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A new understanding in the epidemiology of melanoma
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Abstract

The incidence of melanoma is continuing to increase worldwide. UV exposure is a known risk
factor for melanoma. Geographic location is known to influence UV exposure and the distribution
of the incidence of melanoma. Furthermore, epidemiologic data suggest that gender and genetics
may influence the distribution of melanoma on the body surface and histopathologic
characteristics of the lesion. This article describes what is known about the impact of gender,
ethnicity and geography on the progression of melanoma. Advanced-stage cutaneous melanoma
has a median survival time of less than 1 year. Surgical removal, radiotherapy, chemotherapy,
targeted therapies and a variety of immunotherapies have been utilized in the treatment of
melanoma. Current treatment strategies and the results of recent clinical trials are also discussed in
this article.
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Once a rare cancer, the incidence of malignant melanoma skin cancer in most developed
countries has risen faster than any other cancer type since the mid-1950s [1-12]. Cutaneous
malignant melanoma (CMM) is the sixth most commonly diagnosed cancer in the USA in
both genders [10]. An important feature of melanoma is that the incidence rate is highest in
lighter skinned patients and is much rarer in darker skinned individuals. Furthermore,
melanoma is one of the most deadly skin cancers; one person dies every hour from
melanoma in the USA. Unfortunately, melanoma strikes individuals in the prime of their
lives (median age: 52 years), almost a decade before most solid tumors arise (e.g., breast,
colon, lung or prostate). Detection and surgical treatment of early-stage disease seems to
prevent progression in most cases. However, patients with deep primary tumors or tumors
that metastasize to regional lymph nodes frequently develop distant metastases. Median
survival after the onset of distant metastases is only 6-9 months, and the 5-year survival rate
is less than 5% [13].

There are two likely etiologic pathways to the development of melanoma. The most often-
noted pathway is considered to be development from a common nevus (mole) with slow
progression to a ‘melanoma in situ’, although multiple common nevi may only be a ‘marker
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of risk and not on the actual pathway to development. This radial growth can then develop
into a vertical growth phase with a high capacity for metastases. The other pathway has
melanomas arising rapidly without nevus involvement into aggressive lesions [13]. Solar
UV radiation is an established risk factor for melanoma, with the magnitude of the risk
depending on patterns of sun exposure (intermittent or cumulative UV exposure), frequency
of excessive sun exposure and inherited susceptibility to its effects [14-18].

Epidemiology of melanoma

It is estimated that the annual increase in the incidence rate of melanoma has been
approximately 3-7% per year worldwide for Caucasians [19]. This increased incidence may
be attributable to better and earlier detection of melanomas and enhanced public awareness
[11-13,20]. However, another significant part of this rise in incidence may be related to a
change in sun-seeking behavior, as more people are exposed to natural and/ or artificial UV
radiation [14,15]. An analysis of melanoma trends stratified by thickness, based on the
Surveillance, Epidemiology and End Results (SEER) registry data from 1988 to 2006,
showed that all four thickness categories (<1, 1.01-2, 2.01-4 and >4 mm) increased in
incidence over the 19-year study period [21]. Furthermore, Jemal et al. reported that this
increase was different by gender; females had a greater increase in thin lesions (4.1% per
year) than men, where the increase was greatest in thick melanomas (6.1% per year) [4].
Another analysis of nine SEER registry databases (1975-2006) showed that age-specific
melanoma incidence rates were greater among women than men prior to age 40 years at
diagnosis. In addition, melanomas on the trunk were more frequently diagnosed in US
women than men [22,23]. Lipsker and colleagues hypothesized that, based on European
data, the changes in trends reveal three different types of melanoma with different etiology
and different risk factors [23,24]. This idea has been supported by other studies in which
different sun exposure patterns (chronic vs intermittent) were related to the appearance of
melanoma at different anatomic sites, suggesting divergent causal pathways for the disease
[25,26].

Ultraviolet exposure is a known risk factor for melanoma. However, much less is known
about the relationship between recent and life-time UV exposure and the interaction between
UV radiation and genetic factors. UV-induced DNA damage (i.e., UV footprints) is
sometimes but not always detected in melanoma tumors [27-30].

Indoor tanning is an artificial source of intermittent UV radiation that became popular in the
early 1980s worldwide. Its popularity took advantage of media-influenced cultural images of
tanned skin and its association with fitness. In a 2009 report of 116 US cities, public health
researchers reported that the average number of tanning salons were much higher than any
coffee shop or fast food chain restaurants; indoor tanning has developed into a business that
gains US$5 billion in profits each year [31].

Tanning devices emit both UVA and UVB wavelengths. UVB was once considered the
putative factor for skin carcinogenesis, but UVA has also been found to be absorbed by
melanocytes. Furthermore, indoor tanning devices have changed over time; early devices
emitted higher amounts of UVB rather than solar UV spectrum, which contributes to a
higher frequency of sunburns; a risk factor for the development of melanoma. Later devices
have been designed to emit more UVA to address concerns about burning. In the 1990s,
high-speed or high-intensity devices were introduced to achieve a deep tan. In addition,
high-pressure devices emitting mostly UVA became popular.

