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Introduction
Melanoma arises from mutated melanocytes which have progressed

to cancer. Late stage (stage III-IV) melanoma is typically not curable
with surgery because of its spread. It is one of the most highly invasive
cancers and is also extremely resistant to cancer cell killing with
chemotherapeutic agents. Metastatic melanoma is a deadly disease for
which there are no effective therapies. The situation of therapy has
improved, however, recently in that there is a fraction of long-term
survivors with remission in patients undergoing immunotherapy [1].
Also, targeted therapy is gaining attention as a new option for
melanoma therapy, especially when problems with resistance, which
often occurs, can be overcome. Here, a brief overview of melanoma
therapy will include a discussion of new directions for therapy on the
horizon, including some of our current work in this area.

Some major therapies for late stage melanoma are covered here,
including some recent experimental therapies:

Dacarbazine
For four decades dacarbazine has been used for single agent

chemotherapy for melanoma [2]. It is a methylating agent which
targets DNA and inhibits DNA replication thus blocking melanoma
cell proliferation. No other chemotherapeutic agent, when given as a
single drug, has proven superior to dacarbazine. Single-agent
dacarbazine at 1000 mg/m2 has been suggested as reference standard
treatment for metastatic melanoma [3]. Therapeutic combinations
which include dacarbazine have not proven to be superior to its use as
a single agent, especially considering toxic side effects seen with certain
combinations of agents [4].

High-dose IL-2 IL-2 activates cytotoxic T cells and NK cells and has
been in use since FDA approval in 1998. Long-term remissions have
been observed in a small subset of melanoma patients with IL-2
treatment [5]. Side effects of IL-2 monotherapy include vomiting,
nausea, and fatigue, thus limiting dosing regimens. Similar outcomes
for interferon α have been observed in clinical studies [6].

Vemurafenib
The 2002 finding that over 50% of melanomas are BRAF V600E

mutants ushered in a new era in targeted therapy [7]. Vemurafenib was
introduced as a BRAF V600E antagonist which is active in many
melanoma patients. Side effects of the drug include skin reactions,
photosensitivity, and athralgia. A major drawback to venurafenib use is
the rapid development of resistance (months) in most patients [8].
Most resistance stems from activation of some component of the
MAPK pathway or other signaling pathway. Attempts to overcome
resistance by adding another agent, such as a MEK inhibitor, have
proven somewhat successful, but work is on-going [9]. Resistance to

targeted therapy can be either intrinsic or acquired. Next generation
sequencing of melanoma patient samples should greatly augment our
ability to predict effective therapeutic agents which overcome
resistance to targeted therapy.

Ipilimumab
Introduction of effective immunotherapy in 2011 with ipilimumab

ushered in a new phase for melanoma therapy. Previous attempts at
immunization against melanoma had not proven all that successful.
Ipilimumab, a monoclonal antibody against CTLA-4, changed the
target to an immune checkpoint in the activation of T cells. In phase
III clinical trials 11% of patients had long term remissions and for the
first time overall survival increased for metastatic melanoma patients
[10]. Side effects of ipilimumab are stomach pain with diarrhea or
constipation. Rarely, there may be fatal outcomes due to excessive T-
cell activation. At the present time Ipilimumab and several other new
checkpoint inhibitors are the most promising therapies for metastatic
melanoma. New combinatorial therapies that include checkpoint
inhibitors are currently being tested [11,12].

Apoptosis induction
Resistance to apoptosis or programmed cell death is a key feature of

melanoma. The goal of almost all melanoma therapy is to induce
apoptosis in the metastatic disease and hence eliminate it without any
undue cytotoxic effects. A vital question is how can apoptosis be
induced selectively in melanoma cells, particularly since melanoma
exhibits intrinsic resistance to the process? One way forward is to find
agents which block melanoma survival signaling such as through
MAPK and PI3K signaling pathways. Work is currently in the
preclinical stage for the development of new agents that will block
survival signaling for melanoma [13,14].

