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Abstract

Brain metastases are a major cause of morbidity and mortality in patients with advanced melanoma. With the devel-
opment of targeted agents for the treatment of metastatic melanoma, a great deal of interest has focused on whether
selective BRAF inhibitors may play a role in the treatment of brain metastases in lieu of or in addition to surgery and/or
radiation therapy. However, relatively little is known about the intracranial effectiveness of vemurafenib, the only US
Food and Drug Administration–approved selective BRAF V600E inhibitor, because patients with brain metastases have
historically been excluded from vemurafenib clinical trials. We describe 3 patients with BRAF V600E mutation meta-
static melanoma in whom treatment with vemurafenib resulted in prompt extracranial disease response but progression
of metastatic disease in the brain. Further, we discuss possible mechanisms responsible for the suboptimal central
nervous system response observed in these patients and alternative therapies for patients with melanoma metastatic to
the brain.
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B rain metastases are a major cause of morbid-
ity and mortality in patients with advanced
melanoma. With the development of tar-

geted agents for the treatment of metastatic mela-
noma, a great deal of interest has focused on
whether selective BRAF inhibitors may play a role in
the treatment of brain metastases in lieu of or in
addition to surgery and/or radiation therapy. In this
report, we describe 3 patients with BRAF V600E mu-
tation metastatic melanoma in whom treatment with
vemurafenib, the only US Food and Drug Adminis-
tration (FDA)–approved selective BRAF V600E in-
hibitor, resulted in prompt extracranial disease re-
sponse but progression of metastatic disease in the
brain.

CASE 1
A 26-year-old man presented with back and abdom-
inal pain, shortness of breath, fatigue, hypercalce-
mia, and acute renal insufficiency. Imaging studies
revealed numerous solid masses suggestive of wide-
spread metastatic malignancy, including extensive
involvement of the vertebral column. Brain mag-
netic resonance imaging (MRI) revealed no intracra-
nial disease. The patient was subsequently diag-
nosed as having metastatic melanoma with an
unknown primary skin malignancy, stage M1c,
BRAF V600E mutation. Palliative treatment with
external beam radiation to the spine and high-
dose corticosteroid therapy was initiated. Given
rapid radiologic and symptomatic disease pro-

gression (Figure 1, A), vemurafenib at 960 mg
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twice daily was administered concurrently with ra-
diation therapy. Treatment was well tolerated, with
the exception of development of grade 1 arthralgia
and a grade 2 maculopapular rash. After initiation of
systemic therapy, the patient’s presenting clinical
symptoms improved in less than 2 weeks, and re-
staging evaluation with computed tomography at 1
month revealed a considerable decrease in the size
of the previously noted metastatic lesions (Figure 1,
B). Over the next 1 to 2 weeks, however, the patient
experienced new-onset headaches, nausea, drowsi-
ness, and memory problems. A repeated brain MRI
revealed interval development of innumerable
punctate foci of enhancement throughout both
cerebral hemispheres, the basal ganglia, and the
cerebellum (with the largest lesion measuring ap-
proximately 5 mm), highly suggestive of interval
development of central nervous system (CNS) met-
astatic disease (Figure 1, C), as well as diffuse lepto-
meningeal contrast enhancement suggestive of
leptomeningeal carcinomatosis (Figure 1, D).
Whole-brain radiation therapy (WBRT) was initiated;
however, the patient’s clinical condition deteriorated
rapidly, and he died 2 weeks later.

CASE 2
A 42-year-old woman with a history of stage II cu-
taneous melanoma of the left preauricular area un-
derwent cholecystectomy for presumed gallstone
disease 2 years after the initial diagnosis. Pathologic
examination showed a mural mass in the gallbladder
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for metastatic malignant melanoma. Postopera-
tively, staging studies revealed no evidence of re-
sidual disease, and adjuvant immunotherapy with
granulocyte-macrophage colony-stimulating fac-
tor was initiated. Two months later, however, dis-
ease recurred in the liver and gallbladder fossa,
and she was treated intermittently with systemic
chemotherapy involving a combination of pacli-
taxel, carboplatin, and bevacizumab, followed by
temozolomide-bevacizumab and hepatic chemoem-
bolization. More than 3 years after the initial diagno-
sis of metastatic disease, a routine brain MRI re-
vealed 3 new lesions located in the left frontal lobe,
left caudate head, and fornix (size range, 2-5 mm)
that suggested brain metastasis. The patient under-
went gamma knife radiosurgery to the brain lesions
and was subsequently given ipilimumab for sys-
temic disease progression. Unfortunately, within 2
months of initiating therapy, she had symptom-
atic and radiologic progression both systemically
(Figure 2, C and D) and in the CNS, with new le-
sions in the cerebellum, right temporal lobe, and
right frontal lobe (Figure 2, A), for which she was
again treated with gamma knife radiosurgery. The
patient’s tumor was subsequently found to be posi-
tive for the BRAF V600E mutation, and vemurafenib,
960 mg twice daily, was administered on a compas-
sionate-care basis. Approximately 2 months after
initiation of therapy, she was found to have CNS
disease progression (Figure 2, B), despite good sys-
temic control (Figure. 2, E). The patient subse-
quently underwent WBRT while continuing vemu-
rafenib therapy. She tolerated concurrent therapy
well with no additional adverse effects (she had
grade 1 nausea and diarrhea on single-agent vemu-
rafenib). However, 3 months later, the patient was
found to have substantial systemic disease progres-
sion, and vemurafenib therapy was discontinued.

