Central Nervous System Tumor
Taxonomy-Not Official WHO (cIMPACT-NOW) have
clarified the diagnostic criteria for “DMG, H3K27M-
mutant,” and suggested that this term should be
reserved for tumors that are diffuse (i.e., infiltrating),
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midline (e.g., thalamus, brainstem, and spinal cord),
and gliomas with the H3K27M mutation, and should
not be applied to other tumors with the H3K27M
mutation.?” According to this definition, circum-
scribed/non-diffuse glioma harboring the H3K27M
mutant do not fall into the DMG, H3K27M-mutant
category. Pratt et al. have reported that circumscribed
midline glioma with the H3K27M mutation have
poorer overall survival rates compared to circum-
scribed midline glioma without the mutation, but
better overall survival rates compared to DMG,
H3K27M-mutant.?® More detailed studies are neces-
sary to clarify the prognosis of circumscribed/
non-DMG as compared to DMG, H3K27M-mutant.

In case 1, the initial histological diagnosis was
low-grade astrocytoma, but we suspected an alter-
nate diagnosis because of the drastic deterioration
of symptoms and the MRI findings. Accordingly,
we followed up with immunohistochemical diag-
nosis, which enabled the diagnosis of DMG,
H3K27M-mutant. This case demonstrates that even
when histological findings indicate low-grade
glioma, it is important to consider the possibility
of DMG with H3K27M-mutation if the MRI findings
and symptoms suggest it, and to confirm diagnosis
through immunohistochemical and molecular
observations.

In terms of treatment, due to the rarity of the
disease, no optimal treatment and management for
spinal cord DMG, H3K27M-mutant has been
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established. Most cases are treated similar to intra-
cranial glioblastoma,'” but there have not been
enough reported cases for us to evaluate the effec-
tiveness of this treatment at present. In our cases,
radiation therapy and chemotherapy were performed
after biopsy of the tumors. TMZ was used for initial
and maintenance therapy according to the Stupp
regimen.?¥ In case 1, bevacizumab was started after
the standard radiation and chemotherapy regimen
because of rapid tumor growth to the brain stem
and symptom deterioration. In case 2, which was
histologically diagnosed as glioblastoma, bevacizumab
was emergently administered starting 13 days after
surgery and followed by radio-chemotherapy.

In our two cases, the administration of bevaci-
zumab stopped the tumor growth and alleviated
edema, providing rapid symptom relief. Similarly,
Kumar et al. have reported a pediatric case of
spinal cord DMG, H3K27M-mutant treated with
radiation therapy and chemotherapy with TMZ
followed by bevacizumab after tumor recurrence.?”
A certain amount of tumor shrinkage and symptom
improvement was observed in that case as well
as in our cases. Additionally, the combination of
TMZ and bevacizumab against rat spinal intra-
medullary tumors has been found to decrease
tumor growth and improve neurological outcomes.?®
As our cases demonstrate, bevacizumab adminis-
tration for spinal cord DMG, H3K27M-mutant can
immediately improve symptoms by alleviating
edema, and may extend the period during which
quality of life can be maintained. Other cases
showing the therapeutic effectiveness of bevaci-
zumab against this tumor should be accumulated
and carefully examined in the future. Bevacizum-
ab’s effectiveness at alleviating edema could make
it a valuable treatment option, as therapeutic drugs
targeting H3F3A and HIST1H3B/C mutations are
still under development.?7:2%

Conclusion

We present two cases of spinal cord DMG,
H3K27M-mutant effectively treated with bevaci-
zumab. DMG, H3K27M-mutant is characterized
by aggressive clinical behavior and very poor
prognosis, but treatment with bevacizumab might
delay tumor progression and alleviate edema,
prolonging patient’s ability to engage in activities
of daily life, although its therapeutic effects might
diminish over time. Although bevacizumab has
been shown to have a certain therapeutic effect,
its effectiveness should be carefully evaluated as
more cases are accumulated.
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