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Abstract: Melanoma is the leading cause of fatal skin cancer, and in the past few decades, there 

has been an increase in the incidence of and mortality from metastatic melanoma. Until recently, 

the therapeutic options for treatment of metastatic melanoma were limited. The approval of 

ipilimumab (an anti-CTLA-4 antibody) and vemurafenib (mutant B-RAFV600E kinase inhibitor) 

by the Federal Drug Administration has led to a new era in melanoma treatment, and additional 

promising drugs and drug combinations are currently being investigated. As the choices of 

treatment for melanoma have expanded, the need to identify predictive biomarkers to tailor 

treatment strategies to individual tumor or immune system characteristics has become necessary. 

Such strategies have the potential of maximizing antitumor effect while minimizing toxicity and 

improving clinical benefit. In this article, we review the currently approved targeted therapies 

in melanoma and discuss the future of personalized therapy for this disease.
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Introduction
In the United States, melanoma is the fifth-leading cancer in men and the seventh in 

women. In recent years, the incidence of melanoma has increased, and despite improve-

ments in awareness and early detection, the mortality from metastatic melanoma is on 

the rise, particularly in elderly patients.1 The prognosis of patients with metastatic mela-

noma remains extremely poor, with the median survival ranging from 8 to 18 months 

after diagnosis.2 Until 2011, only two therapies (dacarbazine, [Bayer– Hospira Inc. 

Lake Forest, IL (DTIC)] and high-dose interleukin-2 [Prometheus labs, San Diego, CA 

(IL-2)]) had been approved for metastatic melanoma by the Federal Drug Administra-

tion (FDA); both of these agents have not been shown to improve overall survival.3,4 

Two recently approved therapies, ipilimumab (Bristol-Myers Squibb, Princeton, NJ) 

(anti-CTLA-4 antibody, an immune therapy) and vemurafenib (Genentech, South San 

Francisco, CA) (B-RAFV600E kinase inhibitor), have shown a survival benefit in large 

randomized clinical trials. A large number of therapeutic agents currently in clinical 

development are likely to expand the therapeutic options for melanoma.

Personalizing immune therapies
The response rates (RRs) for the currently available immune therapies (IL-2 and 

ipilimumab) are low, while experimental agents have been associated with higher RRs in 

small nonrandomized trials.3,5–7 The objective RR for high-dose IL-2 for selected patients 

with a good performance status is approximately 15%, including durable, long-term 
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complete responses (CRs) in approximately 5% of all treated 

patients.3,6 Similarly lower RRs are seen with ipilimumab 

(∼15%), while RRs to investigational agents such as anti-PD-1 

(Bristol-Myers Squibb, Princeton, NJ) appear to be somewhat 

higher (∼30%).5 Adoptive cell therapy is a treatment that uses T 

cells harvested from tumor-infiltrating lymphocytes (TILs) from 

resected tumors or peripheral blood activated and expanded. 

These tumor antigen-specific lymphocytes are expanded ex 

vivo and reinfused after partial or complete myeloablation.8 

Adoptive cell therapy results in higher RRs (approximately 

50%) in highly selected patients in Phase I trials; however, 

this modality of therapy is available only at select centers, and 

larger/randomized studies are difficult to conduct.8

Despite the low RR for immune therapies, clinical 

experience indicates that small subsets of patients achieve 

apparent durable benefit, and can potentially be cured. Thus 

identifying predictive markers could have a tremendous 

impact on personalizing immunotherapy in melanoma 

by enabling selection of treatment for patients who are 

more likely to respond. However, due to the complexity of 

interactions between tumors and the immune system that 

affect antitumor responses, discovery of such biomarkers 

has been particularly challenging.

