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Dabrafenib in patients with recurrent, BRAF V600E
mutated malignant glioma and leptomeningeal disease
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Abstract. BRAF V600E mutations occur frequently in malig-
nant melanoma, but are rare in most malignant glioma subtypes.
Besides, more benign brain tumors such as ganglioglioma,
dysembryoblastic neuroepithelial tumours and supratentorial
pilocytic astrocytomas, only pleomorphic xanthoastrocy-
tomas (50-78%) and epitheloid glioblastoma (50%) regularly
exhibit BRAF mutations. In the present study, we report on
three patients with recurrent malignant gliomas harbouring a
BRAF V600E mutation. All patients presented with markedly
disseminated leptomeningeal disease at recurrence and had
progressed after radiotherapy and alkylating chemotherapy.
Therefore, estimated life expectancy at recurrence was a
few weeks. All three patients received dabrafenib as a single
agent and all showed a complete or nearly complete response.
Treatment is ongoing and patients are stable for 27 months,
7 months and 3 months, respectively. One patient showed a
dramatic radiologic and clinical response after one week of
treatment. We were able to generate an ex vivo tumor cell
culture from CSF in one patient. Treatment of this cell culture
with dabrafenib resulted in reduced cell density and inhibition
of ERK phosphorylation in vitro. To date, this is the first series
on adult patients with BRAF-mutated malignant glioma and
leptomeningeal dissemination treated with dabrafenib mono-
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therapy. All patients showed a dramatic response with one
patient showing an ongoing response for more than two years.

Introduction

Approximately 50% of all patients with malignant mela-
noma harbor an activating mutation (V600E) in the BRAF
kinase (1,2). This leads to an activation of the MAPK pathway
and thereby to uncontrolled tumor growth (3). Vemurafenib
and dabrafenib are two approved inhibitors of mutated BRAF
and have shown efficacy in patients with BRAF V600E
mutated melanoma (4,5).

In brain tumors BRAF V600E mutations have only
been reported for rare entities and at low frequency (6).
Gangliogliomas, dysembryoblastic neuroepithelial tumours
(DNT) and supratentorial pilocytic astrocytomas are mostly
benign tumors that harbor BRAF V600E mutations in
20-60, 30 and 5% of the examined cases, respectively (7-12).
Clinically relevant are BRAF V600E mutations in pleo-
morphic xanthoastrocytomas (PXA) (including anaplastic
variants) with a frequency of 50-78% and epitheloid glioblas-
tomas with 50% (8,9,13-18). Due to the low incidence of these
tumors BRAF V600OE mutations are rare in everyday clinical
practice (6,19).

Based on the results for BRAF inhibition in malignant
melanoma, vemurafenib and dabrafenib have been used on
an individual treatment basis in a few reported brain tumor
patients. These are predominantly pediatric patients with
ganglioglioma treated with vemurafenib (20-23). Furthermore,
there are two case reports on children treated with vemurafenib
for glioblastoma and pilomyxoid astrocytoma (24,25). There
are three reports on pediatric patients with BRAF mutated
brain tumors treated with dabrafenib. Two children suffered
from a ganglioglioma and one from a low-grade glioma (26-28).
Finally, there are three reports on adult patients treated with
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vemurafenib for pleomorphic xanthoastrocytoma (29-31).
The largest case series was reported by Chamberlain with 4
patients receiving vemurafenib for pleomorphic xanthoas-
trocytoma (31). Radiographic response assessment showed
progressive disease in one, stable disease in two and partial
response in one patient. Median progression-free survival
was reported with 5 months (range, 2 10 months) and median
overall survival with 8 months (range, 4-14 months). We are
not aware of reports on dabrafenib in adult patients.

In this study, we report on the first case series of 3 patients
with BRAF V600E mutated, malignant glioma and leptomen-
ingeal disease successfully treated with dabrafenib.

