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Background: Despite efforts toward the earlier detection and prevention of skin cancer, the prevalence of
skin cancers continues to increase. Identifying trends in skin cancer burdens among populations can lead
to impactful and sustainable interventions.

Methods: We assessed the global trends in skin cancer from 1990 to 2017 in 195 countries worldwide
through the Global Burden of Disease Study (GBD) 2017 database.

Results: The rate of change in skin cancers between 1990 to 2017 varied among countries. Squamous cell
carcinomas increased by 310% during this time, the highest among any neoplasm tracked by the GBD. Men
experienced greater age-specific prevalence rates of keratinocyte carcinoma across all ages
(P < .05). Women had a greater prevalence of melanoma until approximately age 50 years, after which
the trend reversed until age 85 years. Men experienced greater age-specific death rates across all ages. The
disability-adjusted life years (DALYs) of melanoma and keratinocyte carcinoma increased exponentially
with age (P < .05).

Conclusion: The incidence, prevalence, and DALYs of skin cancers are increasing disproportionately
among different demographic groups. As a worldwide epidemiological assessment, the GBD 2017 provides
frequently updated measures of the skin cancer burden, which may help to direct resources and allocate
funding to close the gap in global skin cancer disparities. (JAAD Int 2021;2:98-108.)
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INTRODUCTION

The overall incidence and prevalence of mela-
noma and keratinocyte carcinoma (KC), which
comprise basal cell carcinomas (BCC) and squamous
cell carcinomas (SCC), have increased in recent

decades. One in every 3 diagnosed cancers is a
skin cancer, and 132,000 new cases of melanoma
occur each year." Among the different types of skin
cancers, KC is the most common, with BCC account-
ing for 75% of cases in Caucasians.” The incidence of
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melanoma has increased by 4%-6% annually in fair-
skinned populations in North America, Northern
Europe, Australia, and New Zealand.” Despite ac-
counting for only 2% of all skin cancer cases, invasive
melanoma is responsible for 80% of skin cancer
deaths.”

These findings have led to numerous campaigns
and efforts emphasizing the
prevention and early detec-
tion of skin cancer. Primary
care physicians and derma-
tologists are encouraged to
counsel patients about the
risk of using tanning beds,
minimizing ultraviolet radia-
tion (UVR) exposure during scale.
peak daylight hours, seeking
shaded areas, wearing sun-
protective  clothing, and
emphasizing sunscreen use.
Despite the implementation
of these public health strate-
gies, many countries find
themselves in the midst of a possible skin cancer
epidemic.’

One measurement of disease morbidity is
disability-adjusted life years (DALYs), defined as
the years of life lost due to premature mortality
plus the years lost due to disability for people living
with a health condition or its consequences.” The
sum of DALYs across a population is the burden of
disease.” The differences in prognosis among pop-
ulations with skin cancer may be reflected in the
burden of disease, based on the inclusion of years of
life lost in the calculation of DALYs. The sociodemo-
graphic index (SDI) was developed in 2016 to track
key measures of socioeconomic development, pre-
dict health outcomes, monitor inequalities, and
monitor the impact of interventions on health out-
comes.”” The SDI combines the income per capita,
years of schooling, and total fertility rate to identify
where countries sit on a spectrum of 0 to 1 in terms of
development.” Metrics such as DALYs and the SDI
may help dermatologists and key policy and decision
makers to focus resources on interventions to
maximize the public health impact.

In this study, we highlight multiple global trends
in skin cancer from 1990 to 2017 in 195 countries
worldwide through the Global Burden of Disease
Study (GBD) database. We include age and sex
patterns, present the melanoma and KC burdens
through DALY, and provide comparisons to the SDI.
A detailed cross-sectional analysis of the global
burden of melanoma using 2015 GBD study data
has been published.” To our knowledge, our study

health disparity.

CAPSULE SUMMARY

« The prevalence of skin cancer continues
to increase and is a large contributor to
skin-related disability. This article
demonstrates these trends on a global

Recognizing global trends in skin cancer
epidemiology and socioeconomic status
may help to maximize public health
interventions to reduce this global
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comparisons have not yet been made using the most
recent 2017 GBD study results. Currently published
GBD literature has not yet addressed longitudinal
trends in melanoma or KC in association with SDI.
This study aims to contribute to the growing body of
research addressing global trends in and the global
prevalence of skin cancer.

