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and Daniel Pinkelf

Investigators representing all major melanoma research areas present an overview of
the most important challenges for the field. Four major research areas are covered plus
the training of new investigators. For each area we first describe the present status, its
strengths and weaknesses, and then outline specific recommendations. In basic re-
search of melanoma, we outline the pertinent issues for melanoma classification,
understanding melanocyte development and transformation, melanoma resistance, tu-
mor microenvironment, metastasis, animal models, immune response, and blood and
tissue diagnostics. In clinical research we provide an overview of the current chal-
lenges and the strategies for characterization, monitoring, and therapy. It will be
important to develop strong research and clinical infrastructures by establishing tumor
banks, identifying and validating biomarkers, developing new imaging techniques, and
increasing multidisciplinary collaboration and communication. To strengthen the field
we need to recruit both young and established investigators and foster career devel-
opment plans that cover all disciplines. Recent research advances provide significant
opportunities to have a major impact on this devastating disease. This group provides
recommendations for both short- and long-term strategies that build on research
strengths and opportunities established by the many members of the research
community.
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P 1 elanoma is one of the major cancers to affect Cauca- incidence of melanoma and a 165% increase in the annual

sian populations. In 2007, an estimated 59,940
Americans will develop cutaneous melanoma, and nearly
8,100 will die of the disease.! The National Cancer Insti-
tute (NCI) Surveillance, Epidemiology and End Results
(SEER) database documents a 619% increase in the annual
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mortality from 1950 to 2000. Mortality has leveled off
recently in the United States and Australia in some groups,
but it is still generally increasing in other countries such as
the United Kingdom, or even in individuals once consid-
ered at lower risk due to darker pigmentation, such as
Mediterranean populations and California Hispanics.
More than 20 years of coordinated clinical and prevention
research have helped to identify individuals at high risk,
improved diagnosis, enhanced detection of early stages,
increased awareness, and developed prevention strategies
such as protection from sunlight.

However, knowledge on the molecular mechanism of
melanoma progression is still limited, and patients with
metastatic disease remain largely incurable. This empha-
sizes a need to employ cutting edge technologies to design
effective therapies. It is increasingly necessary to share and
coordinate scientific resources of many groups because the
high-tech tools, such as genome- and proteome-wide
screening procedures, require large monetary investments
and multidisciplinary expertise. This Roadmap highlights
the advances, challenges, opportunities, and priorities for
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four major areas in melanoma research and management.
As melanoma research advances, our short- and long-term
goals will evolve accordingly.

Basic Research

Melanoma Classification

Cutaneous melanoma represents a proliferation of activated
or genetically altered epidermal melanocytes resulting from
complex interactions among genetic, constitutional, and en-
vironmental factors. The vast majority of melanomas can be
readily distinguished from benign melanocytic nevi by histo-
logical examination; however, there are ill-defined subsets of
melanomas or atypical pigmented lesions that are notoriously
difficult to diagnose. Examples of the latter are melanocytic
tumor of unknown malignant potential (MelTUMP), atypical
Spitz nevus, and minimal deviation melanoma.?> Such le-
sions, including some melanocytic nevi simulating melano-
mas, require additional molecular and other high-tech tools
to predict their behavior.® This is particularly important since
localized disease is largely curable when diagnosed at early
stages (melanoma in situ and radial growth phase melanoma
[RGP]).

Once melanoma is diagnosed, the currently used his-
topathologic criteria (depth and level of invasion, ulceration,
radial versus vertical growth phase, regression, dermal mi-
totic activity, tumor infiltrating lymphocyte response, angi-
olymphatic invasion, satellites) supplemented by sentinel
lymph node biopsy (when applicable) can define clinical
prognosis and the most optimal surgical treatment. However,
they are often not helpful in defining systemic or adjuvant
therapy.” Thus, we still need better tools for disease subclas-
sification and staging that can provide accurate information
on prognosis, clinical management (therapeutic), and dis-
coveries of novel compounds for targeted treatment and pre-
vention.

Recommendations

e Invest a major effort in the systematic analysis of mela-
noma lesions for mutation identification, genomic gain
and loss (eg, comparative genomic hybridization or
high-density single-nucleotide polymorphism array
analyses), RNA expression profiling, proteomic and im-
munologic analyses. These data should be publicly
available and used for improvement of diagnosis and
prognosis.

e Develop and test hypotheses regarding melanocytic be-
havior that can be evaluated in the laboratory.

e Use new technologies to form testable hypotheses for
new drug discoveries.

o Identify the molecular features of the tumor, its local
environment, and host factors that define responsive-
ness to a wide range of immunologic therapies. Incor-
porate them into treatment selection.

e Conduct rigorous bioinformatic analyses and functional
validation to eliminate functionally irrelevant informa-
tion (“noise”).

o Identify the most reliable platforms for the above anal-
yses.

e Identify novel molecular or nano-imaging tools to pre-
dict behavior of pigmented lesions of difficult diagnosis.

Melanocyte

Development and Transformation

Melanocyte Development

Major advances have been made recently in understanding
the molecular basis of melanocyte development from the
neural crest, which includes control of proliferation and dif-
ferentiation. Animal models to study melanocyte develop-
ment in vivo include rodents, axolotl, fish, and the frog.8-16
The differentiation program can be easily assessed by the
availability of a wide spectrum of melanocyte-specific molec-
ular tools.

Recommendations

e (Clarify the developmental pathway of melanocytes—
from their precursors in the neural crest, through migra-
tion and differentiation into melanocytes. This will in-
clude testing the involvement of early developmental
genes.

e Investigate behavior of melanocyte stem cells in adults,
and clarify their relationship with melanoma.

e Create optimal model systems to study human melano-
cyte development.

e Elucidate functions of the melanogenic apparatus and
its product melanin for protection and development of
melanoma.

e Explore the comparative biology of melanocytes from
distinct tissues (cutaneous, mucosal, and choroidal) and
their pathways to melanoma.