Oncolytic viruses
A number of different viruses are being tested as lytic, cell killing

agents for a wide variety of cancers, including melanoma. Cancers lose
their resistance to virus replication during cancer progression. A major
advantage of the use of viruses is that they can be used as expression
vectors also for a wide variety of therapeutic genes. Efforts have been
made to create therapeutic viruses that will not only destroy melanoma
cancer cells but also induce an immune response to the tumor for
systemic control of the disease. The oncolytic virus furthest along
(phase III clinical testing) is known as T-vec [15]. It is a herpes simplex
virus that expresses an inserted gene for GM-CSF. There is great
potential in this line of attack as the therapeutic efficacy has just begun
to be realized.
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Vaccines for melanoma
Numerous attempts have been made to create a vaccine for

melanoma with disappointing and mixed responses the usual outcome
[16]. The tumor microenvironment is such an immune suppressive
area that even if an effective immune response to a tumor could be
produced it would be largely blunted. Some attempts to boost tumor
immunity by administering the immunomodulatory GM-CSF or
interferon α have produced systemic responses. Sipuleucel-T is a
dendritic cell-based vaccine that has demonstrated improved survival
for prostate cancer [17]. Efforts are underway to test sipuleucel-T for
melanoma. Application of monoclonal antibodies directed to tumor
antigens has had minor impact for melanoma [18]. Solid tumors in
general are less responsive than hematological malignancies to
monoclonal antibody based therapies. Peptides and proteins used for
vaccination alone often yield a weak immune response [19]. A large
number of adjuvants have been used to increase immune responses for
cancer vaccines. Several toll-like receptor ligands are being used as
adjuvants with pleiotrophic effects [20]. Again, it is the tumor-induced
immunosuppression which limits the effects of T-cell mediated tumor
rejection.

Metastasis inhibitors
Genes which encode inhibitors of metastasis are known but have

not yet been introduced to clinical use because our knowledge of just
what these inhibitors are and their mechanisms of action is small.
Ideally inhibitors of metastasis would block tumor growth at secondary
sites of spread with very little toxicity. This might be achieved by
induction of apoptosis by blocking growth factor signaling in some
manner. Agents are also critically needed that could kill dormant
metastatic cells since most chemotherapeutic agents work primarily for
dividing cells. Metastasis suppressor genes are a group of over 20 genes
that are defined by their ability to inhibit metastasis without affecting
primary tumor growth [21]. While advances have been made for
determining actions of the various metastasis suppressor genes, we are
some distance from clinical application of knowledge for melanoma
therapy. It is clear the mechanisms of action for the metastasis
suppressor genes are complex in that they may control multiple cellular
pathways [22]. Some type of gene therapy, or better, gene reactivation
of dormant metastasis suppressor genes might be of tremendous
benefit for melanoma therapy. Perhaps the information gained on
metastasis suppressor gene action will also provide new targets for
interfering with metastasis of melanoma.

Angiogenesis inhibitors
Angiogenesis is the formation of new blood vessels to supply

nutrients to a growing tumor. Melanoma is a highly angiogenic cancer
type. The goal, however, of eliminating or even controlling melanoma
through anti-angiogenic agents seems to be fraught with difficulties.
First, there is a plethora of endogenous factors which stimulate
angiogenesis such that inhibiting one factor may be insufficient to
totally arrest angiogenesis [23]. Second, melanoma can develop
resistance to anti-angiogenic agents making long term treatment
problematical [24]. Third, melanoma may be able to co-opt preexisting
blood vessels making anti-angiogenesis strategies less effective [25].
Currently, clinical trials incorporate an anti-angiogenic agent such as
bevicezumab in with several other chemotherapeutic agents to help
shrink growth of the melanoma. Perhaps as anti-angiogenic strategies
continue to improve we will see better control over melanoma tumor
growth in clinical trials.

Inhibition of melanoma metastasis- cystatin C
Work from our laboratory first showed the small, cysteine protease

inhibitor, cystatin C, is able to inhibit the metastasis of B16 melanoma
[26]. In the inhibition of metastasis, cystatin primarily inhibited
melanoma cell migration and increased apoptosis of the metastatic
melanoma cells in vivo [27]. One conclusion from our work was that it
did not appear cystatin C was inhibiting metastasis by acting as a
cysteine protease inhibitor. Although cysteine proteases are often
overexpressed by many cancers, their contributions to metastasis
seemed inconsistent with the potent inhibitory effects of cystatin [27].
More recent work by our laboratory has demonstrated the active
segment of cystatin C is the conserved QVVAG region and not
sequences required for protease inhibition (in preparation). It will be of
great interest to find the mechanism for anti-metastatic actions of
cystatin. In mice, overexpression of cystatin C in liver with viral
expression vector infection was able to inhibit metastasis of breast
cancer [28]. Delivery of cystatin to a cancer patient, it is hoped, may
someday be able to arrest the spread of melanoma and contribute to
effective therapy for this deadly disease.

Conclusion
The advent of immunotherapy with ipilimumab and related

strategies has ushered in a new era of treatment for metastatic
melanoma. New targeted therapies, such as that for BRAF, will come
about due to an increased understanding of the molecular basis of
melanoma. Currently, new combinations of agents with
immunotherapy may be even more promising to move forward
towards a cure for what was until recently an incurable disease.
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