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Abstract: Melanoma has the highest mortality of all the skin cancer subtypes. Historically, 

chemotherapy and immunologic therapies have yielded only modest results in the treatment of 

metastatic melanoma. The discovery of prevalent V600 BRAF mutations driving proliferation 

makes this oncogenic protein an ideal target for therapy. Dabrafenib, a reversible inhibitor of 

mutant BRAF kinase, improved response rates and median progression-free survival in patients 

with V600E BRAF-mutant metastatic melanoma, including those with brain metastases. With 

a well-tolerated  toxicity profile, dabrafenib is effective as a monotherapy; however, resistance 

eventually develops in almost all patients. As a result, current research is exploring the role of 

combination therapies with dabrafenib to overcome resistance.
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Introduction to melanoma  
and personalized medicine
Skin cancer is the most common cancer in the US, and melanoma has the highest 

mortality rate of all the skin cancer subtypes.1 The incidence and prevalence of 

cutaneous melanoma have increased over the last 30 years, and one in 50 Americans 

will be diagnosed with melanoma at some point in their lifetime.2 Although more than 

80% of patients have localized disease at the time of diagnosis and a 5-year survival 

of more than 90%, metastatic melanoma continues to carry a poor prognosis, with a 

median overall survival of 9–11 months and one-year and 5-year survivals of about 

33% and 15%, respectively.2,3

Until recently, standard treatments for metastatic melanoma have yielded only 

modest response rates and significant toxicities. Dacarbazine, an alkylating agent, was 

one of the first chemotherapies approved for metastatic melanoma, with a response 

rate of about 20% and a median response duration of 5–6 months.4 However, multiple 

studies have failed to demonstrate a survival benefit with dacarbazine.4 Similarly, high-

dose interleukin (IL)-2 has a response rate of about 6%–16%, and responders have a 

 progression-free survival of 13.1 months.5,6 For those with brain metastasis, the response 

rate with IL-2 is only 5%.7 Addition of the peptide vaccine gp-100 to high-dose IL-2 

therapy slightly improved response rates and progression-free survival, but unfortu-

nately the significant toxicity profile associated with high-dose IL-2, which includes 

capillary leak syndrome, arrhythmias, hypotension, and neurologic changes, makes the 

treatment difficult to tolerate in many patients.5,6 In spite of its modest response rates, 

significant toxicity profile, and lack of overall survival advantage, IL-2 continues to 
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be a treatment option for metastatic melanoma because of 