Melanocytes in Culture
Procedures for isolating and growing primary melanocytes in
culture from human and other species have been established
and pure cultures of melanocytes from a range of pigmentary
phenotypes can be analyzed.!”2? Adult and neonatal mela-
nocytes from different skin types are available commercially
or can be established by specialized laboratories. Experimen-
tal procedures have been established to examine the differ-
entiation status of the cells employing a wide spectrum of
molecular probes.

The real challenge in this area is to define to which degree
these pure cultures of proliferating melanocytes are compa-
rable with in vivo conditions.

Recommendations

e Optimize protocols and establish standardized proce-
dures for melanocyte cultures from different age groups,
racial backgrounds, pigmentary phenotypes, genders
and body sites.

e Establish a consensus list of melanocyte markers that
clearly characterizes the state of differentiation.

e Establish a repository of well-characterized melanocyte
cultures in one institute that will be responsible to dis-
tribute these cells to different investigators for a nominal
fee.
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e Promote usage of organotypic skin equivalent or ex vivo
skin histoculture as models to mimic the microenviron-
ment of human skin.

e Develop training centers for human skin transplantation
into appropriate animal models to study human mela-
noma genesis or progression in vivo.

Ultraviolet Irradiation and Melanocyte Transformation
There is evidence from epidemiological observations and ge-
netically altered mice that ultraviolet (UV) exposure can en-
hance melanoma development; however, the molecular
pathway(s) induced by UV radiation (UVR) that lead to ma-
lignant transformation are not fully understood. The effect of
UVR on melanocytes from different pigmentary phenotypes
and the relationship between pigmentation and UVR effects
remains to be explored. The factors governing the distribu-
tion of melanosomes and their transfer to keratinocytes in
response to UVR are unknown, the degree of sun protection
needed is not clear, and the effects of sunscreens are difficult
to investigate in epidemiologic association studies.??

A “divergent pathway” model for the development of mel-
anoma has been suggested. In this model, humans with an
inherently low propensity for melanocyte proliferation re-
quire chronic sun exposure to drive clonal expansion of
transformed epidermal melanocytes. In contrast, among hu-
mans with a high propensity for melanocyte proliferation (ie,
high nevus counts), exposure to sunlight is a predicted early
requirement for carcinogenesis, after which host factors su-
pervene to drive melanoma development. This model is but
one potential explanation for the heterogeneity in risk factors
(see Epidemiology and Prevention).?+30

Recommendations

e Explore the genetic contribution of UV-induced mela-
noma genesis and the processes by which melanocytes
and melanin confer protection from sunlight.

e Study the molecular outcome of UV irradiation in vitro
and in vivo.

e Evaluate the role of the stroma in UV-induced mela-
noma genesis.

e Determine the genetic and epigenetic changes in-
duced by UVA and UVB that contribute to malignant
transformation.

Melanoma Resistance
Pathways in Apoptosis
Impaired ability to undergo apoptosis provides melanomas
with a selective advantage for progression and metastasis and
an ability to resist therapy. This emphasizes a need to identify
key components of the pathways that can serve as targets for
efficient treatment.

Among those identified so far:

e Activation of mitogen-activated protein kinase (MAPK)
via constitutively active cell surface receptors or muta-
tional activation of intermediates (such as Ras, BRAF,
and ¢-KIT) in human melanomas elicit constant activa-
tion of downstream kinases and the corresponding tran-

scription factor substrates, of which only few have been
characterized.?!

e Altered signaling via phosphoinositide-3 kinase (PI3K),
transforming growth factor-B (TGF-B), the Janus ki-
nase/signal transducers and activators of transcription
(JAK-STAT), and Wnt are implicated in the develop-
ment of melanomas.

e Changes in the expression and activity of 3-catenin are
likely mediated by the E3 ligase beta-transducin repeat
containing protein (B-TrCP), which is upregulated in
tumors such as melanomas. The latter is of further in-
terest since the same family of ligases also affects the
stability of inhibitor kB (IkB), thereby regulating nu-
clear factor-«kB (NF-kB) activity.3>-36

e NF-kB/Rel, AP1/ATF2, Stat, and p53 transcription fac-
tors appear to serve as central regulators of apopto-
sis.3739 Yet, it remains unclear as to which of the NF-«B
family members are most crucial for melanoma devel-
opment. The primary mechanism used to activate them
in melanoma and the changes in upstream components
of this signaling cascade (TNF receptor-associated factor
2/5 [TRAF2/5], inhibitor kappaB kinase [IKK], TGF-k
activated kinase [TAK], TAK-binding protein [TAB],
cylindromatosis [CYLD]) are among the topics to study
in-depth.

Recommendations

e Carry out analyses using tumor samples rather than cell
lines.

e Analyze the early stages of melanomas when resistance
is not fully developed.

e Conduct comprehensive multi-level analyses such as
genomiic screens or expression profiling at the transcript
and protein levels, and post-translational modifications.

e Conduct functional studies to validate results obtained
from genomic and proteomic studies.

e Validate findings in appropriate in vivo models of
melanoma.

Tumor Microenvironment

The tumor microenvironment is emerging as a critical factor
in tumor etiology, progression, metastasis, and as a target for
cancer therapy and prevention. Therefore, there is an imme-
diate need for studies on the contribution of the stroma,
immune effectors, and other components of the tumor mi-
croenvironment to melanoma growth and metastasis.*

Recommendations

e Explore the interactions of tumor cells and their envi-
ronment. These include interactions with fibroblasts,
extracellular matrix (ECM), endothelium (angiogenesis,
intravasation, and extravasation), the lymphatic system
(Iymphangiogenesis), and inflammatory and immune
cells.

e Investigate how tumor and stromal cells can control the
local microenvironment.

o Investigate whether “normal” cells of the tumor stroma
can be targeted for diagnosis and therapy.
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e Investigate how tumor cells escape immune detection
and/or destruction.

e Explore the role of the tumor microenvironment with
respect to providing the niche for melanoma initiating
cells (‘melanoma stem cells’).

o Use three-dimensional models of human skin and other
organs that reflect the microenvironment for melano-
cytes and melanoma cells and study these in parallel
with mouse genetic models.

