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THE SURGEON GENERAL’'S CALL TO ACTION

TO PREVENT SKIN CANCER







Message from the Assistant Secretary for Health,
U S. Department of Health and Human Services

Skin cancer is the most commonly diagnosed cancer in the United States,

yet most cases are preventable. Every year in the United States, nearly 5
million people are treated for skin cancer, at an estimated cost of $8.1 billion.
Melanoma, the most deadly form of skin cancer, causes nearly 9,000 deaths
each year. Despite recent efforts to address risk factors, skin cancer rates
continue to rise.

While those with lighter skin are more susceptible, anyone can get skin
cancer—and it can be serious, even deadly. As a skin oncologist who worked in
this field for many years, | have cared for both young and old with skin cancers.
Almost all of the conditions were caused by unnecessary ultraviolet (UV)
radiation exposure, usually from excessive time in the sun or from the use of
indoor tanning devices.

It is alarming that every year, nearly one out of every three young white women aged 16—-25 engages in
indoor tanning. It’s important to shatter the myth that tanned skin is a sign of health. And a “base” tan is
not a “safe” tan. Tanned skin is damaged skin. Understanding the risk of UV exposure is crucial to protecting
ourselves and our loved ones.

That is why The Surgeon General’s Call to Action to Prevent Skin Cancer is important for all of us. It outlines
action steps we can all take—as individuals, parents, educators, employers, policy makers, health care
professionals, and communities—to reverse this alarming trend.

As a nation, we can all do more to address skin cancer as a serious public health challenge. | urge everyone to
find out more about the risk of skin cancer—and what we all can do to prevent it.

Howard K. Koh, M.D., M.P.H.
Assistant Secretary for Health
U.S. Department of Health and Human Services






Foreword from the Acting Surgeon General,
U.S. Department of Health and Human Services

The rates of skin cancer in our nation are increasing, creating a serious public
health concern we cannot ignore. As both a medical doctor and a public health
official, | see that now is the time for a comprehensive approach to prevent skin
cancer, bringing together community partners, business leaders, government
agencies, and individuals for a common cause. As a dermatologist, | consider
myself fortunate to be a part of this effort and am proud to release this Call to
Action to Prevent Skin Cancer.

By acknowledging that most skin cancers can be prevented and bringing
together partners with a unified, dynamic approach, we are taking concrete
steps to support a healthier country. We know there are many strategies that
work to protect us from ultraviolet (UV) radiation from the sun, and we need
to use them. For example, we recommend that communities provide shade
in recreational and play areas to help protect children from overexposure to UV radiation, that businesses
increase availability of sun protection for outdoor workers, that policy makers promote policies for shade
planning in land use development, and that health providers counsel patients on the importance of using
sun protection.

Each day, thousands of teens are exposing themselves, unprotected, to harmful UV radiation from tanning
beds, but only 10 states currently have laws in place to prevent this practice for youth younger than age 18
years. Together, we must communicate the risks in a clear and effective way to family, friends, and others to
help them understand their role in preventing skin cancer. We must also support policy and environmental
changes that protect both children and adults. These types of strategies, and many more, are described in the
Call to Action.

The word prevention cannot be emphasized enough with our efforts. In a world of epidemics, outbreaks, and
growing rates of cancer and other chronic diseases, we can sometimes feel that good health eludes us. With
this Call to Action, we are promoting straightforward steps that will incorporate skin cancer prevention into
our everyday lives. The potential exists for a large return on our investment; the cost both in illness and death
and in dollars is great. With strategies that improve our understanding of the risks and support increased
opportunities for skin cancer protection, we can truly have a significant impact on skin cancer-related illness,
death, and health care costs.

Join me in promoting and sustaining our efforts to make skin cancer prevention a reality. We can be a nation
that is active, healthy, and safe from skin cancer.

Boris D. Lushniak, M.D., M.P.H.

Rear Admiral, U.S. Public Health Service

Acting Surgeon General

U.S. Department of Health and Human Services
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SKIN CANCER AS A MAJoOR PuBLIC
HearLTH PROBLEM

Why We Must Act Now

Skin cancer is the most commonly diagnosed cancer in the United States, and most cases are preventable.’?
Skin cancer greatly affects quality of life, and it can be disfiguring or even deadly.%*® Medical treatment for
skin cancer creates substantial health care costs for individuals, families, and the nation. The number of
Americans who have had skin cancer at some point in the last three decades is estimated to be higher than
the number for all other cancers combined,”® and skin cancer incidence rates have continued to increase in
recent years.'®

Each year in the United States, nearly 5 million people are treated for all skin cancers combined, with an
annual cost estimated at $8.1 billion.*® Melanoma is responsible for the most deaths of all skin cancers, with
nearly 9,000 people dying from it each year.™ It is also one of the most common types of cancer among U.S.
adolescents and young adults.'? Annually, about $3.3 billion of skin cancer treatment costs are attributable to
melanoma.

Despite efforts to address skin cancer risk factors, such as inadequate sun protection and intentional tanning
behaviors, skin cancer rates, including rates of melanoma, have continued to increase in the United States and
worldwide.X*3Y With adequate support and a unified approach, comprehensive, communitywide efforts to
prevent skin cancer can work. Although such success will require a sustained commitment and coordination
across diverse partners and sectors, significant reductions in illness, deaths, and health care costs related to
skin cancer can be achieved.

This document is a Call to Action to partners in prevention from various sectors across the nation to address
skin cancer as a major public health problem. