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Abstract Vemurafenib is indicated for the treatment of
patients with BRAF"%”’-mutant metastatic melanoma. We
studied for the first time the characteristics of brain
metastases developed during treatment with vemurafenib
in real-life conditions. We included all patients treated over
3 years with vemurafenib in our department for metastatic
melanoma without initial brain involvement. Our primary
endpoint was to assess the incidence of brain metastases in
these patients. Our secondary endpoints were to identify
the risk factors for metastases occurrence and their char-
acteristics and course. In our retrospective cohort of 86
patients, 20 % had developed brain metastases on average
5.3 months after vemurafenib initiation. The median fol-
low-up was 9 months (1-26 months). Radiological exam-
inations revealed multiple brain metastases in 41 % of
patients. The only risk factor for metastasis occurrence
identified was a high number of metastatic sites when
initiating vemurafenib (p = 0.045). Metastasis develop-
ment was associated with a trend toward a decrease in
overall survival from 12.8 to 8.5 months (p = 0.07) and a
significant decrease in progression-free survival from 7 to
5 months (p = 0.04). Among the patients who developed
brain metastases, 82 % died, of whom 64 % within
3 months, versus 58 % of patients without brain metastases
over the same period. The extra-cerebral disease was well
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controlled in 59 % of patients during brain progression. In
vemurafenib-treated melanoma patients, brain metastases
are frequent and associated with a particularly poor prog-
nosis. Because of their high frequency in patients with
controlled extra-cerebral disease, brain explorations should
be systematically performed during treatment.
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Introduction

In adults, melanoma is the primary tumor associated with
the highest propensity to metastasize to the brain. Brain
metastases are diagnosed in 7-10 % of patients with mel-
anoma regardless of the stage, including 40-50 % of
patients with stage IV metastatic melanoma (Sixth AJCC
classification), and autopsies have shown metastases in up
to 75 % of patients died from melanoma [1-3]. Main risk
factors for brain metastases include the male sex, mucosal
malignant melanoma, location to the head or neck, and a
high Breslow thickness. They are most often multiple at the
time of diagnosis. However, performing more systemati-
cally radiological evaluations has allowed diagnosing more
frequently asymptomatic metastases, in particular by MRI.
They are associated with a poor prognosis: they are fatal in
95 % of patients, and the estimated median survival after
occurrence is of 3—6 months [2, 4-6]. Recent therapeutic
advances in vemurafenib, ipilimumab and more recently
dabrafenib therapies have improved patient survival,
leading to a higher risk of brain metastases. Some studies
suggest that these new treatments could be effective on
brain metastases with intracranial response rates of
16-50 % under vemurafenib, 31-39 % under dabrafenib
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and 5-25 % under ipilimumab [7]. Previously, the efficacy
of chemotherapy has been shown in only less than 10 % of
patients, without impacting the progression-free or overall
survival [6, 7]. Whole brain radiotherapy, alone is not
efficient. Conversely, the local control is improved at
1 year with stereotactic radiosurgery in up to 75 % of
patients with only few small metastases, without any
benefit outside of the radiation field. Management of brain
metastases remains therefore a major therapeutic issue.

The BRAF oncogene encodes the protein kinase BRAF
which belongs to the mitogen-activated protein kinase
(MAPK) pathway and controls cell proliferation, differen-
tiation, growth, survival and apoptosis [5]. An activating
BRAF mutation is found in 60 % of cutaneous melanomas
and corresponds to the VO60OE mutation in 75 % of cases.
Vemurafenib, a BRAF-targeted therapy, is indicated for
unresectable stage III or IV BRAF"%*’-mutant melanomas
(Sixth AJCC classification). We report for the first time the
incidence and progressive features of brain metastases in
melanoma patients treated with vemurafenib.

Patients and methods
Patients

We included all patients treated with vemurafenib from
November 2010 to November 2013 in the Dermato-
Cancerology Department of Nantes University Hospital for
BRAFY*”_mutated metastatic melanoma. Exclusion crite-
ria were: melanomas with brain involvement before treat-
ment initiation and the absence of the first assessment scan
in patients treated for less than 2 months. The initial dose
of vemurafenib was 960 mg twice daily, with adaptation in
case of toxicity according to the recommendations of the
Summary of Product Characteristics.

Assessments

Patients underwent systematic tumor assessment through
brain, chest, abdominal and pelvic scan before vemurafenib
initiation, at month 2, and every 3 months thereafter. Brain
imaging was also performed at the onset of neurological
symptoms. Diagnosis of brain metastases was based on
scan findings, sometimes completed with a MRI in case of
doubt or stereotactic radiotherapy indication. Tumor
responses were determined according to the Response
Evaluation Criteria in Solid Tumors (RECIST), version
1.1.

