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Dabrafenib and its use in the treatment
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Practice points

e Dabrafenib is a potent inhibitor of mutated BRAF and is suitable for use in the first or subsequent line treatment of
patients with unresectable or metastatic melanoma harboring a BRAF'®®° mutation.

e Half of patients experience an objective response to therapy, with the median time to response around 6 weeks,
which can lead to rapid symptomatic benefit for patients.

e Dabrafenib also has activity in patients with brain metastases even after failure of local therapy.

e In combination with trametinib, an MEK inhibitor, superior efficacy is seen with objective responses in 70% of
patients but increased toxicity, namely fever.

e The most common toxicities of monotherapy are cutaneous adverse events, pyrexia, fatigue, headache, hypertension
and arthralgia.

e Toxicity, although common is mostly low grade and manageable for both single agent and combination therapy.

e Unfortunately, for the majority resistance is inevitable with a median progression-free survival with monotherapy of
approximately 6-8 months and combination therapy of 9-11 months.

e Future research is directed toward better understanding resistance mechanisms and how this can be overcome as
well as the role of BRAF inhibition in combination with immune therapies.

Approximately 50% of melanomas have mutations in the gene encoding BRAF. In recent
years, new targeted therapies have transformed the landscape of metastatic melanoma
treatment. Dabrafenib, a potent kinase inhibitor of mutated BRAF, has been showed to
have high response rates with a rapid onset of response, as well as improved overall and
progression-free survival when compared with chemotherapy. Dabrafenib in combination
with trametinib, a MEK inhibitor, has demonstrated higher responses and improved clinical
efficacy compared with monotherapy. Toxicity is distinct compared with chemotherapy
but manageable. This article summarizes the pharmacology, key clinical trial data as well as
practical experience with dabrafenib in clinical practice, and future directions.
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Melanoma occurs due to genetic changes in mel-
anocytes, which result in uncontrolled prolifera-
tion and invasion [1.2]. It has been increasing in
incidence over the last two decades due to a num-
ber of environmental and social factors as well as
increased surveillance [2]. In 2014, the incidence
of melanoma in the USA was 76,100 [3].

Activation of the MAPK pathway has been
shown to be crucial to the progression of mela-
noma [4]. Approximately 50% of patients diag-
nosed with melanoma harbor a mutation in the
proto-oncogene BRAF, which results in increased
kinase activity and phosphorylation of MEK,
which phosphorylates ERK [5,6]. ERK substrates
include a number of kinases and transcription
factors which result in increased cell prolifera-
tion and survival (Figure 1) [4]. Dabrafenib is a
BRAF inhibitor resulting in disruption of the
MAPK pathway and decreased ERK activity [7].
Here we review the mechanism of action of dab-
rafenib, its clinical efficacy as a single agent and
in combination with trametinib, common toxici-
ties and future strategies.

Clinical pharmacology
¢ Mechanism of action
Dabrafenib is a potent inhibitor of the RAF pro-
teins BRAF and CRAF through ATP competi-
tive binding of the active conformation of BRAF
kinase [8,9]. This results in decreased MEK and
ERK phosphorylation (see Figure 1), cell cycle
arrest at G1 and activation of caspase-3/7 result-
ing in apoptosis [8]. Vemurafenib, another BRAF
inhibitor, also acts by binding to the ATP binding
site of mutated BRAF. Studies have shown that
dabrafenib is a more selective inhibitor of BRAF
with less potency for CRAF than vemurafenib [9].
Preclinical data in xenograft mouse models con-
firm dabrafenib inhibits the MAPK pathway in
BRAF" mutated melanoma cell lines leading to
decreased proliferation and regression [7].
Depending on the cellular context, ATP-
competitive kinase inhibitors can have opposing
functions as inhibitors or activators of signaling
pathways [10]. Through a similar mechanism to
that previously shown with vemurafenib (5], dab-
rafenib has been shown to cause RAS-dependent
paradoxical activation of the MAPK pathway in
BRAF wild-type cells (8]. Different mechanisms
of paradoxical activation have been demon-
strated but this results in increased cell survival
and growth when exposed to a BRAF inhibitor.
Clinically this is associated with hyperkeratosis,
keratoacanthomas and squamous skin cancers
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in patients treated with BRAF inhibitors [s).
Combining dabrafenib with a MEK inhibitor
prevents increased MAPK signaling and reduces
these side effects [s].