the prolonged median progression-free survival of several 

years in patients who experience a complete response.5 

 Temozolomide, an oral alkylating agent that crosses the 

blood–brain barrier and has the same chemical active species 

that causes cell death as dacarbazine, has a response rate of 

approximately 7% and a median progression-free survival 

of about 1.2 months in patients with brain metastasis and 

no prior treatment.8 In addition to single-agent therapies, 

combination chemotherapy regimens have been explored 

but have also yielded relatively modest response rates.9 

Strategies that combine cytotoxic chemotherapies with 

immune-modulating agents, such as biochemotherapy, have 

also been investigated.10,11 One biochemotherapy regimen 

combining cisplatin, vinblastine, dacarbazine, interferon, and 

IL-2 has demonstrated modest improvement in progression-

free survival but not overall survival in Phase III trials.11,12 

Although some combination regimens have slightly improved 

response rates, none have demonstrated improved overall 

survival when compared with dacarbazine monotherapy, and 

many regimens are associated with toxicities that are poorly 

tolerated by patients.4,10,11

Recent research efforts have explored the potential role 

of targeted therapy for metastatic melanoma. Understanding 

the driver mutations which contribute to the uncontrolled 

proliferation of cancer cells has been crucial for the develop-

ment of drugs that specifically target the underlying cellular 

defect. In metastatic melanoma, oncogenic mutations in 

multiple cellular pathways have been identified, including 

BRAF and NRAS mutations in the mitogen-activated pro-

tein kinase (MAPK) pathway, p53 mutations, and PTEN 

mutations.13–15 Inhibitors have been developed that target 

specific proteins, such as BRAF and MEK, in unregulated 

proliferation cascades. Likewise, immune-modifying 

agents, such as anti-CTLA-4 and anti-PD-1 antibodies, have 

been developed to control melanoma growth by activating 

cytotoxic T-lymphocytes.16,17 Ipilimumab, an anti-CTLA-4 

antibody, has a response rate of 10.9%, with a complete 

response rate of 1.5% and a median progression-free survival 

of 2.86 months.18 Importantly, ipilimumab was the first drug 

to demonstrate improved overall survival in patients with 

metastatic melanoma, with one-year and 2-year survival 

rates of 45.6% and 23.5%,  respectively.18 Although severe 

immune-related adverse events are observed in about 10%–

15% of patients, algorithmic management of the adverse 

events can significantly mitigate these serious toxicities.18 

Additionally, combining ipilimumab with nivolumab, an 

anti-PD-1 antibody, in a Phase I study of patients with 

metastatic melanoma led to an objective response in 53% of 

patients, with all responding patients demonstrating tumor 

reductions of 80% or more. Although grade 3 and 4 adverse 

events occurred in 53% of patients, most side effects were 

reversible and manageable.19 Further, lambrolizumab, an 

anti-PD-1 antibody, had a response rate of about 38%, with 

a median progression-free survival of over 7 months and a 

fairly well-tolerated  toxicity profile.20 The goal of molecular-

targeted research has been to identify relevant molecular 

aberrations in individual patients and use this knowledge 

to guide treatment decisions.

Introduction to BRAF
The MAPK cascade plays an important role in cellular pro-

liferation and differentiation.21,22 Mutations in the MAPK 

signaling pathway have been identified in patients with 

malignant melanoma.13–15,22 Growth factors activate a small 

GTP binding protein (RAS) on cell membranes, which 

triggers intracellular signaling (Figure 1).21 Downstream 

activation of RAF, a serine/threonine kinase protein, leads 

to phosphorylation of MEK proteins and eventual activa-

tion of the protein kinase ERK, which translocates into the 

nucleus and stimulates progrowth signals.21,22 Unregulated 

activation of the MAPK pathway can therefore lead to 

malignancy.21–23

The RAF protein kinases have been extensively studied 

for their role in oncogenesis. Specifically, BRAF mutations 

have been identified in many malignancies, including cuta-

neous melanoma, colorectal cancer, and papillary thyroid 

carcinoma.24–27 In each tumor type, the presence of a BRAF 

mutation has been associated with a more aggressive disease 

course and worse overall prognosis.24–26

BRAF mutational status  
in malignant melanoma
BRAF mutations have been identified in 50%–60% of all 

metastatic melanomas, and 80%–90% of all BRAF mutations 

consist of an exchange of glutamine for valine at amino acid 

600 (V600E).13,26,27 This alteration locks the kinase into a 

500-fold more active conformation than wild-type BRAF 

and leads to oncogenesis via unregulated MAPK signaling.28 

Substitution of lysine for valine (V600K) is another trans-

formation observed in about 20% of BRAF mutations 

in metastatic melanoma.26 Historically, the prognosis of 

BRAF-mutant melanoma has been worse than melanomas 

with wild-type BRAF because untreated patients have a 

median overall survival of 11.1 months versus 46.1 months, 

respectively.26
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The frequency of BRAF mutations in metastatic mela-

noma has driven the development of agents to disrupt the 

pathway signaling associated with these activating oncogenic 

mutations. Vemurafenib, an inhibitor that is ten times more 

selective for mutant BRAF than wild-type, induces potent 

cell cycle arrest, inhibits proliferation, and initiates apop-

tosis exclusively in V600E-mutant cells in a variety of 

experimental in vitro systems.29,30 Xenograft studies similarly 

demonstrated sensitivity and activity against melanomas with 

V600E BRAF mutations.30

Meanwhile, dabrafenib was developed separately as 

an ATP-competitive, reversible inhibitor of mutant BRAF 

kinase. Like vemurafenib, dabrafenib decreases phospho-

rylated ERK and causes cell cycle arrest.31 In preclinical 

studies, dabrafenib was almost 20 times more selective at 

inhibiting V600E BRAF-mutants than wild-type BRAF in 

multiple cancer cell lines.31 Additionally, dabrafenib has 

inhibitory effects on cell lines containing other activat-

ing BRAF mutations, including Val600Lys (V600K) and 

Val600Asp (V600D).31 Dabrafenib achieved a half maximal 

inhibitory concentration (IC
50

) with 0.6 nM, 0.5 nM, 1.9 nM, 

and 12 nM in V600E, V600K, V600D, and wild-type BRAF 

cell lines, respectively.31

Dabrafenib targeting mutated  
BRAF in metastatic melanoma
Clinical trials
The first-in-human Phase I trial of dabrafenib showed 

