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Abstract

Purpose of Review Skin cancer is one of the leading causes of skin disease burden worldwide. This systematic review provides
an overview of the United States (US) and global melanoma and non-melanoma skin cancer (NMSC) epidemiologic studies
published in the last 5 years.

Recent Findings The incidence of melanoma and NMSC continues to rise both in the US and worldwide. The highest global age-
standardized incidence rates (ASIRs) for melanoma were Australasia, North America, Eastern Europe, Western Europe, and
Central Europe. Various results were reported for the mortality of skin cancer; however, overall, the mortality was higher in men
than women and remained relatively stable. Notably, NMSC caused more deaths globally than melanoma, albeit at a slower rate.
Summary Epidemiologic studies on skin cancer provide the vital information needed to implement effective preventive efforts.
Increased global skin cancer burden necessitates continued surveillance and production of accurate, high-quality NMSC and
melanoma epidemiologic studies.

Keywords Skin cancer incidence - Skin cancer mortality - Melanoma - Non-melanoma skin cancer - Basal cell carcinoma -
Squamous cell carcinoma

Introduction

Skin cancer is one of the leading causes of dermatologic
disease burden worldwide [1]. According to recent
American Cancer Society data, skin cancer is the most
commonly diagnosed cancer in the United States (US)
[2]. The pathogenesis for both melanoma and non-
melanoma skin cancer (NMSC) is multifactorial and in-
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volves many environmental and behavioral risk factors.
The most well-known and studied risk factor for the devel-
opment of skin cancer is UV radiation [3]. For this reason,
preventative efforts have focused extensively on reducing
UV exposure and skin cancer screening. Despite these ef-
forts, the incidence of skin cancer continues to rise in both
the US and worldwide. While UV exposure remains an
important risk factor, recent epidemiologic studies indicate
that other factors may also play a role in the increasing
incidence. In the US alone, it is estimated that 4.9 million
adults were treated for skin cancer each year between 2007
and 2011 [3]. It is well known that melanoma leads to
higher mortality rates than NMSC; however, while
NMSC metastasizes less readily than melanoma, both can
still lead to significant burden of disease as evidenced by
increasing incidence rates as well as increased mortality.
While NMSC is the most common type of skin cancer,
accurate incidence and mortality values are difficult to es-
timate because it is not mandatory to report these cases in
some cancer registries [2]. Herein, we provide a review of
US and global NMSC and melanoma epidemiologic stud-
ies published in the last 5 years for the incidence, mortal-
ity, and burden of skin cancer.
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Methods

A literature search was performed using PubMed, Embase,
and Google Scholar databases in March of 2020 for articles
published between January 2015 and March 2020. MeSH
search terms for PubMed were “skin cancer AND epidemio-
logic burden NOT review” which yielded 190 results. In
Embase, the following search terms, by title only, were used:
“skin cancer OR melanoma OR non melanoma skin cancer
AND burden.” Search terms for Google Scholar, by title only,
were “skin cancer AND epidemiology OR incidence.” In to-
tal, the above search criteria yielded 431 results. After dupli-
cates were removed, 14 were excluded for being abstract-only,
and 267 were excluded because they were not written in
English, not pertinent towards skin cancer, or not focused on
the epidemiology, incidence, or prevalence of skin cancer.
Review articles were also excluded. As a result, 29 articles
were used for the purpose of this systematic review.

Literature Search and Description of Select Studies

Of the included articles, 17 were from non-US countries, 9
were US based, and 3 consisted of global data. Of which, 6
were from the UK or Europe. Further, there were 5 epidemi-
ologic studies from Asia, 4 from Oceania, 2 from South
America, 1 from non-US North America, and 1 from Africa
that were produced in the last 5 years. A detailed report of
article selection can be found in Fig. 1. Further, the top 30
melanoma age-standardized incidence rate (ASIR) for coun-
tries worldwide is characterized in Fig. Fig. 2. Below, select
epidemiologic studies outline the highest incidence or mortal-
ity rates, epidemiologic data from underserved areas, or results
of various public health initiatives. Comprehensive NMSC
and melanoma incidence and mortality data collected can be
found in Tables 1 and 2.