¢ Pharmacokinetics

In cell proliferation assays, dabrafenib has been
shown to inhibit BRAFY°°F mutated cell lines
with a drug concentration required to inhibit 50%
of BRAF kinase activity (IC50) of 200 nM s]. It
is also able to inhibit cell lines with BRAFVOOK
BRAFYP and BRAF°R mutations [8.11].

In vivo experiments showed inhibition of
tumor growth in BRAF'® (Colo 205) xeno-
graft mouse models (8]. Immunohistochemical
analysis of tumor markers 6 h post-final dose
of dabrafenib demonstrated downregulation
of ERK phosphorylation and Ki67 by 89 and
28%, respectively, as well as upregulation of the
growth inhibition marker p27 by 54% [3].

¢ Pharmacodynamics & drug interactions

In vivo experiments with xenograft models (Colo
205) demonstrated rapid (within 2 h) inhibition
of ERK. In addition, inhibition of ERK was sus-
tained for up to 18 h postdose when the circulat-
ing concentration of dabrafenib was lower than
that required for inhibition in the in vitro stud-
ies (8]. This was thought to be due to active cir-
culating metabolites rather than accumulation
of the drug within the tumor [s].

In a Phase I trial with a 3+3 design, maximum
tolerated dose was not achieved and doses up to
300 mg twice daily were tolerated [12]. A dose of
150 mg twice daily was chosen for Phase I studies
as maximal response in fluorodeoxyglucose — PET
studies and tumor markers were seen at this dose
and further increments resulted in toxicity [12].

At the 150 mg twice-daily dose, maximum
plasma concentration was recorded 2 h after the
dose was given and mean terminal half-life was
5.2 h [12]. Median inhibition of phosphorylated
ERK was 83.9% compared with baseline in
paired tumor biopsies in eight patients treated
with 70-200 mg of dabrafenib [12].

Hepatic metabolism and biliary secretion are
the main routes of elimination of dabrafenib
and its metabolites. Although caution should
be used in patients with moderate to severe
hepatic impairment, in contrast to vemurafenib,
dabrafenib has not been associated with hepati-
tis [9]. Dabrafenib is metabolized to hydroxyl-
dabrafenib by CYP2C8 and CYP3A4 therefore

drugs that are strong inhibitors or inducers of
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Figure 1. Drug inhibition of the MAPK pathway. Activation of the MAPK pathway due to mutations
in BRAF leads to increased proliferation and survival of melanoma cells. This growth pathway can be
disrupted by targeted agents such as BRAF and MEK inhibitors.

these enzymes should be avoided. Examples are
provided in Table 1.

Dabrafenib induces CYP3A4 and can induce
other enzymes such as CYP2B6, CYP2CS,
CYP2C9 and CYP2C19 therefore increased
monitoring of drugs such as warfarin and
digoxin should be performed. Dabrafenib was
associated with a maximum increase in QTc
interval of >60 ms from baseline ECG in 3%
of subjects [13]. The concomitant use of drugs at
high risk of prolonging QTc should be avoided.

Mild renal dysfunction does not appear to
affect clearance of dabrafenib, however the drug
has not been studied in patients with more severe
impairment; therefore caution should be used.

Population pharmacodynamics analysis did
not demonstrate age to have a significant effect
on dabrafenib metabolism [13]. However, age
greater than 75 years was predictive of 40%
higher plasma concentrations of carboxy- and
desmethyl-dabrafenib plasma compared with
subjects <75 years [13].