promising results. The treatment was well-tolerated with no 

maximum tolerated dose identified despite dose escalation 

that achieved pharmacokinetic concentrations well above 

the levels predicted to have adequate target inhibition.32 

A recommended Phase II dose (RP2D) of 150 mg by mouth 

twice a day was selected for future studies.32 Patients with 

V600E BRAF-mutant melanoma were more responsive to 

treatment, with a confirmed response rate of 57% compared 

with 37% in patients with V600K mutations.32 Patients with 

either V600E or V600K had similar median progression-free 

survival of 5.5 and 5.6 months, respectively (Table 1).32 The 

most serious side effects with a grade 2 or higher at the RP2D 

were well differentiated cutaneous squamous cell carcinoma 

(7%), fever (6%), and fatigue (4%).32 Pyrexia was an unusual 
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Figure 1 Redundancy of the MAPK signaling cascade and targeted inhibitors. Single arrows signify direct pathways. Double arrows reflect a culmination of multiple steps in 
the signaling cascade.
Note: Adapted from Cancer Discov, copyright 2013, 3(5), 487–490, Girotti MR, Marais R, Déjà vu: eGF receptors drive resistance to BRAF inhibitors, with permission from AACR.59

Abbreviations: HGF, human growth factor; iGF-iR, insulin-like growth factor 1 receptor; PDGFR-β, platelet-derived growth factor-β; Pi3K, phosphoinositide 3-kinase; eRK, 
extracellular signal-regulated kinase; MAPK, mitogen-activated protein kinase.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Pharmacogenomics and Personalized Medicine 2014:7submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

24

Kainthla et al

dose-limiting toxicity observed; however, almost all cases 

could be managed with antipyretics, low-dose steroids, or 

dose reduction. No patient required discontinuation of treat-

ment secondary to side effects, and no deaths occurred from 

the treatment.32

Following the promising preliminary results of the Phase I 

trial, a randomized Phase III trial compared dabrafenib with 

dacarbazine in patients with V600E BRAF-mutant metastatic 

melanoma.33 Eligible patients had excellent performance 

status, with an Eastern Cooperative Oncology Group score 

of 0 (fully active and able to carry out all performance 

without restrictions) or 1 (restricted in physically strenu-

ous activity but ambulatory and able to carry out work of 

a light or sedentary nature) and no other prior treatments 

except high-dose IL-2.33 All patients with active central 

nervous system metastases were excluded.33 The confirmed 

response rate for dabrafenib was 50% compared with 6% 

for dacarbazine per the study’s independent review commit-

tee (Table 1).33 In those treated with dabrafenib, 47% had 

a partial response while 3% showed a complete response.33 

The median progression-free survival in patients receiv-

ing dabrafenib was 6.9 months compared with 2.7 months 

in patients who received dacarbazine therapy.34 The most 

common side effects with dabrafenib were dermatologic, 

and included hyperkeratosis (39%) and squamous cell car-

cinoma (10%). Other common side effects observed were 

pyrexia (32%), headache (35%), and arthralgia (35%).34 

The occurrence of pyrexia of at least grade 2 was higher in 

the Phase III study than in the Phase I study (11% versus 

6%, respectively) but was manageable in most cases.32,33 

Grade 3 and 4 adverse events were uncommon, and 28% of 

patients needed dose reductions secondary to toxicity.33,34 

Overall, dabrafenib has markedly higher response rates and 

progression-free survival along with a well-tolerated toxicity 

profile compared with dacarbazine in patients with V600E 

BRAF-mutated metastatic melanoma.33

BRAF-mutant melanoma  
with brain metastasis
A small subset of ten patients with untreated brain metastases 

