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CASE DESCRIPTIONS

The first patient presented at 2 years of age
when an MRI brain/spine revealed a nonenhanc-
ing, T2-hyperintense, expanded pons (Fig. 1A). A
biopsy revealed a diffuse midline glioma, H3
K27M-mutant (DMG) (Fig. 2A). UW-OncoplexTM, a
targeted sequencing platform (1), identified a
H3F3A p.K28M (i.e., H3.3 p.K27M) mutation, a
novel mutation in NF1 (NF1 p.N2071D), and muta-
tions in PIK3CA (PIK3CA p.E545K and p.G1050S).
Without a well-suited clinical trial option, Seattle
Children’s Hospital (SCH) institutional Pediatric
Brain Tumor Board recommended treatment per
our Best-Available Therapy (BAT): focal radiation
(�54Gy) with concurrent temozolomide followed
by maintenance bevacizumab, irinotecan, and
temozolomide. The patient had near resolution of
symptoms until progression 9months from diag-
nosis (Fig. 1B).
The second patient presented at 11 years of

age when an MRI brain/spine showed a

heterogeneously enhancing mass arising from the
medulla as well as intracranial/spinal leptomenin-
geal metastases (Fig. 1D). A biopsy revealed a
DMG (Fig. 2B). Cerebrospinal fluid cytology was
negative for malignant cells. UW-OncoplexTM iden-
tified mutations in H3F3A p.K28M and NF1 (NF1
p.K1423E) along with a subclone mutation in KRAS

(KRAS p.G13D). The patient received 36Gy cranio-
spinal radiation with a 54Gy boost to the cervico-
medullary junction and foci of spinal disease. An
MRI 4weeks following radiation revealed resolu-
tion of supratentorial/infratentorial leptomenin-
geal disease, but persistent medulla T2 signal
abnormality. Only 4 weeks later, the patient’s
weakness worsened. An MRI revealed increased
leptomeningeal disease with high spinal T2 signal
(Fig. 1, E and F).
After progression of disease in each patient, the

families were not interested in the early phase
clinical trials for which the patient qualified, but
the families did want to continue with a cancer-
directed therapy that would minimally impact
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quality of life. Therefore, we were tasked with pro-
viding a tolerable, potentially disease-stabilizing or
life-extending therapy in the setting of progressive
DIPG. Considering the potential benefit of MEK in-
hibition in the setting of NF1 mutations, trameti-
nib, in combination with other therapy, was
prescribed in each case. At progression, the first
patient was prescribed focal re-irradiation
(�20Gy) (2)along with the MEK inhibitor trameti-
nib (0.025mg/kg daily). This combination resulted
in symptom improvement (Lansky score increas-
ing from 70 to 90) (Fig. 1C). She received

trametinib for 5months with the only adverse ef-
fect of grade 1 rash, but died 16months from di-
agnosis. At progression, the second patient began
trametinib (0.025mg/kg daily) and oral etoposide
(50mg/m2 daily, every 14/28-days), after which
there was a reduction in back pain and hemipare-
sis. An MRI 6weeks later confirmed significant re-
duction in leptomeningeal disease (Fig. 1G). While
she had neurologic improvement during treat-
ment with trametinib and etoposide, she experi-
enced a shunt infection and lower extremity
edema. Several weeks later she developed pro-
gressive hydrocephalus and died 8months from
diagnosis.

CASE DISCUSSION

DIPG is a fatal pediatric central nervous system
(CNS) tumor affecting �300 children per year in
the United States with a median overall survival of
11months (3). As 85% of DIPG harbor mutations
in genes encoding histone 3 also present in other
gliomas, the 2016 World Health Organization
(WHO) reclassification included a novel diagnosis:
diffuse midline glioma, H3 K27M-mutant (4). Other

Fig. 2. H&E and H3 K27M mutation immuno-
histochemistry for Case 1 and Case 2.