Methods

Our data were derived
from publicly available GBD
datasets in 2017. The GBD
datasets provide data to
compare the magnitude of
diseases, injuries, and risk
factors across age groups,
sexes, countries, regions,
and time periods from 1990
to the present day for more
than 350 diseases in 195
countries.” An available in-
depth protocol describes
how the data are obtained,
incorporated, calculated, and published in the GBD
study from the Institute for Health Metrics and
Evaluation. "’

Melanoma and KC were included in our analysis
based on the high incidence and available data in the
GBD study. Other non-keratinocytic cancers such as
Kaposi sarcoma were excluded from the GBD study,
and were therefore excluded from our analysis. In
addition to melanoma and KC, we provide a list of all
neoplasms tracked by the GBD and their respective
global incidence rates (Table 1). The global percent
changes in the age-standardized prevalence rate per
100,000 population members from 1990 to 2017 are
given for melanoma and KC (Fig 1, A and B). The age
patterns (in 5-year intervals) in 2017 were organized
by sex for both melanoma and KC, and both the total
prevalence and age-specific prevalence rate are
provided (Fig 2, A and B). A similar figure describing
the total deaths and age-specific death rate for
melanoma is also provided (Fig 2, O).

The global DALYs per 100,000 population in 2017
by age range are provided for melanoma and KC (Fig
3). Comparisons of the global DALYs of melanoma
and KC per 100,000 population members between
1990 and 2017 between all 7 GBD super regions, the
global average (Fig 4, A and B), and the geographic
regions of the world are also presented (Fig 5).
Lastly, we compared the age-standardized DALY's for
melanoma and KC per 100,000 population members
in 2017 with the SDIs for all 195 countries and
territories in the GBD study (Fig 6, A and B).
Statistical analyses were performed using a 2-tailed
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Abbreviations used:

BCC: basal cell carcinomas
DALYs: disability-adjusted life years
KC: keratinocyte carcinoma
SCC: squamous cell carcinomas
SDI: sociodemographic index
UVR: ultraviolet radiation

linear regression and SPSS Statistics, version 25.0
(IBM Corp.). The significance threshold was set to
P <.05.

RESULTS

Countries across the globe were found to exhibit
varying levels of change in the age-standardized
prevalence rates of melanoma and KC between 1990
and 2017 (Fig 1, A and B). BCC, SCC, and melanoma
were the first, fifth, and 20" leading causes of
invasive neoplasms (excluding “other benign and
in situ neoplasms”), respectively, in 2017 (Table D).
The percent changes from 1990 to 2017 were 310%
for SCC, 161% for melanoma, and 77% for BCC.

In 2017, the global prevalence of KC was greatest
between the ages of 65 and 75 years, with a large
male predominance between ages 50 and 85 years
(P < .05) (Fig 2, A). Men experienced greater age-
specific prevalence rates of KC across all ages.
Women had greater prevalence of melanoma until
approximately 50 years of age, after which the trend
reversed until 85 years of age (P < .05) (Fig 2, B).
Melanoma-related deaths peaked between the ages
of 50 and 85 years, and men experienced greater age-
specific death rates across all ages (P < .05) (Fig 2,
C). An exponential increase in the DALYs from both
melanoma and KC was observed with increasing age
(P <.05) (Fig 3).

Across the GBD super regions, Central Europe,
Eastern Europe, Central Asia, Latin America, the
Caribbean, and high-income countries had consis-
tently higher DALYs for KC than the global average
between 1990 and 2017 (P < .05) (Fig 4, A). The
DALY rates in Southeast Asia, East Asia, and Oceania
increased since 1990, eventually surpassing the
global average in 2005. When the melanoma DALY
rates were compared between 1990 and 2017,
Central Europe, Eastern Europe, Central Asia, and
high-income countries consistently had more than
twice and up to nearly 4 times the global average
DALY rate (P < .05) (Fig 4, B). The highest KC DALY
rates were seen in Southern Sub-Saharan Africa,
Australasia, and Eastern Sub-Saharan Africa, and
the highest melanoma DALY rates were seen in
Australasia, followed by high-income North
America and Europe (P < .05) (Fig 5).
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Table 1. Global incidence ranks of neoplasms in