Several studies have been conducted to elucidate the interaction(s) between the tanning
device, UV dose and risk of developing melanoma. A recent, large, population-based
epidemiological study (n = 2268) conducted at the University of Minnesota (MN, USA)
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found an elevated odds ratio 1.74 of cutaneous malignant melanoma among indoor tanners
when compared with those who never used indoor tanning [32]. They also observed a strong
dose—response relationship between malignant melanoma risk and total hours, sessions or
years engaged in indoor tanning activity. The authors concluded that, based on their
analyses, no device can be considered “safe’ for use, as any device used, regardless of the
UVB-UVA ratio they emitted, was found to contribute to an increased risk of melanoma
among indoor tanners.

In addition, burns from indoor tanning were fairly common among users and conferred a
similar risk of malignant melanoma to that seen from sunburns. Young age at tanning
initiation was not found to increase age-group-specific susceptibility among adolescents as
previously thought; rather they found that indoor tanning contributed to increased
cumulative UV exposure among participants [32]. Similar results were also detected in a
different population, using nested case—control study design, in the Norwegian Women and
Cancer study [33].

In 2009, the International Agency of Research on Cancer (IARC) classified indoor tanning
devices as carcinogenic to humans; they based this classification on ‘sufficient evidence’
from animal models [34]. Effective 1 July 2010, indoor tanning services experienced a 10%
increase in taxation rates in the USA. This tax increase was included in the framework of the
recent US healthcare system reform. Furthermore, a stronger sense of awareness of the
health risks of indoor tanning can be seen worldwide. Prompted by key points from the
IARC’s report — such as an increase in basal cell carcinomas, squamous cell carcinomas and
ocular melanomas among tanning bed users, and a 75% increase in cutaneous melanoma
risk among those who started tanning before age 30 years — nations across Northern Europe,
Australia, New Zealand, North America and even Brazil have sought legislation to restrict
tanning bed use, especially among young people.

Understanding the relationship between UV exposure and the progression of melanoma is
important in the development of appropriate prevention strategies. Inherent differences in
histopathologic characteristics of melanoma lesions, such as tumor thickness, are thought to
be indicative of UV exposure patterns.

Thick versus thin melanoma

Breslow thickness is the depth of a melanoma lesion measured from the basement
membrane of the epidermis to the deepest identified melanoma tumor cells. Thickness is the
most important prognostic factor for melanoma, as deeper melanomas metastasize more
easily via the bloodstream and the lymphatic system. There are other melanomas, usually
with a thick Breslow index (>1.0 mm), that appear to have developed in the absence of
nevus involvement, but their etiology is largely unknown. New epidemiologic data support
the hypothesis that these melanomas are very different from thinner melanomas and their
initiation through UV exposure is questionable. There are sparse scientific data on how
human immunological factors influence these thick, possibly more genetically induced
melanomas [35,36].

Anatomic location

Using epidemiologic data as a basis, Green proposed the theory of site-dependent
susceptibility of melanocytes to malignant transformation [37]. This can be explained by
people with a low propensity for melanocyte proliferation who require continual sun
exposure to initiate melanocytes to clonally expand; thus, this occurs on areas of the body
that are continually exposed to sunlight, while people with a high propensity for melanocyte
proliferation, seen as a high number of nevi, develop melanomas on areas of the body that
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are intermittently exposed to the sun such as the trunk of the body [38]. Thus, based on this
meta-analysis covering several continents and varied geographical locations, different
etiologic pathways of melanoma development by anatomical site seem to exist.

It is important to emphasize that there is no positive association between melanoma
thickness and time to diagnosis on a population basis. Results from a large, population-based
cancer registry (n = 3772) and treatment unit data sets (n = 1300) in Australia independently
showed that the time from detection of a change in the skin (first noticing a suspicious spot)
to diagnosis was not longer in those who had thick lesions compared with those who had
thin melanomas [36,37]. These findings support the idea that the different melanoma
subtypes represent different biological characteristics and etiologic pathways. However,
these findings should not be interpreted to mean that the time of melanoma diagnosis is not
important. On the contrary, seeking medical care and attention for an uncertain skin lesion is
highly recommended and needs to be stressed as an effective public health measure for
improved survival in melanoma.

It has long been debated whether the site of a melanoma lesion is an indicator of the
differential pathway in disease development. Epidemiologic findings regarding this
hypothesis are inconclusive. The site of melanoma at diagnosis is not necessarily directly
linked to localized UV exposures; several studies support this observation [39-43]. In
addition, a Swedish occupational cohort study of melanoma cases diagnosed in men between
1970 and 1989 reported high risk ratios for melanoma on the trunk with localized
occupational UV exposure to other body sites, suggesting that the effect of UV radiation is
not restricted to exposed sites [43]. These findings led to the idea that melanomas develop
through more than one biologic pathway.

The “divergent pathway’ hypothesis is based upon epidemiologic and experimental
observations, which predict that individuals predisposed to few nevi will tend to develop
melanomas on habitually sun-exposed body sites; conversely, nevus-prone individuals will
develop melanomas on body sites with large numbers of nevi, such as the back [44]. This
model was supported by a pooled analysis of ten case—control studies of melanoma in
women in which it was observed that higher nevus counts on the arm were strongly
associated with an increased risk of melanoma of the trunk and limbs but less so of the head
and neck [44]. In addition, Caini et al. performed a meta-analysis using 24 observational
studies to determine if melanoma risk factors differ depending on body site and histological
subtype [38]. They found high nevus counts to be associated with melanoma on sites not
usually exposed to the sun.