Materials and methods

Patients. We included three consecutive patients with malig-
nant glioma and known BRAF V600E mutation treated with
dabrafenib for progressive disease. All patients have been
diagnosed and treated at the Brain Tumor Center of the
University Hospital Frankfurt.

Ethics and approval. The study was performed in accordance
with all ethical standards laid down in the 1964 Declaration
of Helsinki and its later amendments. All patient data were
anonymized prior to analysis. Approval of our local ethics
committee was obtained for this study (No. 4/09, University
Hospital Frankfurt, Germany). All patients in this study gave
their written informed consent for scientific evaluation.

Generation and treatment of ex vivo cell culture. After
centrifugation of 2 ml of cerebrospinal fluid (CSF), the
resulting pellet was resuspended in Dulbecco's modified
Eagle's medium (DMEM) containing 10% fetal calf serum
(FCS), 100 IU/ml penicillin and 100 mg/ml streptomycin.
Subsequently, the primary cell cultures were passaged for
three passages; 100,000 cells/well of 24-well plates were incu-
bated in the presence of vehicle dimethyl sulfoxide (DMSO)
or 100 nM dabrafenib for 72 h. Life cell microscopy was done
with a Biozero Keyence microscope.

Western blot analysis. Glioma cells derived from CSF of
patient 3 were incubated for 1 h in DMEM containing 10%
FCS in the presence of vehicle or 100 nM dabrafenib. After the
incubation cells were washed with ice-cold phosphate-buffered
saline (PBS) and immediately frozen by placing the dishes in
fluid nitrogen. Lysates were prepared as described using lysis
buffer P and subjected to SDS-PAGE analysis (32). Membranes
were probed with antibodies for P-AKT (Ser473), P-Erk1/2
(Thr202/Tyr204), P-S6RP (Ser235/235) or Rabl1 (#7100; Cell
Signaling Technology, Danvers, MA, USA). The secondary
anti-rabbit antibody [Peroxidase AffiniPure Goat Anti-Rabbit
IgG (H+L)] was purchased from Jackson ImmunoReseach
Laboratories (West Grove, PA, USA). Chemiluminescence
solution was used for detection.

Results
Histopathology and molecular markers. All 3 patients

presented with highly pleomorphic astroglial tumors (Fig. 1).
Besides anaplasia, the tumors showed vascular proliferations
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Figure 1. Neuropathology. Histological (left column, H&E) and immunohis-
tochemical (BRAF V600E) staining of the initial tumor tissue is shown for
all three patients.

and partly necroses, as well as a strong immunohistochemical
expression of BRAF V600E (Fig. 1). In all patients we
performed sequencing of the BRAF gene and confirmed the
BRAF V600E mutation. We profiled all three tumors for DNA
methylation patterns using the Illumina HumanMethylation450
BeadChip. Methylation patterns did not reveal a precise
diagnosis. Therefore, diagnoses were based on morphological
characteristics. Patients 1 and 2 showed an anaplastic pleomor-
phic xanthoastrocytoma, while the tumor in patient 3 fulfilled
the criteria for glioblastoma, but without signs for epithelioid
differentiation.

Previous treatment and response to dabrafenib

Patient 1. The first patient (male) presented at the age of 24
with blurred vision, headache and papilledema. MRI scan
showed a large, contrast enhancing tumor (maximum diameter
of 6 cm) with minor hemorrhage in the right temporal lobe. A
gross total resection was feasible and histopathology showed
an anaplastic pleomorphic xanthoastrocytoma. The MGMT
promotor was unmethylated and IDH1 R132H was not detect-
able. Immunohistochemistry as well as DNA-sequencing
revealed BRAF V60OE mutation. After gross total resection
of the right temporal tumor all symptoms resolved and he was
treated with combined radiochemotherapy according to the
EORTC 22981/26981 study (33,34). After 2 cycles of temo-
zolomide chemotherapy he developed lower back pain and
sciatica in both legs. Furthermore, he reported on incontinence
and constipation. MRI showed disseminated leptomeningeal
spreading with several contrast enhancing lesions in the brain
and major contrast enhancement mainly around the lumbar
spinal cord and the nerve fibers. CSF analysis showed a cell
count of 28/ul, elevated lactate (5.12 mmol/l), elevated albumin
(3960 mg/1) and clearly detectable tumor cells. He then received