CASE 3
A 62-year-old woman was diagnosed with stage IIIC
cutaneous melanoma of the lower back, for which
she underwent wide local excision and inguinal
lymphadenectomy. Positron emission tomography
performed at diagnosis revealed bilateral millimetric
pulmonary nodules. Repeated imaging studies 6
weeks later showed progression of the lung lesions.
Contrast-enhanced MRI of the brain demonstrated 6
enhancing lesions in the cerebral and cerebellar cor-
tex, highly suggestive of CNS metastatic disease,
with the largest lesion measuring 8 mm. Molecular
analysis of the tumor confirmed the presence of
BRAF V600E mutation. The patient underwent
gamma knife radiosurgery to all 6 brain lesions, fol-
lowed by vemurafenib therapy, 960 mg twice daily.
Interval brain MRI at 4 weeks showed overall im-

provement in the size of the treated lesions and no
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new metastatic sites. Approximately 6 weeks after
initiating vemurafenib, however, a grade 2 papular
rash developed, as well as grade 3 elevation of liver
enzymes, and therapy was temporarily discontin-
ued. Restaging studies 8 weeks after initiation of
therapy revealed interval response of the lung le-
sions (Figure 3, A), as well as improvement in the
lactate dehydrogenase level. However, brain MRI
showed numerous new enhancing lesions scattered
throughout the cerebral and cerebellar hemispheres
(Figure 3, B), indicating interval progression of CNS
metastatic disease, and the patient subsequently re-
ceived WBRT.

DISCUSSION
Brain metastases are a major cause of morbidity and
mortality in advanced melanoma, reflecting the pro-
pensity of this malignancy to involve the CNS.1 Af-
ter cancers of the lung and breast, melanoma is the
third most common cause of CNS metastases. In
patients with newly diagnosed stage IV disease,
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FIGURE 2. Magnetic resonance images of the brain demonstrating brain metastases (circles) before
initiation of treatment with vemurafenib (A) and after 2 months of treatment (B). Positron emission
tomographic images before initiation of ipilimumab therapy (C), after 2 cycles of ipilimumab showing

a marked increase in tumor volume (D), and after 2 cycles of vemurafenib (E).
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among patients with documented brain involve-
ment, these lesions contribute to death in up to
95%.3 In general, the median survival from the time
of diagnosis of cerebral metastases is less than 6
months4; however, selected patients (ie, those with
good performance status and limited extracranial
and/or limited CNS disease) may respond to aggres-
sive treatment and have improved clinical out-
comes.3 Traditional treatment approaches for mela-
noma brain metastases have included surgical
resection for patients with a single or limited num-
ber of lesions, stereotactic radiosurgery, or WBRT
(with or without surgery/stereotactic radiosurgery).
With the development of targeted agents for treat-
ment of metastatic melanoma, a great deal of interest
has focused on whether these drugs may play a role
in the treatment of brain metastases in lieu of or in
addition to surgery and/or radiation therapy.

Somatic point mutations in the BRAF gene, re-
sulting in constitutive activation of the serine-thre-
onine protein kinase BRAF and the RAS-RAF-MEK-
ERK signaling pathway, are present in 40% to 60%
of melanoma cases.5 The substitution of glutamic
acid for valine at codon 600 (V600E) is the most prev-
alent BRAF mutation in invasive melanoma, found in
approximately 80% of cases.6,7 In the metastatic set-
ting, the presence of BRAF mutation seems to be asso-
ciated with inferior patient survival in the absence of
targeted therapy.6 Inhibitors of BRAF (BRAFi) have
demonstrated dramatic and early antitumor activity
in clinical trials in patients with advanced melanoma
whose tumors harbor the V600E mutation. Based on
the results of a randomized phase III clinical trial
showing significant improvement in both progres-
sion-free and overall survival rates, as well as objec-
tive responses when compared with dacarbazine,8

vemurafenib was approved by the FDA in August
2011 for use in patients with advanced melanoma
whose tumors express the V600E mutation.Mostvemu-
rafenib clinical studies, however, excluded patients
with untreated CNS disease, and relatively little is
known about the effectiveness of this agent in pa-
tients with melanoma brain metastases. If the prem-
ise is that melanoma cells do not change their BRAF
mutation status on forming brain metastases,9,10