A pooled analysis performed by Chang et al. of 5700 melanoma cases and 7216 controls
from seven studies from Europe, five studies from North America, one study from Hawaii
and two studies from Australia revealed that melanoma risk at different body sites is
associated with different amounts and patterns of sun exposure [45]. Specifically,
intermittent, recreational sun exposure and sunburns were strong predictors of melanoma on
less frequently sun-exposed body sites such as the trunk, at all latitudes. Continuous sun
exposure (occupational) was associated with risk of head and neck melanoma, and total sun
exposure was associated with an increased risk of melanoma on the limbs (both measured at
low latitudes) [45]. Chang and colleagues concluded that these analyses were consistent with
the “divergent pathway’ hypothesis. Further support for the divergent pathway hypothesis
comes from evidence of differences in genome-wide alterations in DNA copy number and
mutational status of BRAF and N-RAS genes in melanomas arising from different sites and
with different levels of sun exposure. This is discussed in more detail later.
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Similarly, analysis of patients from the Queensland (Australia) cancer registry revealed that
head and neck melanoma patients were more likely than patients with trunk melanomas to
have higher levels of occupational sun exposure but lower levels of recreational sun
exposure [46]. Thus, head and neck melanomas were associated with chronic patterns of sun
exposure, while truncal melanomas were associated with intermittent patterns of sun
exposure. Whiteman and others have hypothesized that the anatomic site at which a
melanoma develops is reflective of the susceptibility of host melanocytes to proliferate in
response to sunlight [45,46]. Bulliard et al. conducted a seminal study that was the largest of
its kind at the time, in which they compared the site distribution of melanoma in 41,331
incident cases from two phenotypically comparable populations from New Zealand and
Canada [47]. The authors chose these two populations of patients because they share a
primarily European ancestry. However, the incidence rates and UV exposures of the two
countries are vastly different. The trunk and face were the predominant areas for lesions in
the Canadian patients and the lower limbs were the most common sites in the New Zealand
patients. Bulliard and colleagues were able to determine that the risk of developing
melanoma varied in a site-specific manner and that environmental and lifestyle factors
influence the site distribution in these populations [47].

Role of gender

Several groups throughout the world have identified differences in the anatomic distribution
of melanomas in males when compared with females. Interestingly, melanomas on the trunk
of the body present frequent mutations in BRAF, which is strongly associated with MC1R
polymorphisms. MC1R expression is modulated by endocrine sex hormones; melanocyte
regulation in the trunk may have hormone-related features since distribution is different
between males and females [48].

A higher rate for CMM among women, predominantly in geographic regions with low
sunlight indices, has been observed in the international literature. Countries with a high
incidence of CMM, such as Australia, tend to have a slight predominance of females over
males or a balance between genders [49]. These findings suggest the existence of a gender
difference with changes in latitude. Clark et al. compared the distribution of melanomas
seen at their institution (University of Pennsylvania, PA, USA) in the 1970s and 2004 to
determine whether anatomic distribution changed over time. Males in the 1970s had higher
odds of developing melanoma on the trunk and females on the extremities [50]. In 2004
women had increased odds of developing melanoma on the chest and men on their lower
legs when compared with the 1970s. The authors attribute changes in distribution to changes
in clothing and lifestyle. Pruthi et al. also suggest that these changes in body site distribution
of melanoma over time could be caused by marked changes in the influence of risk factors
for the disease, increased awareness, increased sun-protective practices and differences in
sun-exposure behaviors [51].

Gender differences in body site distribution of melanoma lesions have been thought to be a
result of inherent differences between males and females. Differences in clothing, hair style,
occupation, sun-seeking behavior, and preventive measures and seeking medical care have
all been considered as potential reasons for the higher incidence of lesions on the lower
extremities in women and lesions of the head, neck and truncal areas of the body in men
[47]. However, the reason(s) for the observed gender differences may go beyond societal
differences among males and females. Speculations of a relationship between steroid
hormones and melanoma arose when population studies revealed that females have a
survival advantage over males, which was evident between 1973 and 1997 when males had
a rate of death from melanoma that was twice as high as that of females [52]. Furthermore,
the natural history of malignant melanoma in women has been reported to be rare before
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puberty, rise steeply through child-bearing years and decrease during menopausal years, thus
implicating the involvement of estrogen. This phenomenon has led to the suggestion that
hormones play an important role in melanoma [52]. Nonetheless, initial studies were unable
to identify the presence of estrogen receptor (ER) a in melanocytic tumors. In addition, the
unresponsiveness of melanomas to anti-estrogen therapies led to the assumption that
estrogen was not involved in malignant melanoma [53]. ERp has more recently been
characterized and ERP protein levels have been found to be associated with lesion thickness,
with lower ERp protein levels found in thicker tumors. Investigators have speculated that
ERp may be associated with the metastatic process in melanoma by regulating its invasive
capacity [54]. Yet, epidemiologic studies evaluating the risk of melanoma in relation to
hormonal and reproductive factors such as oral contraceptive use, hormone-replacement
therapy, pregnancy and menopause are conflicting; some studies have failed to demonstrate
a causal relationship, while others have found a dose-dependent increased risk of melanoma
with estrogen use [55-57]. Thus, the existence of a relationship between hormones and
melanoma remains uncertain.

Ethnicity & geography

Africa

Asia

The incidence of melanoma has been steadily increasing in Caucasian populations
worldwide. Although gender appears to influence anatomic site distribution and mortality
from melanoma, the increase in incidence appears to include both men and women. Trends
in melanoma appear to be consistent throughout the world and vary only when comparisons
are drawn with respect to latitude. Observed differences in epidemiologic studies of
melanoma are most often attributed to variations in UV exposure from intermittent to
chronic.

Chang et al. conducted a pooled analysis of seven studies from Europe, North America,
Hawaii and Australia to investigate the complex relationship between sun exposure and
melanoma risk at different latitudes [45]. The authors found recreational sun exposure and
sunburn to be strong predictors of melanoma at all latitudes; measures of occupational and
total sun exposure predicted melanoma predominately at low latitudes.

Melanoma is extremely rare among black populations in Africa and most cases of melanoma
tend to be of the acral lentiginous subtype [58,59]. Immunosuppression as a result of HIV
infection (Kaposi sarcoma), chronic ulceration, inflammation, albinism and UV exposure are
identified risk factors for skin cancer in Africans. A retrospective study in Port Harcourt,
Nigeria, identified 15 cases of melanoma at the University Hospital over an 11-year period
[60]. In this study, the lower limbs and feet were the most common anatomic site; these
melanomas were diagnosed at stage 11 or higher, and the majority of the cases were female.
Africans have greater levels of melanin than Caucasians which provide protection from the
carcinogenic effects of solar radiation. The acral lentiginous melanomas seen in Africans
and African—Americans develop on areas of the body such as the nail beds, soles of the feet
and palms of the hands. Interestingly, a retrospective analysis of melanoma in South
Africans of mixed ancestry revealed histological type and anatomic distribution that is
characteristic of black populations, yet the 5-year survival rate in these patients was similar
to that seen in white populations [61]. These findings suggest the influence of genetics in the
development and progression of melanoma.

In a recent study conducted in Japan, Uehara et al. identified prognostic factors for survival
in cutaneous melanoma [62]. In this study population, thinner tumors, female gender and
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location on the extremity were found to be favorable prognostic features in malignant
melanoma. Similar to findings in the USA and Europe, thickness was the most important
prognostic factor in predicting survival in the melanoma patient in this Japanese study, with
the best cut-off point being 4 or 5 mm.

Australia has among the highest incidence rates of melanoma in the world. Incidence rates
trend toward a south—-north gradient within the eastern states of Australia. In Queensland
over a 20-year time period (1982-2002), incidence rates were highest for the trunk followed
by the upper limbs in males, and the lower limbs followed by the upper limbs and trunk for
females [49].

In a study initiated to examine historical changes in the incidence and anatomic site
presentation of cutaneous melanoma during a 50-year period in Canada, it was observed that
the trunk was the predominant site for melanoma in male patients younger than 60 years of
age and the lower extremities were the most common site among female patients under 60
years of age [51]. Incidence rates appear to have slowed for young individuals; however,
among those aged 60 years and older, the rates continue to rise.

In Norway, a country at high latitude that stretches over a long distance north—-south,
Cicarma et al. observed 2—2.5-times greater incidence in the south than the north during
1966-1986 and 1997-2007 [63]. Truncal melanomas predominated as the most prevalent
site of lesions for both the north and south, and this did not change over the years studied. In
this study, the high CMM incidence in a country with a low UV index could be related to the
fact that most Scandinavian populations are of a high-risk skin type: fair skin, hair and eye
color. Similarly, analysis of incident melanoma cases diagnosed between 1978 and 2004
revealed a significant increase over time in age-standardized rates over the 27-year time
period [64]. In France, a retrospective study of melanomas diagnosed between 1980 and
2004 found a steady increase in thin melanomas predominantly on the trunk in men [65].

Regional cancer registries throughout Italy, particularly in the northern region of the
country, collect epidemiologic figures and clinical characteristics of malignant melanoma.
Similar to other countries in Europe and throughout the world, the trunk and lower limbs
appear to be the most frequent sites of melanomas [66]. In a case—control study examining
individual characteristics in patients diagnosed between 1992 and 1994, CMM tended to be
located on the trunk in men and on the lower limbs in women [67]. Data on incident cases of
malignant melanoma from the Schleswig—Holstein cancer registry in Germany diagnosed
between 1998 and 2001 were analyzed [68]. Similar to other countries, in this population
melanomas were predominantly located on the trunk in men and on the lower limbs in
women.