Pyrexia was seen in 20% of patients in the
Phase I study and was proportional to doses on
day 1 but less so after repeat dosing [12]. The
mechanism behind pyrexia remains unclear,
however, it is thought may be due to the pres-
ence of hydroxy-dabrafenib; a metabolite of dab-
rafenib [14]. In Phase I/1I studies, there was a trend
toward increased pyrexia with higher circulating
hydroxy-dabrafenib [14]. Despite the exact mecha-
nism being unknown, it has been suggested that
it may be immune-mediated and possibly related
to cytokine release. In addition it has been pro-
posed that trametinib, a MEK inhibitor, influ-
ences dabrafenib-driven pyrexia as the pyrexia is
significantly more common in patients receiving
the combination of these drugs [14].

Clinical efficacy
¢ Monotherapy
Dabrafenib has been approved by the US FDA
and EMA for use in patients with unresectable
stage III or stage IV BRAFY*'°F or BRAFVK
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Table 1. Examples of drugs that are strong inhibitors or inducers of CYP2C8 or CYP3A4.

Class Drug

Antibiotics Clarithromycin, rifampacin class agents, telithromycin, troleandomycin
Anticancer therapies Abiraterone acetate

Anticonvulsants Phenobarbital, phenytoin, fosphenytoin, carbamazepine, stiripentol, primidone
Antidepressants Nefazodone

Antifungals Itraconazole, ketoconazole, posaconazole, voriconazole

Antilipaemic agents  Gemfibrozil

Antiplatelets Clopidogrel

Antiretrovirals Ritonavir

Miscillaneous Amiodarone, bosentan, conivaptan, mibefranil

Data taken from Lexicomp Online®.

mutated melanoma [15]. The registration
Phase I1I open-label study compared dabrafenib
(150 mg twice daily) with dacarbazine (DTIC;
1000 mg/m? every 3 weeks) as first-line therapy.
Objective responses were reported in 50% of
patients assigned to dabrafenib versus 6% for
those treated with DTIC, with 3% of patients
on dabrafenib experiencing a complete response.
Median time to response was 6.2 weeks and
median duration of response 5.5 months. Median
progression-free survival (PFS) was 5.1 months
for dabrafenib and 2.7 months for dacarbazine
(HR: 0.30; 95% CI: 0.18-0.51; p < 0.0001) [7].
After a median follow-up of 10.2 months, PFS
for dabrafenib improved to 6.9 months and was
unchanged for dacarbazine (HR from progres-
sion or death: 0.37; 95% CI: 0.23-0.57) [1¢]. The
most common adverse events reported with dab-
rafenib were skin-related effects, fever, fatigue,
arthralgia and headache 7). At median follow-up
of 17.2 months, median overall survival (OS) was
20.1 months [4,7-24] in the dabrafenib arm versus
15.6 months [2,9-21] for DTIC. The 3-year sur-
vival was 31 and 28% for dabrafenib and DTIC,
respectively [17]. This was not statistically sig-
nificant; however, survival data are confounded
by almost 60% of patients treated with DTIC
crossing over to dabrafenib [18].

e Combination therapy

The FDA granted accelerated approval for the
combination of dabrafenib and trametinib
in January 2014 on the basis of results from
Phase I/11 studies [15,19]. The results of Phase III
studies were consistent with the Phase II results
and confirmed superior efficacy with combi-
nation therapy. 423 patients with previously
untreated unresectable stage IIlc or stage IV
melanoma were randomly assigned, in a 1:1
ratio, to receive either combination dabrafenib
(150 mg twice daily) and trametinib (2 mg once

Melanoma Manag. (2015) 2(3)