Metastasis

Experimental Correlates

to Clinical Melanoma Metastasis

Cutaneous melanomas metastasize locally, regionally to
nearby lymph nodes, and systemically to the lungs, liver, soft
tissue, brain, and to a lesser degree many other organs. On
the other hand, ocular (uveal) melanomas metastasize most
frequently to the liver. Different metastasis models offer the
opportunity to investigate several steps of the metastatic cas-
cade, the interaction between tumor cells and the surround-
ing normal tissues and cells, and the molecular basis for
homing to specific tissues, mimicking what is seen in pa-
tients.

Recommendations

e Base studies on melanoma metastasis on tissues or cells
from orthotopic metastasis models.

e Focus on the interaction in vivo among tumor cells,
normal cells, and tissues to determine tissue preference
and specificity.

e Investigate molecular and immunological characteris-
tics of cells obtained from experimental metastases from
the same and different organs.

e Subject the experimental samples to genomics and pro-
teomics studies. Study corresponding clinical samples
to examine molecular leads.

e Exploit imaging techniques to visualize distribution and
proliferation of melanoma cells and their interactions
with normal host cells.

Animal Models

Desired Features in a Melanoma Animal Model
A relevant animal model of human melanoma would help
elucidate mechanisms underlying melanoma progression
and metastasis and provide an opportunity for better testing
of drugs prior to clinical use.

As a surrogate for human melanoma, an animal model
should have the following features:

e Resemble human melanoma in its histopathology and
molecular pathogenesis.

Exhibit multistage progression.

Be highly reproducible with high penetrance.

Have an intact immune system.

Exhibit an appropriate response to UVR.

Be genetically tractable.

Be cost feasible with respect to tumor latency and breed-
ing/treatment strategies.

e Be translatable to human melanoma, predicting hu-
man response in preventive and therapeutic preclin-
ical studies.

Current Models

A number of animal models of melanoma have been devel-
oped over the last two decades.?? However, none have met
the criteria outlined above. For example, the histopatholog-
ical appearance and graded progression of the melanocytic
malignancies arising in animal models have generally been
quite distinct from human melanoma, and few model sys-
tems have demonstrated appropriate responses to UVR ex-
posure. A number of melanoma-prone transgenic lines of
mice have recently been described. These models incorporate
inactivation of a variety of tumor suppressors and/or expres-
sion of activated oncogenes, validating the role of key path-
ways implicated in human melanoma genesis. In addition, a
subset of these transgenic models has shown a response to
UVR that is consistent with that derived from epidemiologi-
cal studies. Another promising approach has been to induce
human melanoma in human skin engrafted onto immunode-
ficient mice.??

The Use of Animal Models in Preclinical Studies

e To screen for new anti-melanoma drugs.

e Touncover novel molecular targets/pathways associated
with melanoma genesis.

e To validate targets and drug-target interactions in mel-
anoma.

e To predict anti-melanoma drug efficacy and safety.

e To assess cellular and serological immune responses.

e To look for tumor-specific biomarkers.

No single model can serve all purposes. Genetically engi-
neered mice can facilitate elucidation of molecular pathways
in melanoma, uncover novel targets of drugs, and verify that
they actually hit those targets.

Recommendations

e Develop an extensive repository consisting of various
models of human melanoma. This repository should
include an exhaustive representation of various human
and mouse melanoma cell lines and tissues, as well as
the actual mouse melanoma models themselves; these
should be rigorously validated for their relevance to hu-
man melanoma.

e Establish a mechanism or program that would permit
integrated preclinical tests using human melanoma
models. Initially these models could be used for validat-
ing molecular targets, assessing the efficacy of candidate
drugs and drug—target interactions, and perhaps screen-
ing anti-melanoma agents.

Immune Responses

Present Status

The occasional spontaneous regression of primary melano-
mas or interleukin-2 (IL-2)-induced complete regression of
metastatic melanoma has inspired intensive immunological
investigations.*** Molecularly defined melanoma antigens
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have been identified and the goal is to harness the host im-
mune system to control the tumor.

Initial immunotherapeutic interventions focused on devel-
opment of monoclonal antibodies (MAbs) and cytokines de-
signed to expand the cellular immune responses against tu-
mors. Due to funding and patent issues, MAb development
has not progressed in the melanoma field (although MAbs
have become quite important in the treatment of other ma-
lignancies). Instead, the melanoma field has focused on im-
munologic therapies based on tumor-reactive T cells. Re-
cently, it has become possible to treat melanoma patients
with in vitro—expanded, autologous T lymphocytes with re-
activity against cultured melanoma cells.*! Clinical responses
have been seen, including long-term complete remissions.
However, the in vitro—expanded T cells are often rapidly
eliminated in vivo. Studies aimed at prolonging the survival
of transferred T cells are in progress.

Efforts continue to develop melanoma vaccines. Past ef-
forts using inactivated pooled allogeneic melanoma cells have
been unsuccessful in randomized trials, although it is diffi-
cult to know how immunogenic these vaccines were. There
also has been an extensive effort to vaccinate against specific
proteins on melanoma cells using peptides alone, with adju-
vant, or presented by dendritic cells. These approaches ap-
pear to be more immunogenic, although there remain few
clinical responses. -1

More recently, we have learned about mechanisms in place
to limit the immune response to self antigens. Molecules on
T cells involved in turning off the immune response, such as
CTLA4 and PD-1, can be blocked (by MAb or small mole-
cules). This appears to be a potent mechanism to unleash
T-cell responses against self antigens. The other major mech-
anism of T-cell regulation is through regulatory T cells (T,,).
These cells express several surface markers, including CD4/
CD25, GITR, CTLA4, and Neuropilin, and the intracellular
transcription factor FoxP3, which is their most selective
marker.*-52 Antibodies can be used to target the cell surface
markers, and FoxP3 should be an excellent target for drug
discovery.