Latin America

Studies from Argentina and Uruguay have also observed the predominant location of
melanomas in women to be the lower extremities and the trunk for men. In Chile the
anatomic distribution in women was the same as for Argentina and Uruguay; however, men
tended to have a higher number of lesions on the ears, backs of the hands and soles of the
feet [69]. Zemelman et al. conducted a study of malignant melanoma in Chile using
recorded cases from five state hospitals [69]. They found significant differences between
men and women. Women showed less aggressive histological types than men and presented
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more superficial tumors. There was predominance for melanomas on the limbs in women;
conversely, a higher number of melanomas were found on the backs of the hands, soles of
the feet and ears in men. The authors attribute the majority of this observed difference to
genetic composition, as well as a contribution from sun exposure patterns [69].

Clinical and histopathological data on patients from a Dermatologic Clinic in Sdo Paulo
(Brazil) with cutaneous melanoma diagnosed over a 13-year period was analyzed to
determine if correlations between the variables existed [70]. The trunk and feet were the
most predominant sites for lesions in both males and females. In this cohort, patients
presented with thick ulcerated tumors and there was a greater prevalence of female patients,
nonwhite patients and acral lentiginous melanomas.

The incidence of melanoma was evaluated over a 15-year period in Yazd, a central region of
Iran [71]. In this study, males were 1.5-times more likely to have melanoma than females.
The gender difference was speculated to be due to clothing and body covering customs, as
well as lower levels of employment outside the home for women.

Incidence rates of melanoma among Arab immigrants residing in the USA have been found
to be significantly higher than those residing in the Middle East, with women having a
fivefold increase in the incidence of melanoma. The authors attribute this difference to better
disease surveillance in the USA, acculturation of immigrants, and the immigrant population
not being a true representation of the general population of the home countries [72].

Woodall et al. used state of residence at the time of diagnosis (north vs south) in melanoma
patients to compare clinicopathologic factors to determine if a geographical difference exists
[73]. They found a shift in clinicopathologic factors based on sun exposure without a
significant impact on outcome.

Other groups suggest that genetic predisposition may be more important than geography in
the incidence of melanoma [74]. In fact, the incidence of melanoma may be influenced by
gene—environment interactions that are not completely understood.

Using 11 US cancer registries, Eide and Weinstock examined the association between UV
index, latitude and melanoma incidence [75]. They found that higher UV indices were
significantly associated with an increase in melanoma incidence and lower latitude had
significant correlation with incidence of melanoma in non-Hispanic whites only. Melanoma
incidence was not significantly associated with index in black, Hispanic, Asian/pacific
islander and Native American populations.

Incidence rates for melanoma are lower among Hispanic (4.5/100,000) and black
populations (1.0/100,000) when compared with non-Hispanic white populations
(21.6/100,000) in the USA. However, these minority groups are more likely to have
melanomas that metastasize and have poorer outcomes [76]. More importantly, a study of
ethnic differences among melanoma patients revealed a 1.96-3.01-fold greater risk of
disease-specific mortality in minorities compared with white populations [77]. A lack of
public education efforts tailored toward minorities, socioeconomic status, access to care and
lack of early diagnosis are thought to contribute to the disparity in survival that exists.
Furthermore, low incidence rates make it difficult for the initiation of large-scale
epidemiologic studies to investigate the etiology of melanoma and the identification of risk
factors associated with this disease in Hispanic and African—American populations. It has
been hypothesized that physiologic differences in these ethnic groups could contribute to the
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increased mortality seen. The concept of admixture within ancestral genes has not been
explored as a potential cause of genetic susceptibility for the development of melanoma in
ethnic minorities. Ethnic differences in the skin phenotype and aggregation of mutations in
genes associated with risk for developing melanoma are influenced by the geographic
location of an individual.

Agredano et al. analyzed the correlation between increasing accessibility to air travel and
melanoma incidence [78]. Using declining leisure-specific airfares as a proxy for increased
access to sunny locations, they found that increasing rates of melanoma corresponded
strongly with declining airfares in the USA. Similar results were seen in Norway when
increasing air passenger mileage corresponded strongly with increasing melanoma incidence
[79].

Occupational exposure has been reported among flight attendants and pilots. It is suspected
that a higher proportion of UVB exposure can occur at a higher altitude while the proportion
of UVA increases only minimally. Furthermore, the major aircraft flight routes are
frequently directed above the dew point corresponding to higher UVB exposure during
flights. Season of the year, time of day, cloudiness and amount of atmospheric aerosol also
influence UVB exposure among pilots and flight attendants, contributing to higher
occupational UV exposures [79]. In addition, these findings also suggest changes in
recreational patterns that may be contributing to the public health problem of melanoma. As
individual sun exposure patterns become more complex as a result of more frequent air
travel, and potentially increased intermittent sun exposure, the contribution of these
exposures to the development and progression of melanoma then becomes more difficult to
assess.

Treatment options in malignant melanoma

Geographic differences in the treatment of melanoma are generally dictated by the
availability of resources and/or infrastructure. Furthermore, melanoma is considered a
disease of industrialized nations and in other areas of the world, scarce resources are usually
not directed towards a rare disease as is the case for melanoma in countries such as Africa.
However, although the incidence of melanoma is low in these countries, mortality remains
high. The remaining section of this article describes recent strategies and advances in the
treatment of melanoma. It should be noted that the treatments described here are those
developed in countries with resources in which the great majority of melanomas occur in
light-skinned individuals.