were enrolled at the RP2D in the first-in-human Phase I trial 

of dabrafenib.32 Nine patients responded to treatment, with 

four having complete resolution of brain lesions and a median 

progression-free survival of 4.2 months.32

Because of these encouraging preliminary results, a 

multicenter, open-label, Phase II trial compared dabrafenib 

treatment in V600E and V600K BRAF-mutant melanoma with 

metastases to the brain in patients with and without previous 

local treatment, including brain surgery, whole-brain radiation, 

or stereotactic radiosurgery (Table 1).35 In V600E mutants with 

no prior treatment, 39% had an intracranial response, with 

3% having a complete reponse.35 Median progression-free 

survival was 16.1 weeks.35 In participants with V600E-BRAF 

and disease progression following prior local treatment, 31% 

demonstrated a partial response to dabrafenib, with a median 

progression-free survival of 16.6 weeks.35

Conversely, V600K BRAF mutants were less respon-

sive, with an intracranial partial response of 7% and 22% 

Table 1 Comparison of endpoints among dabrafenib clinical trials

# of patients  
enrolled*

Response rate  
(confirmed CR and PR)

Stable  
disease

Progression- 
free survival

Dabrafenib: Phase I/II32 
 All patients 
 V600E 
 V600K

 
36 
28 
8

 
19 (53%) 
16 (57%) 
3 (37%)

 
Not reported

 
5.5 months 
5.5 months 
5.6 months

Dabrafenib vs dacarbazine: Phase III33 
 Dabrafenib 
 Dacarbazine

 
187 
63

 
93 (50%) 
4 (6%)

 
78 (42%) 
30 (48%)

 
6.9 months34 
2.7 months

Dabrafenib for brain metastasis: Phase II35 
initial treatment 
 V600E 
 V600K 
Previously treated 
 V600E 
 V600K

 
 
74 
15 
 
65 
18

 
 
29 (39%) 
1 (7%) 
 
20 (31%) 
4 (22%)

 
 
31 (42%) 
4 (27%) 
 
38 (58%) 
5 (28%)

 
 
16.1 weeks 
8.1 weeks 
 
16.6 weeks 
15.9 weeks

Dabrafenib with trametinib: Phase I/II43 
 Dabrafenib monotherapy 
 Dabrafenib + trametinib

 
54 
54

 
29 (54%) 
41 (76%)

 
22 (41%) 
13 (24%)

 
5.8 months 
9.4 months

Note: *At the recommended Phase ii dose.
Abbreviations: CR, complete response; PR, partial response.
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in previously untreated and treated patients, respectively 

(Table 1).35 None had a complete response. Median 

progression-free survival in those with no prior treatment 

was 8.1 weeks versus 15.9 weeks in previously treated 

participants.35 The most common side effects in all groups 

were pyrexia (7% in untreated and 12% in previously treated 

patients) and cutaneous squamous cell carcinoma or kera-

toacanthoma (6% in previously untreated patients and 7% in 

those with prior local treatment).35 The results suggest that 

dabrafenib is a possible treatment option in patients with 

V600E or V600K BRAF-mutant melanoma metastatic to the 

brain regardless of history of prior local treatment.

Dabrafenib resistance and  
alternative combination strategies
Although dabrafenib has a high specificity and response rate 

