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Abstract

Purpose Children with unresectable brainstem-infiltrated ganglioglioma have poor progression-free survival when treated
with conventional chemotherapy and radiation regimens. The BRAFY*"E mutation occurs in a large number of ganglioglio-
mas, making them amenable for targeted therapy using mutation-specific kinase inhibitors. However, limited data exists on
the effectiveness and best treatment duration of these inhibitors in this tumor setting.

Method Retrospective description of three cases of childhood brainstem ganglioglioma with BRA
in the long-term with Dabrafenib, a specific BRAFYE kinase inhibitor.

Results Dabrafenib resulted in rapid tumoral regression and significant and durable clinical and radiological improvement.
However, all patients had rapid clinical and radiological relapse within days to weeks following treatment discontinuation
but showed similar rapid and sustained therapeutic response when Dabrafenib was re-introduced. This targeted therapy has
been well tolerated despite its long-term use of 4.8 to 5.5 years in the three patients.

Conclusion Dabrafenib is effective and seemingly safe and well tolerated in our three patients. We observed sustained che-
mosensitivity even when re-introducing this kinase inhibitor after its discontinuation after 2 years of therapy. These cases
indicate the need to re-evaluate the timing and means of Dabrafenib discontinuation in pediatric patients with BRAFY%00E
mutated gangliogliomas and better assess the future implications of its long-term use.
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Ganglioglioma (GG) are rare dysplastic neuronal lineage
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nervous system (CNS) tumors. Most patients usually present
with low-grade histology. Review of 348 children’s with GG
from surveillance, epidemiology, and results (SEER) cohort
between 2004 and 2010 indicates the cerebral hemisphere
as the more frequent location for this tumor, with only 3,7%
of the cases occurring in the brainstem [1]. Median age at
diagnosis is 4 years in tumors in the posterior fossa tumors
(PF) and 10.2 years in supratentorial tumors (ST) in a recent
case series [2].

GGs are usually associated with good prognosis due to
their amenability to complete surgical resection [3, 4]. How-
ever, in some cases especially in tumors of the PF this is not
possible due to tumor location and the infiltrative nature of
the disease specifically in this location. Moreover, in these
cases in need of adjuvant therapy, recent studies indicate
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that GG have a poor response to chemotherapy and radia-
tion therapy [5-7]. The patient’s event-free survival is thus
highly dependent on the extent of surgical resection, which
varies with the anatomical location. Indeed, five-year overall
survival is 96% for non-brainstem GG compared to 80%
for patients with brainstem GG in the SEER review, not-
withstanding the significant morbidity associated with local
progression and adjuvant therapies in the later setting [1].
Using recent markers uncovered in low-grade gliomas, PF
GG had previously been classified into two distinct molecu-
lar subgroups: classical GG where BRAFY%"E mutation is
identified in 43% of cases and atypical GG where BRAF
duplication KIAA1549-BRAF fusion is seen in 82% of
cases. Interestingly, a case series focusing on 13 GG of the
brainstem, the most debilitating tumor location, identifies
BRAFVE mutation in 54% cases [8].

BRAF is an essential mediator in the MAP kinase signal-
ing. The BRAFY®%E mytation is the most common muta-
tion and leads to constitutive kinase activation. It is highly
prevalent in melanoma, but has also been described in other
cancers including papillary thyroid cancer and colon carci-
noma [9]. Specific inhibitors targeting this mutation namely
Vemurafenib and Dabrafenib, have FDA approval for their
use in melanoma [10]. They are now being used with suc-
cess in clinical trials targeting these other cancers and, more
recently, are being evaluated in clinical trials in pediatric
cancers carrying this mutation including brain tumors.
These inhibitors represent thus a potential novel therapy in
BRAF-mutant GG refractory to surgical resection and stand-
ard chemotherapy. There have been recent few case reports
of success in gliomas including GG, however other reports
indicate possible resistance to these inhibitors following
their use [11]. Also, while this therapy may be efficacious,
there is no data on its long-term use and side-effects associ-
ated with long-term therapy especially in children. Moreo-
ver, data on optimal treatment duration and its discontinua-
tion are currently lacking in the literature for pediatric GG.
Here we report three cases of pediatric patients with GG
successfully treated with Dabrafenib. These children were
treated respectfully since 2014 and 2015 and are still suc-
cessfully undergoing this therapy. They are part of the rare
pediatric cases to have undergone this long-term therapy and
on which follow-up clinical information is available.