Epidemiologic Burden of Non-melanoma Skin Cancer
NMSC Incidence

According to the World Cancer Research Fund, in 2018,
NMSC was estimated to be the fifth most common cancer in
men and women worldwide [34]. In a 2017 Global Burden of
Disease (GBD), there were 7.7 million (31.4% of all incident
cancer cases) NMSC incident cancer cases worldwide [7¢¢].
More specifically, basal cell carcinoma (BCC) and squamous
cell carcinoma (SCC) accounted for 5.9 million and 1.8 mil-
lion of all cases, respectively. Further, the ASIR of NMSC
increased from 2016 to 2017 from 18.6 — 77.9 (per
100,000) for females and 29.1 — 122.1 (per 100,000) for
males globally [7, 34]. Alternatively, GLOBOCAN 2018 re-
ports that the NMSC ASIR for the world is 10.1 (per 100,000).
Further stratified, the world NMSC ASIR for males and

@ Springer

females is 13.9 and 7.0, respectively. This review found that
NMSC ASIR ranged from 1531 to 10.1 [11, 35].

In a retrospective US-based population study, Rogers et al.
estimated totals of new skin cancer diagnoses and affected
individuals in the US. The data presented in this study indi-
cates that the incidence rates of NMSC continue to dramati-
cally rise, with a 35% increase from 1992 to 2012 [7e°].
Historically, BCC has had a higher incidence when compared
to SCC with a ratio of 4:1. However, according to Rogers
et al., the age-adjusted incidence ratio of BCC to SCC was
1, signifying a shift towards increased SCC [28]. This is an
important result to consider given that SCC is more likely to
metastasize than BCC.

Across all 29 studies, Australia had the highest NMSC
ASIR (1531 per 100,000 person years). Of Australian states,
Queensland had the highest NMSC ASIR, reportedly 2679
(per 100,000 person years). It is well documented that
Australia historically has the highest NMSC incidence rates
in the world. In a 3-year Australian Medicare study, 6.6% of
all patients had a NMSC excised. More specifically, the ASIR
for BCC and SCC was 770 (men 899; women 656) and 271
(men 341; women 209), respectively. With respect to multi-
plicity, 47% of all individuals who had a NMSC excised had
>2 NMSC excised. Notably, this study excluded lesions that
were treated destructively, resulting in a more conservative
incidence value. The values for all NMSC incidences can be
found in Table 1.

NMSC Mortality

According to the GBD Cancer Collaboration 2017 data,
NMSC accounted for 65,000 global deaths (33,000 males
and 29,000 females). Additionally, the age-standardized mor-
tality rate (ASMR) for both males and females was 1.3 (per
100,000) and 0.5 (per 100,000), respectively [7ee].
Interestingly, these numbers did not change from the prior
2016 GBD data. In total, NMSC accounted for 1.3 million
disability-adjusted life years (DALYs). Of these, years of life
lost (YLL) accounted for 97% of all DALYs. With respect to
other types of cancer, NMSC is ranked no. 27 in YLL [7¢¢].

NMSC caused more overall deaths than melanoma (65,000
NMSC deaths vs. 62,000 melanoma deaths) worldwide, ac-
cording to GBD, and GLOBOCAN reported similar numbers
(65,200 NMSC deaths vs 60,700 melanoma deaths) [11e°].
Melanoma is traditionally thought to be more dangerous than
NMSC, as demonstrated by Dunn et al. (NMSC ASMR 1.0 vs
melanoma ASMR 3.0), according to US data [28]. While this
may be true in developed countries that have greater access to
healthcare, GBD and GLOBOCAN demonstrate that this may
not be true globally, as regions with less healthcare access are
more likely to present with delayed diagnosis and advance
stage disease [36].
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In this review, the NMSC ASMR ranged from 1.0 to 0.255
[6, 30, 31]. However, mortality trends were not as clear as
NMSC incidence rates. While incidence rates demonstrate
an increasing trend globally, mortality rates lack a cohesive
global trend. Instead, it shows locoregional variation, with
overall global mortality remaining stable. For example,
Nishi et al. reports that the crude NMSC mortality rate in
Japan has increased 2-fold over 15 years. Alternatively,
Leiter et al. reports that the ASMR has decreased in men in
Schleswig-Holstein federal state, decreasing from 0.45 to 0.31
(per 100,000) between 1999 and 2001 and 2010 and 2012,
respectively, a population that has traditionally experienced
higher mortality rates than women [6]. Similarly, rates in the
federal state of Saarland decreased from 18.7 to 6.3 and 13.9
to 5.4 in males and females over a 40-year period [6]. It is
thought this decrease is the result of skin cancer screening,
earlier detection and treatment, and enhanced community
awareness of NMSC [6]. However, similar decreases in mor-
tality rates are not seen at national levels. Table 2 outlines
other NMSC mortality-related studies.