Aside from the availability of resources, therapeutic options for malignant melanoma are
dependent upon the stage at diagnosis. Standard treatments for less invasive early-stage
tumors are usually surgical excision without any additional therapies. Stage IV cutaneous
malignant melanoma is considered incurable as the disease has disseminated to distant sites
and organs throughout the body. The median survival time for patients with metastatic
disease is 69 months and the 5-year survival rate is less than 5% [80]. To date, Phase 111
randomized controlled trials have failed to improve overall survival in patients with
metastatic melanoma [81]. The reader is referred to Agarwala’s 2009 clinical review for a
more detailed discussion of current systemic therapeutic strategies for metastatic melanoma
[80].

Surgical excision

Surgical excision is the most common, well-accepted treatment for melanoma. Surgical
margins used as part of the course of treatment for melanoma are based on multiple clinical
trials of primary melanomas and are defined as follows:
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*  5-mm surgical resection for in situ lesions;
* 1-cm margin for lesions with less than a 2-mm Breslow thickness;
e 2-cmsurgical margin for lesions with 2-mm or greater Breslow thickness [82].

Breslow thickness is often used as a proxy for invasiveness and prognosis of malignant
melanoma. Based on several follow-up studies [83-85], the effectiveness of thinner margins
seemed to be validated as there was no statistical difference in overall survival rates and
local tumor recurrence even in the thick Breslow lesion group.

Radiotherapy

Cutaneous malignant melanoma was long considered a radio-therapy-resistant tumor. This
idea was based on the fact that melanocytes are known to easily repair DNA damage
induced by low-dose radiation. However, clinical evidence suggests that certain types of
melanoma, in particular, mucosal melanomas of the head and neck region, should be treated
with radiation to prevent recurrence. Lesions of the sinonasal, nasopharyngeal and oral
cavities appear to respond to radiotherapy [86,87]. In addition, lentigo maligna melanoma
(LMM) relapses frequently when only surgical removal is employed [88]. Unresectable
CMM lesions can also be treated with thermal neutron irradiation [86,89]. Recently,
Henderson and colleagues demonstrated the utility of radiotherapy in melanoma patients
using a multicenter randomized study of 250 patients with isolated regional recurrence.
Their study was designed to assess the effects of adjuvant radio-therapy on regional
recurrence, survival, morbidity and quality of life [90]. In this population of patients, those
randomized to the radiotherapy group showed statistically significant improvement in lymph
node field control compared with patients in the observation group.

Immunotherapy

Melanoma has been demonstrated to be a particularly immuno-genic tumor; thus,
immunotherapy of melanoma has developed as a dynamic field for clinical research. To
date, immunotherapies have been developed for malignant melanoma patients with distant
metastases (stage 1V) and also for stage 11-111 patients with micrometastatic disease among
the fraction of patients having microscopic spread of tumor detected in lymph nodes.
Melanoma vaccines and stimulation of immune responses by interrupting immune-inhibitory
mechanisms are among the strategies that have been utilized with varied success [91].

Interferon-based approaches

Cytokines

Since 1986, the US FDA has approved the use of IFN-a as a cancer immunotherapy agent.
Randomized clinical trials revealed that high-dose IFN-a, when administered in combination
with chemotherapy, did not prove to be more effective than chemotherapy alone [92]. Yet
the most updated quantitative evaluation of 14 randomized controlled clinical trials has
revealed that IFN-a adjuvant therapy improves disease-free survival. The hazard ratio for
disease recurrence was 0.82 (95% CI: 0.77-0.87; p < 0.001) and the improved overall
survival observed in four of the 14 trials had a hazard ratio for death of 0.89 (95% CI: 0.83-
0.96; p = 0.002) in advanced-stage cutaneous melanoma patients [93].

Cytokines are frequently administered to stage IV patients in an attempt to boost immune
system tumor surveillance and melanocyte apoptosis. IL-2 (Aldesleukin, Proleukin®,
Prometheus Inc., CA, USA), a cytokine produced by T cells, is involved in
immunostimulatory effects on the immune system, such as the stimulation of natural killer
cells [80]. High-dose IL-2 intravenous treatment was demonstrated to be effective in the
treatment of melanoma and was approved for this use by the FDA in 1998. Specifically,
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IL-2 has been shown to increase T-cell function and increase memory T-cell production; a
response rate of 16% has been observed in melanoma patients with advanced metastasis
[94]. However, the use of high-dose IL-2 is limited by the high toxicities caused by this
treatment [95].

New cytokines have been included recently in a search for new tools in immunotherapy in
melanoma. IL-15 and IL-21 are similar in structure to IL-2, both of which stimulate T-cell-
specific immune responses. Co-treatment with both cytokines may improve CD8* and CD4™*
T-cell responses [96]. IL-21 seems to be a promising agent as it does not enhance the
production of regulatory/suppressor T cells, which is a common problem with IL-2
treatment [97,98].

Adoptive immunotherapy

Vaccines

Adoptive immunotherapy is a method utilizing ex vivo activation and expansion of tumor-
reactive lymphocytes from the patient, which are then administered back to the same
individual. Tumor-infiltrating lymphocytes are T cells with specific tumor reactivity and
they offer a promising treatment strategy for tumor regression and targeted tumor
eradication techniques in which response rates as high as 72% have been seen [99]. Other
cell types such as dendritic cells and macrophages have also been employed in Phase | trials
[100].

