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Summary

Using US SEER17 Registry data, age-specific melanoma incidence rates were calculated and
comparisons were made between males and females. Relative Risk (RR) for males and females in
each age group was computed and compared with that from Nordic Cancer Registry data set and
to that for non-melanoma skin cancer (NMSC). For age groups 44 and younger, females showed
higher incidence rates, with a peak difference at age 20-24 (RR = 2.01, 95% CI = 1.21-3.33).
Males exhibited higher incidence rates after age 44. The same bimodal gender difference was
confirmed by the Nordic Cancer Registry data set, but it was not observed for NMSC, which is
known to be strongly associated with cumulative exposure to solar UV radiation. We conclude
that exposure to solar ultraviolet (UV) radiation is the major causative factor for melanoma at
older age (>44 yr), but that other factors may play a role in early onset melanomas, particularly in
females.
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Introduction

Melanoma incidence rates ranked number 5 in both men and women in the United States
during 2004-2008, and it is one of the few cancers that has consistently been increasing in
recent decades (Howlader et al., 2010). Epidemiologic and molecular studies have
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demonstrated that solar ultraviolet (UV) radiation is an important environmental risk factor
for melanoma (Fears and Tucker, 2005; Leiter and Garbe, 2008; Markovic et al., 2007). In
addition, genetic factors, particularly those that determine skin type, hair color, number of
nevi, and a family history of melanoma have been found to be associated with increased risk
of melanoma (Caini et al., 2009). Other environmental factors may be implicated, but the
evidence is less defined, which include exposure to heavy metals and insecticides (Dennis et
al., 2010; Meyskens and Yang, 2011). Hormones are implicated in the risk and progression
of several gender-specific malignancies such as breast cancer and prostate cancer (Ahmad
and Kumar, 2011; Cordera and Jordan, 2006; Kassi and Moutsatsou, 2011; Perry et al.,
2006). Considerable evidence has documented that the melanocytes are responsive to
neuroendocrine signals and sex hormones (Slominski, 2009; Slominski and Wortsman,
2000; Slominski et al., 2004). Over 30 years ago, Lee and Storer reported that at younger
ages, the incidence and mortality from melanoma was higher in British women than for
British men, and that the differences diminished with age (Lee and Storer, 1980); however,
no explanation for this finding was clearly demonstrated although a great deal of scientific
inquiring into the issue of endocrine responsiveness of melanoma was initiated including our
own work (Fuller and Meyskens, 1981; Lens and Bataille, 2008; Meyskens and Salmon,
1981).

Recent studies using the California Cancer Registry data revealed that higher socioeconomic
status was associated with increased melanoma risk, especially in young women (Hausauer
etal., 2011). The cause was attributed, at least in part, to UV exposure including both solar
UV and artificial UV tanning bed use (Coelho and Hearing, 2009). The melanoma incidence
rate in young women has been increasing over the past three decades (age-adjusted rate from
8.1in 197510 17.4 in 2008, age 20-49, from SEER 9 data) (Bradford et al., 2010; Purdue et
al., 2008); but the incidence rate for young men did not increase as much (age-adjusted from
8.3in 197510 12.5 in 2008, age 20-49, SEER 9 data). However, for all ages combined, the
age-adjusted melanoma incidence rate is higher in men than in women. The purpose of this
study is to examine the difference in age-specific melanoma incidence rates between men
and women and examine possible gender-specific risk factors in addition to UV radiation.
Our study suggests that factors other than UV exposure may affect the onset of melanoma in
young women.

Bimodal gender difference in melanoma across age groups

Analysis of all skin melanoma data from SEER17 revealed that there was an age-related
bimodal distribution pattern for both genders. The age and sex distributions of the SEER17
population are described in Figure 1A. The race ethnicity distribution of melanoma cases
included 88.1% White, 5.8% Black, and 6.1% ‘Other’. Figure 1B listed the sex and age
distribution from the Nordic population.

The female incidence rates are higher than that in males for all age groups from birth to age
44 (Table 1 and Figure 2A). Starting from age 10-14, the difference is significant (P < 0.05,
Table 1). The age-specific incidence rates (IR) for females (IR = 5.23) in the 20-24 yr age
group was double of that in males in the same age group (IR = 2.61) (Table 1). Figure 2A
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shows the graphic difference of the age-specific incidence rates between males and females.

Figure 2B shows the relative risk (RR) for females as compared to males in each age group,

graphed from Table 1. Females in the 20-24 age group showed twice the risk for developing
melanoma compared with males in this age group.

Melanoma incidence rate increases with age (Jemal et al., 2009), as also shown in our data
(Figure 2A). We used a ‘normalized difference’ (ND) to describe the difference between
male and female incidence rates. Specifically, ND was obtained by using the IR for females
(IRF) minus IR for males (IRy,) for each age group; this difference was then divided by the
total incidence rate for both sexes (IR7) for that age group (ND = (IRE=IRpm)/IRT). ND
enables us to directly compare the IR difference between genders among different age
groups (Figure 2C, Table 1). The ND increases with age up to 40-44 yr age group, with a
peak ND at 20-24 yr; and then drops after age 45-49 (Figure 2C).

The bimodal gender difference persists in various diagnosis years, melanoma body sites,
and histologic types

A bimodal gender difference in ND is observed in all years examined (1984-2008) (Figure
3A), which was also observed in localized melanomas, with the same peak difference in the
20-24 yr group (Figure 3B). No bimodal pattern was observed in cases with regional or
distant disease (Figure 3B). In both regional and distant cases, the NDs exhibited a
continuous decreasing trend for all ages (Figure 3B). In addition, as shown in Figure 3C,
superficial spreading melanoma (SSP) (ICD-0-3 code 8743/3), acral melanoma (1CD-0-3
code 8744/3), and spindle cell melanoma (ICD-0-3 codes 8770, 8771, 8772) all exhibited
bimodal patterns for ND along the age axis. In contrast, nodular melanoma did not show
such a bimodal pattern.

Anatomical sites of melanoma are linked to various degrees of sun exposure (Curtin et al.,
2005). As shown in Figure 3D, the incidence rates for hips and legs are higher in females
than in males for all age groups. Again, the peak difference is also in the age group 20-24
yr. In contrast, the incidence rates for head and neck (including face) are higher in males
than in females. Melanomas occurring on the arms/shoulders and trunk followed a similar
bimodal pattern to the whole population as seen in Figure 2C.

The geographic locations do not affect the bimodal pattern

Geographic location is a known factor that impacts melanoma incidence rate (Haynes et al.,
2008; Lee, 1997), which may be attributable to the difference in UV radiation and
temperature. The average annual UV radiation for northern area and southern area is quite
different according to US Environmental Protection Agency (http://www.epa.gov/sunwise/
uvimonth.html); however, the bimodal distribution of NDs between males and females did
not show a dramatic difference between the northern and southern areas (Figure 3E). These
results further suggest that causes in addition to UV radiation exposure may be associated
with the pathogenesis of melanoma
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The bimodal pattern is observed in Caucasian and non-Caucasian populations

Caucasians have a higher incidence of melanomas than other ethnic groups due to their light
skin color (hence, less protection from solar UV radiation) (Tadokoro et al., 2005). As
shown in Figure 3F, Caucasians showed a typical bimodal difference in NDs along the age
axis, with a peak in the 20-24 yr group. Non-Caucasians (including ‘Black’ and ‘other’
category in the SEER17 database) accounted for about 12% of the whole SEER17
population. The overall melanoma incidence rate for non-Caucasians is much lower than
that in Caucasians. However, when we used the ND to compare different ethnic groups, we
found a similar bimodal pattern for non-Caucasians as well (Figure 5F).

The bimodal gender difference is not observed in non-melanoma skin cancer (NMSC) in
Nordic Cancer Registry data (1980-2006)

NMSC is another skin cancer that is caused by solar UV radiation. To compare the age- and
sex-specific incidence rates between NMSC and melanoma, we used the Nordic Cancer
Registry data because NMSC is not reportable in the SEER registries. As shown in Figure
4A, melanoma incidence rates increase with age for both genders in the Nordic Cancer
Registry data (1980-2006). Again, it is higher in females than in males for groups younger
than 50-54 yr; and the trend reverses in the 55-59 age group (Figure 4A). This represents 10
yr of age delay for the reversal of the trend as observed in US SEER17 population (compare
with Figure 2C). However, the peak difference in melanoma incidence and the bimodal
pattern is persistent. In contrast to melanoma, the incidence rates for NMSC did not show
much difference in the younger age groups (<50 yr) (Figure 4C), and there was no bimodal
pattern along the age axis (Figure 4D). Table 2 lists the age-specific IRs and RRs for
females at different age groups (as compared to males) for NMSC and melanoma. While RR
is about 1.0 for NMSCs at age 15-29 (reflecting a roughly equal incidence rate), RRs for
melanomas in these age groups are greater than 2.0 (Table 2, in bold).

Discussion

Using the US SEER17 data set, we observed a significant bimodal difference in melanoma
incidence rates between males and females along the age axis. This bimodal pattern of the
normalized difference was confirmed in the Nordic melanoma cases but not observed in the
Nordic NMSC cases. NMSC is known to be caused by UV radiation. If UV radiation is the
only risk factor for both melanoma and NMSC, we would expect to observe a similar pattern
for the age-specific rates in males and females. That is not the case. Hence, the unique
bimodal pattern for the difference in male and female incidence rates in melanoma suggests
that additional gender-related factors play a role in early onset melanoma etiology.

We propose that an etiology model in US population younger than 45 yr must include
gender-related factors such as endogenous hormones, pregnancy-associated issues [such as
immune suppression and reactive oxygen species (ROS)] in concert with UV radiation
(Figure 5). However, after age 45-49 yr, UV-caused skin damage accumulates and
contributes more to causation. (Figure 5). This is consistent with the observations that
mutations need time to accumulate and exert their effects. In the HGF/SF melanoma mouse
model, neonatal UV radiation caused melanomas to occur around 6 month of age (Noonan et
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al., 2003), which roughly equals a human age of 20, assuming a life span of 24 months for
mice and 80 yr for humans. It has been calculated that, in the United States, only 25% of a
person’s lifetime solar UV exposure is obtained before age 18 (Godar et al., 2003); hence, it
is unlikely that melanoma incidence peak difference at age 20—-24 would be caused by
cumulative solar UV radiation in the population.

Melanoma incidence rate did not show a dramatic gender difference among children
younger than 9 yr, the significant difference started during the onset of puberty (Table 1),
which is also associated with dramatic sex hormonal changes. The peak difference of male
and female rate was observed at age 20-24, which is also the peak pregnancy age for US
women (Ventura et al., 2003). Again, when the difference between men and women
incidence diminished, it was at age 4549 when sex hormones begin to drop dramatically in
females due to menopause (Nichols et al., 2006). A decrease in testosterone levels may also
contribute to the observed increase in melanoma incidence rates in older men (Kaufman and
Vermeulen, 2005). Furthermore, melanins play crucial roles in protecting skin from UV
radiation, and it has been demonstrated that melanins are regulated by hormones in
mammalian skin (Slominski et al., 2004). In addition, human melanocytes and human skin
produce and metabolize steroids including sex hormones and exhibit endocrine activities
(Slominski, 2009; Slominski and Wortsman, 2000). Therefore, it is a reasonable hypothesis
to include gender-related hormones as contributing factors to pathogenesis.

However, a number of studies have indicated that exogenous hormones including oral
contraceptives and hormonal replacement therapy are not risk factors for melanoma
(Driscoll and Grant-Kels, 2007). Whether other endogenous hormone levels affect
melanoma incidence is less well understood (Gupta and Driscoll, 2010). There have been a
few studies examining the role of neuroendocrine factors and its effect in melanocytes
(Slominski, 2009; Slominski et al., 2004) as well as the role of pregnancy in melanoma
causation (Gallagher et al., 1985; Kaae et al., 2007; Karagas et al., 2006; Lambe et al., 1996;
Osterlind et al., 1988). Pregnancy either had no impact or a reduced melanoma risk.
However, pregnancy requires routine visiting to the medical office, providing better access
to health care and maybe, skin examinations. In addition, pregnancy is associated with
immune suppression (Loke and King, 2000) and increased ROS (Al-Gubory et al., 2010;
Red-Horse et al., 2004), two risk factors for melanoma (Garibyan and Fisher, 2010; Ullrich,
2007). We have recently demonstrated that superoxide-generating enzyme NADPH Oxidase
1 (Nox1) is expressed in normal human melanocytes and increased in melanoma cells (Liu
et al., 2012), which could be a source of ROS after UV radiation as well.

