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Introduction
The incidence of melanoma continues to rise in the 
UK, with over 12,800 new cases being diagnosed 
in 2010 (Cancer Research UK, http://publications.
cancerresearchuk.org/cancerstats/statsskin/key-
factsskin.html). This equates to a lifetime risk of 
developing melanoma of approximately 1 in 60. It 
is now the sixth most common cancer in the UK 
and represents the second most common cancer in 
young adults, aged 15–34 years old.

Surgery continues to provide a cure for localized and 
regional disease. However, once beyond surgery, 
metastatic melanoma has until recently been notori-
ously resistant to drug therapies and radiation. In the 
last decade there have been considerable advances in 
our understanding of melanoma biology, which have 
emphasized the heterogeneity of the disease. We now 
have a better understanding of which groups are at 
high-risk of recurrence after surgery, and of some of 
the different genetic drivers behind melanoma. 
Recently, exciting new treatments have emerged, 
built upon this understanding, that for the first time 
offer the prospect of improved outcomes for patients 
with metastatic disease. In this article, we consider 
the key clinical studies and highlight their impact on 
the future management of metastatic melanoma.

Cytotoxic chemotherapy
Dacarbazine has long been held as the standard 
of care for metastatic disease, despite a lack of 

evidence for any improvement in survival over sup-
portive care. That being said, a small proportion 
of patients, between 5% and 10%, undoubtedly 
benefit from treatment, with durable responses to 
treatment recorded in 1–2%. Trials of polychemo-
therapy and combinations with cytokines, in the 
1980s and 1990s, yielded better response rates for 
multi-agent regimens, but no improvement in 
overall survival. A wide range of agents have been 
tested in melanoma, including taxanes, vinca alka-
loids and platinums, all yielding response rates 
(10–15%) in small studies similar to that of dacar-
bazine. The methylating agent has remained the 
reference agent of choice in large clinical trials 
[Atkins et al. 2009].

Cytokines
Melanoma has long been viewed as a tumour 
likely to be susceptible to immunotherapy. This 
view has persisted, despite decades of failed stud-
ies, only to be vindicated in the last 2 years. The 
exceptions have been the pleiotropic cytokines 
interleukin-2 and interferon-alpha. Both have 
been evaluated extensively, and the latter has 
gained relatively wide use in the adjuvant setting. 
There is good evidence for interferon increasing 
relapse-free survival and for a modest effect upon 
overall survival, giving a relative reduction in mor-
tality of approximately 10% [Mocellin et al. 2010]. 
These data come from a meta-analysis of over a 
dozen trials, so that there remains considerable 
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uncertainty over the correct dose, duration and 
route of administration for interferon. In addition, 
pegylated interferon-alpha has recently been 
shown improve relapse free and distant metasta-
sis-free survival when given once weekly over 
5 years [Eggermont et al. 2008]. No difference 
was observed in overall survival. In the United 
States the high-dose regimen pioneered by the 
Eastern Co-operative Oncology Group is used 
and pegylated interferon is also licensed, but in 
Europe lower doses delivered subcutaneously 
hold sway. Recent retrospective analyses have sug-
gested that tumour ulceration and/or microscopic 
nodal involvement may provide the means for 
selecting patients for treatment. This is now being 
assessed in a prospective study, and cannot yet be 
considered as the basis for deciding who should be 
treated with interferon.

High-dose intravenous interleukin-2 treatment is 
licensed by the United States Food and Drug 
Administration (FDA), but relatively little used 
outside of North America. Durable responses 
lasting several years have been reported in a sub-
set of patients, but no large-scale direct compari-
son with supportive care or chemotherapy has 
been undertaken [Atkins et al. 2000].

Emerging therapies
Forty years of failed clinical trials in melanoma 
have been turned on their head in the last 2 years. 
Two classes of treatment have shown survival 
benefits in metastatic disease, and indicated sev-
eral means to improve upon results obtained to 
date.

Checkpoint inhibitors
The failure of previous attempts to invoke the 
immune system in treating melanoma has improved 
our understanding of the means by which the 
tumour evades detection and attack. This has led to 
the targeting of inhibitory T-cell signalling path-
ways, initially cytotoxic T-lymphocyte antigen 4 
(CTLA-4) and more recently programmed death 
1 (PD-1) and its ligand PD-L1.

CTLA-4 is expressed on the surface of activated 
CD4+ and CD8+ T-cells and binds B7 molecules 
on antigen-presenting cells, which represses T-cell 
activation. Ipilimumab is a fully human immuno-
globulin specific for CTLA-4 that, in binding, 
inhibits this negative feedback, potentiating the 
T-cell-mediated immune response. Two phase III 

trials with dacarbazine or peptide vaccine com-
parators have established that melanoma patients 
treated with ipilimumab have improved overall 
survival.

In the first study to report the effect of ipili-
mumab, 3 mg/kg IV was evaluated in HLA-A2 
positive patients who had progressed through at 
least one line of treatment for their metastatic 
melanoma [Hodi et al. 2010]. Patients received 
ipilimumab alone for four 3-week cycles, a gp100 
peptide vaccine or both agents. The CTLA-4 
antibody reduced the risk of death by 32–34% 
compared with the peptide vaccine, with similar 
results for the single-agent and combination 
arms. Median survival was increased from 6.4 to 
10 months, but more importantly the proportion 
of patients surviving for 2 years increased from 
14% to 22%.

In a trial involving 502 patients, first-line treat-
ment with ipilimumab 10 mg/kg IV and dacar-
bazine produced moderately better median survival 
than dacarbazine alone (11.2 versus 9.1 months, 
hazard ratio 0.72). Survival at 2 and 3 years was 
better on immunotherapy (28.5% versus 17.9% 
and 20.8% versus 12.2%, respectively) [Robert 
et al. 2011]. Although an important advance in 
the treatment of melanoma, the optimal dose of 
ipilimumab and a basis upon which to select 
patients for treatment remain unresolved. The 
latter has implications for the cost effectiveness 
of treatment, as it is not possible to assess anti-
tumour effects part way through treatment and it 
appears that only a minority of patients derive sig-
nificant benefit from treatment. There is some 
evidence to suggest that monotherapy with the 
10 mg/kg dose performs better than 3 mg/kg, and 
this is being evaluated in a randomized study now 
closed to recruitment. Meanwhile the standard of 
care is the 3 mg/kg dose.

Ipilimumab toxicity differs from that of other anti-
body therapies. Autoimmune events including 
rash, colitis, hypophysitis and hepatitis occur, and 
toxic deaths were recorded in the second-line 
study. Algorithms for managing toxicity have been 
developed so that the 3 mg/kg dose is now well-
tolerated, but at the higher dose over half of 
patients experienced grade 3 or 4 toxicities.

The other CTLA-4 antibody in clinical develop-
ment, tremelimumab, did not show a statistically 
significant survival advantage in its pivotal trials, 
although this result may have been affected by the 
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availability of ipilimumab in the United States at 
the time of that trial [Ascierto et al. 2011].

More recently promising results have been seen 
with antibodies that block the inhibitory T-cell 
receptor PD-1 or its ligand. In a large phase I trial 
of BMS-936558, an antibody to PD-1, 26 of 
94 melanoma patients (28%) had an objective 
response to treatment, with two-thirds of these last-
ing over 1 year [Topalian et al. 2012]. Interestingly, 
tumour PD-L1 expression might provide a basis 
for selecting patients for treatment, as none of 
17 patients with tumours negative for PD-L1 had 
a response. An antibody to PD-L1, BMS-936559, 
produced similar results with a 17% response rate 
amongst 55 patients with melanoma [Brahmer et al. 
2012]. Responses have also been reported to the 
PD-1 antibody MK-3475 [Patnaik, 2012]. The 
toxicity of PD-1 targeted agents is yet to be 
defined, but appears to be no greater than that 
of ipilimumab. That being said, clinically signifi-
cant episodes of interstitial pneumonitis have 
been reported with anti-PD-1 agents, and this 
will need to be monitored closely in future stud-
ies. Randomized trials to define the role of these 
agents in melanoma are under way or will start 
shortly.

Kinase inhibitors
The targeting of mutated oncogenes has been a 
step change in cancer therapeutics. Two-thirds 
of patients with melanoma have activating muta-
tions in the oncogenic protein kinases RAF, RAS 
and KIT, and inhibition of kinase activity has 
been associated with tumour shrinkage.

The mitogen-activated protein kinase (MAPK) 
pathway is a key regulator in cell growth, and reg-
ulates proliferation and survival in many cancers 
[Garnett and Marais, 2004]. Activating muta-
tions in the serine–threonine BRAF kinase, a con-
stituent of the MAP kinase signal transduction 
pathway, were first described in 2002 and have 
been identified in the tumours of just under 50% 
of advanced melanoma patients. The two most 
commonly observed BRAF mutations, V600E 
and V600K, account for 95% of these mutations. 
Activated BRAF phosphorylates and activates 
MEK proteins, which then activate downstream 
MAP kinases.

BRAF.  One of the first attempts to target the 
MAPK pathway was with the multikinase inhibitor 
sorafenib (BAY 43-9006) [Flaherty et al. 2005]. As 

a monotherapy, sorafenib had limited clinical activ-
ity [Wilhelm et al. 2004]. When combined with 
carboplatin and paclitaxel (CP) responses were 
seen in 30% of patients but there was no correla-
tion with BRAF mutational status [Flaherty et al. 
2008]. In the subsequent phase III randomized 
placebo-controlled trial of CP with or without 
sorafenib there was no effect on overall or progres-
sion free survival for the kinase inhibitor [Haus-
child et al. 2009]. This lack of activity is likely 
explained by sorafenib’s lack of specificity for 
BRAF. Since these initial studies MAPK inhibi-
tors have evolved and become more selective.

Vemurafenib (PLX4072, RG7204, RO5185426) 
selectively inhibits the V600E BRAF kinase, and in 
its phase I study showed a 69% response rate in 
patients whose tumour harboured the mutation 
[Flaherty et al. 2010b]. None of the melanoma 
patients with wild-type BRAF responded to 
treatment. A phase II trial shortly afterwards dem-
onstrated a response rate of 53% with a median 
duration of 6.7 months [Sosman et al. 2012]. In a 
phase III trial involving 672 patients, vemurafenib 
was compared with dacarbazine as first-line treat-
ment for patients with V600E BRAF melanoma 
[Chapman et al. 2011]. At interim analysis, the 
data and safety monitoring board determined that 
vemurafenib performed statistically significantly 
better than dacarbazine and recommended that 
patients assigned to dacarbazine be allowed to 
cross over to vemurafenib. When first reported, 
median progression-free survival was 5.3 months 
on vemurafenib and 1.6 months on dacarbazine, 
with a hazard ratio of 0.26. In the subset of patients 
evaluable for response this too favoured vemu-
rafenib (48% versus 5%), as did overall survival 
with a hazard ratio of 0.37. Vemurafenib caused 
arthralgia (21%), rash (18%) and fatigue (13%). 
A noteworthy finding was that 61 patients (18%) 
developed a cutaneous squamous cell carcinoma 
or keratoacanthoma, which required surgical exci-
sion. Updated results were presented at the 2012 
meeting of the American Society for Clinical 
Oncology (ASCO) [Chapman, 2012]. 
Progression-free survival on vemurafenib was 
6.9 months, with a hazard ratio of 0.38. Median 
overall survival was 13.6 months on vemurafenib, 
as opposed to 9.7 months on dacarbazine (haz-
ard ratio 0.70, censoring at crossover or 0.76 
without censoring), noting that a quarter of 
patients assigned chemotherapy crossed over to 
vemurafenib. The objective response rate for 
vemurafenib was reported as 57%, and 56% of 
patients remained alive at 12 months.
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Although a major step forward, it has become 
clear that melanoma acquires resistance to vemu-
rafenib within a few months. Tumour progression 
is driven by re-activation of the MAPK pathway 
or through the upregulation of parallel signalling 
pathways. Acquisition of mutations in NRAS and 
MEK have been described as well as overexpres-
sion of COT [Nazarian et al. 2010]. The MAPK 
pathway may also be activated when V600E BRAF 
splice variants lacking the RAS-binding domain 
develop. These dimerize in the absence of RAS 
activation to reactivate the pathway [Poulikakos 
et al. 2011]. Insights into mechanisms of resistance 
point to potential drug combinations to over-
come this important clinical problem. The obser-
vation that re-activation of the MAPK pathway by 
multiple mechanisms is a significant component of 
acquired resistance to vemurafenib has promoted 
the concept of dual inhibition of the pathway 
(see below).