Newer methods of immunization are being explored using
DNA vaccines and MAbs that block inhibitory T-cell signals
(eg, anti-CTLA4 MAb). With the advent of these new ap-
proaches, and recent technical innovations that have led to
T-cell function assays with high sensitivity, vaccine strategies
may find a resurgence warranting randomized trials. How-
ever, the major challenge to the cancer vaccine field remains
to demonstrate that these T-cell effects have clinical rele-
vance.

Recommendations

e Develop a MAb program in melanoma.

e Develop clinical trial designs capable of evaluating anti-
tumor effects so that melanoma antigens can be identi-
fied that induce an efficient tumor-destructive immune
response.

e Establish which costimulatory signals, in the presence of
a source of tumor antigens, most effectively facilitate the

generation and expansion of a tumor-destructive im-
mune response.

e Identify the downregulatory mechanisms that play piv-
otal roles in inhibiting immunity to melanoma antigens
and identify how to best overcome this regulation using
biological agents such as monoclonal antibodies and/or
small molecule drugs.

e Establish the individual susceptibility of the host to
mount effective immune responses.

e Establish the individual susceptibility of the tumor to be
controlled by the immune system and attempt to find
ways to overcome the problem that melanomas often
lose epitopes selected as therapeutic targets and/or the
ability to present such epitopes by major histocompati-
bility complex (MHC) class I and II molecules.

e Develop new methods for immune monitoring that ac-
curately reflect the immune stimulatory potency as well
as the tumor-inhibiting effects of the vaccine and corre-
late the results with clinical outcome.

e Investigate methods to suppress T,., number and func-
tion. For example, administration of cyclophosphamide
can eliminate T, cells with therapeutic benefit in some
animal models.

e Establish improved genetic mouse models for immuno-
logical studies, including vaccines and combinations of
immunotherapies.

reg

Serum Diagnostics

Blood Screening for

Cells, Proteins, and Nucleic Acids

Analysis of peripheral blood has the potential to significantly
impact clinical care of melanoma and to improve our under-
standing of metastatic disease.

Recommendations

o Assess the significance of melanoma cells in peripheral
blood and/or bone marrow.

e Establish serum proteomics to determine if alterations in
serum proteins can be used to either detect various types
of cancer or to determine tumor cell death during treat-
ment.

e Develop procedures for serum nucleic acid measure-
ments. Analysis of these molecules can lead to the de-
velopment of new markers such as DNA methylation
and allelic imbalance of genes relevant to melanoma.

Clinical Research

Overview

To date, no therapy improves the overall survival of patients
with stage IV melanoma. The median survival for patients
with stage IV melanoma is approximately 9 months and 5
year survival rates are 5% to 15% depending upon sites of
metastatic disease. In addition, there is no generally accepted
standard care for patients with metastatic melanoma. The
range of options includes observation, surgical resections of
limited metastatic disease, palliative resections for local con-
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trol, therapy with dacarbazine or temozolomide, combina-
tion chemotherapy, or immunotherapy.

The feasibility of reducing melanoma recurrence and mor-
tality with adjuvant therapy has been investigated in more
than 100 randomized controlled trials. Past efforts have fo-
cused on interferon a2b (IFN), vaccines, or both. High-dose
interferon is approved by the US Food and Drug Administra-
tion for treating patients with primary melanoma lesions
thicker than 4 mm or with regional lymph node involvement.
However, high-dose IFN is used inconsistently in the United
States because of its considerable toxic effects and modest
benefits on relapse-free survival without a reproducible ben-
efit in overall survival. Past trials of vaccines composed of
autologous or allogeneic melanoma, cell lysates, and peptides
have been negative, probably due to their minimal ability to
induce immune responses against relevant tumor antigens.
One way around this has been to use adoptive immunother-
apy and antibody-mediated therapies to generate massive
numbers of activated T cells or MAbs in vitro that can be
infused into patients.

New Strategies for
Characterization, Monitoring, and Therapy

Until recently, the most significant difficulty in developing
new therapies for melanoma has been the lack of potential
targets and agents. Now, some the molecular pathways rele-
vant to melanoma biology have been described. Constitutive
activation of the tyrosine kinase (TK) Ras/Raf/MAPK pathway
is a frequent and early event in melanoma development. The
challenge is to develop agents that target these aberrant mo-
lecular pathways. An example of such an agent is sorafenib
(BAY 43-9006), an oral TK inhibitor with a wide spectrum of
targets (v-raf murine sarcoma viral oncogene homolog [RAF],
vascular endothelial growth factor-1 [VEGFR1], platelet-de-
rived growth factor [PDGFR], Flt3, and ¢-KIT) that inhibit
the MAPK cascade and pro-angiogenic pathways.>® As a sin-
gle agent, antitumor activity with sorafenib has been difficult
to demonstrate. Sorafenib is already in clinical trials in com-
bination with chemotherapy, which represents the first at-
tempt to combine TK blockade with cytotoxic chemotherapy
in melanoma. Newer, more potent and selective inhibitors of
BRAF, MAP kinase kinase or Erk kinase [MEK], and other
TKs are entering clinical trials and represent an exciting new
approach to melanoma treatment.