Methods

Medical charts from all pediatric patients with GG who
received Dabrafenib were retrospectively reviewed. Demo-
graphic data, pathology, tumor location, toxicity and pro-
gression-free survival (PFS) were retrieved. BRAFV600E
was confirmed by PCR. Whole exome sequencing and RNA
sequencing was conducted on case 1 and 2 based on material
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availability in these patients. Immunohistochemical analysis
of TP53, P16 and H3K27M were retrospectively performed
on all three cases as previously described [12]. Tumor
response evaluation was based on modified RANO criteria
(Response Assessment in Neuro-Oncology). The grading
of toxicities is based on Common Terminology criteria for
Adverse Events Version 4.0 (CTCAE). Local ethic commit-
tee approved this study.

Case series
Case 1

A 26-month-old female with a past medical history of
asthma and overweight consulted the pediatric emergency
room due to progressive sleep apnea and fatigability. Apart
from macrocrania, physical exam was normal. Sleep moni-
toring confirmed mixed apnea, predominantly central. A
brain MRI showed a cervicomedullary tumor extending to
the brainstem, medulla and C1-C4 spinal cord. The patient
underwent a debulking of the cervicomedullary tumor and
histopathology confirmed a ganglioglioma WHO grade 1.
The patient was started on weekly Vinblastine. The patient’s
central sleep apnea improved initially but fatigue and minor
intermittent dysphagia persisted. Ten months later, the bul-
bar component of the tumor increased significantly in size
on the MRI. A second partial resection of the exophytic
component of the brainstem tumor was done. Pneumopathy
with deterioration of swallowing was noticed during the next
few weeks, the patient required Bipap and gastrostomy for
supportive care. Chemotherapy with Vincristine-Carboplatin
was started. After 4 months of treatment, follow-up MRI
showed significant tumoral progression with C6 infiltration.
The patient underwent a third partial resection followed by
local radiation of 54 Gy. Histopathology confirmed recurrent
ganglioglioma with increased Ki-67 ranging from 2 to 10%
with a BRAFY%E mutation identified in all three resections.
One month later, left hemiparesis, daytime apnea, increased
weakness, decreased fine motor skills and significant swal-
lowing difficulty was present. Insertion of catheters into the
cervical syrinx cavity was done to decompress the mass
effect on the brainstem and a tracheostomy was needed for
continuous ventilation. An MRI done 6 months following
radiation therapy confirmed the progression of the enhanc-
ing component with surrounding oedema (Fig. 1a).

The patient started Dabrafenib 50 mg twice daily
(3.75 mg/kg/day) on a compassionate basis, at 2-years post-
diagnosis. Over the next few weeks, she demonstrated sig-
nificant global clinical improvement and was even able to
enter kindergarten. Imaging showed significant reduction of
the volume of the tumor and enhancement. Due to the lack
of data on long-term effect of BRAF inhibitor and tumor
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Fig. 1 a Sagittal T2 Spine MRI following significant progression of
the ganglioglioma before the treatment with Dabrafenib. b Sagittal T2
Spine MRI showing significant reduction of the tumor enhancement
in the cervicomedullary region following 21 months of Dabrafenib. ¢

response, the treatment was discontinued after 24 months
(Fig. 1b). Six days after discontinuation, the patient was
readmitted with increasing neurological symptoms, brady-
cardia and worsening of nocturnal apnea. The MRI done
showed enhancing component of the bulbar lesion that tri-
pled in size when compared to previous MRI at 21 months
(Fig. 1b, c) and Dabrafenib twice daily at 50/100 mg was
restarted. The patient recovered quickly, she left intensive
care unit 48 h later and went back into clinical remission
over several days. One month later, the MRI was comparable
to the previous imaging before the discontinuation of Dab-
rafenib (Fig. 1d). Currently, this 10-year-old girl has a very
good quality of life and has now been receiving Dabrafenib
since 5.5 years without side effects. Retrospective analyses
of the three resections showed the BRAFV600E mutation
to be the only pathogenic event in all three tumor samples.