daily) or dabrafenib (150 mg twice daily) and
placebo [20]. Patients were stratified according
to baseline lactate dehydrogenase and BRAF
genotype. The primary end point of median
PES was significantly improved at 9.3 months
in the combination group and 8.8 months in
the monotherapy group (HR for progression or
death: 0.75; 95% CI: 0.57-0.99; p = 0.03) [20].
PES in the monotherapy group was longer than
that seen in previous trials of BRAF inhibi-
tors. This is thought due in part to censoring
of more patients in the monotherapy arm who
had clinical and not radiological progression,
and went on to receive alternative effective sys-
temic therapies. Objective responses were seen
in 67% in the dabrafenib-trametinib group
and 51% in the dabrafenib-placebo group
(p = 0.002) [20]. Median OS was not reached
at the time of reporting with an interim OS rate
0f 93% at 6 months in the combination group
and 85% in the monotherapy group (HR for
death: 0.63; 95% CI: 0.42—0.94; p = 0.02) [20].
As seen in the Phase II study, the addition of
downstream blockade of MAPK signaling by
trametinib resulted in a reduction in squamous
cell carcinomas, including keratoacanthomas,
(2 vs 9%) [20]. Pyrexia was a common feature
with the combination (51 vs 28%) and was
the commonest reason for dose interruptions
or discontinuation of therapy. Hypertension,
peripheral edema and diarrhea were also more
common in the combination group [20].
Combination dabrafenib and trametinib has
also been shown to be superior compared with sin-
gle agent vemurafenib in an open label Phase III
study of 704 patients [21]. Vemurafenib is another
potent and specific inhibitor of BRAF, which has
been shown to significantly improve response
rates, PFS and OS when compared with chemo-
therapy [22]. Patients were randomized to receive
dabrafenib (150 mg twice daily) and trametinib
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(2 mg daily) or vemurafenib (960 mg twice daily)
as first-line therapy. The primary end point of OS
on interim analysis at 12 months demonstrated
an OS rate of 72% (95% Cl: 67-77) in the com-
bination group and 65% (95% CI: 59-70) in the
vemurafenib monotherapy group (hazard ratio for
death: 0.69; 95% CI: 0.53—0.89; p = 0.005). Asa
consequence the study was terminated early and
patients in the vemurafenib group were allowed
to cross over to combination therapy. Median
PES was 11.4 months for combination versus
7.3 months for vemurafenib (HR: 0.56; 95% CI.:
0.46—0.69; p < 0.001) with an objective response
rate of 64 versus 51% (p < 0.001). Pyrexia of any
grade was more common with combination ther-
apy occurring in 53 versus 21% of patients, and
cutaneous squamous-cell carcinoma and keratoa-
canthoma less common (1 vs 18%) [21].

The combination of dabrafenib and
trametinib versus placebo is currently being
evaluated in a randomized Phase III double
blind study in the adjuvant treatment of high
risk BRAF"? mutation positive melanoma after
surgical resection (NCT01682083).

The combination of vemurafenib and cobi-
metinib, another BRAF/MEK combination
has also shown superiority to single agent
vemurafenib in the metastatic setting [23]. The
combination of LGX818 plus MEK162 versus
monotherapy BRAF inhibition is still currently
under evaluation (NCT01909453) (Figure 1).

¢ Brain metastases

Brain metastases are common in melanoma
and are associated with a poor prognosis due to
limited effective therapies. Dabrafenib has been
shown to have activity in asymptomatic brain
metastases in an open label Phase II study (see
Table 2) [24]. Responses were seen in those that had
not received prior local therapy (cohort A) and
in patients that had progressed following local
therapy (cohort B). Response rates were highest in
patients with a BRAFY*"** mutation (A: 39% and
B: 30%) compared with those with a BRAF6K
mutation (A: 6.7% and B: 22.2%) [24].

¢ Treatment beyond progression

There are concerns regarding the potential for
rapid disease progression after the withdrawal
of MAPK inhibitors. Data suggest some patients
benefit from ongoing BRAF inhibition beyond
progression, with prolonged OS even after adjust-
ing for potential confounding prognostic fac-
tors at the time of progressive disease. However,
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currently there are conflicted preclinical data to
support this. This approach can be considered in
patients who lack alternative effective therapeutic
options and continued assessment is imperative
to ensure ongoing clinical benefit. Due to the
heterogeneous nature of progression patients who
progress rapidly though treatment are unlikely to
benefit from this approach [25-27].