Knowledge of the molecular biology of melanoma should
be used to identify existing agents that target biologic path-
ways critical to the melanoma phenotype. These agents, used
either alone or in combination with standard therapy, have
the potential to be more selective for melanoma and less toxic
to the patient. Clinical trials need to utilize agents with well-
understood mechanisms of action that interact with path-
ways critical for melanoma pathogenesis. Molecular charac-
teristics of tumors, including expression of the target, need to
be assessed as part of clinical trials. The acquisition of tumor
and nontumor tissue before, during, and after therapy is crit-
ical for measuring the effect of treatment and defining pre-
dictive features of outcome. The analysis of tumor and host

tissues for evidence of response to therapy will require devel-
oping methods for the optimal use and evaluation of small
tissue samples obtained in the course of therapy.

Establish Tumor/Tissue

Banks and Identify Biomarkers

Key biomarkers and surrogate end points need to be estab-
lished for epidemiological studies and prevention or therapy
trials. The development of biomarkers and surrogate end
points will require a series of tissue banks—including normal
skin, melanocytic lesions, melanoma, and serum banks
linked to complete clinical data. Melanoma research in par-
ticular has been hampered by limited access to large numbers
of melanoma tissues with associated clinical information that
will permit the development of biomarkers. Well-annotated
tumor tissue arrays with proper bioinformatic tools can en-
hance marker discovery and validation. This would require
the establishment of optimal methods of procurement, pres-
ervation, and analysis, the development of a prioritized dis-
tribution process, the design of flexible consent forms that
maximize tissue availability, and protect subjects’ identity.
The NCI has been instrumental in supporting an effort of
multi-institutional melanoma researchers for developing di-
agnostic and prognostic tissue arrays. These tools are an im-
portant resource to validate biomarkers that are currently
discovered in genome-wide screens. It is important to recog-
nize that in melanoma, there are a number of unique chal-
lenges to the collection of primary melanoma tissue for bio-
respositories and for research purposes. The majority of
primary melanomas are diagnosed in the community, often
in a dermatologist’s or primary care provider’s office, making
the collection of the tissue difficult. In addition, the majority
of primary melanomas are thin, with most of the lesion
needed to establish the histological diagnosis and for mi-
crostaging of the lesion. Finally, there are medical/legal and
privacy protection concerns that are further impediments to
the collection of primary melanomas. These issues have sig-
nificantly limited access to primary melanomas and must be
addressed in a comprehensive way in order to advance the
melanoma field.

The discovery of molecular markers that identify aberrant
pathways in melanoma should facilitate the detection of oc-
cult disease and aggressive behavior as well as the selection of
patients for specific therapy. These markers also can be used
to monitor the effectiveness of therapy for individual pa-
tients. Consequently, smaller, more targeted clinical trials
could be performed, which seek bigger differences in out-
come.

Diagnostic and Imaging Techniques
Many therapeutic interventions produce physiologic, molec-
ular, immunologic, or biochemical effects that could be mea-
sured non-invasively or with minimally invasive techniques
to help monitor clinical benefit early during treatment.

The analysis of tumor and host tissues for evidence of
efficient response to therapy will require:

e Minimally invasive surgical and nonsurgical techniques
for obtaining tumor tissue serially.
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e Methods for the optimal use and evaluation of small
amounts of fresh, frozen, and paraffin-fixed tissue sam-
ples obtained in the course of therapy.

e Improved imaging techniques (positron emission to-
mography and magnetic resonance imaging augmented
with specific probes) that will provide functional (eg,
anti-angiogenesis, immune-mediated mechanisms), mo-
lecular (eg, apoptosis, inhibition of specific signaling
pathways), and nano-imaging data sufficient to deter-
mine the effect of the particular therapy on its putative
target and guide minimally invasive biopsies to the re-
gions of maximal interest.

e Immune monitoring assays that will serve as accurate
measures of potency and surrogate markers for efficacy.

e Development of multicenter infrastructures to validate
biomarkers for melanoma diagnosis, prognosis, and
therapy outcome prediction.

e Reduction of obstacles for the collection of primary
melanomas.

Clinical Research Infrastructure

There is a growing consensus regarding the importance of
streamlining and modifying current clinical trials systems.
We look forward to collaborating with the Clinical Trials
Working Group, (established by the NCI) to improve the
clinical trials system and enhance access to therapeutic
agents. Of particular relevance are the continued efforts to
optimize clinical trial design and explore alternative trial de-
signs, which address the activity of new strategies such as
inhibiting the growth of tumor cells as opposed to killing
them. The NCl-sponsored cancer Biomedical Informatics
Grid (caBIG) is an important new initiative that can greatly
facilitate our ability to accomplish the outlined goals.

Continuing to forge academic/industry/NCI partnerships
is critical for drug development. Both industry and academia
are developing new therapeutic agents; however, the broader
scientific community often does not have access to these
agents for preclinical and clinical studies. Furthermore, many
of these agents are not evaluated for treating melanoma. In
addition, proprietary concerns also limit the use of novel
agents in combination, especially when multiple pharmaceu-
tical companies are involved. The development process
could be facilitated by broad master agreements among the
NCI, pharmaceutical industry, and academia that assure the
research community’s access to these investigational agents
while protecting the interests of all parties.

Development of the Melanoma Working Group

To accomplish the goals and make therapeutic progress, we
propose the creation of a Melanoma Working Group, which
would act as a centralized resource to assist in the coordina-
tion of cross-discipline biology/translational/clinical studies
in melanoma research. In particular, there is a growing
awareness of the widening gap between extraordinary scien-
tific discoveries and the ability to apply this knowledge in the
clinical arena. There is a critical need to bridge this gap and to
coordinate and prioritize laboratory and clinical studies. This
working group would include leadership representatives

from the Special Programs of Research Excellence (SPORE)
Cooperative Groups including the American College of Sur-
geons Oncology Group (given the critical role of surgeons in
melanoma treatment), Cancer Centers, NCI, Cancer Preven-
tion, Dermatology, and Pathology. We envision the Mela-
noma Working Group as having a role distinct from single
institution SPOREs and Program Projects occurring at insti-
tutions without SPORE grants. This working group could
facilitate collaborative research efforts across institutions and
disciplines and play an active role in prioritizing research
grants. It could advise the NCI on important new areas of
investigation in melanoma and on emerging technologies,
new funding opportunities, etc. The establishment of the
Melanoma Working Group should be cost effective. The Mel-
anoma Working Group should foster international links with
the leading cooperative melanoma groups such as the Euro-
pean Organization for Research and Treatment of Cancer
(EORTC) Melanoma Group and the Melanoma Genetics
Consortium (GenoMEL), and envision international inter-
group projects, a necessity in any relatively rare disease.
Communication should also be facilitated through the newly
established Society for Melanoma Research.