Case 2

A 15-year-old boy presented with weakness of the left upper
extremity, sleep apnea, unstable gait and a modified voice
due to a partial paralysis of the left vocal cord. The MRI
revealed a cervicomedullary lesion. He underwent partial

Sagittal T2 Spine MRI showing a rapid growth of the bulbar compo-
nent of the lesion 6 days following discontinuation of Dabrafenib. d
Sagittal T2 Spine MRI showing a significant reduction of the tumor
1 month following re-introduction of Dabrafenib

resection of the tumor. Pathology showed ganglioglioma
WHO grade I with BRAFY*F mutation. He was observed
for the next 4 months with seemingly stable disease before
he rapidly progressed. He was then treated by focal radia-
tion therapy of 54 Gy, which had mainly temporary ben-
efits. Within seven months, he complained of progressive
left hemiparesis, dysphagia, and ataxia, major changes to
his voice and increased sleep apnea. Imaging revealed sig-
nificant progression of the cervicomedullary ganglioglioma
(Fig. 2a). Based on the presence of the BRAF mutation,
he was started on Dabrafenib 150 mg po BID (5 mg/kg/
day). Within 2 weeks of starting therapy, there was a drastic
improvement in his gait, sleep apnea and voice. The treat-
ment was very well tolerated, allowing the patient to resume
his regular level of activity. A follow-up MRI showed sig-
nificant partial response (Fig. 2b). The patient experienced
grade I skin toxicities (light erythema of palms, arms and
face, acne, an episode of tinea pedis). High blood pressure
was also noted (grade II) and was treated by enalapril, but
value above the 95th percentile preceded the start of Dab-
rafenib and was likely due to patient’s overweight prob-
lems (BMI 34 kg/cm?) and sleep apnea. Dabrafenib was
stopped after a scheduled 24-month period. Six weeks after

@ Springer



138

Journal of Neuro-Oncology (2019) 145:135-141

Fig.2 a Sagittal T2 Spine MRI before Dabrafenib treatment. b Sag-
ittal T2 Spine MRI after 10 months on Dabrafenib showing radio-
graphic regression. ¢ Sagittal T2 Spine MRI showing an increased

discontinuing Dabrafenib, his initial symptoms recurred, and
an MRI confirmed disease progression (Fig. 2¢). Dabrafenib
was quickly restarted and within one month the MRI showed
strong radiological and clinical response. Under this therapy,
he continues to show stable disease following the significant
response observed at treatment re-initiation and we are now
over 2Y2 years after restarting Dabrafenib (Fig. 2d).

Case 3

A six-year-old boy presented with neck pain and progressive
right arm weakness. He had an MRI for a suspected brachial
plexus injury, which showed a lesion in the lower brainstem
extending from the craniomedullary junction to C7 (Fig. 3a).
A biopsy was conducted confirming the radiological diag-
nosis of ganglioglioma WHO grade I and identifying a
BRAFY®%E mutation. Based on extensive disease and the
debilitating surgical procedure with known limited efficacy
of conventional therapies in brainstem ganglioglioma, and
our experience in case 1 and 2, upfront targeted therapy was
discussed as the child had motor loss of his right hand and
arm and a level of right leg weakness. The reported rapid
effectiveness of specific BRAF kinase inhibitors in small
case series but also in our experience, led us to offer this
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size of the lesion 6 weeks following discontinuation of Dabrafenib.
d Sagittal T2 Spine MRI showing a stable partially regressed tumor
1 year after re-introducing Dabrafenib therapy

therapeutic option after discussion of the case in a multi-dis-
ciplinary meeting which included neurosurgeons, radiation
oncologists, radiologists, pathologists, neuro-oncologists
and members of the Ethics Review Board. This targeted
therapy was duly presented to the family with emphasis
on potential risks and its yet unknown benefits including
the uncertainty of treatment duration and long-term side-
effects. The parents opted for the use of targeted therapy
and the child was started on Dabrafenib post-operatively
at a dose of 75 mg po bid (5 mg/kg/day). After initiating
treatment, he showed a rapid improvement of strength in his
right hand. Follow-up imaging revealed partial regression (~
50%) of the tumor and its enhancement within 23 days of
initiation and continuous response at 12 months (Fig. 3b).
The patient experienced minor cutaneous toxicity, includ-
ing a maculopapular rash of the lower extremities, skin
hyperpigmentation, paronychia (all grade I), one episode
of erythema nodosum (grade II) and focal panniculitis of
the lower extremities, which spontaneously resolved. After
remaining stable clinically and on imaging for two years
while on Dabrafenib, the patient was subsequently tapered
off. A follow-up MRI 6 weeks post-discontinuation of treat-
ment revealed significant progression in tumor size and
enhancement (Fig. 3c). Clinically, the patient also had mild
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Fig.3 a Sagittal T2 Spine MRI showing a lesion in the lower
brainstem, starting at the craniocervical junction until the C7 junc-
tion before Dabrafenib treatment. b Sagittal T2 Spine MRI sagit-
tal showing significant tumor size and enhancement regression after
12 months of Dabrafenib therapy. ¢ Sagittal T2 Spine MRI 6 weeks