in patients with V600E BRAF-mutated melanoma, resistance 

develops in almost all patients.31,33 Disease progression is 

observed in about 50% of patients on monotherapy within 

6 months of treatment initiation.33,36 Multiple acquired 

mechanisms of resistance to BRAF inhibition have been 

investigated. Using sustained exposure to a specific V600E 

BRAF inhibitor, previously susceptible cell lines developed 

strong resistance.37,38 In vitro and in vivo analyses of mela-

noma cell lines and tumor biopsies with acquired resistance 

demonstrated intact V600E BRAF with no secondary muta-

tion to account for the evasion of inhibition.37–39 Monitoring 

of MEK and ERK activation revealed distinct mechanisms 

of resistance, with elevated downstream phosphorylation 

in the setting of BRAF inhibition suggesting alternative 

MAPK pathway activation (Figure 1).37,40 Although multiple 

mechanisms appear to account for continued downstream 

signaling, utilization of different RAF isoforms, ie, ARAF 

or CRAF, to circumvent BRAF inhibition has been identi-

fied.38,40 Specifically, development of activating mutations 

of N-RAS kinase proteins, which tend to phosphorylate 

CRAF instead of BRAF, continue uncontrolled MAPK 

signaling.37,39,41 Another mechanism of resistance is acquisi-

tion of alternative splicing of BRAF (p61 BRAF), resulting 

in dimerization of RAF kinase and continued downstream 

ERK phosphorylation in the presence of RAF inhibitors.42 In 

addition, RAF-independent mechanisms have been identified 

with increased COT, a different serine/threonine MAP kinase, 

driving persistent MAPK cascade activation in the presence 

of BRAF inhibition.40 Alternatively, upregulation of recep-

tor tyrosine kinases, such as platelet-derived growth factor 

receptor-β and insulin-like growth factor-1 receptor, confirms 

acquired MAPK-independent resistance.37,38 Ultimately, the 

mechanism of acquired BRAF inhibitor resistance appears to 

be complex, with multiple diverse pathways circumventing 

inhibition to cause disease progression after initial treatment 

response. Understanding resistance allows for combination 

treatment strategies to not only increase median progression-

free survival but also potentially also improve complete 

response rates.

Combined BRAF and MeK inhibition
With evidence of persistent MAPK signaling through con-

tinued downstream MEK phosphorylation despite BRAF 

inhibition in vitro and in vivo, dabrafenib has been combined 

with trametinib, a MEK inhibitor, in both preclinical studies 

and clinical trials.39,43 In in vitro studies, cells having acquired 

resistance to dabrafenib with continued ERK phosphoryla-

tion in the presence of the BRAF inhibitor demonstrated 

restoration of inhibition similar to sensitive parental cell lines 

when treated with both dabrafenib and trametinib.39 These 

promising preclinical observations provided the rationale 

for a Phase I trial and a randomized Phase II clinical trial to 

determine the effects of this combination on response rates 

and median progression-free survivial.43 Enrolled participants 

had metastatic melanoma with confirmed V600E or V600K 

BRAF mutations but no prior treatment. Those with treated 

brain metastases and stable brain lesions for greater than 

3 months were also eligible for enrollment.43 The recom-

mended Phase II dose was 150 mg dabrafenib twice daily 

and 2 mg trametinib once daily, which are the recommended 

monotherapy doses for each agent.43

The response rate for combination therapy was improved 

at 76% compared with dabrafenib monotherapy, which was 

54% (Table 1).43 The cohort treated with the recommended 

Phase II combination dose had a partial response rate of 

67% and a complete response rate of 9%.43 Similar to pre-

vious studies, those treated with dabrafenib monotherapy 

had a partial response rate of 50% and complete response 

rate of 4%.33,43 The median progression-free survival in the 

group receiving combination dabrafenib and trametinib 

was 9.4 months, which was significantly better than the 

5.8 months observed in those receiving dabrafenib mono-

therapy.43 Combination therapy was also generally toler-

ated well. The most frequent side effect of pyrexia, which 

was worse on combination therapy than on monotherapy 

(71% versus 26%), was the most common reason for dose 

reduction.43 Neutropenia was the most frequent grade 3 

or 4 (11%) adverse effect with combination treatment.43 

 Surprisingly, the incidence of cutaneous squamous cell 

carcinoma was decreased on combination therapy compared 
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with monotherapy using dabrafenib (7% versus 19%), 

possibly because MEK inhibition by trametinib attenuates 

dabrafenib-induced paradoxical activation of the MAPK 

pathway in normal keratinocytes.43 However, the dual therapy 

cohort experienced MEK inhibitor-associated toxic effects 

not seen with dabrafenib monotherapy, including decreased 

ejection fraction (9%) and chorioretinopathy (2%), although 

none were grade 3 or higher.43 Overall, combining dabrafenib 

with the MEK inhibitor trametinib led to improved response 

rates and median progression-free survival compared with 

treatment using dabrafenib alone and had a well tolerated 

toxicity profile.43

Combined BRAF, MeK,  
and Pi3K/mTOR inhibition
BRAF and MEK inhibition vertically target two distinct 

