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Summary
Molecular tools are rapidly emerging as novel tools for
clinicians caring for cancer patients. Roles for these
assays in melanocytic neoplasms include diagnosis for
histologically ambiguous tumors, prognosis for conven-
tional melanoma, and theragnosis for advanced disease.
The introduction of these molecular strategies is timely, as
different therapeutic options are rapidly developing to treat
melanoma. With the development of new and effective
therapeutic options, it is more critical than ever to improve
the discrimination between patients with aggressive dis-
ease and those with more indolent tumours. In this review,
we will evaluate the traditional staging of melanoma and
what are the likely greatest opportunities for improvement
with molecular strategies. We will explore a number of
molecular assays that are now commercially available for
the assessment of melanocytic neoplasms, which include
techniques such as fluorescence in situ hybridisation,
comparative genomic hybridisation, mRNA expression
profiling and next generation sequencing, and discuss the
optimal utilisation of each of these assays.
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INTRODUCTION
In the last three decades, there has been a dramatic increase in
the incidence of cutaneous melanoma in the United States
and around the world.1 The vast majority of newly diagnosed
cases consist of clinically stage I and II patients, with
approximately 84% of newly diagnosed melanomas confined
to the primary site. However, 9% of cases have spread to the
regional lymph nodes, while 4% show evidence of distant
metastasis.2 Accordingly, the majority of melanoma related
deaths also come from stage I and II patients. In fact, data
from both the Multicentre Selective Lymphadenectomy Trial
(MSLT-1) and the American Joint Committee on Cancer
(AJCC) are consistent in showing that more than two-thirds
of melanoma-related deaths come from patients who were
stage I or II at the time of their diagnosis.3

While traditional AJCC staging has been of great value in
providing prognostic information to cutaneous melanoma
patients, undoubtedly, there are opportunities to improve risk

stratification with additional tools. There are a number of
examples that demonstrate how molecular techniques can be
utilised to better predict therapeutic response for melanoma
patients. In this review, we will briefly discuss traditional
staging of melanoma and the potential for different molecular
techniques to enhance current staging methods to predict
therapeutic response. In an era in which an explosion of new
melanoma related therapies is rapidly developing, improving
our prognostic and theragnostic capabilities is especially
relevant.

TRADITIONAL STAGING METHOD
Melanoma staging is characterised by the AJCC TNM (T,
primary tumour thickness; N, regional lymph nodes; M,
distant metastasis) system that categorises cutaneous mela-
noma into stages 0 through IV.3 As discussed earlier, stage IA
and stage IB patients constitute the vast majority of new
melanoma cases. At 5 years, the majority of clinically stage I
patients will be disease-free (97%), but some will develop
advanced disease. The 10-year survival for stage IA and IB
patients ranges from 95 to 86%, respectively. Although the
sentinel lymph node biopsy (SLNB) result is considered a
prognostic factor for recurrence and survival, there are
considerable data that suggest the SLNB identifies a lower
percentage of thin melanomas that will ultimately metastasise
when compared to melanomas with greater tumour
depths.4–6 Furthermore, various studies have shown that only
a small percentage of thin melanoma patients with a positive
SLNB result ultimately develop distant metastasis.7 Hence,
there may be considerable value in additional prognostic
techniques that could improve the identification of thin
melanoma patients who are destined for more aggressive
disease.
Importantly, stage II patients constitute approximately

45% of all melanoma related deaths. The 10-year survival
rate of stage II patients varies from 82 to 39%. This cohort
likely represents the greatest opportunity for improved
prognostication with molecular methods. Many of these pa-
tients who have intermediate or thick tumours regardless of
ulceration status are destined to ultimately develop distant
metastasis. However, many have a negative SLNB result,
which may provide false reassurance.8 Empirically, it seems
logical that early identification of stage I and II patients with
biologically aggressive tumours at an earlier stage would be
beneficial, but ultimately, incorporation of such patients into
clinical trials with adjuvant therapies will be necessary to
prove the survival benefit.
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Lastly, while we know that stage III patients are at greater
risk than stage I and II patients, there are a considerable
number of patients with stage III disease whose lymph node
status is N1a or N2a, having only microscopic involvement of
one or two lymph nodes, respectively. The 10-year survival
rates for N1a and N2a patients have high variability, ranging
from 70 to 50%. Better identification of patients with a low
risk of metastasis has obvious value, as they may be spared
the toxicity and stress of adjuvant therapy and intensive im-
aging protocols. Stage IV patients are less controversial, as
these patients more uniformly have a poor prognosis, with a
10-year survival rate of approximately 15%.

COMPARATIVE GENOMIC HYBRIDISATION
AND FLUORESCENCE IN SITU
HYBRIDISATION
Comparative genomic hybridisations (CGH) have been
utilised to assess melanocytic neoplasms since the 1990s.
Using this technique, chromosomal copy number aberrations
were identified as common in conventional melanoma and
infrequent in conventional naevi.9 This has since become a
strategy to differentiate histologically ambiguous melano-
cytic neoplasms as either malignant or benign.
There has been considerable evolution in the understand-

ing of melanocytic neoplasms since the inception of this
strategy. The concept of an intermediate grade of melanocytic
neoplasia, such as Spitz tumours and pigmented epithelioid
melanocytoma, has since become more accepted. Traditional
AJCC staging has minimal value in predicting the behaviour
of intermediate-grade melanocytic tumours, as many of these
lesions may be thick and highly mitotically active. Further-
more, up to 50% of cases may have a positive SLNB, despite
no further metastasis or disease progression.10,11 These in-
termediate grade neoplasms may also have small numbers of
clonal copy number aberrations, albeit generally fewer than
conventional melanomas, which on average have seven
distinct clonal chromosomal aberrations.12 Depending on the
specific aberration, the lesion can be classified into a high or
low risk category for aggressive tumour behaviour. Similarly,
FISH is a more targeted approach evaluating chromosomal
copy number aberrations. Several studies using FISH have
shown that atypical Spitz tumours with homozygous de-
letions of 9p21 are at greater risk for aggressive disease.13

Hence, one of the primary roles for CGH and FISH has
been to provide further prognostic data on intermediate grade
tumours, as conventional staging has considerable limitations
in this group of lesions.
Another utility of CGH or FISH is the ability to recognise a

conventional melanoma with some ambiguous histology,
such as a naevoid melanoma.14 However, data suggest that
despite the histological ambiguity, traditional AJCC staging
is as applicable to such cases as in any other case of con-
ventional melanoma.15,16 Hence, the utility of CGH and
FISH in such cases is limited to distinguish between malig-
nant and benign.
Few studies have evaluated FISH as a prognostic tool in

conventional melanoma. The disparity between the great in-
crease in incidence of melanoma and the more modest in-
crease in melanoma-related death has led some to theorise that
some histologically unequivocal melanomas are biologically
indolent.17 Predicated on this theory, one study compared the
prognosis of FISH positive and FISH negative melanoma

using a standard melanoma FISH assay assessing copy
number aberrations involving chromosomes 6 and the long
arm of chromosome 11.18 The study results showed a statis-
tically significant difference in prognosis between these two
cohorts. A positive FISH result was independently associated
with an increased risk for metastasis when controlled for SLN
status, tumour thickness, ulceration, and patient age. Other
case control studies have shown that melanomas with specific
chromosomal copy number aberrations such as those with
high levels of gains in 11q13 or 8q24 had a significantly worse
prognosis than conventional melanomas without these
changes.19,20 While cases with these specific changes clearly
have a very poor prognosis and aggressive disease, only a
limited percentage of aggressive tumours are identified.
Hence, looking at copy number aberrations alone whether by
FISH or CGH is unlikely to be a highly accurate method for
prognostication of conventional melanomas.

MUTATIONAL ANALYSIS AND NEXT
GENERATION SEQUENCING
Driver mutations of distinct subtypes of melanomas have
been identified, which include BRAF, NRAS, CKIT, GNAQ,
GNA11, and others. Although a number of studies have
evaluated the prognostic significance of BRAF or NRAS
mutations in advanced melanoma, the results have been
highly variable, oscillating between good and bad prognosis,
and thus have been unable to identify a consistent trend.21,22

This may be because these genes are strongly expressed both
at the level of the primary and metastatic melanoma and thus
are not optimal choices for discrimination.23 At this time,
recognition of the specific driver mutation is important for
theragnostic purposes, as many of these genes are targets for
molecular-based therapy. In a phase III trial comparing
vemurafinib to dacarbazine treatment in patients with previ-
ously untreated stage III/IV BRAF mutated melanoma, the
vemurafinib group demonstrated improved overall (86%
versus 64% at 6 months) and progression-free (median 5.3
months versus 1.6) survival when compared to dacarbazine
alone.24 Overall, the response rate was significantly greater
(48% versus 5%) for vemurafinib than dacarbazine.
Numerous other studies have since documented how the
identification of specific driver mutations and treatment with
the appropriate targeted therapy can result in improved
overall survival in patients with advanced melanoma.25,26

Near complete remissions in c-KIT mutated melanomas
have been documented in response to imatatinib,27,28 and
GNAQ inhibitors are showing promise in the treatment of
uveal melanomas.29

Next generation sequencing offers the unique opportunity
to provide detailed information regarding the mutational
profile from 50 to over 400 gene panels or even whole exome
sequencing in one experiment. Not only can driver mutations
be identified, but mutations that lead to escape targeted
therapy of the primary driver mutations can also be revealed.
Depending on the platform used, the systems can be set up to
perform mRNA expression profiling, DNA mutational
profiling, assessment for copy number aberrations and
translocations, as well as methylation status. The amount of
genomic information that can potentially be obtained is as-
tronomical. It is only a matter of time before bioinformatics
technology catches up and one can leverage all of this data for
an even finer prediction of tumour behaviour. Through whole
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