ONCOLOGY REPORTS 38: 3291-3296, 2017

Before
dabrafenib

After
one year

Figure 2. MRI of patient 1. MRI scans (T1+Gadolinium) of patient no. 1
before (upper panel) and one year after the initiation of the treatment with
dabrafenib (lower panel) is shown. The lesion in the right temporal lobe (left
column, white arrows), the lesion in the left temporal lobe (middle column,
white arrows) and the multiple lesions in the lumbar spine (left column, white
arrows) have disappeared.

palliative radiotherapy for the lumbar spine as this was the
symptomatic region. Despite radiotherapy, all symptoms and
all MRI lesions progressed shortly after radiotherapy. Two
months after radiotherapy we initiated oral dabrafenib treat-
ment with 150 mg twice daily. Dabrafenib was well tolerated,
but the patient developed acne inversa as a side-effect of
dabrafenib. MRI scans and clinical symptoms improved mark-
edly. After 2 months of treatment all symptoms had resolved
completely. Fig. 2 shows brain MRI and lumbar MRI before
and one year after the initiation of dabrafenib treatment. All
lesions fully regressed and all CSF parameters normalized. To
date, he is on dabrafenib for 27 months and MRI still shows
complete remission without contrast enhancing lesions.

Patient 2. The second patient (male) was diagnosed at the age
of 50. Notably, an MRI scan showed changes on T2 sequences
in the left temporal lobe 6 years before (incidental finding).
Because of a first epileptic seizure and progressive MRI
(maximum diameter of 4 cm) with faint contrast enhancement,
a gross total resection was performed at another University
hospital. Histopathology suggested a glioblastoma with meth-
ylated MGMT promoter and wild-type IDH. Retrospective
analyses of the initial tumor tissue at our institution and by
an external reference neuropathologist revealed an anaplastic
pleomorphic xanthoastrocytoma. Immunohistochemistry as
well as DNA-sequencing revealed BRAF V600OE mutation.
After gross total resection of the left temporal tumor he was
treated with combined radiochemotherapy according to the
EORTC 22981/26981 study (Stupp regimen) with 6 cycles of
temozolomide chemotherapy (33,34). Three and a half years
after the end of the treatment MRI showed progressive tumor
and the patient, suffering mild aphasia, underwent another
gross total resection. Thereafter, he received 6 cycles of
chemotherapy with lomustine and procarbazine. Six months
after the end of the last cycle MRI again showed progres-
sive disease and the patient suffered minimal aphasia and
minimal visual deficit. Another gross total resection was
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Figure 3. MRI and FET-PET of patient 2. MRI scans (T1+gadolinium), MR
perfusion and FET-PET is shown for patient 2. Before the initiation of dab-
rafenib MRI scans showed a contrast enhancing mass in the left parietal lobe
(white star) and disseminated contrast enhancement along all ventricles (top
panel). The larger lesion in the left parietal lobe did not show increased rCBV
(second row) and no FET uptake (third row) suggesting radiation necrosis.
Disseminated enhancement in the ventricles showed both, increased
rCBV (second row) and marked FET uptake (third row) suggesting tumor
recurrence. After one month of treatment with dabrafenib (fourth row) the
disseminated tumor decreased (white arrows) while the radiation necrosis
increased (white star). During further follow-up (2 and 4 months) the tumor
further regressed and the radiation necrosis resolved as well.