Safety & tolerability

Side effects are common with dabrafenib
although usually manageable and low grade. The
most common toxicities are cutaneous adverse
events, pyrexia, fatigue, headache, hypertension
and arthralgia [728]. Less frequent but severe
toxicities that are increased when dabrafenib
is combined with trametinib include pyrexia
associated with hypotension and renal failure,
and a decrease in ejection fraction [20]. In com-
parison to vemurafenib, dabrafenib is associated
with decreased cutaneous toxicity (in particular
less photosensitivity) and hepatotoxicity. Table 3
compares the toxicity experienced by patients
treated with dabrafenib, the combination of
dabrafenib and trametinib versus vemurafenib.

e Cutaneous toxicity

Typical cutaneous adverse events due to para-
doxical activation of the MAPK pathway include
hyperkeratosis, papillomas, palmar-plantar eryth-
rodysesthesia and less commonly cutaneous squa-
mous cell carcinomas (cuSCC) and keratoacan-
thomas (KA) [28]. With single agent therapy,
proliferative epidermal skin lesions are seen in less
than 10% of patients, with cuSCC/KA observed
in 6% of patients [7]. Typically cuSCCs appear
between 6 and 24 weeks from commencement
of therapy. Most are well differentiated and can
occur on either sun-damaged or undamaged
skin [30]. Combining dabrafenib with a MEK
inhibitor leads to a reduction in squamoprolif-
erative events with only 1-2% developing cuSCC
or KA [2021]. Treatment is with excision — no dose
interruption or reduction is required [31]. Photo
toxicity, which is common with vemurafenib,
is rarely seen with dabrafenib. New primary
melanomas are reported in approximately 1%
of patient on monotherapy or combination ther-
apy, available genotyping data demonstrate these
lesions to have BRAF wildtype genotype [32].

¢ Pyrexia

Pyrexia is a frequent adverse event experienced
with dabrafenib and can occur in up to 30%
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Table 2. Results of clinical trials evaluating dabrafenib in metastatic melanoma.

BREAK 3

Objective response  50%
rate

Outcome

Complete response 3%

Median 6.9 months

progression-free

survival

(0N Median OS
20 months

BREAK MB

Treatment naive and BRAF°°€ 39%
Treatment naive and BRAF%%K 6%
Prior local therapy and BRAFY6%°€ 31%

COMBI-D

Prior local therapy and BRAF6%%% 229% BRAFV6%°t 68% BRAFVS°E 649%
Dabrafenib/trametinib and Dabrafenib/trametinib and
BRAFV60%% 61% BRAFY60%% 659

Treatment naive and BRAF69% 3%
Treatment naive and BRAF°°K 0%
Prior local therapy and BRAFY6%°t 0%
Prior local therapy and BRAFY6°% 0%

Treatment naive and BRAF%°t 16 weeks
Treatment naive and BRAF°°K 8 weeks
Prior local therapy and BRAFVS°t 17 weeks
Prior local therapy and BRAF/¢°%K 16 weeks
Median OS:

Treatment naive and BRAFV%%F 33 weeks
Treatment naive and BRAF%°°K 16 weeks
Prior local therapy and BRAF6%°t 31 weeks
Prior local therapy and BRAFY¢°%% 21 weeks

months

Dabrafenib and BRAFY0°E 539%
Dabrafenib and BRAFV6°°K 40%
Dabrafenib/trametinib and

Dabrafenib and BRAF¢°°F 16%
Dabrafenib and BRAFV5°%K 29
Dabrafenib/trametinib and
BRAFY69%€ 199
Dabrafenib/trametinib and
BRAFV69%K 304

Dabrafenib 8.8 months
Dabrafenib/trametinib 9.3

OS rate at 6 months:
Dabrafenib 85%
Dabrafenib/trametinib 93%

COMBI-V

Vemurafenib and BRAFY5°%F 52%
Vemurafenib and BRAFV6°°K 44%
Dabrafenib/trametinib and