BRAF mutations were detected using an allele specific
amplification completed in all cases by conventional San-
ger DNA sequencing.
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Fig. 1 Time between the diagnosis of brain metastases and the death

Statistics

Our primary endpoint was to assess the incidence of brain
metastases developed during treatment with vemurafenib.
Our secondary endpoints were to assess the median overall
survival after development of brain metastases, the time
between their development and the death, the median
overall and progression-free survival in patients with and
without brain metastases, the predictive factors for brain
metastasis development, the time to develop following
vemurafenib initiation, the diagnostic modalities, the
number of metastases at the time of diagnosis seen on brain
imaging, the type of extra-cerebral response at the time of
brain progression, the efficacy of treatments initiated after
brain progression and their incidence according to the type
of V600 mutation. Progression-free survival was measured
until development of relapse regardless of the site. Patients
were included in the group “without brain metastases”
when they developed brain metastases after vemurafenib
cessation for extra-cerebral progression.

The statistical tests used were a x> or Fisher’s exact test
depending on the sample size for qualitative data, a Wil-
coxon—Mann—Whitney test for quantitative data and a log-
rank test for survival analyzes. Differences were consid-
ered statistically significant if the p value was less than
0.05. All analyzes were performed using MedCalc software
version 12.7.7.

Results

From November 2010 to November 2013, 86 patients were
included with a 9-month median follow-up (1-26 months).
Seventeen (19.8 %) patients developed brain metastases
during treatment of whom 14 (82 %) died after a median
time of 2.7 months (0.2-7.2 months), including four within
1 month following the diagnosis and 9 within 3 months
(Fig. 1). The three patients still alive have a follow-up of 2,
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Fig. 2 Overall survival (a) and progression-free survival (b) in
vemurafenib-treated patients with and without brain metastases

7, and 10 months since the diagnosis of brain metastases.
By comparison, over the same period, among the 69
patients treated with vemurafenib who did not develop
brain metastases, only 58 % died. There was a trend toward
a decrease in overall survival in patients with brain
metastases compared to patients without brain involvement
(»p = 0.07) with respectively a median survival of
8.5 months (95 % CI: 4.5-11.5) and 12.8 months (95 %
CI: 9.2-16.7) (Fig. 2a). The progression-free survival was
significantly shorter in patients with brain metastases than
in patients without brain involvement (p = 0.04) with
respectively a median progression-free survival of
5 months (95 % CI: 3-8) and 7 months (95 % CI: 5-8)
(Fig. 2b).

There was no significant difference in terms of charac-
teristics between vemurafenib-treated patients with and
without brain metastases regarding the gender, age, histo-
logical subtype of primary melanoma, its Breslow thick-
ness, its ulceration status, not knowing the primary site or
the number of previous therapeutic lines received at the
metastatic stage (Table 1). Only the number of metastatic
sites at the time of vemurafenib initiation was significantly
associated with the development of brain metastases under

Table 1 Characteristics of vemurafenib-treated patients with and
without brain metastases

Patients with
brain metastases
(17 patients)

Patients without P
brain metastases
(69 patients)

Sex ratio M/W 1.83 1.23 0.472
Mean age 55 years (£11.3)  59.6 years (£7.3) 0.269
Primary melanoma
Histological SSM: 6 SSM: 31 0.824
subtype NM: 6 NM: 21
ALM: 1 Desmoplastic: 1
Urethral: 1
Unclassifiable: 3
Mean Breslow 3.7 mm (£3.7) 4.8 mm (+4) 0.291
thickness
Presence of Yes: 7 Yes: 33 0.790
ulceration No: 6 No: 24
Unknown primary  4/17 12/69 0.511
melanoma
Metastatic melanoma
Mean number 0.41 (£0.71) 0.54 (£1.02) 0.883
of previous
therapeutic lines
Mean number of 3.18 (£1.7) 2.28 (£1.22) 0.045

metastatic sites at
vemurafenib
initiation

SSM superficial spreading melanoma, NM nodular melanoma, ALM
acral lentiginous melanoma
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Fig. 3 Time between the initiation of vemurafenib and the develop-
ment of brain metastases

