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Abstract
Recent advancements in understanding the biology of glioblastomas (GBM) and increasing 
adoption of genomic sequencing in oncology practice have led to the discovery of several 
targetable mutations in these cancers. Among them, the BRAF V600E mutation can be found 
in approximately 3% of GBM. Despite the aggressive nature of GBM, metastatic disease is 
rarely observed. While there are growing data utilizing BRAF-targeting strategies in patients 
with GBM, data examining their efficacy in cases of metastatic GBM are lacking. We present 
the case of a 46-year-old female with GBM, isocitrate dehydrogenase (IDH)-wildtype and 
O6-methylguanine-DNA methyltransferase promoter (MGMT) unmethylated, BRAF V600E-
mutant, and MYC amplified with extra-central nervous system spread to the spine and lung. 
Four months after completion of treatment with standard chemoradiation and temozolomide, 
the patient developed severe back pain, leading to the eventual discovery of her metastatic 
disease. Based on the presence of the BRAF V600E mutation, the patient was treated with and 
achieved an intracranial and systemic response to combination BRAF-MEK targeted inhibition 
for 9 months before evidence of progression.
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Introduction

Glioblastoma (GBM) is the most frequently occurring malignant primary adult brain cancer. 
Despite aggressive treatment with surgery, radiation, and temozolomide and decades of clinical 
research, the prognosis of these patients has remained poor, and virtually all patients die of their 
disease. Over the past decade, there have been multiple studies identifying the genetic landscape 
of GBMs; however, only few potentially targetable genetic alterations have been identified. Impor-
tantly, 3% of GBMs harbor a mutation in BRAF V600E. The clinical benefit of targeting BRAF 
V600E with small molecule tyrosine kinase inhibitors has been demonstrated across a number 
of solid tumors, including melanoma, lung, and colon cancers [1, 2]. Here we present a case of a 
46-year-old female with an IDH-wildtype, O6-methylguanine-DNA methyltransferase promoter 
(MGMT) unmethylated GBM that was found to be BRAF V600E-mutant and MYC amplified, with 
osseous and pulmonary metastases treated with BRAF/MEKi combination therapy.

Case Report

The patient is a 46-year-old previously healthy female who initially presented with loss of 
consciousness and in status epilepticus. Head CT revealed a left parietal intraparenchymal 
hematoma (5.3 × 4.1 × 4.1 cm) with an underlying well-circumscribed hyperdensity suggestive 
of a mass with associated edema, causing 8 mm midline shift and left uncal herniation. The 
patient was taken for emergent surgery for hematoma evacuation and partial resection of her 
left parafalcine parieto-occipital mass. Post-op brain MRI showed a residual 3.2 × 2.7 × 3.8 cm 
enhancing mass. Pathology revealed a densely cellular, astrocytic infiltrative tumor consistent 
with a diagnosis of WHO grade IV glioma, IDH-wildtype, MGMT promoter unmethylated. 
Subsequent chromosomal microarray and sequencing studies revealed a BRAF V600E mutation, 
TERT and MYC amplifications, and CDKN2A/B loss. She received standard-of-care concurrent 
chemoradiation (ccRT) with 60 Gy in 30 fractions and temozolomide 75 mg/m2 daily during 
radiation for a total of 6 weeks. After discussion with the patient, given her IDH-wildtype status 
and unmethylated MGMT promoter, consideration of toxicities, and in the context of the 
COVID-19 pandemic, she did not receive further adjuvant temozolomide. In the months that 
followed, her brain imaging remained stable and, with intensive rehabilitation, the patient expe-
rienced significant motor and cognitive recovery. At 8 months from her diagnosis, she began 
experiencing focal mid-level back pain that progressed over the next 2 months despite physical 
therapy and conventional symptomatic management. Spinal MR imaging showed diffuse tumor 
involvement of the C6, T2, T6, T9, T11, and L3 vertebrae with pathologic fractures and epidural 
extension with thecal sac compression at T6, T9. The patient subsequently underwent palliative 
kyphoplasty, diagnostic biopsy, and microwave ablation. Pathology from a right T11 pedicle 
lesion was consistent with metastasis from her GBM with immunohistochemistry showing posi-
tivity for GFAP, OLIG2, and BRAF V600E (Fig. 1, 2). She was later readmitted for pain control via 
palliative radiation to her thoracic spine (30 Gy in 10 fractions). Interval brain and spinal imaging 
demonstrated progressive disease. PET-CT revealed additional FDG-avid foci in the hip and right 
lung consistent with additional extracranial GBM metastases. Because of the targetable nature 
of BRAF V600E, she was initiated on combination BRAF/MEK inhibition with dabrafenib 150 mg 
twice daily and trametinib 2 mg daily, 11 months after her initial diagnosis. First on-treatment 
interval scans demonstrated partial radiographic response with interval reduction in tumor 
volumes within the brain and throughout the spine (Fig. 3). Additionally, the right lung lesion 
was no longer present. She tolerated therapy well without adverse symptoms. A single dose 
reduction was required for grade 3 neutropenia. Approximately 9 months into her targeted 
therapy course, her brain parenchyma remained stable, but, unfortunately, she developed a new 
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L5 vertebral metastasis extending laterally into her left psoas muscle. Despite a course of focal 
palliative radiation to this area and one cycle on single agent temozolomide, her metastatic 
burden quickly progressed with diffuse osseous infiltration, recurrence in the cerebral resection 
cavity, as well as worsening pulmonary metastases. Given her unmethylated status, disease 
burden, and rate of progression, the patient opted for a transition to hospice care. She died 13.5 
months after initiating targeted therapy and 24 months after her original diagnosis.