Vemurafenib 8%
Dabrafenib and trametinib 13%

Vemurafenib 7.3 months
Dabrafenib/trametinib
11.4 months

OS rate at 12 months:
Vemurafenib 65%
Dabrafenib/trametinib 72%

OS: Overall survival.
Data taken from [7,20,21,24].
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with monotherapy and 50% of patients when
used in combination with trametinib [20.21].
The median time to onset of first episode is
4 weeks and the median duration 3 days. There
are no known predictive correlates and it does
not correspond with clinical outcome. Patients
usually respond to an interruption in therapy
but may require a dose reduction if symptoms
recur. Recurrent pyrexia is common (79%) and
low dose steroids have been successfully used as
secondary prophylaxis to allow maintenance of
dose intensity or dose re-escalation [14].

e Arthralgia

Arthralgia is a common side effect occur-
ring in a third of patients receiving treatment
with dabrafenib; however, severe debilitating
arthralgia occurs in <1% (7.16]. The main stay of
treatment is providing symptomatic relief with
anti-inflammatories and analgesics. More severe
arthralgia may require a short course of corti-
costeroids and an interruption in therapy until
symptoms improve (33,34].

Monitoring

Patients should be under regular review for assess-
ment of toxicity and response while on therapy.
Grade 2 or higher adverse events were seen in
greater than 50% of patient in Phase III studies
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and the incidence was greater than 80% in the
brain metastases study [28]. On commencement
of therapy patients should be seen regularly with
blood tests (full blood count, renal and liver
function tests) in the initial weeks to assess for
early intolerance and need for dose reduction or
interruption. Median time to response is 6 weeks
allowing initial response assessment at this time
point. Imaging with ("®F) fluorodeoxyglucose-
PET can be used as a marker of early biologic
response to BRAF inhibitors with decreased
tumor activity becoming evident before response
on conventional cross-sectional imaging [3s).
Patients should be informed of the risk of non-
infectious pyrexia, particularly if receiving
combination therapy. They should be advised
to withhold dabrafenib and take a nonsteroidal
antipyretic as well as seek consultation if their
temperature is >38.5°C [31].

Patients should undergo regular skin evalua-
tions and assessment for cuSCC. Consideration
should also be given to the potential for other
primary melanomas as well as noncutaneous
squamous malignancy [31], particularly if patients
are on therapy for a considerable length of time.

Dabrafenib should be used with caution
in patients who are at risk of developing an
arthythmia and avoided in those with pro-
longed QTc at baseline [36]. Patients should

future science group



have electrocardiogram monitoring at baseline,
after 1 month on treatment and when dose
modifications occur [31].

Ubveitis, pancreatitis and renal failure are seri-
ous but infrequent toxicities (<1%) that should
be monitored for at clinical review [31].

Tackling resistance

Dabrafenib produces significant clinical ben-
efit in BRAFY**® mutation-positive metastatic
melanoma and this is further increased in
combination with trametinib. Unfortunately,
response for the majority is measured in
terms of months as complex drug resistance
is acquired, commonly leading to reactivation
of the MAPK pathway [37]. Resistance mecha-
nisms to BRAF inhibitors include dimeriza-
tion of aberrantly spliced BRAF, amplification
of mutant BRAF, acquisition of mutations in
RAS or MEK, upregulation of MAP3K8/COT,
loss of NF1, upregulation of the EGF receptor-
SRC family kinase-STAT3 signaling pathway
and PI3K-PTEN-AKT pathway upregulating
mutations (see Figure 2) [38-42]. The numbers of
patients affected by these mechanisms of resist-
ance remain uncertain and there are a large
proportion of patients in whom a mechanism
for resistance is unknown. Using the combina-
tion of dabrafenib and trametinib to block the

Dabrafenib in metastatic melanoma treatment

MAPK pathway at two points has been shown to
delay but not prevent resistance [20]. Resistance
to combination therapy can also be mediated
by development of other activating mutations
of NRAS and MEK2'%S [37].