Predicting response to ipilimumab
Ipilimumab is the first immunotherapeutic agent to improve 

overall survival in metastatic melanoma, as demonstrated in two 

randomized Phase III clinical trials that led to its approval by 

the FDA in March 2011.9,10 Although ipilimumab is associated 

with longer overall survival, the RR (CR and partial response 

[PR]) was only 10%–15%, and the rate of CR, PR, and stable 

disease (SD) in combination was approximately 30%. Given 

that the majority of patients do not respond to this drug, and 

given the associated toxicities, incorporation of predictive 

biomarkers could potentially improve the therapeutic ratio of 

ipilimumab and are the subject of intensive research.11

Expression of FOXP3 and indoleamine 2,3-dioxygenase 

(IDO) in the tumor microenvironment has been shown to 

be associated with clinical activity in patients treated with 

ipilimumab.12 Among 82 patients treated with ipilimumab, 

pretreatment samples stained for FOXP3 and IDO revealed 

higher RRs for patients whose tumors expressed high levels of 

IDO (n = 35) and FOXP3 (n = 33); for high and low expression, 

RRs for IDO and FOXP3 were 40% vs 11% (P = 0.014) and 

50% vs 10% (P = 0.012), respectively. Analysis of the TILs 

within the tumor tissues showed that the increased density of 

the TILs 3 weeks after the start of treatment was associated 

with improved clinical benefit (P = 0.005).13

Recently, Yuan et al showed that high titers of pretreatment 

anti-NY-ESO-1 antibodies can predict response to 

ipilimumab.14 NY-ESO-1 seropositivity predicted improved 

clinical benefit, defined as the combination of CR, PR, 

and SD (P = 0.02). Furthermore, analysis of NY-ESO-1-

specific CD4+ and CD8+ T-cell responses by intracellular 

multicytokine staining revealed that patients with pretreatment 

anti-NY-ESO-1 antibodies who developed CD8+ T-cell 

responses were more likely to respond to the drug treatment 

(10 of 13; 77%) than those with undetectable CD8+ T-cell 

responses (one of seven; 14%; P = 0.02, relative risk = 5.4), 

and were more likely to live longer (P = 0.01). However, 

an attempt to reproduce these results was unsuccessful; a 

retrospective analysis of patients treated with ipilimumab at 

the Surgery Branch of the National Institutes of Health failed 

to show a correlation between pretreatment or posttreatment 

seropositivity to NY-ESO-1 and response to ipilimumab 

(P = 1.0 and P = 0.7, respectively).15 Since the results for 

these two retrospective reports are conflicting, further studies 

with larger patient cohorts are required to test the validity of 

NY-ESO-1 antibodies as predictive biomarkers of response 

to ipilimumab.

Ongoing studies are investigating additional biomarkers 

in melanoma patients receiving ipilimumab.16 A large 

intergroup study (NCT01489423) is investigating various 

blood and tissue biomarkers, such as circulating immune 

effector cells (T, B, NK, and NK-T cells), circulating 

plasmacytoid dendritic cells, myeloid dendritic cells, and 

melanoma-associated antigen-specific T cells as predictors 

of the response to ipilimumab.17

Predicting response to anti-PD-1 
antibodies
Antiprogrammed death 1 (PD-1) antibodies have shown 

promising results in early Phase clinical trials. PD-1, a 

receptor expressed on T cells, is an important negative 

immune checkpoint molecule that inhibits activation of 

cytotoxic T lymphocytes. Tumor cells and stromal cells can 

express PD-1 ligands PD-L1 (B7-H1) and PD-L2 (B7-DC), 

and thus suppress T-cell activation.18,19 In preclinical studies, 

inhibition of the interaction between PD-1 and PD-L1 has 

been shown to enhance T-cell responses and antitumor 

activity.20,21

In a Phase I/II clinical trial with the anti-PD-1 antibody 

BMS-936558, a response rate of 28% was seen among 

melanoma patients at doses ranging from 0.1 to 10.0 mg/kg 

intravenously.18 Stable disease lasting 24 weeks or more 

was observed in additional patients. BMS-936558 was well 
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tolerated overall, but was associated with immune-related 

adverse events, including pneumonitis, vitiligo, colitis, 

hepatitis, hypophysitis, and thyroiditis.18,19 There were three 

drug-related deaths (1%) due to pneumonitis.18 The expression 

of PD-L1 by immunohistochemistry on pretreatment tumor 

samples of 42 patients was associated with a greater likelihood 

of response to treatment. Nine of 25 patients with PD-L1–

positive tumors responded, while no responses were seen 

among the 17 patients whose tumors did not express PD-L1 

(P = 0.006), suggesting that PD-L1 in tumor tissue could serve 

as a predictive biomarker.18 Prospective validation is needed. 