Discussion

This case report documents a rare presentation of a metastatic BRAF V600E-mutant 
GBM with extracranial spread that is responsive to combination BRAF/MEK inhibition 
therapy. This case is unique due to extracranial metastases of a GBM and the presence of 

a

b c

Fig. 1. a Histologic section from a biopsy of a right T11 pedicle lesion revealing a primitive neoplasm with 
smooth chromatin and fine fibrillary background. Immunohistochemistry shows positivity for GFAP and 
OLIG2 (b, c). Additionally, the same cells were negative for desmin, CD99, CD138, CD45, synaptophysin, and 
chromogranin. WT-1 revealed cytoplasmic expression and cytokeratin AE1/AE3 showed variable reactivity 
representing aberrant antigen cross-reactivity.
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a BRAF V600E mutation. Her clinical course highlights the potential benefit of BRAF-targeted 
therapy in advanced GBM, and we discuss here the potential effect of MYC amplification on 
response and progression.

While seemingly rare, extracranial metastases in GBM are an ominous portend [3]. The 
method of extracranial spread is largely unknown. Risk factors include surgical intervention, 
younger age at diagnosis, and increased time since diagnosis. Potential mechanisms include 

Fig. 2. Histologic section from biopsy of a right T11 pedicle 
lesion (biopsy sample same as in Fig. 2) with immunohisto-
chemistry showing positivity for BRAF V600E.

a b c

e

d

f g h

Fig. 3. MR images of the brain (upper panel) and sections of the spine (lower panel) demonstrating a radio-
graphic response to combined BRAF and MEK targeted inhibition with dabrafenib and trametinib. T2/FLAIR 
(a, c) and T1 post-contrast (b, d) images of the brain show reduction in both extent of T2/FLAIR signal and 
contrast enhancement in response to treatment. A response to treatment was also seen in the thoracic spine 
(e–h). A measurable lesion is marked with an arrow. Note that the more caudal lesions had been previously 
irradiated, rendering assessment of response to dabrafenib and trametinib inconclusive.
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hematogenous spread via tumorous neovascularization and lymphatic spread [4]. The most 
common areas of extracranial spread include bone (38%), lymph nodes (37%), lungs (32%), 
and liver (18%), with a median survival time from diagnosis to death of 13 months [3]. While 
most cases of osseous metastases are asymptomatic, our patient developed multiple osseous 
lesions that presented as arthralgias in the thoracic spine and progressed into crippling back 
pain. In addition to diffuse vertebral involvement, our patient also developed a lung metastasis. 
In a retrospective study that evaluated survival in 83 patients with extracranial metastases, 
25 had lung metastases and their presence was associated with inferior prognosis when 
compared to other extracranial metastases of GBM [5].