vemurafenib (p = 0.045). Four patients without brain
metastases experienced ipilimumab failure before vemu-
rafenib initiation versus no patient with brain metastases.
Brain metastases developed after mean treatment dura-
tion of 5.3 months (£4.3) (1-15 months) (Fig. 3). The
diagnosis was based on a systematic follow-up scan in 15
patients and on imaging requested because of the onset of
neurological symptoms in two patients. Brain scan revealed
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Fig. 4 Overall survival in patients with brain metastases according to
the number of brain metastases at the time of diagnosis (a) and to the
type of extra-cerebral response (b)

no metastases in one case, one in nine cases, two to three in
five cases and four or more in two cases. MRI revealed one
metastases in two cases, two to three in four cases and four
or more in six cases. In one patient, the scan performed
because of neurological symptoms was normal while the
MRI revealed one brain metastases and carcinomatous
meningitis. No other carcinomatous meningitis was diag-
nosed. On imaging, multiple, mostly small brain metastases
were diagnosed in 41 % of patients, based on scan and
MRI findings in three and four patients, respectively.
Among the 12 patients who performed both tests, the MRI
was more sensitive in 11 patients. The number of brain
metastases at the time of diagnosis was not significantly
associated with the overall survival (p = 0.25) (Fig. 4a).
A discrepancy was frequently observed between the
cerebral and extra-cerebral response to vemurafenib.
Indeed, the extra-cerebral disease was controlled in 59 %
of patients at the time of brain progression with six patients
in partial remission and four stabilized. Death was con-
sidered as directly related to the brain progression in 71 %
of cases. The best response rates for extra-cerebral
metastases were similar between both groups: 0 versus 9 %
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of complete remission, 47 versus 44 % of partial remission
and 24 versus 19 % of stable disease respectively in
patients with and without brain metastases. The importance
of the extra-cerebral response was not significantly asso-
ciated with the overall survival (p = 0.75) (Fig. 4b).

After development of brain metastases, six patients
received palliative care, nine received chemotherapy with
fotemustine and dacarbazine, and two received ipi-
limumab. One patient under fotemustine and dacarbazine
and one under ipilimumab received their treatment in
association with stereotactic brain radiotherapy. No patient
responded to this first-line brain metastatic therapy. The
patient treated with fotemustine and dacarbazine combined
with stereotactic radiotherapy was the only one to receive a
second-line therapy with vemurafenib resumption after a
3-month discontinuation, which is still ongoing. Vemu-
rafenib resumption resulted in partial remission of brain,
lung and axillary lymph node metastases at 3 months,
which was maintained at 6 and 9 months.

In our cohort, 93 % of patients carried a BRAF V600E
mutation: 20 % developed brain metastases, of whom
81 % were dead at the time of analysis. Among the five
patients with V600K mutation, only one experienced a
rapidly fatal brain progression at 3 months, associated with
an extra-cerebral progressive disease. Another patient
developed brain metastases 4 months after cessation of a
10 month-vemurafenib treatment, with a fatal outcome
within 3 months following the diagnosis. The two
remaining patients are still alive 5 and 9 months after
vemurafenib initiation. The only patient carrying a V60OR
mutation is still alive 17 months after vemurafenib initia-
tion, without development of brain metastases.

Discussion

Our study was the first to investigate the progressive fea-
tures of brain metastases developed under vemurafenib in a
cohort of patients whose treatment had been initiated for
extra-cerebral metastases. Twenty percent of our patients
developed brain metastases, which is consistent with the
29 % reported previously in the phase I study of vemu-
rafenib [8]. Among the clinical criteria, only the high
number of metastatic sites at the time of treatment initia-
tion was a predictive factor for brain metastasis develop-
ment (p = 0.045). Eighty-eight percent of diagnoses of
brain involvement were based on systematic imaging in
asymptomatic patients. Scan or MRI revealed particularly
severe clinical forms in about half of patients with brain
involvement: multiple, mostly small brain metastases in
41 % of patients and carcinomatous meningitis in 6 %.
However, the small size of our subgroup of patients with
brain metastases (17 patients) should be taken into account
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when interpreting these findings. The overall survival of
these patients was not associated with the number of brain
metastases at the time of diagnosis (p = 0.25). We cannot
conclude if this finding is due to a too small size of our
subgroup of patients or to a real absence of impact of the
number of brain metastases. Our patients died soon after
diagnosis: a quarter within 1 month and two thirds within
3 months. The development of brain metastases under
vemurafenib seems therefore to be associated with a very
poor prognosis, but it is not possible to conclude whether it
is due to the presence of a BRAF mutation, to the usual
poor prognosis of melanoma brain metastases or to the fact
that they developed during vemurafenib treatment. By
comparison, a median overall survival after diagnosis of
brain metastases of 5.92 months was reported in 2011 in a
large retrospective study in melanoma patients treated
since 1996 with chemotherapy, radiotherapy or supportive
care [4]. An estimated 3.7-month survival was found in
patients with brain metastases developed under chemo-
therapy. To our knowledge, no study has been published
about the prognosis of melanoma patients with brain
metastases since the introduction of targeted therapies and
BRAF mutational status analysis. Four published clinical
cases reported the clinical course of BRAF inhibitor-trea-
ted patients who developed brain metastases: two cases
with fatal outcome two weeks after diagnosis of brain
metastases under vemurafenib [9, 10], one death a few days
after diagnosis of carcinomatous meningitis under dab-
rafenib while the BRAF V600E mutation was still present
in the cerebrospinal fluid [11] and one well-controlled case
with leptomeningeal metastases with an 18-month follow-
up after vemurafenib continuation and addition of whole-
brain radiotherapy [12].