In addition, studies of antibodies to PL-L1 are ongoing (see 

www.clinicaltrials.gov).

Melanocyte drug targets
The MAPK pathway in melanoma 
(Figure 1)
The growing understanding of the biology and pathogenesis 

of melanoma has resulted in a path of development of tar-

geted therapies, which has led to initial improvement in the 

care of subsets of patients with advanced melanoma. One 

of the most significant discoveries in the field of melanoma 
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Figure 1 Cell-signaling pathways in melanoma.
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in recent years was the elucidation of the role of mitogen-

activated protein kinase (MAPK) pathway, particularly the 

roles of mutant B-RAF and N-RAS.

The RAS-RAF-MAPK signaling pathway is activated in 

the vast majority of melanomas. In nonmalignant cells, the 

binding of growth factor receptors (such as epidermal growth 

factor receptor, c-Met, and c-KIT) to their corresponding ligand 

activates this intracellular kinase cascade. The MAPK pathway 

is activated in human melanomas either due to increased 

growth factor signaling or by genetic alterations in RAS and 

RAF proteins.22 MAPK regulates the activities of several 

transcription factors, such as C-Myc, CREB, and C-Fos. By 

altering the levels and activity of transcription factors, MAPK 

leads to altered transcription of genes that are fundamental for 

cell division and survival. The activation of B-RAF and the 

downstream signaling is also associated with enhanced NFκB 

promoter activity.23 Inhibition of B-RAF signaling has been 

shown to decrease NFκB promoter activity associated with 

cell survival, invasiveness, and angiogenesis.23,24

Vemurafenib (PLX4032 [Genentech, South San Francisco, 

CA], Zelboraf), a B-RAFV600E inhibitor with increased 

selectivity for mutant B-RAFV600E, was recently approved by 

the FDA for treatment of unresectable melanoma harboring 

B-RAFV600E mutations. Dabrafenib (GlaxoSmithKline, 

Brentford, UK, GSK2118436), another specific inhibitor of 

mutant B-RAFV600E kinase, has shown significant clinical 

efficacy in Phase II trials, and a Phase III clinical trial has 

completed accrual (NCT01245062). Additional molecules 

targeting the MAPK kinase pathway, including MEK inhibitors 

(trametinib [GlaxoSmithKline, Brentford, UK], MEK162 

[Array Biopharma, Boulder, CO], TAK-733 [Millennium 

Pharmaceuticals, Inc., Cambridge, MA]), combinations of 

RAF and MEK inhibitors, pan-RAF inhibitors (such as RAF-

265), and others, have shown promising results in preclinical 

studies and are being investigated in clinical trials. These 

molecules, alone and in combination with additional inhibitors 

of the MAPK pathway or parallel pathways, hold the promise 

of expanding the therapeutic options for melanoma patients, 

and provide the first tools for personalized therapy for patients 

whose tumors harbor MAPK pathway-activating mutations.

Mutations in B-RAF
Mutations in the B-RAF gene are found early in the development 

of melanoma, and can also be seen in benign nevi. The most 

common mutation of B-RAF (∼80%) in melanoma is V600E 

and it involves substitution of valine to glutamic acid.25,26 Less 

common mutations are the V600K (∼20%) and the V600D 

or V600R (∼3%).27 B-RAF mutations are found in various 

categories of melanocytic growth, including melanocytic nevi 

(70%–80%), vertical growth-phase melanoma (40%–50%), 

and metastatic melanoma (40%–50%).28 The precise role 

of B-RAF mutations in oncogenesis is unclear, but resultant 

constitutive activation of the MAPK pathway causes cellular 

growth and vascular development in melanoma tumors.29

Mutations in N-RAS
The RAS family members are G proteins, which serve as 

critical mediators in the transduction of growth signals into 

the cell. N-RAS mutations have been identified in 15%–20% 

of cutaneous melanoma and are presumed to be one of the 

important drivers of oncogenesis.30 A somatic mutation 

in the N-RAS gene causes constitutive activation of the 

N-RAS protein, which leads to the successive activation of 

downstream serine/threonine kinases, which promote cell 

cycle progression, cellular transformation, and enhanced cell 

survival.30 The overexpression of growth factor receptors, 

such as epidermal growth factor receptor, c-Met, platelet-

derived growth factor receptor (PDGFR), fibroblast growth 

factor receptor, and c-KIT is also implicated as a mechanism 

of cellular growth and transformation in RAS-driven 

melanomas.30,31 The most important downstream mediators 

of activated RAS are the serine/threonine kinases B-RAF and 

C-RAF, which are activated following RAS binding.

The most frequent mutations in N-RAS affect exon 2 

(codon 60 and 61) and exon 1 (codon 12 and 13). Substitutions 

at positions 60 and 61 accounted for 82.4% of N-RAS 

mutations, most frequently a glutamine to arginine/lysine/

leucine substitution at position 61 (Q61R/K/L). Other frequent 

mutations (17.6%) affect G12 and G13 on exon 1.32–34

impact of B-RAF and N-RAS mutations  
on clinicopathological profile, prognosis,  
and response to therapy
B-RAF and N-RAS mutations appear to be biologically different 

than wild-type (WT) tumors and clearly have an impact on the 

clinical course. In early stage melanoma, N-RAS mutations 

are associated with thicker tumors; 75% of N-RAS mutant 

melanomas are .1 mm in depth, while 40% of B-RAF and 

34% of WT primary melanomas are thicker than 1 mm. N-RAS 

mutations were also associated with increased proliferation 

rates, with 75% having .1 mitosis/mm2, versus 40% for 

B-RAF mutations and 55% for WT.33 The majority of early 

stage melanomas with B-RAF mutations are the superficial 

spreading subtype (88%), and B-RAF mutations are more 

likely to be found in body areas with intermittent sun exposure 

compared to chronic or no sun exposure (P = 0.02).35,36
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N-RAS mutation status has been identif ied as an 

independent predictor of shorter survival in patients with 

metastatic melanoma (N-RAS vs WT, 8.2 vs 15.1 months; 

P = 0.004).32 The risk of brain metastasis at the time of 

diagnosis of stage IV disease was also noted to be significantly 

higher in B-RAF mutant (24%) and N-RAS mutant (23%) 

patients compared with WT patients (12%). However, 

patients with B-RAF mutant melanoma treated with specific 

B-RAF inhibitors have an improved survival compared with 

N-RAS and tumors that are WT for both.32,36 N-RAS mutation 

might be predictive of improved response to high-dose IL-2: 

a recent retrospective analysis showed differences in response 

to IL-2 in melanoma patients based on the mutation status 

(N-RAS 47%, B-RAF 23%, WT 12%; P = 0.05).37 Patients 

with N-RAS mutations had nonstatistically significant longer 

overall survival (5.3 vs 2.4 years; P = 0.30) and progression-

free survival (214 vs 70 days; P = 0.13).

Other MAPK pathway mutations
GNAQ and GNA11 mutations in uveal melanoma
Activating somatic mutations in either of the homologous 

G-protein GNAQ or GNA11 genes lead to activation of 

MAPK kinase pathway in uveal melanoma. Mutations affect-

ing Q209 in GNA11 were seen in 32% of primary uveal 

melanomas and in 57% of uveal melanoma metastasis.38,39 

The Q209 mutation in GNAQ was seen in 45% of the uveal 

melanoma and 22% of the metastatic tumors. Transduction of 

mutated GNA11 in murine models showed enhanced growth 

and metastasis in xenografts and also revealed activation of the 

MAPK pathway.40 The molecules mediating cross-talk between 

these mutant proteins and MAPK pathway remains elusive. 