Epidemiologic Burden of Melanoma
Melanoma Incidence

Globally, there were 309,000 incidence cases (157,000 male
and 152,000 female) of melanoma, per 2017 GBD data. The
ASIR for both males and females was 4.2 and 3.6 (per
100,000) [7¢]. Interestingly, these rates decreased for men
and increased for women from the 2016 GBD data (4.8 and
3.5 per 100,000 for males and females, respectively) [34].
According to GLOBOCAN, total melanoma ASIR is 3.1.
For males and females, the ASIR is 3.5 and 2.9 (per
100,000), respectively [11e¢]. This review found that melano-
ma incidence rates ranged from 72 to 0.9 (per 100,000). In an
additional GBD study by Karimkhani et al., the highest global
ASIRs were Australasia (54.12), North America (21.08),
Eastern Europe (7.83), Western Europe (15.67), and Central
Europe (8.36), according to the 2015 GBD data [26¢¢].

Melanoma is the fifth most common cancer for men and
the seventh most common cancer for women in the US [2].
Guy et al. investigated the incidence and mortality trends and
projections of melanoma and found that US melanoma inci-
dence rates doubled from 1982 to 2011. In 2011, the melano-
ma incidence rate was 19.7 per 100,000, and in 2015, the
incidence of melanoma in North America was 21 per
100,000 [3, 26]. In the absence of new interventions, Guy
et al. predicted that there will be 112,000 new cases of mela-
noma in 2030 [22].

Watson et al. investigated the burden and incidence rates of
melanoma in non-Hispanic Caucasians aged 15-49 years old
in the US in 2012. This study reported that the incidence of
melanoma in non-Hispanic Caucasian women was 7.8 per

100,000 which was almost double that of men in the same
age group [21]. Although data from children appear to corre-
late with previous studies (showing a higher incidence of mel-
anoma in individuals with a higher socioeconomic status
(SES)), this does not appear to be the case in adults living in
non-metropolitan areas. In a study by Azhar et al., 57% of
non-metropolitan melanoma cases were in higher poverty dis-
tricts [22¢]. Previous studies have demonstrated that the inci-
dence of melanoma is higher as age increases. While true, the
most common skin cancer in children is melanoma, followed
by BCC and SCC [28]. In a study assessing the incidence and
survival of melanoma in children and young adults, melanoma
was more common in young adults aged 20-24 (63.5%) than
in adolescents aged 10-19 (31.8%) and children aged 0-9
(4.7%) [28]. Those with middle or high SES also had a higher
incidence of melanoma [28].

In a 2015 population-based study of Victoria, Australia, by
Curchin et al., it was found that the ASIR of melanoma in situ
and invasive melanoma was 54.5 and 46.0, respectively. This
study also concluded that rates of melanoma in situ are in-
creasing faster than those of invasive melanoma [19].
Similarly, a New Zealand-based study found that the ASIR
of melanoma was 69.0 and 55.2 for males and females. For
melanoma in situ and invasive melanoma, the male/female
rates were 27.6/20.9 and 41.4/34.3, respectively [37]. In
Queensland, Australia, the highest melanoma ASIR of any
country was reported to be 72 over a 4-year period. Similar
to other Oceania-based studies, the rate of melanoma in situ is
increasing [16]. The authors of all three studies suspect this
increase in melanoma in situ is due to public health initiatives,
as melanomas are being caught before they become invasive.

