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Prolonged Complete Response With Combined
Dabrafenib and Trametinib After BRAF Inhibitor
Failure in BRAF-Mutant Glioblastoma
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INTRODUCTION

Glioblastoma (GBM) is the most common malignant
primary brain tumor.! Despite aggressive multi-
modality treatment, median overall survival (OS) is 14
to 18 months.? One potential novel therapeutic target
is V-raf murine sarcoma viral oncogene homolog B1
(BRAF), which is mutated in 1% to 2% of GBM,** as
well as other primary brain tumors including pleo-
morphic xanthoastrocytoma (PXA) and ganglioglioma.
BRAF is among the most commonly mutated kinases
in human cancer, particularly in melanoma.”

Typically regulated by extracellular factors, mutant
BRAF results in uncontrolled cellular growth via the
MEK-ERK extracellular signal-regulated kinase
pathway.® Although oral inhibitors of the oncogenic
BRAFY®% kinase have demonstrated some efficacy in
gliomas, several mechanisms mediating resistance to
BRAF inhibitors (BRAFis) are described. Moreover,
this therapy is associated with an increased risk of
hyperproliferative skin lesions such as squamous cell
carcinoma.® Combining BRAF with MEK inhibitors
mitigates these effects and improves progression-free
survival and OS compared with BRAFi monotherapy in
metastatic melanoma.®'? Furthermore, studies dem-
onstrate that the use of BRAFi in combination with
MEK inhibitors prevents the development of resistance
because of the reactivation of the MAPK pathway while
simultaneously decreasing hyperproliferative  skin
lesions.®

Although there is strong evidence for the use of BRAF
and MEK inhibitors in other malignancies, there are
few cases in the literature of primary brain tumors
treated with this combination, mainly in pediatric
glioma.'®1® We present a case of a patient with a re-
current BRAF-mutant GBM, who had a clinical and
radiographic response when treated with BRAFi
dabrafenib in combination with MEK inhibitor trame-
tinib (D+T), after failing treatment with BRAFi
monotherapy.

CLINICAL CASE

The patient is a 44-year-old man who initially pre-
sented with headaches and seizures. Brain magnetic
resonance imaging (MRI) showed a left temporal,

peripherally enhancing lesion (Fig 1). The patient
underwent gross total resection, and pathology
showed MGMT promoter unmethylated, IDH wild-type,
ATRX retained, WHO grade 4 GBM. Tumor histology
displayed a cellular astrocytic neoplasm, nuclear atypia,
mitoses, and vascular proliferation (Fig 2). No epithe-
lioid or rhabdoid morphology were observed. A next-
generation sequence-based assay (FoundationOne)
showed that the tumor cells were positive for BRAF
V60OE mutation, CDKN2A/B loss, and CHEK2
T367fs*15 mutation. He had radiation therapy with
concurrent temozolomide (75 mg/m? once per day) for
atotal of 59.4 Gy in 33 fractions, followed by 9 adjuvant
temozolomide cycles (first cycle at 150 mg/m? followed
by 8 cycles at 200 mg/m? once per day on a 5-days-on-
23-days-off schedule). He developed asymptomatic
radiographic progression on temozolomide and sub-
sequently failed carboplatin (area under the curve, 5)
after 2 cycles.