Data derived from a limited number of patients suggest that 

these mutations do not have prognostic significance.40

KIT mutations in acral lentiginous and mucosal 
melanoma
C-KIT is a transmembrane receptor that belongs to the receptor 

tyrosine kinase family of proteins and is normally expressed 

on a restricted set of cell types, including melanocytes and 

interstitial cells of Cajal.41,42 The endogenous ligand for 

c-KIT is stem cell factor. Binding of stem cell factor to 

c-KIT results in activation of several intracellular signaling 

pathways involved in cell proliferation, invasion, metastasis, 

and inhibition of apoptosis.43 Several activating mutations in 

c-KIT have been described that result in ligand-independent 

constitutive activity of the tyrosine kinase.

Activating c-KIT mutations are commonly found in 

gastrointestinal stromal tumors, which are thought to originate 

from interstitial cells of Cajal.43 In addition, c-KIT mutations 

are frequently present in three subpopulations of melanoma: 

mucosal (15%–27%), acral (9%–23%), and less frequently in 

sun-damaged cutaneous melanomas (0%–16%).44–46

Molecular-targeted therapy  
in melanoma
B-RAF-targeted therapy in melanoma
Development of drugs targeting mutant B-RAFV600E is 

a major advance in personalized therapy for melanoma. 

The two agents that have demonstrated the most dramatic 

clinical benefit in melanoma are vemurafenib (PLX4032) 

and dabrafenib (GSK2118436).

vemurafenib
A parental compound of vemurafenib, PLX4720, a 7-azaindole 

derivative, was discovered by using a structure-guided dis-

covery approach, and therefore it preferentially inhibits the 

constitutively active mutant B-RAFV600E compared with other 

kinases, and potent cytotoxic effects are also exclusive to cells 

bearing the V600-mutated allele.47 In a multicenter, Phase I, 

dose-escalation trial of PLX4032, the maximum-tolerated oral 

dose (960 mg twice daily) was established.48 In the expansion 

cohort, which consisted of patients with melanomas harbor-

ing B-RAFV600E mutations, 26 of the 32 patients had objective 

responses (81%), with a CR in two patients and a PR in 24 

patients.48 B-RAF in Melanoma 2 (BRIM-2) was a Phase II 

study that enrolled 132 patients with previously treated stage 

IV melanoma with B-RAFV600E mutations, and demonstrated 

an RR of 53%, SD in 29%, median progression-free survival 

(PFS) of 6.7 months, and an OS at 6 and 12 months of 77% 

and 58%, respectively.49

The eff icacy of vemurafenib was conf irmed in a 

Phase III trial, BRIM-3, that compared vemurafenib to DTIC 

in 675 previously untreated patients, whose tumors harbored 

B-RAFV600E mutations.50 At interim analysis, the vemurafenib 

arm was associated with a significantly improved RR (48% 

vs 4%, P , 0.001), median PFS (5.3 vs 1.6 months, hazard 

ratio 0.26, 95% CI: 0.20–0.33; P , 0.001), and an improved 

OS at 6-month follow-up (84% vs 64%, hazard ratio for death 

0.37, 95% CI: 0.26–0.55; P , 0.001).

Dabrafenib
This is a highly potent, selective ATP-competitive B-RAF 

inhibitor. In the preliminary results of a Phase I/II study, 

dabrafenib was shown to be very active in patients with 

metastatic melanoma, and a safe oral dose of 150 mg twice 

daily was established.51 Among the 57 melanoma patients 
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with B-RAF mutations, a response rate of 27% was noted, 

including ten of 16 at the planned Phase II dose. A Phase III 

trial comparing dabrafenib with DTIC has completed accrual 

and final results are pending (NCT01227889). Dabrafenib 

also was noted to have activity against small, previously 

untreated brain metastases, and currently a Phase I/II trial is 

investigating its efficacy in central nervous system metastasis 

(NCT01266967).