2017
Number of Percent 2017
new cases change Incidence
Cause* (2017) (1990-2017) rank
Other benign and in 9,714,953 42.8% 1
situ neoplasms
Skin cancer: basal cell 5,884,759 77.4% 2
carcinoma
Lung cancer 2,163,132 100.4% 3
Breast cancer 1,960,682 123.1% 4
Colorectal cancer 1,833,451 121.9% 5
Skin cancer: 1,778,829 309.7% 6
squamous cell
carcinoma
Prostate cancer 1,334,315 179.1% 7
Stomach cancer 1,220,662 41.2% 8
Benign and in situ 1,010,854 60.9% 9
intestinal
neoplasms
Other malignant 715,546 132.0% 10
neoplasms
Cervical cancer 601,186 44.5% 1
Lymphoma 487,964 135.9% 12
Bladder cancer 473,800 90.1% 13
Esophageal cancer 472,525 52.3% 14
Pancreatic cancer 447,665 129.1% 15
Uterine cancer 406,793 121.6% 16
Brain cancer 405,218 108.4% 17
Liver cancer (due to 403,964 83.8% 18
hepatitis B)
Kidney cancer 393,043 89.6% 19
Lip and oral cavity 389,760 109.6% 20
cancer
Melanoma 308,684 161.3% 21
Benign and in situ 299,385 14.6% 22
cervical and
uterine
neoplasms
Ovarian cancer 286,127 88.1% 23

*Benign and in situ neoplasms: International Statistical
Classification of Diseases and Related Health Problems, Tenth
Revision ([ICD-10] codes D00-D49).

When comparing the age-standardized DALY
rates from KC with the SDI, the largest deviations
from the expected values were seen in the African
countries of Zimbabwe, Lesotho, Swaziland,
Namibia, Tonga, Botswana and South Africa and in
Vanuatu, Georgia, Australia, and New Zealand
(P <.05) (Fig 6, A). The expected age-standardized
DALY rates from melanoma were compared to SDI.
An exponential trend line was revealed, where
higher SDI countries were estimated to have far
larger age-standardized DALY rates (P < .05) (Fig 0,
B). Australia and New Zealand were found to have
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Fig 1. A, Percent changes in the age-standardized prevalence rate of keratinocyte carcinoma
per 100,000 population from 1990 to 2017. The top 10 countries with the largest increases were:
China, Trinidad and Tobago, Poland, Canada, Mali, Oman, Lebanon, India, Indonesia, and
Portugal. The top 10 countries with the largest decrease were: Zimbabwe, Thailand, Burundi,
South Sudan, Algeria, Jordan, Tunisia, Central African Republic, Iran, and Brunei. B, Percent
changes in the age-standardized prevalence rate of melanoma per 100,000 population from
1990 to 2017. The top 10 countries with the largest increases were: South Korea, Lebanon,
Cyprus, Saudi Arabia, Portugal, Belarus, Romania, Estonia, Singapore, and Latvia. The top 10
countries with the largest decreases were: Burundi, Zambia, Iraq, Burkina Faso, Liberia,

Guinea-Bissau, Niger, Mozambique, Cameroon, and Kyrgyzstan.

much higher-than-predicted DALY rates for both
melanoma and KC.

DISCUSSION

The global prevalence and associated DALYs of
melanoma and KC have increased to the present day.
The global prevalence of melanoma was 0.03% in
2017, compared to 0.02% in 1990."" The global
prevalence of KC increased from 0.01% in 1990 to
0.03% in 2017."" The percentage of total DALYs due
to melanoma and KC increased from 0.04% in 1990 to
0.07% in 2017 and from 0.03% in 1990 to 0.05% in
2017 respectively.'' The 310% increase in SCC be-
tween 1990 and 2017 was the highest of any of the
malignancies tracked by the GBD study.

The large global growth in the prevalence and
morbidity of melanoma and KC demonstrates an
important public health opportunity for increased
prevention. KC is typically excluded from cancer
registries, making the true prevalence difficult to
estimate and likely underestimated.'” While UVR is
the most important risk factor in the development of
KC, other risk factors include immunosuppression
and occupational exposure to tar and mineral oils."”
Immunosuppression may contribute to the large SCC
growth, as evidenced by the increased incidence of
SCC in organ transplant recipients and individuals
with HIV/AIDS or hematological malignancies.'”
Melanoma growth ranked third, at 161%, between
1990 and 2017. Melanoma growth may be related
to overdiagnosis from increased biopsies, the
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Fig 2. A, Age patterns by sex of the total number of prevalent cases in 2017 and age-specific
prevalence rates of keratinocyte carcinoma at the global level. B, Age patterns by sex of the
total number of prevalent cases in 2017 and age-specific prevalence rate of melanoma at the
global level. C, Age patterns by sex of the total number of deaths in 2017 and age-specific death
rate of melanoma at the global level.
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Fig 3. Melanoma and keratinocyte carcinoma disability-adjusted life years per 100,000

population at the global level by age in 2017.

reclassification of non-malignant diagnoses as mel-
anoma, and the increased sensitivity of diagnostics
techniques.”'" By 2050, the proportion of the world
population older than 60 years will nearly double to
22%."” This rapid increase in longevity combined
with the high age-specific rate of melanoma in the
elderly may also contribute to the large global
increase in melanoma rates.”