The patient had a second gross total resection 17
months after his diagnosis and was enrolled into clinical
trial NCTO1808820 of autologous dendritic cell vaccine
for recurrent GBM. Pathology showed high cellular
malignant astrocytoma with the same pathologic fea-
tures as the initial tumor, together with extensive ne-
crosis (Fig 3). The same next-generation sequence
platform was used in this second sample, and the tumor
cells again were positive for BRAF VE0OE mutation,
CDKN2A/B loss, and CHEKZ2 T367fs*15 mutation.
Variants of unknown significance are listed in Appendix
Table Al. The patient completed treatment on trial
protocol, and after 10 months, he presented with
clinical and radiographic progression. He was en-
rolled into a clinical trial (ClinicalTrials.gov identifier:
NCT02428712) of BRAFi (PLX8394) in combination
with cobicistat, achieving radiographic partial re-
sponse and complete resolution of his symptoms for
7 months. He then developed severe headaches and
right-sided weakness, and MRI showed multifocal
radiographic progression. The case was discussed at
the Precision Medicine Tumor Board, and the patient
was administered D+T (dabrafenib 150 mg 2 times
a day and trametinib 2 mg once per day), achieving,
on his first on-treatment assessment, complete resolution
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FIG 1. Magnetic resonance imaging (MRI), axial postgadolinium T1-weighted imaging. (A) Baseline brain MRI
images, before starting dabrafenib and trametinib (D+T), demonstrated progression of disease into the surgical
cavity, as well as new lesions in the left insular region and midbrain. (B) Brain MRI images at 1 month after initiation
of D+T, confirming > 50% decrease of all measurable enhancing lesions. (C) Brain MRl images at 7 months of D+T,

demonstrating disappearance of all enhancing disease.

of symptoms and radiographic partial response. He toler-
ated treatment well, although after 2 months, he developed
acute-onset right-sided weakness and had a left internal
capsule ischemic stroke of unclear etiology. The patient
was able to continue treatment with D+T. After 11 months
of treatment, the patient exhibits complete response on
MRI, and has no significant toxicities. His stroke-related
right hemiparesis continues to improve as well.

DISCUSSION

The BRAF protein is an intermediary in the RAS-RAF
pathway. After a ligand-mediated receptor tyrosine kinase
is triggered by extracellular growth factors, it activates RAS,
which initiates BRAF-mediated activation of MEK and ERK,
causing transcription of factors for cell proliferation.6” The
BRAF'6% mutation results in constitutive activation of the
MEK-ERK pathway and uncontrolled cell division. BRAF
mutations are drivers of oncogenesis in approximately 6%
of human cancer, including melanoma (40%-80% BRAF
mutation prevalence?), thyroid cancers (up to 35%,
depending on histology'®), colorectal cancers (7%-10%'7),
and non-small cell lung cancer (3%-5%1%).

BRAFY% mutations have been identified in a variety of
primary brain tumors, but they are uncommon in GBM,*°
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with the exception of the epithelioid GBM); Korshunov et al?°
found that 56% of epithelioid GBMs carry BRAF mutations.
Indeed, anaplastic PXA and epithelioid GBM are postulated
by some groups to be similar, if not the same entity, be-
cause there are no clear histopathologic or molecular
defining features to differentiate them.?! Generally, epi-
thelioid GBMs contain epithelioid or melanoma-like cells
with loose cohesion, abundant cytoplasm, and eccentric
nuclei.2° Our patient, however, had no features of PXA or
epithelioid GBM. Tissue from the patient’s first resection
(Fig 2) shows a cellular astrocytic neoplasm, nuclear atypia,
mitoses, and vascular proliferation. The second resection
(Fig 3) shows a similarly high cellular malignant astrocytoma
with the same features, together with extensive necrosis. In
both resections, epithelioid or rhabdoid morphology is
lacking. In addition, there are no features of a PXA, including
Rosenthal fibers, eosinophilic granular bodies, collagen
deposits, giant nuclei, or lipidized tumor cells.

The rarity of this mutation in adult primary brain tumors
has limited the opportunity to run disease-specific stud-
ies. Patients are usually enrolled in “basket” clinical trials
that include a variety of histologic subtypes within brain
tumor cohorts, making it challenging to apply the results
to 1 specific histologic subtype. Moreover, for radiographic
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FIG 2. Histologic features at diagnosis. (A) Hematoxylin and eosin
stain (40x magnification). (B) Hematoxylin and eosin stain (20x
magnification). Tumor sample demonstrating an infiltrative cellular
astrocytic neoplasm with fibrillary background, nuclear atypia, mi-
toses, and vascular proliferation; consistent with glioblastoma, WHO
grade 4.