achieved. Afterwards, he received a second radiotherapy with
10 x 3.5 Gy. MRI again showed progressive disease 5 months
later with contrast enhancement along all ventricles (Fig. 3).
Aphasia had slightly progressed and he now showed a latent
hemiparesis and mild cognitive impairment. Furthermore,
MRI showed a large contrast enhancing mass in the left parietal
lobe (Fig. 3). Notably, this mass did not show elevated rela-
tive cerebral blood volume (rCBV) and no relevant O-(2-("*F)
Fluoroethyl)-L-tyrosine (FET) uptake in PET (35). In contrast,
the disseminated enhancement in the ventricles showed both,
increased rCBV (Fig. 3, second row) and marked FET uptake
(Fig. 3, third row), suggesting tumor recurrence. After one
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Figure 4. MRI of patient 3. MRI scans (T1+gadolinium) are shown before (upper panel), one week after (middle panel) and one month after (lower panel) the
initiation of dabrafenib. MRI one week after the initiation of the treatment shows a dramatic response for all lesions. After one month MRI scans show an

almost complete remission.
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Figure 5. Analyses of cerebrospinal fluid (CSF) and ex vivo tumor cell culture.
Pappenheim staining of CSF cells (A, left) and immunohistochemistry for
BRAF V600E (A, right) is shown. The lowest panel shows light microscopic
images of the ex vivo tumor cell culture after 72 h of treatment with DMSO
control and the BRAF V600E inhibitor dabrafenib. (B) Microscopic photo-
graphs of the cells 72 h after treatment with DMSO control (left) and after
treatment with dabrafenib at a concentration of 100 nM (right). Western blot
analysis is shown in (C). Phosphorylation of ERK is inhibited by dabrafenib.

month of treatment with dabrafenib at 150 mg twice daily
(Fig. 3, fourth row) the disseminated tumor markedly decreased
(white arrows) while the radiation necrosis increased (white
star). During further follow-up (2 and 4 months) the tumor
further regressed and the radiation necrosis resolved as well.
All symptoms improved and 8 months after the initiation of
dabrafenib MRI was stable and patient doing well. Dabrafenib
was well tolerated but the patient developed several small
fibroepithelial polyps.

Patient 3. The third patient (male) was diagnosed at the age of
25. He first noticed headache and then developed mild aphasia
and impairment of fine motor skills of his right hand. MRI scan
showed a contrast enhancing, cystic mass in the left temporal
lobe with a maximum diameter of 5 cm. First, the tumor was
biopsied. As histopathology did reveal a malignant astrocytic
tumor and because of the tumor size a gross total resection
was done. Histopathology showed a glioblastoma without
epithelioid cells. Analysis of MGMT promoter status was
inconclusive, the tumor showed regular expression of ATRX
and was negative for IDH1 R132H on immunohistochemistry.
Immunohistochemistry as well as DNA-sequencing revealed
BRAF V600E mutation.

After gross total resection he still suffered mild aphasia
and latent hemiparesis and was treated with combined
radiochemotherapy according to the EORTC 22981/26981
study (Stupp regimen) with 6 cycles of temozolomide chemo-
therapy (33,34). MRI follow-up two months after the last
cycle showed local tumor progression and another gross total
resection was performed. He then received another irradiation
with 10 x 3.5 Gy. Second follow-up MRI showed disseminated
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tumor spreading suggestive for leptomeningeal gliomatosis. At
that time-point, the health insurance refused our application
for treatment with dabrafenib and chemotherapy with lomus-
tine was initiated. After two cycles all lesions had progressed.
The patient now suffered massive headache, nausea and
vomiting due to hydrocephalus. Therefore, he received a
ventriculoperitoneal shunt. The first row of Fig. 4 shows
contrast enhancing lesions in the right foramen jugulare, the
fourth ventricle, the right cerebellum, the right frontal lobe and
the left frontal lobe. Now the health insurance decided to cover
the costs for dabrafenib. Dabrafenib was started with 150 mg
twice daily, was well tolerated and no drug related side-effects
have been reported. As early as one week after the initiation
of dabrafenib MRI showed a partial remission and the patient
improved dramatically (Fig. 4). After one month he reached a
nearly complete response (Fig. 4). All symptoms had resolved
completely. Three months after the initiation of dabrafenib
MRI was stable.