Toxicities of selective B-RAF inhibitors
Overall, both vemurafenib and dabrafenib are well tolerated. 

Common adverse events associated with vemurafenib are 

arthralgia, rash, fatigue, alopecia, skin side effects, nausea, and 

diarrhea. Vemurafenib is associated with unexpected cutaneous 

toxicities that include squamous cell carcinomas of the skin 

(12%), keratoacanthomas (8%), and photosensitivity (30%). 

The reported incidence of non-melanoma skin cancer was 

lower (∼2%) with dabrafenib in the Phase I/II trials. Molecular 

studies indicate that these lesions are due to paradoxical 

activation of the MAPK pathway that bypasses the inhibition 

of B-RAF. Furthermore, the short latency period until the 

development of these skin lesions is consistent with the 

presence of preexisting RAS mutations in the skin that become 

oncogenic when subjected to B-RAF inhibition.52

Testing for B-RAF mutations in tumor samples
Mutations in B-RAF in tumor samples can be detected by a 

number of molecular methods. The Cobas 4800 B-RAFV600 

Mutation Test (LabCorp, Burlington, NC) is a PCR-based 

diagnostic test developed by Roche Molecular Systems 

(Pleasanton, CA) and was used to detect V600E mutations 

in tumor samples for patient selection for the BRIM-2 and 

BRIM-3 clinical trials.53 It was approved by the FDA as a 

companion diagnostic for vemurafenib.

There are various methods of sequencing DNA, and 

traditional direct (Sanger or dideoxy) sequencing is a 

commonly used method for mutation testing in clinical 

laboratories. However, the Sanger sequencing method, which 

uses sequence-specific termination of a DNA synthesis 

reaction using modified nucleotide substrates, suffers from 

limited sensitivity for detecting mutations that are present 

in low percentages in a tumor tissue.54

The 454 method (massively parallel pyrosequencing 

method) was used as a gold standard to evaluate the 

discordances between polymerase chain reaction (Cobas) 

and Sanger results. The Cobas test was shown to be superior 

in detecting B-RAFV600E mutations to Sanger sequencing.55 

However, the sensitivity of this test to detect V600K (10%–

20% of all B-RAF) is only 70%, and additional testing might 

be needed to identify V600K mutations to avoid exclusion of 

patients who might benefit from B-RAF-targeting drugs.53 

Detection of B-RAF mutation by immunohistochemistry 

using mutation-specific antibodies has shown remarkable 

specificity when confirmed by direct sequencing methods. 

This was studied on paraffin-embedded tissue samples 

of brain metastasis of various primary cancers (50% of 

which were melanoma) and hairy cell leukemia, and future 

application of this test on a larger melanoma sample cohort 

is warranted to confirm the validity of this test.56,57

Targeting c-KiT in melanoma
Imatinib (Novartis, NY, NY) a multikinase inhibitor of 