Dabrafenib (GSK2118436) is the second mutant 
BRAF inhibitor to report phase III trial results 
[Hauschild et al. 2012]. Results were similar to 
those for vemurafenib in that, in comparison 
with dacarbazine, the hazard ratio for progres-
sion-free survival was 0.30 (median 5.1 months 
for dabrafenib and 2.7 months for dacarbazine). 
Response rates were 53% for dabrafenib and 
19% for chemotherapy. The side-effect profile of 
the two drugs looks similar, although there is a 
higher incidence of fever on dabrafenib, but it 
is not a photosensitizer like vemurafenib. 
Overall, it seems that there will be little to choose 
between the drugs as single agents.

Interestingly, the two BRAF inhibitors were 
evaluated in slightly different populations. 
Vemurafenib was tested in patients with a V600E 
mutation, as identified by a sensitive but spe-
cific companion diagnostic. The dabrafenib 
studies admitted patients with both E and K 
mutations. The rate of detection of different 
V600 mutations, and indeed other BRAF muta-
tions, is highly dependent upon the technique 
used. Recent publications suggest that the prev-
alence of V600K mutations may vary with age 
and/or sun exposure, and, in a small number of 
individuals, mutation may change during the 
evolution of a melanoma. In ascertaining BRAF 
mutation status careful consideration needs to 
be given to both the tumour specimen tested 
(the most recent being preferable) and the tech-
nique used.

MEK.  Downstream of RAF in the MAPK path-
way is the mitogen-activated (MEK) or extracel-
lular signal-related protein kinases (ERK). 
During cellular signalling as RAF travels from the 
cytoplasm to the cell membrane the new activated 
complex enables signal cascade by consecutive 
phosphorylation through MEK1 and MEK2. 
This in turn activates ERK 1 and 2 which are 
able to enter the nucleus and interact with sev-
eral transcription factors to promote cellular 
growth and differentiation [Russo et al. 2009]. 
Inhibition of MEK is therefore another option 
for targeting the MAPK pathway [Goel et al. 
2006; Flaherty et al. 2010a].

Preclinical studies of the MEK inhibitor, 
PD0325901, and its precursor, CI-1040, showed 
direct inhibition of ERK in cell lines and reduced 
tumour growth in animal models [Solit et al. 2006]. 
However, PD0325901 and CI-1040 were not 
pursued due to their toxicity in early phase trials 
[Rinehart et al. 2004; Lorusso et al. 2005].

Selumetinib (AZD6244, ARRY-142886) had 
unimpressive results in a randomized phase II 
multicentre study comparing it with temozolo-
mide. The MEK inhibitor had a 12% objective 
response rate, which was unaffected by the BRAF 
or NRAS mutation status of the tumour [Kirkwood 
et al. 2012]. An issue for selumetinib may be its 
relatively short half-life, meaning that at tolerable 
doses there is always likely to be some time with-
out MEK inhibition. Several other MEK inhib-
itors are in clinical development that have better 
pharmacokinetic profiles. Amongst these, 
trametinib (GSK1120212) has reported results 
from a randomized phase III trial comparing it 
with chemotherapy in patients with V600 mutant 
BRAF melanoma [Flaherty et al. 2012]. In this 
study, 322 patients were assigned 2:1 to trametinib 
or chemotherapy (dacarbazine or paclitaxel). The 
kinase inhibitor gave improved progression free 
(hazard ratio 0.45) and overall survival (hazard 
ratio 0.54) despite crossover to trametinib of 
51 out of 108 patients assigned chemotherapy). 
Median progression-free survival on trametinib 
was 4.8 months, suggesting that the problem of 
acquired resistance seen with BRAF inhibitors 
also holds for drugs targeting MEK.

A further attraction of MEK inhibition, since this 
targets wild-type protein, is the possibility that this 
provides a means of treating NRAS mutant mela-
noma. In a phase II trial, 3 out of 13 evaluable 
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patients with NRAS mutations responded to 
MEK162. Insufficient data exist to judge whether 
single-agent MEK inhibition is worth pursuing 
[Ascierto et al. 2012].

KIT.  As the receptor for stem-cell factor, the 
C-KIT receptor tyrosine kinase is important in 
the development of melanocytes. In anatomical 
sites of low ultraviolet exposure such as the 
palms of the hands, soles of the feet and mucous 
membranes, melanoma still occurs and these 
acral or mucosal melanomas have a moderate 
incidence of activating KIT mutations [Curtin 
et al. 2006]. The specific KIT mutations identi-
fied in melanoma subtypes are those commonly 
reported in gastrointestinal stromal tumours 
(GIST) [Ashida et al. 2009]. Dramatic tumour 
responses have been reported in two melanoma 
patients following treatment with imatinib 
[Hodi et al. 2008; Lutzky et al. 2008]. Following 
this, trials have been conducted on the use of 
selective KIT inhibition with imatinib on mela-
noma patients harbouring KIT mutations or 
amplification with overall response rate of 23% 
[Guo et al. 2011]. A further phase II multicentre 
trial observed durable responses in 4 of the 
25 patients [Carvajal et al. 2011]. Two studies of 
nilotinib are now open: in the UK the NICAM 
trial is a single-arm assessment of the activity 
of the drug in patients with KIT mutated mel-
anoma, and an international study is random-
izing such patients between nilotinib and 
dacarbazine.

PI3K–AKT–MTOR axis.  The phosphatidylinositol-
3-kinase (PI3K) pathway is frequently dysregu-
lated in melanoma, in particular through loss of 
the tumour suppressor gene phosphate and tensin 
homolog deleted on chromosome ten (PTEN) 
[Davies and Gershenwald, 2011]. PTEN loss has 
been noted in 30–50% of melanomas [Birck et al. 
2000]. The predominant AKT isoform, AKT3 
has been shown to be overexpressed in 60% of 
melanomas [Stahl et al. 2004]. Inhibitors of 
the pathway have not provided grounds for 
their development in melanoma along the lines 
of MAPK pathway inhibitors. However, there is 
crosstalk between the MAPK and PI3K path-
ways, so that the latter may modulate sensitivity 
and/or resistance to MAPK inhibitors [Smalley 
et al. 2006]. In particular, BRAF or MEK inhibi-
tion of BRAF mutant melanoma cells in vitro 
renders them critically dependent upon AKT for 
their survival.

Combination therapies
Combining targeted agents is attractive for the rea-
sons outlined above. The combination of MAPK 
and PI3K pathway inhibitors is the subject of 
many clinical trials. These are only now reporting 
doses for further study and/or preliminary efficacy 
so that there are as yet no results in melanoma to 
guide pivotal trial design.

Dual MAPK pathway inhibition is further 
advanced. Dabrafenib and trametinib can be 
combined at the full single-agent doses for each 
drug, and have demonstrated impressive efficacy 
in early phase trials. Amongst 77 BRAF mutant 
melanoma patients treated with this combination, 
63% responded with a median duration of 
11.3 months. This offers the possibility of a longer 
lasting effect than can be achieved with BRAF 
inhibitors alone. Of equal interest is the absence of 
hyperproliferative skin toxicity with the combina-
tion. This side effect, which results in squamous 
cell cancers and keratoacanthomas in 18–24% of 
patients treated with BRAF inhibitors, is driven by 
paradoxical activation of the MAPK pathway in 
the presence of RAS activation [Heidorn et al. 
2010]. One would predict that simultaneous 
MEK inhibition would reduce this effect, and 
<2% of patients developed squamous cell cancers 
on combination treatment. Phase III trials to com-
pare dabrafenib and trametinib with single-agent 
BRAF inhibitors are under way.

The MAPK pathway is important in determining 
cellular responses to stress, including DNA dam-
age. MEK inhibitors may therefore synergize with 
cytotoxic chemotherapies and radiotherapy. This 
effect is seen preclinically, irrespective of BRAF 
and NRAS, as ERK activation is ubiquitous in 
melanoma [Smalley and Flaherty, 2009]. Early 
phase trials of MEK inhibition and radiotherapy 
are being performed. Studies of combinations 
of chemotherapy and selumetinib have recently 
been completed in melanoma, but results are not 
yet available. These randomized phase II trials 
will compare dacarbazine against dacarbazine 
and selumetinib in V600E mutant melanoma and 
docetaxel against docetaxel and selumetinib in 
wild-type disease. Of interest, docetaxel and selu-
metinib performed better than docetaxel alone 
in KRAS mutant non-small cell lung cancer, 
although the increase in overall survival from 
5.4 to 9.2 months was not statistically significant in 
this small randomized phase II study [Janne et al. 
2012]. A similar trial of trametinib and paclitaxel 
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versus paclitaxel alone in wild-type BRAF mela-
noma is currently recruiting in the United Kingdom.

Combinations of immune checkpoint and BRAF 
inhibitors are also being evaluated. The different 
kinetics of response suggest that these might be 
complementary, and there is some suggestion 
that BRAF inhibition can increase tumour T-cell 
infiltrates, which might benefit immunotherapy 
[Wilmott et al. 2012].

Clinical prospects
The last 2 years have seen unprecedented success 
in identifying promising new treatments for mela-
noma. That being said, patients with metastatic 
melanoma still die of their disease within months, 
so that there is much still to do to improve their 
lot. The checkpoint and kinase inhibitors offer 
different problems. The latter benefit only a sub-
population but do so rapidly and for the major-
ity, but briefly. The former have a more durable 
impact upon a minority of patients, take time to 
exert their effect and, as yet, offer no basis upon 
which to select patients for therapy. The rapid 
dissection of acquired resistance to treatment 
offers the promise of more effective combination 
regimens in the near future. The key will be iden-
tifying those mechanisms that matter and the 
best time to intervene.

Pending the development of combination regimens 
uncertainty remains as to the optimal sequencing 
of kinase inhibitors and ipilimumab. In many ter-
ritories the practicalities of access to, and funding 
for, treatments will effectively decide this ques-
tion. Where both are available there are no data to 
guide decision making, although there is consen-
sus that patients with symptomatic metastatic dis-
ease harbouring a BRAF mutation should receive 
a BRAF inhibitor first.

The use of these drugs at an earlier stage of mela-
noma will also be explored. Results from an adju-
vant study of ipilimumab in high-risk resected 
melanoma are expected in 2013 or 2014, and tri-
als of BRAF inhibitors or combined BRAF and 
MEK inhibition in this setting are starting now. 
For the latter, the development of squamoprolif-
erative lesions where RAS abnormalities pertain 
remains a concern and will require close monitor-
ing. Two other trials in the adjuvant setting will 
report their results soon: the DERMA study, of 
MAGE-3 vaccination, and AVAST-M, looking at 
bevacizumab, have both completed accrual.

We can expect many more changes to the treat-
ment of melanoma in coming years. The excite-
ment generated by recent results is as much a 
reflection of the new avenues for exploration being 
opened up as of their activity against the disease.
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