A large database in the United Kingdom similarly
showed that men experienced greater rates of BCC at
a mean age of 70.5 years.'® High incidence rates of
KC in the older population may be due to the
accumulation of intermittent sun exposure begin-
ning in adolescence and recent strategies to increase
screening and diagnosis in the elderly.'” Adult
women experience higher prevalence rates of mel-
anoma until approximately 50 years of age because
they are more likely to participate in indoor tanning,
which is associated with a subsequent diagnosis of
melanoma.'”? Despite higher prevalence rates, fe-
male melanoma patients may experience better
outcomes, as estrogen likely stimulates an immune
response by blocking the inhibitory signals that
prevent tumor recognition.'”

In addition to differences in the innate sensitivity
of melanin to UVR, part of the wide geographic
variance in skin cancer rates may be attributed to

different levels of background UVR exposure due to
ozone depletion, urbanization, and altitude and
latitude variations.”’ The ambient UVR strength is
greater at higher altitudes due to a thinner atmo-
sphere through which light can traverse, and a 2%
increase in the melanoma risk is observed with every
10-meter elevation gain.”' UVR is also highest near
the equator, as sunlight hits the earth more directly.”’
Urbanization and a higher socioeconomic status are
associated with up to a 50% increase in the risk of
melanoma, which is likely explained by increased
exposure to occupational chemicals and UVR, easier
access to indoor tanning, and increased holiday
travel, >

The large attributable risk of UVR with respect to
skin cancer demonstrates an opportunity for
improving sun-safe behaviors, and population-
based primary prevention strategies have demon-
strated some efficacy. Between 2003 and 2004,
whole-body screening exams were performed on
more than 360,000 adults in Schleswig-Holstein,
Germany. By 2009, the intervention led to a 47%
and 49% decline in melanoma mortality in men
and women, respectively.”’ Nationwide, biennial
screening for adults older than 35 years was imple-
mented in Germany in 2008, but unfortunately failed
to lead to a decline in melanoma-related mortality.”
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Fig4. A, Trends in DALYs per 100,000 cases of keratinocyte carcinoma in 7 GBD super regions
along with the global value from 1990 to 2017. B, Trends in the DALYs per 100,000 cases of
melanoma in 7 GBD super regions along with the global value from 1990 to 2017. DALYS,
Disability-adjusted life years; GBD, Global Burden of Disease.
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Fig 5. Melanoma and keratinocyte carcinoma disability-adjusted life years per 100,000 popu-
lation by Global Burden of Disease world regions in 2017.

Melanoma mortality rates in Schleswig-Holstein have
returned to the overall level in Germany (2.4 per
100,000), possibly due to less stringent screening
guidelines compared to the pilot study.”” Regions of
Southern Africa, including Lesotho, Swaziland,
Namibia, Botswana, and South Africa, all of which
had large deviations from the expected values when
comparing DALYs rates from KC to SDI (Fig 6, A),
lack robust skin cancer prevention campaigns. The
limited resources for primary prevention is of
concern in Southern Africa, especially with current
behavioral changes that increase UVR exposure,
such as spending time outdoors when outside
temperatures are cooler than indoor dwellings.”

As a high SDI continent, Australasia often leads
discussions in the literature on skin cancer preva-
lence. Risk factors and prevention strategies in areas
with the highest rates of skin cancer may be of
interest to other populations. Due to a colonial
period in Australasian history, the majority of the
population trace their ancestry to English, Scottish,
or Irish descent.”” These populations are known to
lack much of the innate intrinsic photoprotection
provided by cutaneous melanin.”® One study esti-
mated that 63% of all melanomas and virtually all KC
are attributed to the 3 to 5 times higher UVR levels in

Australia.”” Regular use of sunscreen with a sun
protection factor of 15 or higher prevented approx-
imately 9.3% of SCC and 14% of new melanoma cases
in this population.”’ As part of a more comprehen-
sive sun protection strategy, sunscreen appears key
to the prevention of skin cancer in high-risk
populations.

