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Case report

Prolonged survival in a patient with a cervical spine
H3K27M-mutant diffuse midline glioma

Kelsey Peters, Drew Pratt,® Carl Koschmann

SUMMARY

We report a case of prolonged survival in a patient with
known cervical intramedullary H3K27M-mutant diffuse
midline glioma. A 39-year-old man presented for evaluation
with several months of progressive upper extremity pain
and weakness. MRI of the cervical spine revealed an
intramedullary ring-enhancing lesion centred at C3-C4.
Following subtotal surgical resection, a diagnosis of
glioblastoma (GBM) was confirmed. Subsequent testing at
a later date revealed an H3K27M mutation. He was initially
treated with radiation and concomitant and adjuvant
temozolomide. He had multiply recurrent disease and

was treated with various regimens, including the histone
deacetylase inhibitor valproic acid. The patient passed

away 31 months (~2.5 years) after diagnosis. Our case is
one of few reported adult spinal cord GBMs possessing

the H3K27M mutation, and one with the longest reported
overall survival in the literature to date.

BACKGROUND
Primary spinal cord glioblastoma (GBM) is a rare
entity, accounting for 7.5% of intramedullary spinal
cord tumours and only 1.5% of all spinal cord
tumours.’ > The low incidence of primary spinal cord
GBM has led to a poor understanding of the clinical
characteristics and treatment options for this devas-
tating and ultimately fatal disease. Less than 200 cases
of spinal cord GBM have been presented in the liter-
ature, even fewer of which have been found to carry
the histone H3K27M mutation.'™

Diffuse midline glioma with histone H3K27M
mutation is a newly described entity in the revised
2016 WHO and corresponds to a grade IV diagnosis,
regardless of histological grade.* H3K27M mutation
was originally described in paediatric diffuse intrinsic
pontine gliomas (DIPG) but has since been reported
in adult midline gliomas, including adult spinal cord
tumours.” The literature reviewed contains fewer
than 100 cases of H3K27M-mutant tumours in the
spinal cord of adults.”” The H3K27M mutation has
been found to be associated with a worse prognosis
in several studies.”®

Here we present an adult H3K27M spinal cord
diffuse midline glioma with initial GBM histology,
one of just a few reported in the literature thus far.
Our patient’s overall survival was approximately
2.5 years, 10-14 months longer than reports to
date.®”’

CASE PRESENTATION
A 39-year-old previously healthy man initially devel-
oped numbness and pain in his left upper extremity.
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This progressed over the next 3-4 months to left
upper extremity weakness, and spread to involve
the right upper extremity as well. MRI of the
cervical spine demonstrated an intramedullary
ring-enhancing lesion centred between C3 and C4
(figure 1A). He underwent C1-C4 laminectomy
with subtotal resection of the mass. Histological
examination revealed classic features of GBM with
positive staining for H3K27M and retained ATRX
expression (figure 1B). The tumour was submitted
for comprehensive molecular profiling through
the Michigan Oncology Sequencing Project, which
confirmed the H3K27M mutation via a lysine to
methionine mutation of the 27 codon (K27M)
in the H3F3A gene.'” PCR for MGMT promoter
methylation was negative.

The patient completed 54 Gy of external beam
radiation therapy with concomitant temozolomide.
He then completed 12 cycles of adjuvant temozolo-
mide 5/28 regimen. Five months later (20 months
after diagnosis), the patient developed intermittent
but persistent nausea. Repeat MRI was obtained
and demonstrated new enhancement in the medulla
(figure 1C). The patient was started on lomus-
tine, but this was stopped after three cycles due to
progression of disease on MRI. Twenty-five months
after diagnosis, the patient had further disease
progression and was initiated on valproic acid, a
histone deacetylase (HDAC) inhibitor, with the aim
of targeting the H3 mutation.'!