progression of his right arm weakness and headache. He was
immediately re-started on Dabrafenib, after which follow-up
imaging at 11 weeks showed significant tumoral regression.
The patient is still on treatment since 2017 and shows no
signs of progression (Fig. 3d). The only side-effects noted
are a curly hair and a tendency to overweight which is being
corrected with dietary measures. The proposed therapeutic
plan is to taper to half dose daily and follow-up with the
aim of potentially identifying the minimal therapeutic dose
required to control tumor progression.

Discussion

Brainstem GG are rare tumors and therapeutic decisions
are challenging. As per a literature review from 180 cases
of GG, there are five times more recurrences with brain-
stem GG compared to supratentorial GG tumors [13].
Dahiya et al. showed a worse progression free survival in
BRAFYS%E positive GG with a respective PES of 80% and
58% at 150 months. Rush and al. showed successful treat-
ment with Vemurafenib but a larger clinical trial is needed
to confirm longer PFS in Vemurafenib versus single agent

post-discontinuation of Dabrafenib showing rapid tumoral growth and
progressing enhancement. d Sagittal T2 Spine MRI 1 year follow-up
of stable partially regressed tumor size and enhancement after restart-
ing Dabrafenib

Vinblastine (PFS =42% at 5 years) [2, 8, 14-16]. For now,
molecular targeted therapy is rarely used or necessary in the
treatment of ganglioglioma. However, in the case of GG not
amenable to surgical resection or refractory to conventional
chemotherapy, new targeted therapy for BRAFYE mutated
tumor is a promising opportunity.

Gliomas with BRAFV®%E mutation are particu-
larly sensitive to BRAF inhibitors in adults. Shih et al.
reported a 21-year-old man with a progressive and refrac-
tory BRAFY%E mutated ganglioglioma who was treated
with Dabrafenib. The patient had a partial response after
2 months of treatment [17]. Chamberlain et al. reported on
four adult patients with recurrent BRAFY6%E mutated plei-
omorphic xanthoastrocytomas (PXA) treated with Vemu-
rafenib. Stable disease was documented in two patients,
partial response in one patient and progressive disease in
one patient [18]. Even for high-grade gliomas (HGG) there
is some evidence that the use of BRAF inhibitors could be
beneficial. Robinson et al. reported complete clinical regres-
sion of a BRAFVS"E mutant glioblastoma 6 months after
treatment with Vemurafenib [19]. Two other patients with
BRAFY%E HGG treated with Vemurafenib experienced a
partial response [20]. Meletath et al. reported the case of
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a 25 year-old man with HGG BRAFY®%E mutated arising
from a ganglioglioma, treated with tumor radiation field and
Dabrafenib, who is still in complete remission at 2 years of
follow-up [21].

In children, several glioma entities show significant per-
centage of tumors harboring BRAFV600E. These include
GG, extra-cerebellar pilocytic astrocytomas, PXAs, and
HGG and may benefit from this targeted therapy. Indeed,
BRAFY%E mutated pediatric LGG are seemingly therapeu-
tically distinct from other LGG. The 10-years PFS is 27%
in this setting vs 60% with conventional therapy, showcas-
ing the need for a different therapeutic approach and novel
therapies [22]. Similarly to adults, responses to BRAF
inhibitors have also been reported in children with BRAF-
mutant gliomas. Brown et al. reported successful treatment
of a recurrent anaplastic PXA with BRAFY®%E mutation
with Dabrafenib [23]. A 2-month-old infant with BRAFY®®
mutated hypothalamic chiasmatic glioma responded to Dab-
rafenib [24]. In a phase I study of Dabrafenib in pediatric
patients with BRAF mutated LGG, HGG and other solid
tumors, Kieran et al. demonstrated that 75% of HGG patients
responded completely or partially and 14 out of 15 LGG
patients showed a partial response or stable disease [25].