In Germany, between 2008 and 2011, melanoma ASIR
remained relatively stable from 17.7 to 17.9. This study also
found that the mortality rate remained stable (range of 1.5-1.7
between 2004 and 2013) despite implementation of nation-
wide screening in 2008 [38]. Alternatively, Aitken et al. doc-
umented a series of Australian public health initiatives that
demonstrated that skin cancer—related deaths decreased in all
populations, with the exception of men > 60 years of age.
These initiatives focused on youth populations, which high-
lights the importance of educating younger generations’ per-
spectives on skin cancer risk factors [17]. Summaries of other
incidence-related studies can be found in Table 1.

Melanoma Mortality

According to 2017 GBD data, there were 62,000 melanoma
deaths (33,000 males and 29,000 females) worldwide. The
respective ASMR for males and females was 0.9 and 0.7
[7¢¢]. Interestingly, these rates decreased from 1.1 and 0.8
for males and females, according to the 2016 GBD data
[34]. Further, according to GLOBOCAN, total melanoma
ASMR is 0.6. For males and females, the ASMR is 0.8 and
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0.5, respectively. In this review, reported melanoma ASMRs
ranged from 3.0 to 0.28—the highest of which was reported
by Mokdad et al. [7, 21, 30, 31]. This study extracted 13,400
de-identified skin cancer—related death records from the
National Center for Health Statistics [30¢]. Mokdad et al.
found that melanoma was the 17th leading cause of death
out of 29 cancers studied and caused 10,100 total deaths in
this cohort. Additionally, melanoma resulted in 225,700 YLL
in this cohort, ranking 16th out of 29 cancers [30°]. According
to 2015 GBD data, Australasia (5.63), North America (2.30),
Eastern Europe (2.27), Western Europe (2.07), and Central
Europe (2.08) had the greatest ASMRs. Further, global age-
standardized DALY rates were 27 in males and 19 in females.
This study found that in New Zealand, Australia, Europe, the
elderly and male populations maintain the greatest burden
worldwide. The authors speculate this is due to high UV ex-
posure, relatively fair-skinned population, and behavioral em-
phasis on tanning [26°].

In the US, melanoma is responsible for the most skin
cancer—related deaths (9000 each year), accounting for 41%
of all skin-related deaths [37]. The overall ASMR for melano-
ma in the US for 2011 was 2.7 (per 100,000) with a higher
death rate among non-Hispanic Caucasians (3.4 per 100,000)
based on data from a large database [22¢]. Watson et al. re-
ported that the rate of deaths due to melanoma increased with
age and was also higher in men than in women in all age
groups [21]. Interestingly, thin melanomas ranging from
0.01 to 1 mm had the highest incidence among both men
and women with 9.5 and 13.8 (per 100,000) respectively;
however, men had higher incidences of thicker melanomas
when compared with females [21]. Dunn et al. reported that
adolescents and young adults had poorer survival than chil-
dren [28]. Additionally, young adults, adolescents, and chil-
dren with low SES had worse 1-3- and 5-year survival rates as
compared with those in middle-low, middle, and high SES—
despite the increased incidence related to children of higher
SES [28]. The remainder of worldwide melanoma mortality
data can be found in Table 2.

NMSC and Melanoma Concomitant Burden

In renal transplant patients (RTR), NMSC makes up nearly
50% of all transplant-related malignancies. A single-center,
Brazilian-based study stratified NMSC in RTR patients and
found that of 343 diagnosed NMSCs, 40.5% were invasive
SCC, 30.0% were SCC in situ, and 29.5% were BCC.
Notably, NMSC in solid organ transplant patients was found
to be more aggressive when compared with individuals who
had not received a transplant [16].

Individuals with higher leptin levels have an increased rate
of metastasis in melanoma.. Additionally, the progression of
melanoma worsens if diabetes mellitus (DM) is also present.
Oba et al. determined that 87.5% of studied individuals who

@ Springer

suffer from DM developed progressive melanoma (e.g., local
recurrence, metastasis) in a population of patients with stage I
or II primary cutaneous melanoma [39]. Additionally, the in-
cidence of NMSC in gastric bypass patients was 0.7 per 1000
patients while those who did not receive surgery nor reduced
their body mass index (BMI) had an incidence of 1.2 per 1000
patients; this was a statistically significant difference (p =
0.047) [40].