Fig. 1. Patient 1 neuroimaging: A) Axial T2 im-
age at diagnosis. B) Axial T2 image at 9months
after initial diagnosis. C) Axial T2 image at
13.5months after diagnosis. Patient 2 neuro-
imaging: D) Sagittal T1 post-contrast at diagno-
sis. Sagittal E) T1 post-contrast and F) T2
images 8weeks after radiation. G) Sagittal T1
post-contrast image of the spine 6weeks after
initiating trametinib.
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mutations, such as ACVR1, TP53, PDGFRA, KIT, KDR,
and MYC, are not infrequent, although the less
common mutations such as in NF1 or FGFR1 may
represent targetable vulnerabilities (5). NF1 is a tu-
mor suppressor gene and regulator of the RAS/
MAPK pathway. A MEK inhibitor was prescribed
for our patients despite multiple targetable mem-
bers of the pathway, as inhibiting MEK-driven
phosphorylation of ERK in BRAF- and NF1-mutant
tumors has been preclinically and clinically effica-
cious, particularly against low-grade glioma (LGG)
(6). Of note, the specific NF1 mutation, NF1

p.N2071D, has not previously been described in
patients with neurofibromatosis, type 1, or DIPG.
While single-agent molecularly-targeted therapies
may not be curative in high-grade CNS tumors,
they may play a role in multi-agent regimens. The
median time from progression to death for chil-
dren with DIPG is 4.8months (3). While our first
patient survived 6.1months after progression and
our second patient survived 4.6months after pro-
gression, the overall survival benefit of trametinib
cannot be assessed in such a small patient
cohort.
Our patients highlight several critical factors in

the care of patients with DIPG/DMG. DIPG/DMG
may disseminate metastatically/leptomeningeally,
so patients should undergo an MRI of the spine at
diagnosis and then as clinically indicated. We also
recommend, when reasonable, to biopsy sus-
pected DIPG/DMG as molecular characterization
of these tumors is routine for clinical trials and
allows for identification of targetable mutations.
We also advocate for obtaining CSF cytology,
when clinically reasonable, to evaluate for dissemi-
nated disease. Ultimately, CSF-derived circulating
tumor DNA (ctDNA) could provide a less invasive
molecular characterization of DIPG at diagnosis,
as well as a route to track its molecular evolution
during treatment via serial CSF monitoring.
Critically, ctDNA may also provide an avenue to

offer targeted therapies to children clinically un-
able to undergo biopsy or who are being treated
at institutions without that neurosurgical capabil-
ity (7). Seattle Children’s has partnered with TgenVR

to investigate serial sequencing of CSF and plasma
ctDNA, as well as interrogation of extracellular ves-
icle cargo to not only quantify but to understand
the functional state of DIPG cells during treatment
(8). While the discovery of histone mutations
amongst DIPG/DMG has been critical, their role in
tumor initiation and treatment response remains
elusive. While concurrent mutations in NF1 are
less common, they are potentially targetable as
MEK inhibition has become routine in Ras-
pathway aberrant LGG after selumetinib demon-
strated 6969.8% 2-year progression-free survival
(6). Interestingly, there may be a correlation be-
tween a high/responsive MEK signature and con-
current Ras mutations (9). The presence of a KRAS

mutation in our second patient, therefore, may
have led to a response-predictive gene expression
pattern that could be evaluated in future patients.
Along with combining molecular agents with cyto-
toxic chemotherapies, focal re-irradiation is tolera-
ble and effective (2) and could be evaluated with
new targeted agents. Recently, another DIPG case
series demonstrated the tolerability of histone
deacetylase (HDAC) inhibition in conjunction with
re-irradiation, supporting the report of novel
approaches even when in small series (10). While
we believe the best system for evaluating novel
therapeutics is within a clinical trial, some disease
subsets, such as NF1-mutant DIPG, are so rare
that even with international collaboration their
molecular targeting could not be studied within a
clinical trial. Ultimately, whether evaluated in a clin-
ical trial or by experienced clinical teams with
careful consideration, molecularly targeted agents
may be beneficial in combination with other novel
therapies, conventional chemotherapy, or radia-
tion for children with DIPG/DMG.
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Nonstandard Abbreviations: BAT, Best available therapy; ctDNA, Circulating tumor DNA; DIPG, Diffuse intrinsic pontine glioma;
DMG, Diffuse midline glioma, H3 K27M-mutant; Gy, Gray; HDAC, Histone deacetylase; LGG, Low-grade glioma; SCH, Seattle
Children’s Hospital; WHO,World Health Organization.
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