then BRAFi could represent an important therapeu-
tic approach for these patients. A clinical trial eval-
uating the efficacy and safety of vemurafenib in pa-
tients with metastatic melanoma and treated or
untreated brain lesions is currently under way (clini-
caltrials.gov Identifier: NTC01378975). Nevertheless,
until the results of this trial become available, most
of our knowledge regarding the use of vemurafenib
in this patient population is currently limited to a
few published case reports11,12 that suggest activity
of this agent in patients who received prior temozo-

lomide and/or WBRT.
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Herein, we describe our experience with 3 pa-
ients with BRAF V600E mutation metastatic mela-
oma in whom progression of CNS metastatic dis-
ase during treatment with vemurafenib was
bserved despite notable extra-cranial disease re-
ponse. Similar to findings in our previously re-
orted case,11 2 patients in the current series had

previously been diagnosed with metastatic brain
disease and were treated with gamma knife radio-
surgery, while brain metastases developed de novo
in 1 patient after initiation of vemurafenib therapy.
Early progression of disease in the brain in patients
in our series despite marked peripheral and lactate
dehydrogenase response raises the question of
whether this reflects true resistance to therapy (such
as development of restricted resistant subclones or
clones harboring wild-type BRAF) vs restriction of
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permeable blood-brain barrier (BBB) or active drug
efflux.13 Recently published preclinical data suggest
that restriction of vemurafenib brain distribution by
efflux transporters such as P-glycoprotein and
breast cancer resistance protein may play a major
role in limiting the delivery of this agent to brain
metastases.13,14 In animal studies, differences in
temporal expression and developmental changes in
P-glycoprotein function have been implicated in the
observed differences in drug responses with BBB
maturation. Data in humans are limited, although
increased BBB penetration in children and young
adults is frequently cited; this could have perhaps
contributed, among other factors, to the observed
response to vemurafenib in our previously reported
case.11 It is also possible that other factors might
influence differential penetration of this agent, mod-
ulated by changes in the BBB function induced by
different pathologic conditions such as partial dis-
ruption of the barrier in patients with preexisting
brain metastases, hypoxic or ischemic insults, in-
flammation with release of proinflammatory media-
tors (ie, cytokines, reactive oxygen species, eico-
sanoids) inducing endothelial up-regulation of
surface adhesion molecules (platelet endothelial cell
adhesion molecule 1, E-selectin, intercellular adhe-
sion molecule 1) and increases in vascular permea-
bility,14 or use of corticosteroid treatment that may
limit drug penetration.

Another specific BRAFi, dabrafenib (GSK2118436),
has also shown activity in patients with metastatic
melanoma in early clinical studies,15 and a phase III
trial demonstrating a significant improvement in
progression-free survival and overall response rate
over dacarbazine was recently reported.16 This
agent had also shown activity in patients with pre-
viously untreated asymptomatic brain metastases,
with 9 of 10 patients achieving objective responses
in a phase I/II study.17 These favorable results have
recently been confirmed in a large international
study of targeted systemic therapy in 172 patients
with BRAF V600E/K mutation melanoma and previ-
ously treated or untreated brain metastases
(BREAK-MB phase II study), in whom dabrafenib
showed high clinical activity for both intracranial
and extracranial disease, with an overall disease con-
trol rate of approximately 80%.18 Interestingly, dab-
rafenib seems to have been synthesized specifically
to prevent BBB penetration as a way of limiting toxic
neurologic adverse effects.17 It is therefore unclear
whether disruption of the barrier by preexisting
brain metastases or other mechanisms operating dif-
ferently from vemurafenib may be responsible for
the increased CNS penetration of this drug. Al-
though dabrafenib is not yet FDA approved for the
treatment of V600E/K melanoma, its unprecedented

activity in patients with brain metastases makes it a
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represented patient population.

Due to the limited number of cases presented
herein and the anecdotal nature of the evidence pro-
vided in these cases, we cannot draw definitive con-
clusions regarding vemurafenib effectiveness in
treating brain metastases. Based on our observations
with these 3 cases, we suggest that a high index of
suspicion should be maintained and that patients
should be closely monitored for signs of intracranial
progression despite peripheral disease response to
BRAF-targeted therapies. Nevertheless, these agents
seem to be well tolerated when administered con-
currently with radiation therapy. Both BRAFi and
radiation therapy can be associated with adverse
skin reactions, and although a recent case study re-
ported the development of a severe maculopapular
rash in 4 of 13 patients treated with vemurafenib
after ipilimumab,19 we have noted only moderate
skin reactions that did not necessitate treatment in-
terruption in 1 of the 2 patients treated with concur-
rent therapy.

The increased understanding of melanoma bi-
ology and the development of molecularly targeted
agents have resulted in important scientific and clin-
ical breakthroughs for the care of patients with mel-
anoma. However, challenges still remain, and it is
imperative to conduct clinical trials that include pa-
tients with metastatic brain disease to assess new
drugs in this patient population.
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