The patient continued to decline over the next
2 months, with further evidence of cord oedema
on MRI and progression into the brainstem and
supratentorial white matter. The patient was
admitted to the hospital 30 months after initial
diagnosis for worsening shortness of breath and
weakness. He was given a single dose of beva-
cizumab, but experienced little clinical benefit.
The patient then suffered an aspiration event
requiring admission to the intensive care unit. He
was started on antibiotics due to concern for aspi-
ration pneumonia. Despite adequate treatment
of pneumonia, the patient’s respiratory status
continued to decline. This was likely due, in part,
to worsening cervical spine tumour infiltration
noted on repeated MRI, causing dysfunction of
diaphragmatic innervation.

OUTCOME AND FOLLOW-UP

The patient and his family ultimately decided to
transition to comfort care. He died shortly there-
after, approximately 31 months after his resection.
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Figure 1

(A) Initial MRI at diagnosis demonstrating heterogeneously enhancing mass with central areas of non-enhancement within the cervical

spinal cord from approximately C2 to C4. (B) Histopathology demonstrating characteristic features of glioblastoma (GBM), including microvascular
proliferation (white arrow) and pseudopalisading necrosis (black arrow). The tumour showed nuclear immunoreactivity for H3K27M (inset). (C)
Sagittal MRI brain demonstrates new areas of nodular enhancement in the dorsal aspect of the medulla oblongata, likely contributing to the patient's

new-onset intractable nausea and vomiting.

DISCUSSION

Primary GBM of the spinal cord is a rare entity, representing
only 1%-3% of all spinal cord tumours.'* Fewer than 200 cases
of spinal GBM have been reported in the literature.® Despite
continued advances, prognosis remains poor with overall survival
ranging from 6 to 18 months'? with a median of 12 months.’

Recent developments in paediatric brain tumours have identi-
fied a somatic missense mutation in the H3F3A gene (H3K27M),
resulting in a lysine to methionine substitution on position 27 of
histone H3 (H3K27me3) that alters downstream gene expres-
sion.”® 1* The patient we present is one of only a few spinal
GBMs reported in the literature that also harbours the H3K27M
mutation.

Originally identified in paediatric DIPGs,"” the H3K27M
mutation has since been identified in other midline structures
including the thalamus, pons and spinal cord.’ In the recently
revised 2016 WHO classification, diffuse midline glioma with
histone H3K27M mutation is now a recognised diagnostic entity
and corresponds to a grade IV glioma.* A meta-analysis of studies
comparing the overall survival of those with and without the
H3K27M mutation in paediatric DIPG, with tumour locations
including the cortex, basal ganglia, brainstem and spinal cord,
demonstrated significantly worse overall survival by approxi-
mately 2.3 years in those harbouring the H3K27M mutation.'®
However, given its rarity in adults, it is still uncertain if this muta-
tion confers the same poor prognosis as observed in children.!”

Diffuse midline gliomas may be more common in the adult
population than previously thought. In a recent study by
Schreck et al, approximately 15% of midline tumours identified
in the parasagittal cortex, basal ganglia, cerebellum and spinal
cord harboured the H3K27M mutation. This study also found
slightly improved survival in those with the H3K27M mutation
(17.6 months’ survival) versus those without (11.3 months)."”
However, another study of patients with rare thalamic gliomas
demonstrated significantly worse survival in those with the
H3K27M mutation."®

Although several studies have reported the presence of
H3K27M mutation in adult midline tumours, the number of
reported cases occurring in the spinal cord is notably less than
100.7 Y Interestingly, further review of these studies reveals

that even fewer of these H3K27M mutants were grade IV by
histopathology. For example, Yi et al reported on 25 spinal
tumours with H3K27 mutation; however, only 15 of these were
grade IV gliomas by histological grade.?® Despite an often lower
histological grade, tumours that harbour the H3K27 mutation
are clinically aggressive and often behave as high-grade gliomas
regardless of histology.*'

The overall survival reported of those diagnosed with
H3K27M-mutant spinal cord diffuse glioma is dismal, with a
median survival of 6-16 months reported across the litera-
ture,' with the longest reported survival of 20 months.” 2’ The
low incidence of spinal cord GBM overall has resulted in a lack
of clinical trials to establish the best course of treatment and
management for this devastating disease. Although most patients
are treated similar to those with intracranial GBM, efficacy in
this approach has not been established.'?