The poor prognostic value of brain metastases devel-
oped under vemurafenib was also confirmed in our cohort
by the high mortality rate (82 %) after a median follow-up
of 9 months versus 58 % for patients without brain
metastases. The development of brain metastases was
associated with a trend toward a decrease in overall sur-
vival from 12.8 to 8.5 months (»p = 0.07) and a significant
decrease in progression-free survival from 7 to 5 months
(p = 0.04). In our cohort, vemurafenib seemed less effec-
tive in the brain: 59 % of our patients with brain metastases
development had well-controlled extra-cerebral involve-
ment, with 60 % of partial remission and 40 % of stable
disease. Similar dissociated courses have been previously
published [9, 10]. Death was directly related to brain
metastases in 71 % of patients. The overall survival of
these patients was not related to the type of extra-cranial
response (p = 0.75). These data show that the prognosis of
these patients depends primarily on their brain progression,
regardless of their extra-cerebral melanoma severity. In our
cohort, no patient with brain metastases responded to

fotemustine and dacarbazine or ipilimumab, regardless of
their association with stereotactic radiotherapy. No con-
clusion can be drawn on the efficacy of these different
treatments after vemurafenib, given that only 11 patients
could be treated after brain metastases development.
Treatment for brain metastases was chosen in our patients
according to patient general condition and the possibility to
be included in clinical research protocols, because, in
France, ipilimumab is only available in routine practice for
patients without BRAF"%”’ mutations. Only one patient
received a second-line therapy for his brain metastases and
was stabilized from the third month following vemurafenib
resumption, the latter having been discontinued 3 months
before because of brain progression. Among the 7 % of
patients who did not carry a V60OE mutation, one in five
patients with V600K mutation experienced a rapidly fatal
brain evolution at 3 months and the patient with V60OR
mutation had no brain progression.

In our cohort, brain metastases developed after mean
treatment duration of 5.3 months and 59 % were associated
with a well-controlled extra-cerebral disease, raising the
question of brain-specific and unspecific resistance mecha-
nisms. Under vemurafenib, secondary resistance is most
often associated with a reactivation of the MAPK pathway,
mediated by specific BRAF aberrations [13, 14], switches
between RAF isoforms [15], neomutations in NRAS and
MEK [16] and the increased expression of a “partner”
kinase, COT [5, 17]. In rarer cases, BRAF-independent
signaling pathways such as insulin growth factor 1 receptor
(IGF1R)—phosphatidylinositol-3 kinase (PI3K) [18, 19] or
platelet-derived growth factor B (PDGFRp) pathways are
activated [11, 20]. Brain-specific phenomena have also been
shown from tumor samples of melanoma patients with over-
activation of the AKT survival pathway and loss of PTEN
expression, induced by the brain environment, contributing
to melanoma cell survival in the brain parenchyma [21].