proteins in the MAPK pathway; however, activation of 

alternative proliferative pathways can continue to drive 

oncogenesis (Figure 1). Mutations in both the MAPK and 

phosphoinositide 3-kinase (PI3K)/mammalian target of 

rapamycin (mTOR) pathways can coexist, with PI3K/mTOR 

activating mutations contributing to unregulated prolifera-

tion.44,45 An interaction between the MAPK and PI3K/mTOR 

signaling cascades has also been established, with increased 

AKT and mTOR phosphorylation occurring in the setting 

of BRAF inhibition.46,47 An in vitro study showed decreased 

cell proliferation in dabrafenib-resistant cells treated with 

both dabrafenib and trametinib; however, S6P, a protein 

activated by both the MAPK and PI3K/mTOR pathways, 

continued to be phosphorylated downstream.39 The addi-

tion of a dual PI3K/mTOR inhibitor to either dabrafenib or 

trametinib led to decreased S6P activation when compared 

with combination dabrafenib and trametinib therapy.39 The 

combination of dabrafenib with the PI3K/mTOR inhibitor 

decreased cell proliferation in both parental and resistant cell 

lines and offers a potential alternative treatment strategy in 

patients with acquired dabrafenib resistance.39 Clinical trials 

using a combination of dabrafenib, trametinib, and a PI3K/

mTOR inhibitor are planned. Few overlapping toxicities are 

expected, given the individual mechanisms of action associ-

ated with each drug.

Combined dabrafenib  
and immune modulator strategies
BRAF activation induces downstream cytokine production 

that suppresses the immune system; therefore, dabrafenib-

induced inhibition of the MAPK pathway could enable the 

immune system to play a vital role in clearing tumor cells and 

preventing recurrence.48,49 However, many immune cells, such 

as cytotoxic T-lymphocytes, use the MAPK pathway to func-

tion, and some MAPK pathway inhibitors negatively affect 

systemic immunity.50,51 To determine the effect of dabrafenib 

on the immune system, the peripheral blood of patients with 

metastatic melanoma treated with dabrafenib was analyzed 

using cytokine and immunologic assays along with flow 

cytometric analysis.49 Dabrafenib did not exhibit immunosup-

pression, likely secondary to its specificity for tumor cells 

containing V600 BRAF mutations, and spared the wild-type 

BRAF present in immune cells.49 In another study, biopsies 

obtained from patients before and after dabrafenib treatment 

were examined to determine the effect on tumor-infiltrating 

lymphocytes.52 Post-treatment tumor samples generally had 

high concentrations of both intratumoral and peritumoral 

CD4+ and CD8+ cells compared with samples before exposure 

to dabrafenib.52 Tumors with increased intratumoral CD8+ 

cells correlated with decreased tumor size and increased 

tumor necrosis.52 The initial increase in CD8+ cells found 

immediately post-treatment was reduced in biopsies taken 

from tumors following disease progression.52 These results 

suggest that dabrafenib combined with an immune stimulator, 

such as IL-2 or an anti-CTLA-4 antibody, could work syn-

ergistically. A recent Phase I study combining vemurafenib 

with ipilimumab was limited by grade 3 hepatotoxicity that 

was reversible with discontinuation of the drugs or use of 

glucocorticoids.53 Therefore, such combinations should be 

explored with caution in the future. Additional clinical trials 

are needed to assess the efficacy and safety of combining 

dabrafenib with immune modulators.

Combination BRAF  
and HGF/MeT inhibition
In addition to acquired intracellular mechanisms of resis-

tance, the tumor microenvironment can confer resistance 

to BRAF inhibition in cells containing V600E BRAF 

mutations.54 In vitro studies demonstrated that tumor cells 

initially sensitive to RAF inhibitors can become resistant 

when cultured with stromal cells that simulate the tumor 

microenvironment.54

Investigation of fibroblast-conditioned media using 

antibody array-based analysis identified hepatocyte growth 

factor (HGF) as the factor inducing resistance.54 When 

added to media containing a BRAF inhibitor, recombinant 

HGF caused growth of BRAF-inhibited cell lines and cor-

related with increased MET expression, whereas in other 
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cell lines, HGF exposure resulted in undetectable MET 