Vaccines are specialized immunostimulants designed and produced to initiate host immune
responses, build long-term memory function and ultimately achieve tumor regression in
melanoma [101]. Vaccines are used among patients with intermediate- to high-risk stage 1V
melanomas with very low response rates. Cancer vaccine trials in 440 melanoma patients,
conducted at the National Cancer Institute Surgery Branch (MA, USA), had an overall
objective response rate of only 2.6%. That result was comparable to the 4.0% response rate
reported in 40 studies that involved 756 melanoma patients [101,102].

The principle behind melanoma vaccine development is to administer a single antigen or a
mixture of antigens that are specific to the cancerous melanocyte growth and induce
lymphocyte activation through increased recognition of these antigen(s). The ultimate goal
is to enhance the anti-tumor immune response and tumor surveillance to the point that total
tumor regression is achieved [103]. Previously, various single antigens were chosen among
discovered melanocyte-derived proteins. Proteins such as melanoma antigen-encoding gene
(MAGE)-1 and —3 are shared and commonly expressed among different solid tumors
including melanomas. Other protein compounds specific to certain melanoma lineages such
as Melan-A/melanoma antigen recognized by T cells (MART)-1, tyrosinase or gp100 and
proteins that are overexpressed antigens in melanomas have been utilized. These antigens
can be used explicitly as melanoma vaccine antigens. The Cancer Immunity website
contains a list of potential tumor antigens in vaccine development [201].

Immune checkpoint inhibitors

Immune checkpoints are thought to be exploited by tumors as they inhibit T-cell functions in
normal physiologic settings [104]. The cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4) is an immune checkpoint molecule that downregulates T-cell activation pathways
[104]. Recently, ipilimumab (MDX-010), a human monoclonal antibody, has been utilized
to inhibit CTLA-4 and thus promote anti-tumor immunity. Ipilimumab has been successful
when used as a monotherapy in Phase 1l studies, as well as when combined with other
agents including cancer vaccines [105]. Specifically, ipilimumab has frequently been used to
induce tumor regression and block immunosuppression among advanced melanoma patients
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[105]. A combination of autologous engineered tumor cells producing granulocyte colony-
stimulating factors with periodic infusions of CTLA-4-blocking antibodies produced
meaningful changes in infiltrating lymphocytes and tumor necrosis. This work expands the
therapeutic options for the treatment of melanoma. The therapy had a longer time frame (at
least 12 weeks) to achieve an objective response of approximately 15% for patients. Several
trials administering fully human anti-CTLA-4 monoclonal antibodies to melanoma patients
recorded some autoimmune disease-initiating side effects. As several immune-related
adverse events (IRAES) were reported previously during treatment with ipilimumab, more
recent clinical trials have tried to improve positive and negative effects of CTLA-4-blocking
antibodies [106].

Glycoprotein 100 peptide, derived from melanosomal protein, has been found to induce
immune responses and potentially improve the efficacy of high-dose IL-2 treatment in
patients with metastatic melanoma. However, it appears to have limited anti-tumor activity
when used as a single treatment. Hodi and colleagues conducted a Phase 111 study using
gp100 as an active control to determine whether ipilimumab, with or without gp100,
improved overall survival among patients with previously treated metastatic melanoma. In
this study population, ipilimumab administration, with and without gp100 peptide vaccine,
improved overall survival in patients with previously treated metastatic melanoma [81].

Another treatment strategy utilizing immune check points involves blocking the
programmed death-1 (PD-1) receptor with antibody dosing. PD-1 is an inhibitory receptor
expressed on antigen-activated T cells and is thought to suppress anti-tumor immunity [107].
Furthermore, a known ligand for this receptor has been found to be highly expressed in
murine and human tumors, and its expression is associated with poor prognosis for patients
with certain epithelial cancers. Brahmer and colleagues conducted a Phase | trial to evaluate
the anti-tumor activity, safety and tolerability of PD-1 receptor inhibition in patients with
advanced treatment-refractory solid tumors [108]. In this trial, PD-1 antibody dosing
appeared to have anti-tumor activity and was generally well tolerated by the patients. Anti-
PD-1 has been demonstrated to be highly synergistic when combined with tumor vaccines in
murine models. Brahmer and colleagues suggest that more effective utility of this antibody
will involve combinatorial therapies with vaccines, targeted therapies or other
immunomodulators [108].

Chemotherapy

Cytotoxic chemotherapy is often used in melanoma treatment. Anti-tumor effects have been
demonstrated with dacarbazine, platinum analogs and nitrosoureas [108]. The effectiveness
of dacarbazine has been validated for several years; however, a response rate of only
approximately 7.5% has been confirmed in patients from the two largest and most recent
randomized trials [80]. A recent analysis found that survival of longer than 18 months was
detected only in a fraction of patients [109]. Perez and colleagues conducted a Phase Il trial
of carboplatin, weekly paclitaxel and biweekly bevacizumab in stage IV melanoma patients
[110]. Bevacizumab is a VEGF monoclonal antibody that provides antiangiogenic effects. In
melanoma, chemotherapy-induced overproduction of VEGF has been identified as a
causative factor in the development of a more tumorigenic and metastatic phenotype that can
ultimately lead to chemotherapy resistance [111]. Combined therapy was utilized in this trial
as chemotherapy and bevacizumab combinations have been demonstrated to work
synergistically in other cancers. In this trial, this combination was moderately to well
tolerated and demonstrated some clinical activity. Further studies are needed to determine
the relative value of adding bevacizumab to carboplatin—paclitaxel (CP) treatment.