Recommendations

e Generate preclinical data that identify and validate ap-
propriate targets in melanoma and make the data avail-
able to researchers.

e Create Tumor Tissue Banks with dedicated funding to
enable the acquisition of precursor melanocytic lesions,
primary melanomas, and pre- and post-treatment pa-
tient tumor specimens to conduct basic and clinical
research. Establish guidelines for optimal methods
for procurement, preservation, analysis, and distribu-
tion. These tumor banks will provide unique oppor-
tunities to study early stages of this disease and de-
velop biomarkers.

e Establish Drug Banks composed of new and developing
agents that may affect melanoma and make these Banks
available to basic and clinical researchers.

e Validate newly discovered biomarkers from genetic,
genomic, and proteomic analyses.

e Develop analyses of gene function and pathway dissec-
tion most critical for melanoma cell killing and/or stasis
in a tissue environment.

e Develop in vitro screening models for new drugs that
take into account the complex tissue environment of
tumor cells.

e Participate in Rapid Access to Intervention Develop-
ment (RAID) and other NCI funding mechanisms to
more rapidly bridge the gap between the basic research
findings and clinical trials.

e Validate animal models suitable and relevant for therapy
studies.

e Establish a centralized mechanism for production of pa-
tient specific therapies, especially cellular therapies.

e Repeat vaccine studies in the presence of inhibitors of
immune regulation.
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e Establish the Melanoma Working Group with an inter-
national platform.

Epidemiology and Prevention

General Population Studies

Risk Factors

The following risk factors for melanoma have been estab-
lished:

e Individual phenotype, such as fair skin that tans poorly,
light-colored eyes, red or light-colored hair, freckling,
and high nevus counts and presence of dysplastic nevi.

e Exposure to UVR, in particular, high levels of intermit-
tent sun exposure. In this respect the role of tanning in
tanning parlors and UVA in melanoma development
should be investigated. Sun exposure seems to increase
the development of nevi and dysplastic nevi among pre-
disposed individuals.

e Family history of melanoma.

Prevention of Melanoma

Primary prevention has centered on using sunscreens and
avoiding exposure to intense intermittent UVR. However, the
complexity of the relationship between sun exposure and
risk, the long latency for the development of melanoma and
its relatively low incidence have hampered attempts at eval-
uating the factors that prevent its development and progres-
sion. Limitations in the ability to retrospectively measure sun
exposure further hampers epidemiological studies of UVR
exposure and melanoma risk. Furthermore, controversy re-
mains about the efficacy of these interventions to decrease
melanoma incidence and mortality, with some studies sug-
gesting that sunscreen use is not effective as a melanoma
prevention strategy in all situations.

Secondary prevention, or screening for early-stage mela-
noma, has not yet been rigorously evaluated but holds prom-
ise for reducing mortality. The Australian experience demon-
strates that public awareness of melanoma and its risk factors
has led to a flattening in mortality trends and a decline in
incidence rates among younger age groups. However, even in
Australia where the most progress seems to have been made,
older people—older men in particular—are continuing to
present with deep melanomas, which account for a large
proportion of the mortality from melanoma. Furthermore,
the interventions used in Australia have not been imple-
mented in other parts of the world and may not be appropri-
ate in more temperate climates.

Familial Studies

So far, family studies have identified four high-risk suscepti-
bility genes for melanoma. Inherited mutations in CDKN2A,
which codes for both the cyclin-dependent kinase (CDK)
inhibitor pl16INK4A and the tumor-suppressor P14ARF,
have been shown to confer susceptibility in around 40% of
families with three or more cases of melanoma, while muta-
tion frequency in the families with only two cases of mela-
noma is much lower, except in certain geographic regions in

which there is a common founder mutation. Mutations in
CDK4, which confer resistance to inhibition of mela-
nomagenesis by pl16INK4A also are causal but very rare. On
the other hand, mutated or deleted p14ARF also increases
risk of melanoma. Finally, a susceptibility locus has been
mapped to chromosome 1p22, but the gene(s) associated
with this locus have not yet been determined. Thus, novel
methods have to be applied to determine other melanoma
susceptibility genes in melanoma-prone families, which is
the mission of GenoMEL, the melanoma genetics consortium
(www.genomel.org).

Molecular Epidemiology Studies

The interactions between low-penetrance genes and non-
genetic risk factors (eg, UVR exposure) are likely to contrib-
ute to melanoma etiology. Genes that reduce eumelanin
production in skin, hair and eyes can be considered suscep-
tibility genes. A good example is the effect of inherited vari-
ants in MCI1R. These variants increase the proportion of me-
lanocyte pheomelanin (at least in the hair follicle), and
inheritance of these variants is predictive of red hair and
freckles. These variants also appear to act as low risk mela-
noma susceptibility alleles even in people without red hair.
Thus, MCI1R variants may provide information about mela-
noma risk beyond that predicted by pigmentation and cuta-
neous phenotype alone.

The finding of activating BRAF and RAS mutations in a
high percentage of melanomas is now being investigated in
relationship to UVR in combination with genotypic and phe-
notypic susceptibility. Elucidation of the relationships be-
tween somatic mutations, genetic susceptibility, and epide-
miological factors is likely to help define distinct genetic
pathways that lead to melanoma.