c-KIT, PDGFR-α and -β, and Bcr-Abl, was successfully 

used in the treatment of chronic myelogenous leukemia and 

gastrointestinal stromal tumors.58,59 Given that melanoma 

cells express several protein tyrosine kinases, studies were 

initiated to assess the activity of imatinib in melanoma.60 

Two trials failed to demonstrate clinical activity of imatinib 

in unselected melanoma patients.61,62 Importantly however, 

subsequent analysis of available melanoma cell lines showed 

no c-KIT mutations,61 and none of the analyzed melanomas 

demonstrated strong staining for C-KIT.62 In another study, 

imatinib treatment of patients whose melanomas expressed 

at least one of the target protein tyrosine kinases showed 

a PR in only one out of 21 patients. Interestingly, despite 

strong c-KIT staining by immunohistochemistry, c-KIT 

mutation, copy number variation, and gene amplification 

could not be identified. An alternative splice variant was 

found in exon 15, the significance of which was unclear.63 In 

contrast, case reports were subsequently published showing 

substantial responses to imatinib in melanomas harboring 

c-KIT mutations.64–67 This led to the initiation of several 

Phase II trials in which metastatic melanoma patients, with 

either amplification or mutation of c-KIT in their tumors, 

were treated with imatinib. A Phase II trial by Guo et al in 

2011 showed a promising 6-month PFS rate of 36.6% and a 

1-year overall survival of 51.0%. Partial responses were seen 

in 23% and tumor shrinkage in 41.9% of the 43 patients. Most 

of the responses were seen in tumors with c-KIT mutations in 

exons 11 and 13.68 In a second study of imatinib in patients 

with c-KIT mutations and/or amplifications, complete durable 

responses were seen in two out of 25 patients, while four 

patients achieved PRs (two durable), and prolonged stable 

disease ($6 months) was achieved in two patients. Similar 

to the previous study, most responders were found to have 

c-KIT mutations in exon 11 or exon 13.44
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Although most published case reports and Phase II studies 

used imatinib as a c-KIT inhibitor, clinical responses in 

patients with c-KIT mutant melanomas to treatment with other 

small molecule kinase inhibitors including dasatinib (Bristol-

Myers Squibb, Princeton, NJ), sorafenib (Bayer Healthcare 

Pharmaceuticals, Inc, Leverkusen Germany and Onyx Pharm, 

Inc, South San Francisco, CA) nilotinib (Novartis, NY, NY), 

and sunitinib (Pfizer, NY, NY) have been reported.69–73

In summary, these studies indicate that treatment of 

melanoma with c-KIT inhibitors is only effective in the small 

subset of melanomas that harbor c-KIT mutations; melanoma 

tumors with strong c-KIT expression without mutation or 

amplification of the gene do not appear to respond to c-KIT 

inhibitors. Further characterization of the c-KIT mutations 

in relation to response to c-KIT inhibitors is needed, since 

early evidence suggests that mutations in exons 11 and 13 (ie, 

L576P and K642E) are more likely to respond to therapy.

MEK inhibitors in melanoma
MEK is an attractive therapeutic target since MEK inhibitors 

have shown significant antiproliferative activity in preclinical 

melanoma studies.74 Currently, a number of active molecules 

targeting MEK are under investigation, and have shown 

promising results in preclinical and clinical trials.

GSK1120212 (GlaxoSmithKline, Brentford, UK) is a 

potent and selective allosteric inhibitor of MEK1/2. A Phase 

I/II clinical trial including 20 evaluable patients with a B-RAF 

mutant melanoma treated with 2 mg of daily oral dose of 

GSK1120212 (the recommended Phase II dose) showed an RR 

of 40% and SD in 18%. The therapy was well tolerated.75 The 

most common adverse events were an acneiform rash (85%), 

diarrhea (48%), fatigue (37%), nausea (20%), and vomiting 

(24%). The ocular toxicities, an uncommon class effect, include 

central serous retinopathy and retinal vein occlusion, seen 

in three and one patient out of 162, respectively. A two-arm, 

open-label, randomized Phase III study comparing single-agent 

GSK1120212 to chemotherapy (either DTIC or paclitaxel 

[Bristol-Myers Squibb, Princeton, NJ]) in patients with 

unresectable melanoma harboring V600E mutations has recently 

been completed and results are awaited (NCT01245062).

Selumetinib (AZD6244, Array BioPharma, Boulder, 

CO), a selective MEK inhibitor, was compared with 

temozolamide in a randomized Phase II study for metastatic 

or locally advanced melanoma. At 100 mg twice-daily oral 

dose, there was no significant difference noted between two 

arms in terms of the primary end point, PFS. In a subset 

of patients with tumors harboring B-RAFV600E mutations 

(45 patients out of 200), five patients had an objective 

response (11%).76 Several other MEK inhibitors are 

currently being investigated in early clinical trials.

Combinations of B-RAF and MEK 
inhibitors
The majority of the patients treated with B-RAF inhibitors 

eventually develop disease progression. For example, the median 

PFS for vemurafenib in the BRIM-3 trial was 5.5 months. 