While uncommon in GBM, BRAF V600E mutations are increasingly detected given the 
growing ubiquity of genomic sequencing; only approximately 3% of all GBM harbor BRAF V600E 
alterations; BRAF mutations in GBM are more commonly found in adults <45 years of age [6]. 
In young adults, aged 17–35 a retrospective study demonstrated a median survival of 43.2 
months for BRAF-mutated GBM compared to 13.2 months for BRAF wildtype [7]. Similar data, 
though smaller in sample size, have been seen in adults >35 years with a median survival of 
34.5 ± 12.1 months compared to 18 months in case-matched controls [8].

Responses to BRAF or BRAF/MEK inhibitors in GBM have been previously reported, but 
published data are rare, and there has to-date only been 1 case of metastatic BRAF-mutant GBM 
treated with BRAF-targeted therapy. This was a patient with BRAF-mutant epithelioid GBM with 
evidence of bilateral lung metastases who responded to vemurafenib therapy within a week, as 
evidenced by a reduction in paramediastinal and perihilar opacities, though brain MRI revealed 
worsening brain disease and the patient passed shortly thereafter [9]. It is currently unclear what, 
if any, relationship exists between BRAF mutations and the metastatic potential of GBM.

A notable aspect of this patient’s tumor genetics was the amplification of MYC. While not 
specified in the gene sequencing report, the patient likely had an amplification of c-MYC given 
8q amplification. MYC acts as a protooncogene due to its effects on cellular proliferation, 
halting differentiation, increasing cell migration, and inducing angiogenesis, among other 
functions. There are no cases of BRAF V600E and MYC amplification in the records of 730 GBM 
in cBioPortal; however, 8/730 (1.1%) harbored the BRAF V600E mutation and 12/730 (1.64%) 
harbored MYC amplification [10, 11]. Interestingly, MYC amplification is more common in GBM 
with a primitive neuronal component, a sub-type of GBM with relatively high rates of spinal 
metastasis and CSF dissemination [12]. In melanoma, MYC activation is necessary and suffi-
cient for resistance to BRAFi/MEKi. Preclinical work combining BRAFi and MYC suppression 
resulted in delayed BRAFi resistance in in vivo models of melanoma [13]. While our patient 
initially responded to BRAFi, the emergent resistance could be related to MYC amplification, 
among other possible mechanisms [1].

Optimal implementation of targeted treatment for BRAF-mutant GBM is an area of ongoing 
clinical research. Early basket studies in recurrent GBM and other BRAF-mutant primary brain 
tumors demonstrated encouraging clinical benefit. VE-BASKET, a study evaluating vemu-
rafenib monotherapy included 6 patients with GBM, with a best response of stable disease in 
1 patient for 12.9 months and two others with brief responses [14]. ROAR, a basket study of 
dabrafenib and trametinib, is the largest reported cohort of BRAF-mutant GBM/HGG. In an 
interim analysis of 45 adult patients with high-grade gliomas (HGG), treatment with dabrafenib 
(150 mg twice daily) and trametinib (2 mg daily) resulted in an overall response rate of 33% 
(including 3 complete responses, 12 partial responses) [15]. A compilation of ongoing clinical 
trials evaluating combination BRAF/MEKi therapy in HGG can be found in Table 1. There are 
ongoing studies examining BRAF-targeted therapy combined with XRT (NCT03919071) and 
adding autophagy inhibitors (NCT04201457) as a possible strategy for overcoming secondary 
targeted therapy resistance. Examining the timing of targeted therapy utilization, assessing 
possible additive benefits to the frontline standard of care, and testing next generation TKIs 
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to overcome resistance mechanisms will be important areas of research in the years to come 
for patients with BRAF-mutated HGG.

Conclusion

We present a rare case of a patient with metastatic GBM containing BRAF V600E mutation 
and MYC amplification who responded to a combination of dabrafenib and trametinib for 9 
months before evidence of progression. While the potential links between BRAF mutation 
and the metastatic potential of GBM remain unknown, our patient’s initial radiographic response 
to targeted therapy demonstrates that targeted therapy can be beneficial in advanced, extra-
cranially disseminated GBM. This case, along with early phase clinical trial experiences, has 
instilled hope in improving standard-of-care treatment options for this subset of GBM patients. 
The patient’s emergent resistance highlights the importance of ongoing work to understand 
mechanisms of resistance and develop further lines of treatment.
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