Furthermore, vemurafenib physico-chemical properties
suggest that this molecule could hardly cross the blood—
brain barrier because of its high molecular weight (489.9 g/
mol) and poor liposolubility [10]. No pharmacokinetic
study has been conducted in humans in the cerebrospinal
fluid or extracellular fluid of the brain parenchyma [2].
However, the discrepancy between the efficacy of BRAF
inhibitors for treating brain metastases present before
treatment initiation and those which developed during
treatment [22, 23] could be explained by an altered blood—
brain barrier permeability [10], although the consequences
on the intra-cerebral drug diffusion remain poorly under-
stood [24]. The encouraging results of the combination of
vemurafenib and radiotherapy could also be due to a
transient radiation-induced impairment of the blood-brain
barrier, facilitating vemurafenib intra-cerebral diffusion
[25].
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Finally, it has been shown in vivo in mice that vemu-
rafenib was actively excreted by the P-glycoprotein and
breast cancer resistance protein efflux pumps, reducing
significantly its passage through the blood-brain barrier
[26]. The inhibition of both pumps in vitro restored
vemurafenib intracellular accumulation. Vemurafenib
intra-cerebral level was 30-225 times higher in mice car-
rying mutations in both pumps than in wild-type mice or
mice carrying mutations in only one pump, both after a
single intravenous or oral and a continuous intraperitoneal
vemurafenib administration [26]. A second study con-
firmed in vitro and in vivo in mice the role of these two
pumps in vemurafenib transport, with a 21.4-fold increase
in the brain/plasma level ratio in mice carrying mutations
in both pumps while the levels were barely increased in
mice carrying mutations in only one pump [27]. In addi-
tion, the plasma concentrations were increased by 6.6 after
a single vemurafenib oral administration in mice carrying
mutations in both pumps, also suggesting their role in
vemurafenib intestinal absorption. The oral coadministra-
tion of vemurafenib and lacridar, which inhibits both efflux
pumps, also allowed achieving similar plasma and brain
concentrations than in mice carrying mutations in both
pumps. Radiotherapy could also increase vemurafenib
intracellular concentration by inhibiting these two pumps
[6].

Paradoxically, the potential benefit of BRAF inhibitors
on brain metastases is currently being assessed in six
clinical trials identified on December 16, 2013 on the
website clinicaltrials.gov (vemurafenib: NTCO01378975,
NCT01781026, NCT01983124; dabrafenib:
NCTO01721603, NCT01978236, NCTO01677741). While
data of the first studies did not allow drawing conclusions
on vemurafenib intra-cerebral efficacy, various studies
have shown in patients with V60OE mutation an intracra-
nial response rate of 16-50 %, with a progression-free
survival of 3.9-4.6 months and an overall survival of
5-8 months, increased up to 13.7 months in a series of 12
patients in association with radiotherapy. The 6-month
local control rate was of 75 % in this series [7, 25, 28-30].
Patients with V600K mutation seem to be less responsive
with an estimated progression-free survival of 2—4 months
and overall survival of 4-5 months. Vemurafenib and
radiotherapy seem to have a synergistic effect for both
efficacy [31] and toxicity [32], raising the question of the
therapeutic interest of their combined use. Data on vemu-
rafenib efficacy in patients with pre-existing brain metas-
tases cannot be compared with those of our cohort of
patients who developed brain metastases under vemurafe-
nib: the presence of the metastases themselves before
treatment initiation modifies the blood-brain barrier per-
meability. Dabrafenib, another BRAF inhibitor, is also
effective to treat melanoma brain metastases with an
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intracranial response rate of 31-39 % depending on the
treatment line, a progression-free survival of 4 months and
an overall survival of 7-8 months for patients with V60OE
mutation [33]. As under vemurafenib, response rates are
lower for patients carrying the V600K mutation, estimated
between 7 and 22 %, with a progression-free survival of
2-4 months and an overall survival of 4-5 months. No
study has compared both molecules, so it is not possible to
determine which drug is the most effective on brain
metastases [33]. In recent studies, BRAF inhibitors seem to
be more efficient than chemotherapy, whole brain radio-
therapy or best supportive care for patients with brain
metastases, which is consistent with the superiority of these
drugs on extra-cerebral metastases [0, 7]. Stereotactic
radiosurgery is another effective treatment, but intended for
few small metastases, which can be a limit in melanoma.
Therefore, the best treatment sequence and the interest of
combining treatments still need to be clarified.

Conclusion

In our cohort of vemurafenib-treated patients, one in five
patients developed brain metastases, mostly asymptomatic
at the time of diagnosis. Their development was associated
with a very poor prognosis and was fatal in more than 80 %
of cases, mostly within the 3 months following the diag-
nosis. Because of brain metastases frequency and severity,
brain evaluations should be systematically performed in
patients treated with vemurafenib. Brain MRI should be
preferred to a scan because about half of patients had a
particularly severe clinical form, with multiple, mostly
small brain metastases, whose diagnosis could only be
established by MRI in four out of seven patients. Inter-
estingly, the extra-cerebral disease was controlled in most
patients during brain progression, suggesting brain-specific
resistance phenomena whose exploration could help
opening new therapeutic strategies.
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