Various mechanisms of acquired resistance to vemurafenib 

have been described. Resistance to B-RAF inhibition can be 

mediated by several different mechanisms that restore ERK 

activation. This may occur upstream (new N-RAS mutations, 

up regulation of C-RAF, and upregulation of receptor tyrosine 

kinases, PDGFRB, ERBB2), or downstream (such as new 

activating MEK mutations or activation of serine/threonine 

MAPK kinases [COT] or in parallel signaling pathways, 

particularly the PI3K-AKT pathway).77–80 Consequently, MEK 

inhibition in addition to B-RAF inhibition can potentially 

overcome the resistance mediated by mechanisms upstream 

of B-RAF. A Phase I/II clinical trial combining GSK436 

(GlaxoSmithKline, Brentford, UK) (B-RAF inhibitor) and 

GSK212 (GlaxoSmithKline, Brentford, UK) (MEK inhibitor) 

demonstrated tolerability and dramatic clinical activity. In the 

cohort treated with the maximum tolerated dose combination 

(GSK436 200 mg daily and GSK212 1.5 mg daily, both given 

orally), of a total of 19 patients, the RR was 74% (CR in four 

and PR in ten patients), and SD was seen in five patients.81 

Interestingly, the B-RAF and MEK inhibitor combination 

appears to be associated with a lower incidence of skin 

toxicities: fewer rashes were seen (25%) and only one case 

of cutaneous squamous cell carcinoma was seen in the whole 

Phase I/II cohort (109 patients).

Another combination of a B-RAF inhibitor (RAF265 [Chi-

ron Corp, Emeryville, CA]) and an MEK inhibitor (MEK162) 

is currently being tested in advanced solid tumors harboring 

RAS and B-RAFV600E mutations (NCT01352273).

PTEN loss and use of Pi3K inhibitors  
in melanoma
Constitutive activation of the AKT/PI3K pathway has been 

implicated in many preclinical and clinical melanoma studies.23 

AKT has been shown to be overexpressed in nearly 60% of all 

melanomas.82 Significant decreases in PTEN expression occur 

in 43% of melanoma tumors and are associated with aggressive 

tumor behavior.83 ERK-dependent upregulation of c-Jun leads to 

suppression of PTEN expression and concomitant activation of 

the PI3K/AKT/mTOR pathway. Therefore, targeting the PI3K 

pathway appears to be a promising approach in melanoma. A 
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Phase I clinical trial combining PI3K inhibitors with MEK 

inhibitors (PI3K inhibitor BAY80-6946 [Bayer Healthcare 

Pharmaceuticals,  Leverkusen, Germany] [intravenous] and 

MEK inhibitor BAY86-9766 [Bayer Healthcare Pharmaceuticals,  

Leverkusen, Germany] [oral]; NCT01392521) is currently 

enrolling patients. It remains to be determined if loss of PTEN 

correlates with activity of PI3K and whether it can be used as 

a predictive biomarker of PI3K treatment.

Current status and future directions 
for personalized therapy  
for metastatic melanoma
At present, vemurafenib is the only approved therapy that 

specifically targets an aberrant molecule in melanocytes. 

However the field is rapidly expanding, and many newer 

molecules are likely to be approved in the near future. 

B-RAF mutation testing is now routinely done in patients 

with newly diagnosed metastatic melanoma. However, the 

decision about starting treatment with a B-RAF inhibi-

tor is based on the individual clinical scenario, and many 

patients whose tumors harbor V600E mutations may initiate 

treatment with other therapies such as ipilimumab or IL-2. 

Vemurafenib can be helpful for patients who are symptom-

atic and require a rapid response. Immune-based therapies 

are associated with less frequent and sometimes slower 

responses; however, these responses are often durable and 

can result in prolonged survival. Predictive biomarkers for 

immune-based therapies are still lacking. Furthermore, 

biomarkers predictive of a short duration of response to 

melanocyte-targeted therapies are similarly lacking and are 

the subject of intense research. Although progress has been 

made in personalized therapy for melanoma in recent years, 

the next decade will likely bring additional therapies with 

improved companion diagnostics.
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