Ex vivo tumor cell culture. Fig. SA shows CSF of our first
patient with microscopic CSF analysis after Pappenheim
staining (left) and immunohistochemistry for mutant (V60OE)
BRAF (right). CSF showed pleomorphic, partly multinucle-
ated tumor cells with basophilic cytoplasms, cytoplasmic
blebbing (Fig. 5A, left) and an expression of BRAF V600E
(Fig. 5A, right). We were able to generate an ex vivo tumor cell
culture as described in Materials and methods. During culture
the cells remained positive for BRAF V600E but exhibited
slow growth kinetics. Cells were treated with dabrafenib,
survival was analyzed by light microscopy and protein
lysates were obtained for western blotting. Fig. 5B shows
microscopic photographs of the cells 72 h after treatment with
DMSO control (left) and after treatment with dabrafenib at a
concentration of 100 nM (right). This nicely shows that these
cells not only harbor a BRAF V600OE mutation, but also are
susceptible to kinase inhibition with dabrafenib. Furthermore,
our western blot analysis shows that phosphorylation of ERK,
a major downstream target of BRAF, is inhibited in these cells
by dabrafenib.

Discussion

In this study we present a retrospective series of 3 patients with
BRAF V600E mutated recurrent glioma and disseminated
leptomeningeal disease treated with dabrafenib at 150 mg
twice daily. Despite their poor prognosis, all patients showed
an impressive response and one patient is stable for as long as
27 months. Furthermore, we were able to generate an ex vivo
cell culture. In these cells treatment with dabrafenib resulted in
a reduced cell density and inhibition of ERK phosphorylation.

These encouraging results corroborate the need for molec-
ular screening of rare mutations in brain tumors. Furthermore,
our results add to the existing data that BRAF V600E is a
driver mutation in malignant glioma. All our patients suffered
from markedly disseminated leptomeningeal disease. At
this stage life expectancy is usually a few weeks, further
confirming the clinical relevance of our results. As all patients
suffered leptomeningeal disease and responded to dabrafenib
this confirms that dabrafenib crosses the blood-brain barrier
and reaches effective concentrations in the CSF.
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As this is a retrospective study of only 3 patients we are not
able to reliably compare our results to other case reports or the
case series on pleomorphic xanthoastrocytoma treated with
vemurafenib by Chamberlain et a/ (31). Since BRAF mutations
are rare in brain tumors, studies on other treatment approaches
are also lacking. To the best of our knowledge this is the first
series in adult patients with BRAF mutated gliomas treated
with dabrafenib. Furthermore, all of our patients showed
leptomeningeal disease. Whether this represents a relevant
bias and might select for tumors that are particularly vulner-
able to dabrafenib treatment remains unclear. Nonetheless,
our results are favorable and support the use of dabrafenib in
BRAF V600E mutated malignant glioma and leptomeningeal
disease should not be an impediment.

In BRAF mutated malignant melanoma dabrafenib is
usually combined with a MEK inhibitor such as trametinib (36).
We are not aware of published cases of patients with BRAF
mutated glioma that have been treated with combined BRAF
and MEK inhibition. There is one study on dabrafenib and
trametinib in a syngeneic murine glioma model (37). In this
study, combined treatment was more effective in reducing
tumor growth and extending animal survival (37). There
are ongoing trials evaluating the combined treatment with
dabrafenib and trametinib in patients with brain tumors.

In conclusion, this small retrospective study suggests that
dabrafenib has activity in BRAF V600E mutated malignant
glioma progressing after radiotherapy and chemotherapy.
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