assessment, these ftrials often use RECIST, which is
designed for the assessment of solid tumors, rather than
a dedicated brain tumor response criteria, such as RANO. A
recently published study by Kaley et al® reported on 24
patients with gliomas treated with vemurafenib mono-
therapy, including 6 patients with GBM. In the patients with
GBM, the best response was stable disease (SD) in 3 pa-
tients, with 2 patients experiencing progression at 3.6
months and 3.7 months, and 1 patient with prolonged SD
until 12.9 months. Our patient was treated at third re-
currence with a novel RAF inhibitor, PLX8394. A recent
publication suggested that this drug, unlike current RAF
inhibitors that are monomer selective, can disrupt BRAF
homo- and BRAF-CRAF heterodimers.?

In treating BRAF-mutant tumors, dual-targeted therapy
with BRAF and MEK inhibition has several advantages over
BRAFi monotherapy.}+?42° First, resistance develops rapidly
with BRAFi alone, resulting in progression in 6-8 months
because of reactivation of the MAPK pathway.®!15 Second,
BRAFi monotherapy causes significant skin toxicity. Peuvrel
et al®” reported that up to 90% of patients in their study had
cutaneous adverse events. The most serious toxicities, oc-
curring in 25% of their patients, included drug rash with
eosinophilia and systemic symptoms syndrome, Stevens-
Johnson syndrome, and diffuse maculopapular rash.?® In
addition, BRAFi alone was associated with keratosis pilaris,
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FIG 3. Histologic features at tumor recurrence (second resection). (A)
Glial fibrillary acidic protein immunohistochemical stain (20x mag-
nification). (B) Hematoxylin and eosin image (40x magnification).
Second resection shows a similarly high cellular malignant astrocy-
toma with nuclear atypia, focal gemistocytic morphology, abundant
fibrillary processes, vascular proliferation, and mitoses.

photosensitivity, and cutaneous carcinomas.?’” Robinson et al®®
describe the use of BRAFi monotherapy for the treatment of
a 12-year-old patient with GBM, which resulted in complete
response radiographically. Using a downstream MEK
inhibitor such as trametinib mitigates the dermatologic
effects of BRAFi and prevents the development of
resistance.®®?” Trametinib, as a single agent, improves
progression-free survival and OS in BRAFi-naive patients
with BRAF mutant metastatic melanoma.® However, minimal
clinical activity was observed with sequential trametinib
monotherapy in patients treated previously with BRAFi.?®

D+T for the treatment of primary brain tumors has been
described in few case reports (Table 1). Brown et al'® report
on 2 patients with anaplastic PXA. Notably, one of these
patients was treated previously with dabrafenib single
agent for 18 months, at which point the treatment was
discontinued and the patient commenced radiographic
surveillance. The patient had radiographic progression
2 months later and was administered D+T. Johanns et al*
describe 2 adults, both of whom had epithelioid/anaplastic
PXA histologic subtypes. One patient was started on D+T,
with clinical and radiographic response, but had progres-
sion 11 months after initiating treatment. The second pa-
tient was treated with D+T and bevacizumab, achieving
clinical and radiographic response, but presented with
tumor recurrence 3 months later because of medication
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nonadherence. Toll et al'® describe 3 pediatric gliomas. One
anaplastic astroblastoma had complete radiographic re-
sponse for 20 months, after which the patient developed
disseminated disease and expired. Two others, with an
ependymoma and an anaplastic ganglioglioma, had SD for
32 months and 23 months, respectively. Our patient lacks
epithelioid/PXA histologic features, making him distinct from
the described cases. However, these reports demonstrate
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APPENDIX

TABLE A1. Variants of Unknown Significance in Both Tumor Samples Analyzed

ARID1B BLM BRCA1 CBL FAT1 MED12 ZNF703
First sample G168D V4A R1203Q _ E4404_T4410 > A A78T A401_H402ins
(initial diagnosis) PTHLGGSSCSTCSA
Second sample G168D V4AA R1203Q W408S E4404_T4410 > A A78T A401_H402ins
(recurrence) PTHLGGSSCSTCSA
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