Genetic Studies in Families

We need to better understand the mutation penetrance in
melanoma susceptibility genes and the risk of cancers other
than melanoma in families that carry these mutations. We
need to understand how these susceptibility genes correlate
with the abnormal nevus phenotype (which is the most po-
tent phenotypic risk factor for melanoma) and how they in-
teract with sun exposure to cause melanoma.

Genome-wide screens for new melanoma susceptibility
genes are needed, using both association studies (for low-
penetrance genes) and multiplex families (for high-pen-
etrance genes). Similarly, genome-wide screens for traits re-
lated to melanoma risk, such as propensity to develop nevi,
are essential, because some of the genes underlying these
traits also may be melanoma susceptibility loci. An extension
of this work would be to conduct targeted SNP genotyping of
a panel of low-penetrance candidate genes. Ideally, agree-
ment should be achieved prospectively to screen candidate
genes in concurrent large sample sets such as those collected
by consortia. Large case-control studies can be pooled for
analysis (including test and validation sets), as well as cohort
studies designed specifically to identify genes governing
prognosis and outcome.
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Challenges, Opportunities, and Priorities
Risk-prediction and risk-reducing interventions in high-risk
populations will be possible only when the presence of con-
sistent, replicated associations between genes and melanoma
is established. There is a need to have large-scale population-
based studies and randomized trials on surrogate targets (eg,
nevi) to clarify the role of these genes in melanoma etiology,
as well as to better understand the utility of sunscreens and
other sun blockers (ie, specific clothing) in the prevention of
melanoma. The suggestion has been made that chronic sun
exposure might even be protective for melanoma and, there-
fore, the complex relationship between the sun and mela-
noma risk must be better understood.

Effective intervention by practitioners and public health
experts is a major challenge that could be possible only when
we have a clear understanding of the biology of melanoma.
We need to determine if multiple pathways to melanoma
development exist, and if the risk factors for each pathway are
unique. The factors associated with indolent and aggressive
melanoma have to be identified to improve diagnosis of mel-
anoma and to predict outcome.

Data collection in family studies and the establishment of a
collaborative consortium with centralized databases is criti-
cal. Pooling of data from multiple groups worldwide will
allow assessment of the effects of sun exposure and pheno-
typic factors on penetrance of mutations in the high-pen-
etrance melanoma genes identified to date and to identify
new genes. Additionally, these collaborative studies will en-
able more accurate estimates of the risk of other cancers in
mutation carriers.

The identification of low risk genes and the roles of genetic
and environmental factors in melanoma etiology and pro-
gression remain among the greatest challenges that require
the development of collaborative approaches and the use of
novel methodologies. This includes collaboration among ex-
isting case-control studies of melanoma, such as the Genetic
Epidemiology of Melanoma (GEM) and GenoMEL studies,
large cohorts, such as the NCI-sponsored cohort consortium,
and the development of new large case-control and/or cohort
studies. Collaborative efforts can develop a robust under-
standing of the complex measures important to the study of
melanoma, such as sun exposure and phenotype, and will
provide sufficient statistical power to detect the effects of low
penetrance genes and interactions of these genes with expo-
sures.

Recommendations

e Assess current study designs and develop and evaluate
new study designs.

e Develop ways to efficiently increase the size/power of
epidemiological studies over multiple geographic loca-
tions and study populations to investigate the etiology of
melanoma.

e Devise and use a standardized set of questionnaires and
data ascertainment procedures to assist in better com-
paring or merging data from various studies.

e Develop methods to evaluate different UVR exposure
measures, such as ambient estimated UVR-erythemal

values, self-reported measures of hours of exposure over
a lifetime versus more qualitative measures of UVR ex-
posures, and tanning parlor UVR exposures over time.

e Develop a method to prioritize scarce resources for ge-
nome-wide analyses versus candidate gene association
studies. To assess the inter-study reliability of genome-
wide and candidate gene analyses.

e Initiate epidemiological studies of progression and
prognosis in families as well as population-based case
series. Determine whether there are constitutively indo-
lent lesions and constitutively aggressive lesions, and
whether disease progression is modified by the behavior
of the individual, genetic predisposition, or the charac-
teristics of the tissue surrounding the lesion.

e Develop effective, well-evaluated, educational programs
for physicians and the public to increase awareness of
the characteristics of melanoma. Support grass root ef-
forts by advocate groups for prevention studies.

e Implement and evaluate large community-wide mela-
noma prevention programs based on the Australian
model. Evaluation of such a model needs to rely on
mortality or the incidence of thick lesions, not just over-
all melanoma incidence, as an end point.

Training

Overview

There is a need to encourage trained physician-scientists to
collaborate with basic and other scientists, as well as clini-
cians in melanoma research. Funding by the NCI (potentially
in partnership with other sister National Institutes of Health
institutes, such as the National Institute of Arthritis and Mus-
culoskeletal and Skin Diseases [NIAMS]) could help support
a year of basic or clinical research training in this field. In
addition, career development awards and training grants spe-
cific to melanoma at the young investigator level will encour-
age talented individuals to focus on this disease.

Within the past 5 years, several major centers have estab-
lished dedicated Melanoma Programs or Centers of Excel-
lence, which include clinical and basic research departments
and cut across multiple relevant disciplines. These programs
investigate melanoma and skin cancer as a unique discipline.
They provide a formal forum for melanoma researchers and
clinicians, as well as resources and opportunities for specific
training in melanoma.

Long-Term Objectives
Goals
e To recruit and train junior physicians, graduate stu-
dents, and postdoctoral fellows in the field of melanoma
research.
e To establish a mentorship program to educate the basic
molecular and cellular principles of melanoma biology.
e To secure funding for training grants and fellowships
specific for melanoma.
e To identify career pathways for trainees.
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Recruitment

At this time, melanoma-specific recruitment is active in the
three existing centers of SPORE in Skin Cancer and founda-
tions such as the Melanoma Research Foundation (MRF) so-
licitations. Applications for T32 pre- and post-doctoral train-
ing grants involving leaders in the field from different
institutions specifically for training in melanoma can lead
directly to enhanced recruitment.