In our series, all three patients showed rapid and sus-
tained clinical and radiological response, within the first
2 weeks for clinical symptoms and 4 weeks for the first
MRI. A significant clinical and radiological improvement
were achieved and sustained at 4.8 to 5.5 years follow-up for
our three patients, even in one patient who was previously
aggressively treated. Radiological responses where in the
range of 70 to 85% in the three cases, with major decrease
of enhancement and tumor observed within the first months
and stable disease on follow-up imaging. Treatment was and
still is well tolerated in all three patients with the main noted
side effects being skin lesions at treatment initiation that
regressed in all cases and curly hair with a tendency to over-
weight that can be managed with dietary and exercise meas-
ures. Dabrafenib was started as a first line therapy for one
patient (case 3) after surgical biopsy. This decision was sup-
ported by the fact that surgical options were limited and the
known relative lack of action of standard adjuvant therapies
either chemotherapy or radiation therapy, also mirrored by
our prior experience in case 1 and 2. This prompted us fol-
lowing the agreement of our review ethic’s board to present
this therapeutic alternative to the family. Moreover, based
on preliminary results from the ongoing phase I/II study
of this inhibitor in pediatric solid tumors, it was believed
that a BRAF inhibitor could improve rapidly his clinical
status and hopefully avoid significant loss of motricity in his
dominant right hand, which we rapidly observed following
treatment initiation. Discontinuation of Dabrafenib led to
a dramatic rapid relapse in all three cases: over a few days
for the first patient and few weeks later for the other two.
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All were successfully treated with the reintroduction of the
same BRAF inhibitor. This is suggestive of maintenance of
chemosensitivity of the tumor even after relapse and has
significant biological implications for BRAFY®%E positive
gangliogliomas. This contrasts with recent reports mainly in
PXA or in GG with loss of p16 where therapeutic resistance
to this targeted therapy was observed after a few month [11].
This maybe due to our small sample size or more possibly to
the fact that in all three cases no other pathogenic alteration
was identified on the tumor exome and transcriptome, while
expression of the p16 checkpoint inhibitor was maintained
in all our cases. Indeed, PXA and lower grade gliomas with
worse prognosis often harbor loss of p16 which was not the
case in our patient set [26, 27].

Currently, limited data is available with regards to the
appropriate timing of discontinuation of Dabrafenib ther-
apy, especially in the pediatric population. Aguilera et al.
reported a patient with refractory brainstem ganglioglioma
treated with Vemurafenib, which had successfully been
retreated with the same drug after recurrence post-discon-
tinuation [28]. Bautista et al. reported a patient with HGG
having a good response to Vemurafenib but only a partial
response with retreatment following discontinuation [20].
Skrypek et al. reported a BRAFY®YE positive optic pathway
glioma treated with the combination of Vemurafenib and
Vinblastine which rapidly lost its response at discontinua-
tion of treatment but similar to our case series still showed
therapeutic response following the reintroduction of the
same chemotherapy [29]. Multiple teams have also shown
successful short-term responses to BRAFY®%E inhibitor for
LGG [16, 17, 30]. This is similar to what is observed in
patients with targeted therapy with Everolimus for astrocy-
tomas in tuberous sclerosis who relapse at the discontinua-
tion of the mTOR inhibitor but still respond when the drug
is re-introduced [31].

Conclusions

These cases add to the ongoing evidence that clinical and
radiological responses can be rapidly achieved using tar-
geted inhibitors in patients with brainstem GG harboring
the BRAFY®F mutation. Furthermore, we show that abrupt
discontinuation of Dabrafenib can induce a rapid relapse
as all three paediatric patients rapidly relapsed despite the
24 months of clinical stability under therapy. We also show
that chemosensitivity and response can be maintained after
reinitiating the same treatment following relapse without the
need for another adjuvant therapy or dose increase. An inter-
national collaboration and a prospective study are needed
to obtain a larger database of pediatric patients treated with
BRAFY00E positive tumors, and to define the benefit of tar-
geted therapy at relapse and even at initial diagnosis. We
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should explore the best duration of treatment, the possibility
to slowly wean off the drug after several months of maximal
efficacy and to collate data to learn more about the potential
side effects its long-term use may have.
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