Although sunscreen is part of the public health
campaigns in many high-income countries, it may be
cost-prohibitive. For many populations on the low
end of the socioeconomic spectrum, sunscreen is
less of a priority than other necessities of daily living.
Sunscreen is not on the World Health Organization
list of essential medications. The lack of financial
means, occupational exposure from outdoor work,
and the entry of sunlight into homes with low density
materials may all contribute to high levels of skin
cancer morbidity.”" The amount of UVR exposure
may be largely out of an individual’s control if they
are employed in an outdoor profession. Sun-
protective clothing and advisement to seek shade is
necessary but not always possible. In addition to
promoting education on minimizing exposure to
UVR during peak daylight hours, a cost-effective
solution involves making homemade sunscreen. An
85-gram mixture of 75% almond oil, 16% zinc oxide,
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Fig 6. A, Age-standardized disability-adjusted life years from keratinocyte carcinoma by
sociodemographic index for all 195 countries and territories in 2017. Expected values are
shown as the black line. ALB, Albania; AB, Antigua and Barbuda; ARG, Argentina; ARM,
Armenia; AZE, Azerbaijan; BAH, Bahamas; BEL, Belarus; BER, Bermuda; BH, Bosnia and
Herzegovina; BRA, Brazil; COL, Colombia; CR, Costa Rica; CZR, Czech Republic; DOM,
Dominica; ECU, Ecuador; EG, Equatorial Guinea; IND, Indonesia; JAM, Jamaica; KYR,
Kyrgyzstan, MAC, Macedonia; MOL, Moldova; MON, Montenegro; PAN, Panama; PHI,
Philippines; PR, Puerto Rico; RUS, Russian Federation; SEY, Seychelles; SLV, Slovakia; SLO,
Slovenia; SL, St. Lucia; SVG, St. Vincent and the Grenadines; SUR, Suriname; THA, Thailand;
TUR, Turkmenistan; UAE, United Arab Emirates; UK, United Kingdom; V7, U.S. Virgin Islands;
UZB, Uzbekistan; VIE, Vietnam. B, Age-standardized disability-adjusted life years from
melanoma by sociodemographic index for all 195 countries and territories in 2017. Expected
values are shown as the black line. ALB, Albania; ARM, Armenia; AZE, Azerbaijan; BEL, Belize;
CAM, Cameroon; DOM, Dominica; DR, Dominican Republic; ES, El Salvador; EG, Equatorial
Guinea; GAB, Gabon; GRE, Grenada; GUA, Guatemala; IND, Indonesia; JAM, Jamaica; KYR,
Kyrgyzstan; MAL, Maldives; MAU, Mauritania; MEX, Mexico; MOR, Morocco; MYA, Myanmar;
NK, North Korea; PAR, Paraguay; PHI, Philippines; SEY, Seychelles; SUR, Suriname; TAJ,
Tajikistan; THA, Thailand; 7L, Timor Leste; TUN, Tunisia; TUR, Turkmenistan; UZB, Uzbekistan;
VEN, Venezuela; VIE, Vietnam.

and 9% beeswax provides a sun protection factor
rating of approximately 15, and costs 11 times less
than a similar-strength commercial alternative.”’
There are limitations to consider in the context of
the global burden of skin cancer. Studies measuring
KC are limited because of their exclusion from large
cancer registries, which makes data comparison
difficult. Questionnaires that do not include the
staging of melanoma may not adequately assess the
true burden of disease. The GBD did not assign
different weights based on the depth of melanoma,
although the years lost due to disability is likely
higher with an increased Breslow thickness.”” GBD

disability estimates for skin disease may only reflect
symptoms such as itching and appearance changes
and may exclude complications such as secondary
infection or mental health effects that exist far
beyond the recommended follow-up.”** Available
studies for comparison among the different GBD
regions may be limited by geographical coverage,
where certain populations are relatively over or
underrepresented among of total studies in compar-
ison to their total populations. Despite limitations
inherent to the GBD and the global reporting of skin
cancer, large-scale epidemiological data continue to
help dermatologists and key decision makers to
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Fig 6. (Continued).

shape public policy and lower the global burden of
skin cancer.

In 2050, 80% of older people will be living in low-
and middle-income countries.'” In addition, access to
dermatologists is rare in developing and rural set-
tings.”” As elderly populations and corresponding
rates of skin cancer grow, we must keep the acces-
sibility and financial burden of skin cancer prevention
in mind. As estimates point toward future generations
with larger elderly populations, we believe an
emphasis on skin cancer prevention will lead to
more sustainable interventions with greater impacts.
Practice-based changes such as the implementation of
a chronic disease plan may also reduce the anxiety
experienced by patients, prevent unneeded health
care visits, and reduce health care costs.”® The
increased community engagement, outreach, and
development of new preventive strategies are prom-
ising future steps to overcome the challenge of
reducing the global burden of skin cancer.
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