Mentorship Program

Junior scientists, students, and faculty-in-training are in-
structed in the principles and issues of clinical melanoma and
basic science studies of human melanoma. The detailed areas
to be taught include melanoma immunology and bio-immu-
notherapy; melanoma molecular biology; biochemistry unique
to melanin production and response to UVR and inflamma-
tion in epidermal cells; human genetics; and other areas that
become important for successful research on melanoma. The
mentorship program will include both basic and clinical in-
vestigators. This Career Development Program will empha-
size specific high-priority research areas.

Solicit Funding for Melanoma-Specific

Training and Career Opportunities

Currently, the NIH and Department of Defense support sev-
eral cancer site-specific pre- and postdoctoral training pro-
grams, but none exists for melanoma.

Short-Term Objectives

e To embrace non-melanoma researchers who are in cur-
rent funded and nonfunded programs as part of the plan
to expand our current research base.

e To create an infrastructure to enhance the ability of
young investigators to compete effectively for KO8, R21,
and RO1 grants.

e To increase the membership of the Society for Mela-
noma Research by recruiting of dermatologists, der-
matopathologists, and clinical immunologists.

e To prepare series of seminars and educational materials
on melanoma.

In summary, training at all levels is needed in the mela-
noma research area. Communication and visibility may ini-
tially attain the major means of recruiting and expanding our
base. Future training is dependent on funding of trainees
including the approval of melanoma-specific training grants.

Appendix

Participating members of the

NCI Workshop “A Strategic Action Plan

for Melanoma Research, February 2007,”
Bethesda, MD:

Meenhard Herlyn, DVM, DSc, Molecular and Cellular Onco-
genesis, The Wistar Institute, Philadelphia, PA; Ruth Halaban,
PhD, Department of Dermatology, Yale University School of
Medicine, New Haven, CT; Ze'ev Ronai, PhD, (Chair), Signal
Transduction Program, Burnham Institute, La Jolla, CA; Lynn

Schuchter, MD, (Chair), Department of Hematology/Oncology,
Abramson Cancer Center, University of Pennsylvania, Philadel-
phia, PA; Marianne Berwick, MD, PhD, (Chair), Cancer Re-
search Facility, University of New Mexico, Albuquerque, NM;
Daniel Pinkel, PhD (Chair), Comprehensive Cancer Center,
University of California, San Francisco, CA; Michael B. Atkins,
MD, Department of Medicine, Beth Israel Deaconess Medical
Center, Harvard University, Boston, MA; Menashe Bar-Eli, PhD,
Department of Cancer Biology, M.D. Anderson Cancer Center,
University of Texas, Houston, TX; Jirgen C. Becker, MD, PhD,
Department of Dermatology, Julius Maximillians University,
School of Medicine, Wiirzburg, Germany; Anja Bosserhoff,
PhD, Institute of Pathology, University of Regensburg, Germa-
ny; Paul B. Chapman, MD, Melanoma/Sarcoma Section, Memo-
rial Sloan-Kettering Cancer Center, New York, NY; Alexander
M.M. Eggermont, MD, PhD, Surgical Oncology, Erasmus Uni-
versity Medical Center, Rotterdam, The Netherlands; David E.
Fisher, MD, PhD, Melanoma Program in Medical Oncology,
Dana Farber Cancer Institute, Harvard University, Boston, MA;
Opystein Fodstad, MD, PhD, Mitchell Cancer Institute, Univer-
sity of South Alabama, Mobile, AL; Elisabeth Grimm, PhD, Ex-
perimental Therapeutics, M.D. Anderson Cancer Center, Uni-
versity of Texas, Houston, TX; Nicholas K. Hayward, PhD,
Human Genetics Laboratory, Queensland Institute of Medical
Research, Brisbane, Australia; Ingegerd Hellstrom, MD, PhD,
Department of Pathology, University of Washington, Seattle,
WA; Karl-Erik Hellstrom, MD, PhD, Department of Pathology,
University of Washington, Seattle, WA; John M. Kirkwood, MD,
Department of Medicine, Melanoma Center, University of Pitts-
burgh Cancer Institute, Pittsburgh, PA; Thomas S. Kupper, MD,
Department of Dermatology, Dana Farber Cancer Institute,
Brigham and Women'’s Hospital, Harvard Institutes of Medi-
cine, Boston, MA; Maria Teresa Landi, MD, PhD, Genetic Epi-
demiology Branch, National Cancer Institute, National Insti-
tutes of Health, Bethesda, MD; Randy Lomax, Melanoma
Research Foundation, Princeton, NJ; Williams (Bill) R. Marsch,
Melanoma Research Foundation, Princeton, NJ; Julia A. New-
ton-Bishop, MD, Genetic Epidemiology, St. James University
Hospital, Leeds, United Kingdom; Kate O’'Neill, President, The
Noreen O'Neill Foundation for Melanoma Research, Philadel-
phia, PA; Timothy R. Rebbeck, PhD, Biostatistics and Epidemi-
ology, University of Pennsylvania, Philadelphia, PA; Andrzej
Slominski, MD, PhD, Department of Pathology and Laboratory
Medicine, University of Tennessee, Memphis, TN; Vernon K.
Sondak, MD, Cutaneous Oncology, H. Lee Moffitt Cancer Cen-
ter, University of South Florida, Tampa, FL; Nancy Thomas,
MD, Department of Dermatology, University of North
Carolina, Chapel Hill, NC; Jeffrey M. Trent, PhD, Presi-
dent and Science Director, Translational Genomics Re-
search Institute, Phoenix, AZ; Jeffrey S. Weber, MD, PhD.
Norris Cancer Center, University of Southern California,
Los Angeles, CA.
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