expression with continued growth supression.54,55 HGF is a 

ligand to the receptor tyrosine kinase MET, which has been 

implicated in progression of melanoma (Figure 1).56 MET 

can initiate the MAPK cascade and bypass BRAF inhibi-

tion via phosphorylation of CRAF.56 MET also activates the 

PI3K-AKT pathway.54 In vitro studies demonstrated that 

dual inhibition of RAF and either HGF or MET resulted in 

reversal of resistance in cells with V600E BRAF mutations.54 

Similarly, small molecules that inhibit MET eliminated 

resistance attributed to HGF secretion from surrounding 

fibroblast cells.54 These findings suggest that combining 

HGF/MET-specific inhibitors with BRAF inhibitors could 

possibly reduce some of the resistance conferred through 

the tumor microenvironment and ultimately improve both 

response rates and progression-free survival.

Place of dabrafenib in therapy
As a monotherapy, dabrafenib has been demonstrated in clini-

cal trials to be an effective targeted agent in the treatment of 

metastatic melanoma with V600 BRAF mutations, especially 

in V600E and V600K mutants. Along with high response rates 

and a well tolerated toxicity profile, dabrafenib demonstrates 

durable activity against brain metastases. Taken by mouth 

twice daily, dabrafenib can be conveniently administered 

as an outpatient treatment. In May 2013, the US Food and 

Drug Administration approved dabrafenib for the treatment 

of unresectable or metastatic melanoma with V600E BRAF 

mutations.57

Although dabrafenib is effective as a single-agent 

treatment, resistance eventually develops in most patients. 

Preliminary studies examining combination strategies sug-

gest enhanced response rates when dabrafenib is combined 

with a variety of inhibitors targeting proteins, not only in the 

MAPK cascade but also in alternative pathways conferring 

redundancy to oncogenesis. To improve overall response 

rates and survival outcome, more studies are needed to 

understand the interplay among the tumor microenvironment, 

systemic immune system, and intracellular signaling driving 

tumor progression. With recent approval from the US Food 

and Drug Administration, the role of dabrafenib as a single 

agent has been established, and combination therapy strate-

gies to overcome resistance will be explored in future and 

ongoing clinical trials (Table 2).
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Table 2 Active and recruiting clinical trials involving dabrafenib use in patients with melanoma

NCT# Trial Status

01677741 The study to determine safety, tolerability, and pharmacokinetics of oral dabrafenib in 
pediatric subjects

Recruiting

01584648 A Phase iii study comparing trametinib and dabrafenib combination therapy to  
dabrafenib monotherapy in subjects with BRAF-mutant melanoma

Active,  
not recruiting

01767454 Phase i study of dabrafenib ± trametinib in combination with ipilimumab for V600E/K  
mutation positive metastatic or unresectable melanoma

Recruiting

01682083 A study of the BRAF inhibitor dabrafenib in combination with the MeK inhibitor  
trametinib in the adjuvant treatment of high-risk BRAF mutation-positive melanoma  
after surgical resection

Recruiting

01682213 Adjuvant dabrafenib in patients with surgically resected AJCC stage iiiC melanoma  
characterized by a BRAFV600E/K mutation

Recruiting

01726738 Open label Phase ii trial of dabrafenib and trametinib in unresectable stage iii and  
stage iv BRAF mutant melanoma; correlation of resistance with the kinome and  
functional mutations

Recruiting

01721603 A Phase ii prospective trial of dabrafenib with stereotactic radiosurgery in BRAFv600e 
melanoma brain metastases

Recruiting

01597908 Dabrafenib plus trametinib vs vemurafenib alone in unresectable or metastatic BRAF  
v600e/K cutaneous melanoma

Recruiting

01940809 ipilimumab with and without dabrafenib, and/or trametinib in treating patients with  
melanoma that is metastatic or cannot be removed by surgery

Recruiting

01701037 Dabrafenib alone and in combination with trametinib before surgery in treating  
patients with locally or regionally advanced melanoma that can be removed by surgery

Recruiting

Note: Trial information obtained from http://www.clinicaltrials.gov/.58

Abbreviation: NCT#, National Clinical Trial number.
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