Various strategies to delay and overcome
resistance are currently being evaluated,
including intermittent dosing and addition of
novel agents. Mouse models evaluating tumors
resistant to vemurafenib have demonstrated
that these tumors can become drug depend-
ent for their ongoing proliferation, with ces-
sation of drug leading to tumor regression.
In addition, intermittent dosing schedules
can forestall the development of lethal drug
resistance [26]. There are also reports of patients
successfully being rechallenged with BRAF
inhibition after a treatment-free interval [43].
Phase II clinical trials are planned to evaluate
a variety of discontinuous dosing schedules to
sustain the durability of response. A number of
novel targets are currently being investigated
in order to overcome resistance mechanisms.
Preclinical data have shown that Pan-raf inhib-
itors have activity in BRAF/MEK inhibitor
patient-derived xenografts and Phase I trial
results are awaited [44]. Inhibition of targets
further downstream of RAF and MEK such
as ERK or cyclin-dependant kinase inhibitors

DRUG EVALUATION

Table 3. Toxicity profiles.

Vemurafenib %
(%G3/4),
monotherapy
(3222 patients)

10 (<1)

19 (<1)
26 (<1)
12
302
1
38(3)
32(3)
12 (<1)
4(2)
NR
0.3
11(5)
15 (<1)
19(1)

Adverse event BREAK 3 % (%G3/4), COMBI-D % COMBI-D % COMBI-V %
monotherapy (%G3/4), (%G3/4), (%G3/4),
(187 patients) monotherapy combination combination
(211 patients) therapy therapy
(209 patients) (350 patients)
Pyrexia 33(5) 28 (2) 51 (6) 53 (4)
Cutaneous:
- Hyperkeratosis 41 32 3 4
- Alopecia 29 26 7 6
- SCC/KA 10 9 2 1
- Phototoxicity 3 NR NR 4
- New primary melanomas 1 1 <1 1
Arthralgias 37 27 (0) 24 (<1) 24 (1)
Fatigue 5 35(1) 35(2) 29
Headache 3(1) 29 (1) 30 (<1) 29
Hypertension NR 14 (5) 22 (4) NR
Decreased ejection fraction NR 2(<1) 4(<1) 8 (4)
Noncutaneous malignancy 2 3(1) 2 (<1) 1
Abnormal LFTs NR 3(<1) 11 (3) NR
Diarrhea NR 14 (1) 24 (1) 32 (1)
Nausea 1 26 (1) 30 (0) 35 (<1)
KA: Keratoacanthoma; LFT: Liver function test; NR: Not reported; SCC: Squamous cell carcinoma.
Data taken from [7,20,21,24,29].
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Figure 2. Mechanisms of resistance to BRAF inhibitors. Multiple mechanisms of resistance to BRAF
inhibitors exist including upregulation of alternative pathways, loss of tumor suppressors, aberrant

splicing and upregulation of a variety of kinases.

are in early phase development [45]. Further
combination strategies such as combined ERK
and PI3K/mTOR inhibition may have more
value [46].

Combining targeted therapy with
immunotherapy

Immunotherapy is another evolving area
that has dramatically improved outcomes in
patients with advanced melanoma in recent
years. Following progress in this field attention
has been drawn to strategies for combining
and sequencing targeted and immune therapy
approaches. Vemurafenib has been shown
to increase expression of antigens known to
stimulate T cells and reduce immune inhibi-
tory production of cytokines by tumor cells [47].
Unfortunately a Phase I trial combined vemu-
rafenib and ipilimumab was closed due to

Melanoma Manag. (2015) 2(3)

grade 3 hepatotoxicity seen in six out of ten
patients; however, as dabrafenib is not associ-
ated with hepatitis, combinations of dabrafenib,
trametinib and ipilimumab are currently being
investigated (NCT01767454) (48.49]. Initial
results have not shown significant hepatotox-
icity and the trial is being expanded [49]. In
addition, clinical trials are currently being
designed to investigate the optimal sequencing
of targeted and immune therapy [s0].

Conclusion

Dabrafenib has been shown to be comparable
to other BRAF inhibitors in terms of efficacy
in metastatic melanoma. It is well tolerated with
main adverse events including pyrexia, arthral-
gia and cutaneous toxicity, all being manage-
able. In combination with trametinib, further
improvements in efficacy have been seen. Future

future science group



research will determine methods of overcom-
ing resistance and if BRAF inhibition will be
synergistic with immunotherapy.
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