A similar trial was not as successful in combining chemotherapeutics and biologic agents;
sorafenib, a multikinase inhibitor that prevents tumor cell proliferation and angiogenesis,
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was trialled in combination with CP. In this Phase 111, randomized placebo-controlled study
with unresectable stage 111 or IV melanoma patients, the addition of sorafenib to CP did not
improve any of the end points measured over placebo plus CP [111].

Targeted therapies

Targeted therapies refer to treatments designed to inhibit biochemical pathways activated by
mutations in tumors [105]. Success of these therapies is dependent upon the identification of
a ‘target’ or genetic abnormality in a cancer. In melanoma, two targets have been clinically
validated in protein kinase-signaling pathways; BRAF and cKIT mutations. Inhibition of
BRAF using the general BRAF inhibitor, sorafenib, decreases cell proliferation and invasion,
and induces cell death in melanoma cell lines, yet it has demonstrated limited utility in
clinical trials (reviewed in [112]). The mutant-specific BRAF inhibitor, PLX4032, has
achieved up to a 70% clinical response rate in a Phase | trial in metastatic melanoma patients
[113]. The success of this targeted therapy appears to be transient as the melanomas from
many of the patients who initially responded to PLX4032 later became resistant. Targeting
other areas of this pathway in combination with BRAF inhibition has been suggested as a
potential mechanism to overcome resistance (reviewed in [95]).

Point mutations in cKIT, a tyrosine growth factor receptor, result in activation of
proliferative and prosurvival signaling pathways [95]. Initial case reports of patients treated
with imatinib, a small-molecule cKIT inhibitor, have provided promising results, with
patients experiencing dramatic to durable responses to treatment [114]. Additional studies
are needed to determine whether resistance mechanisms exist and if KIT inhibition leads to
activation of other signaling pathways.

Targeted therapies in melanoma have had varied success in clinical trials in part because
they rely on a simplistic approach to melanoma; inhibition/activation of a single target. The
complexity of melanoma is clearly observed in melanomas that lack a mutation of interest
yet respond to targeted therapies.

Curtin and colleagues identified the clinical importance of understanding to what extent the
heterogeneity of the site, degree of UV exposure and histologic characteristics of melanoma
is caused by distinct biologic pathways, and suggest that elucidation of these biologic
mechanisms will result in separate targeted therapeutic approaches and prevention strategies
[115]. The importance of this type of approach to melanoma was clearly demonstrated in
their findings of markedly different patterns of genetic alterations in cutaneous, acral and
mucosal melanomas at different sites and with different levels of sun exposure.

Expert commentary

Recently, several genetic-susceptibility studies have been conducted to identify potential
genes linked to the development of melanoma. Remarkable results to date include findings
from genome-wide association studies, which have identified chromosomal regions that had
previously been suspected to be associated with familial melanoma. There is a great need for
cohort studies to follow healthy people to determine if and when they develop melanoma.
Genetic-susceptibility factors directly and indirectly influence the phenotype of an
individual — proven to be one of the most important indicators of risk for melanoma. The
question remains whether this relationship is direct or indirect, and which genes are
involved. It has been established that skin type, number of nevi, type of sun exposure and
family history are linked to risk. In addition, certain individual behaviors, such as sun
seeking, use of sun protection and different exposure patterns (intermittent vs chronic), may
influence the etiology of the disease — all of which must be taken into account in these large-
scale epidemiologic studies.
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Geographic areas with higher risk and available resources draw more cutting-edge research
that explores the interrelationship between exposure, genetics and phenotype. However,
research in other populations with different incidence patterns and disease etiologies, such as
in ethnic groups, is needed, especially since these individuals tend to have more aggressive
forms of melanoma at diagnosis and experience a higher mortality from melanoma.

Although data to support a gene—environment interaction for the etiology of melanoma does
not exist, it is a good model for studying melanoma. However, this is complicated by the
vast differences in exposures and genetic backgrounds of individuals affected (Figure 1).

Five-year view

The issue of place of residence during the lifetime of an individual needs to be factored into
future studies to elucidate the impact of geography. More accurate measures of lifetime and
current UV exposure patterns need to be developed and would allow for the identification of
the amount and pattern of UV exposure necessary to initiate disease and to identify the
different pathways leading to melanoma.

In order to successfully design preventive measures, it will be crucial to understand how
protective factors are related to sun exposure, and how vitamin D production is involved in
prevention and progression. As advances are made in the understanding of genetic
susceptibility for melanoma, prevention and treatment strategies will need to be adapted; this
will probably continue to evolve over the next 5 years.
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Figure 1.
The complex interaction of issues that currently represent the field.
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