The observed difference in melanoma incidence rates may also reflect the difference
between male and female skin and hair. Sex hormones can be synthesized locally by skin
and play key roles in maintaining skin homeostasis and hair types (Dao and Kazin, 2007;
Slominski and Wortsman, 2000). Females have more vellus hair and intermediately
developed hair which are finer, lighter, and closer to the surface of the skin than males
whose hairs are usually more course, darker, and deeper (Garcia et al., 2010). Hence, female
hair follicles and the stem cell niche may be more susceptible to solar UV radiation.
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Nordic countries receive less annual UV radiation than the United States which may account
for the fact that the melanoma incidence rate is roughly equal to that of NMSC in the Nordic
countries, while the melanoma rate in United States is estimated to be about 1/10 of NMSC
(Rogers et al., 2010). The difference in the ratio of melanoma and NMSC rates also suggests
that there are unique factors other than UV radiation that play a role in melanocyte
carcinogenesis.

In summary, our hypothesis that melanomas in younger patients result from additional and
perhaps multiple causative contributions compared with those in older patients may provide
a foundation for further investigations of hormonal changes and other risk factors over life
time developmental stages. Further understanding of how these factors interact with UV
radiation should enhance our understanding of melanoma etiology and may present an
opportunity for differential prevention and perhaps treatment for melanoma occurring at
different ages.

Databases and population

The melanoma patient information in SEER17 database was retrieved using SEER*STAT
software (version 7.0.4; Surveillance Research Program, National Cancer Institute,
Bethesda, MD, USA). All records of skin melanoma were retrieved, total 228 035 cases
from 1973 to 2008. The data were imported into Statistical Analysis Software (SAS) system,
and analysis was performed using SAS9.2 software (SAS Institute Inc., Cary, North
Carolina, USA). The US population data were downloaded from SEER website (http://
seer.cancer.gov/popdata/download.html) and processed by SAS9.2. The sums of age-
specific populations from all counties covered by SEER registries were calculated and used
as a base for age-specific melanoma incidence rate calculation. The northern area include
Alaska, Detroit, lowa, Utah, Connecticut, San Francisco-Oakland, San Jose-Monterey, New
Jersey, and Seattle-Puget Sound area — roughly all SEER registry covered regions north of
latitude 37°N; the southern area include the rest of SEER registry covered regions including
Atlanta, Greater Georgia, Rural Georgia, Kentucky, New Mexico Los Angeles, Hawaii, and
Louisiana. The Greater California registry was not included in this analysis because of its
longitudinal spanning, which includes the North Region, the Central region, the Sacramento
region, the Tri-County region, the Desert Sierra region, and Imperial, San Diego, and
Orange Counties.

The age-specific melanoma and non-melanoma skin cancer (NMSC) incidence rates in
Nordic countries were calculated using NORDCAN software (http://www.ancr.nu/
nordcan_on_the web.asp). The Nordic countries include Denmark, Faroe Islands, Finland,
Iceland, Norway, and Sweden, covering diagnosis years from 1980 to 2006. Total melanoma
new cases during that period was 100 836 (53 250 women and 47 586 men) and total NMSC
new cases was 110 163 cases (48 865 women and 61 298 men). The Nordic population from
1980 to 2006 was downloaded from NORDCAN website: (http://www-dep.iarc.fr/
NORDCAN/english/frame.asp). Nordic age-specific melanoma incidence rates were used to
validate the bimodal gender difference observed in US SEER17 database; and the age-
specific NMSC incidence rates were calculated for a comparison with that of melanoma.
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Statistical analysis

Poisson distribution-based methods were used to calculate the significance of the difference
between male and female incidence rates in each age group according to (Sahai and Kurshid,
1996). Relative risk (RR) for females as compared to males at each age group was
calculated by using female rates divided by male rates. The 95% confidence interval of RRs
and NDs were also calculated according to Saihai and Kurshid based on Poisson distribution
(Sahai and Kurshid, 1996). The NDs were calculated as outlined in the results section, and
the 95% confidence intervals were computed by delta method.
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Figure 1.

The study populations. (A) The gender and age distribution of SEER17 population from
1973 to 2008 (in personyears). (B) The gender and age distribution of Nordic population

(1980-2006, in personyears).
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The gender difference of melanoma in different age groups. (A) age-specific incidence rates

(per 100 000 personyears) for males and females from US SEER17 data set. The figure
inside is on a different scale. (B) Age-specific relative risks for females as compared to

males. (C) normalized difference (ND

Figure 2.
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Figureb5.
The bimodal etiology of melanoma. Melanomas in young population may have other causes

than UV radiation while melanomas in older population may have a predominantly UV
cause.
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