Our patient was treated with radiotherapy and concurrent
and adjuvant temozolomide but tumour progression was noted
after approximately 20 months. Given the poor prognosis asso-
ciated with standard therapy, researchers have begun to target
the epigenetic regulators that drive oncogenesis as new potential
therapies for this disease.

The H3K27M mutation drives tumorigenesis by globally
reducing dimethylation and trimethylation of H3K27, leading
to an altered transcription programme and reduced differen-
tiation.”” As understanding of epigenetic changes in tumour
cells has improved, researchers have developed new potential
treatments to target these changes. For example, HDAC inhib-
itors, like panobinostat, attempt to correct acetylation of aber-
rant histones. Grasso et al screened 83 drugs and found that
panobinostat increased H3K27me3, increased apoptosis and
lowered cell viability in K27M-DIPG cell lines.'* ** Valproic
acid is an antiepileptic drug with HDAC inhibitor activity.”’
While Grasso et al did not show sensitivity of DIPG- K27M cell
lines to valproate,** others have reported that valproate can
induce cell cycle arrest in GBM-derived cell lines*® and sensi-
tise GBM cells to radiotherapy and temozolomide therapy.”
Further studies are needed to demonstrate whether there is
truly benefit of treatment with valproic acid for patients with
H3K27M mutations.
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Review of case series presented in the literature has shown
conflicting reports on overall survival in those diagnosed with
H3K27M-mutant spinal cord glioma. Wang et al reported
a median overall survival of 13.1 months for H3.3 and H3.1
mutants (in thalamus, pons, spinal cord) versus 23.1 months
for H3 wild-type patients.® For the spinal cord alone, H3K27M
mutation has been associated with a significantly worse prog-
nosis compared with wild-type tumours.® However, Yi et al
reported improved survival with H3K27M tumours compared
with wild type. Despite this, the median survival was reported
to be 20.2 months for those with grade IV histopathology.?
Regardless, the average overall survival for patients in both of
these studies ranged from 13.2 to 20.2 months.® ° The patient
presented here lived for 31 months after his surgery, making him
one of the longest living patients presented in the literature with
a histological GBM and a known H3K27M mutation.

Several other cases in the literature have reported prolonged
survival with H3K27M mutation and non-diffuse histology.
Orillac ef al reported on two patients, one with a midline grade
I pilocytic astrocytoma and one with grade III glioneuronal
tumour, each harbouring the H3K27M mutation. These patients
survived 14+ and 22+ months, respectively, and both were
still alive at the time the reports were published. The improved
survival seen in these patients with non-diffuse histology raises
the question of whether or not the H3K27M mutation should
always signify a WHO grade IV diagnosis.”’” In addition, the
H3K27M mutation has been identified in non-midline gliomas
and the tumour was reported to have a more indolent course.”®
In tumours harbouring the H3K27M mutation, those with
low-grade circumscribed pathology had better overall survival
than those with diffuse high-grade pathology.”” Given the
conflicting reports in the literature, further studies are necessary
to define the prognostic implications of this marker.

In summary we present a rare adult spinal cord H3K27M-mu-
tant GBM. Per our review of the literature, our patient’s overall
survival was upwards of 10 months longer than any other
median survival reported to date. In addition, he was also the
first patient to receive valproic acid as monotherapy for his
H3K27M mutation. Further reporting of patients with spinal
cord GBM is needed to better understand the clinical charac-
teristics, treatment and prognosis for those with this disease. It
remains unclear if the H3K27M mutation is universally asso-
ciated with a poorer prognosis than wild-type tumours. Other
factors, including tumour location and histological grade, may
need to be considered when discussing prognosis.

Learning points

» Adult H3K27M spinal cord diffuse glioma is rare and has a
poor prognosis.

» There is no good standard-of-care treatment for this disease.

» Histone deacetylase inhibitors represent a potential targeted
therapy.

Twitter Denise Leung @DeniseLeungMD
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