With respect to alopecia areata, Mostahhimi et al. found
that individuals with alopecia areata (AA) had significantly
decreased incidences of NMSC. Compared with controls
(7%), 4.5% of individuals with AA developed NMSC.
Likewise, only 1.2% of individuals with AA developed mel-
anoma compared with controls (1.8%), although this differ-
ence was not significant. Skin cancer incidences in AA pa-
tients were not reported in this study [41].

Alternatively, melanoma incidence in vitiligo patients
(5.17 per 10,000) was significantly higher when compared
with controls (1.64 per 100,000) [42]. Likewise, the incidence
of NMSC in individuals with vitiligo (18.26 per 100,000)
compared with controls (13.32 per 100,000) was also higher,
although this was not a significant difference [42].

High-Risk Populations and Literature Disparities

Several US studies have demonstrated skin cancer incidence
disproportions exist among gender, geographic locations, and
socioeconomic status (SES). In the US, melanoma appears to
have a higher incidence in women; however, the mortality is
higher among men [21]. Men were also found to have higher
incidences in melanoma with thickness > 1.00 mm [21]. With
a higher death rate than females and a higher incidence of
thick melanomas, this may indicate that men may experience
delayed diagnosis. Interestingly, another study determined
that more deaths resulted from T1 melanomas as compared
with T4 melanomas [32]. They attribute this finding to previ-
ous studies’ postulation about thin melanomas having more
aggressive characteristics, higher Clark level, and location,
found on head and neck, to explain poor prognosis [32].
What these facts demonstrate is the need for earlier detection
and the need for increased preventative efforts directed to-
wards men.

Historically, higher SES has been associated with higher
incidences of melanoma, likely due to increased access to
healthcare and increased screening. US studies in children
from the past 5 years highlight this fact; however, in adults
living in non-metropolitan areas, higher incidences of mela-
noma were seen in lower SES communities [28, 29].
Likewise, there is a higher incidence of NMSC seen in the
uninsured adult population. Sturgeon et al. showed that the
incidence of NMSC in the last 5 years was higher in commu-
nities with low SES, finding that uninsured patients in the 50—
64 age range had an incidence of 2.8% of NMSC, which was
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higher than the national age independent average of 0.65% in
2006 and 1.05% in 2012 (p <0.01) [14]. Further, incidence
and mortality rates are likely under-reported for specific sub-
populations, such as young women, Hispanics, and gay men
[43].

Compared with the US, there is limited data regarding the
epidemiologic burden of skin cancer worldwide. Among in-
ternational studies, there is disparity among the extent and
representation of data produced. With the data provided, how-
ever, the incidence of both melanoma and NMSC is increas-
ing, despite nationwide public health and educational initia-
tives in first-world countries [38]. According to GBD, this is
largely due to a change in population age structure and popu-
lation growth, with change due to age and cause-specific in-
cidence rates being a minor cause [34]. However, among US
and worldwide subpopulations, there may be additional fac-
tors that contribute to skin cancer burden. Notably, the non-
US studies included in this review were primarily from first-
world countries. This implicit bias, apparent within the loca-
tions and populations of these studies, may be representative
of access to research funding and disparities in academia and
education.

There is a significant lack of incidence, mortality, and
DALY skin cancer data from Asia, South Africa, and South
America. Regardless of the propensity of each population to
develop skin cancer, it is important to characterize skin cancer
burden because rates of skin cancer may be underestimated,
especially in minority groups or populations with darker skin,
as skin cancer in these populations tend to present atypically
or in advanced stages [44]. While US studies sought to stratify
skin cancer burden in US subpopulations (e.g., children,
homeless, uninsured, high socioeconomic status), there was
a lack of data of similar subpopulations globally. Similarly,
there was no global data that analyzed associations of skin
cancer and concomitant conditions, such as renal transplant
recipients or obese patients.

Skin Cancer Registries

A common postulated cause for the increased incidence of
skin cancer globally is increased reporting and more thorough
registries that document BCC, SCC, and melanoma incidence
and mortality rates. To provide reliable epidemiological data,
thorough and accurate skin cancer registries are necessary.
While there are a variety of countries that require reporting
of melanoma (e.g., US, Australia, Germany, Switzerland,
New Zealand, Canada), it is not necessary to report NMSC
in the US, Belgium, and others [9, 22, 38, 45-51]. Callens
et al. report that there are few registries that comprehensively
collect data on NMSC. The authors state that there are often
discrepancies among incidence rates due to variations in data
capture, recording, and processing [9]. According to recent
epidemiologic data, however, NMSC causes more annual

deaths than melanoma worldwide, creating an argument for
NMSC becoming a reportable cancer [7¢¢].

