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INTRODUCTION

Similar to those for other cancers, targeted therapies for malignant melanoma (MM)
have only been under investigation for a little more than a decade. Before 2010, treat-
ment of MM had achieved minimal progress since the 1970s, when dacarbazine was
approved, and when a “one-size-fits-all” approach with various chemotherapeutic
approaches had been applied to nearly all cancers. In clinical trial after clinical trial,
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KEY POINTS

� Although melanoma bears one of the highest number of mutations per given DNA length
among other malignancies, the most abundant mutations primarily affect 2 major signaling
pathways.

� Next-generation sequencing methodologies targeting a panel of cancer-related genes
may better capture heterogeneity of melanoma and assist in treatment decisions.

� Several genetic aberrations (mutations, copy number aberrations) can coexist within a
particular melanoma, which may be of prognostic and therapeutic significance.

� Although BRAF-mutant melanomas have been the most successful melanoma subset for
targeted therapies, progress is ongoing for other melanoma subtypes as well (e.g., RAS
mutant, ocular).

� Treatment strategies are more successful in preventing than treating secondary drug
resistance; combination treatments among targeted therapies and/or with immunother-
apies may be more successful than single-agent approaches.
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chemotherapies in MM were proved to be largely ineffective compared with dacarba-
zine.1 In fact, the minimal clinical benefit from systemic treatments was so predictable
that clinical efficacy benchmarks were built around the statistical design for future
phase II clinical trials in MM.2 During this frustrating era, few immunotherapies were
proved to be promising with durable clinical benefit in a small subset of patients
with MM or high risk for relapse melanoma.1 More than any other time from the
past, treatment of MM is currently being shaped around targeted therapies adminis-
tered in particular melanoma subgroups, given in precisely defined schedules, alone
or in combination with other targeted therapies or various other immunotherapeutic
approaches.

A Better Understanding of the Biology of Melanoma Was the Driving Force Behind
the Clinical Development of Targeted Therapies

It is becoming increasingly understood that cancers have distinct aberrations in partic-
ular cellular processes, in particular DNA repair pathways, which make them either
relatively sensitive3 or refractory4 to systemic chemotherapies. Melanoma has one
of the highest mutation frequencies5 and frequently shows elevated expression of
DNA repair proteins.6 Four important points are remarkable with respect to genetic
aberrations in melanoma:

1. Only a handful of genes are more frequently mutated (Fig. 1) or show gene
copy number alterations (amplifications or deletions, Fig. 2) than others,7,8

whereas the clinical importance of most other genetic aberrations is currently
unclear.

2. Although most frequently mutated genes bear mutational “hotspots” (“canonical”
mutations), increasing evidence suggests the presence of noncanonical mutations
(see Fig. 1) that can only be identified using next-generation sequencing
methodologies.

3. The most frequently mutated genes are components of 2 principal signaling path-
ways, the Ras–Raf–MEK–ERK and the PI3K–mTOR signaling pathway (Fig. 3). The
activation status of these kinases within each of these pathways is not independent
from each other and dynamically adjusts to environmental changes, including tar-
geted treatments.9

4. The most frequently occurring mutations BRAF and RAS proteins are paradoxically
not related to sun exposure, can be found in early stages of melanoma, or even pre-
malignant conditions,10 and are retained during later stages of melanoma.11

5. More than 1 mutation and/or gene copy alteration can coexist within a melanoma,
which can have important clinical implications (see Figs. 1 and 2).12

6. Response to immunotherapies is independent from mutational status.13

In preliminary analyses of mutations of more than 350 cutaneous melanoma spec-
imens as part of the Cancer Genome Atlas, cutaneous melanomas can be convention-
ally classified in 4 different mutational groups (see Fig. 1)8:

1. “Hotspot” mutations in the BRAFV600 as well as immediately adjacent codons;
2. “Hotspot” mutations of the RAS oncogenes (N-, K-, or H-RAS) with the predomi-

nance of those occurring in NRAS (>90%);
3. Mutations of the neurofibromatosis 1 gene (NF1), an inhibitor of RAS signaling

(Fig. 4) without any concurrent hotspot mutations in the BRAF and NRAS (approx-
imately 10%); and

4. No mutations in any of these genes.
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