While the majority of databases were claims or electronic
medical record observational data, some databases document-
ed skin cancer rates with respect to histologic grading and
confirmation. Though these were few in number, these data-
bases afford the added benefit of how advanced a skin cancer
is when it was excised. These details have the potential to
guide future public health initiatives by allowing for more
accurate comparison at both national and international levels.
Providing information on the histological grade and the de-
gree of thickness will also provide vital information on the
time at which the skin cancer was diagnosed.

Epidemiology and Public Health Initiatives

This review highlights the increasing burden of NMSC and
melanoma in US and global populations. To reduce global
burden, skin cancer prevention is of the utmost importance.
Currently, however, the US Preventive Services Task Force
(USPSTF) determined that there is insufficient evidence to
provide a recommendation for regular skin cancer screening,
based on a 2016 systematic review [49]. However, these rec-
ommendations are not the result of a lack of skin cancer bur-
den. Rather, they are the result of a paucity of high-quality,
long-term epidemiologic randomized control trials to eluci-
date the efficacy of screening. Current USPSTF guidelines,
therefore, highlight areas for future investigative pathways.

In a successful pilot study conducted in Schleswig-
Holstein, Germany, Katalinic et al. reported a 50% decrease
in melanoma mortality in individuals > 35 years old over a 10-
year period. However, when transitioned to the national level,
the results did not translate due to loss of patient follow up and
lack of quality skin checks. Queensland, Australia, historically
has had some of the highest rates of skin cancer in the world.
Following a series of public health initiatives, including “Slip
(on a shirt), Slop (on sunscreen), Slap (on a hat)” (1980s),
SunSmart campaign (1990s), and “No Hat, No Play,” skin
cancer mortality rates fell in all demographic groups except
in men > 60 years of age. Despite an overall increase in inci-
dence rates, this study found that incidence rates stabilized in
individuals younger than 35 years of age, a demographic es-
timated to account for 20% of cancer diagnoses. These cam-
paigns focused on adolescent populations, ultimately resulting
in a generational shift of decreased skin cancer incidence [47].
Future public health initiatives such as sun safety campaigns
and school programs aimed at enforcing sun protection for
outdoor activities, which have shown to be effective in
Australia, may improve burden if implemented in all coun-
tries. Further, it is essential to evaluate the effectiveness of
public health programs and guide future efforts.

Skin cancer screening is a form of secondary prevention. In
addition to catching skin cancers early, preventing
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development of skin cancer needs to become a priority, con-
sidering that at least half of skin cancers may be preventable
[50]. There are a multitude of documented carcinogenic expo-
sures that are related to the development of skin cancer, in-
cluding indoor tanning, excessive exposure to midday sun,
lack of utilization of shade, lack of protective clothing, and
minimal sunscreen use [51]. Personal factors, such as skin
type, history of sunburns, and family history of skin cancer,
contribute to the risk of developing skin cancer. Thus, neces-
sary skin cancer prevention strategies are not universal, and
more extensive epidemiologic studies are necessary to devel-
op personalized prevention plans based on individualized risk
factors. Furthermore, adolescent UV exposure (prior to age
20) accounts for almost 40-50% of total UV exposure by
age 60 [52]. Therefore, adolescent populations should be con-
sidered for the focus of future public outreach efforts to negate
adolescent UV exposure [43].

Conclusion

NMSC and melanoma maintain significant burden globally.
In each country evaluated, incidence rates are increasing, and
the efficacy of public health initiatives varies. In recent years,
NMSC killed more individuals than melanoma, albeit at a
lower rate. However, incidence and mortality numbers are
limited on a global scale, with studies primarily being pro-
duced from first-world countries. Countries that have imple-
mented secondary prevention public health initiatives have
seen varied results. Moving forward, a shift towards primary
prevention, such as educating youth populations, may be a
solution to minimize skin cancer burden. Thus, continued sur-
veillance and production of accurate, high-quality epidemio-
logic data is essential to characterize the evolution of skin
cancer burden.
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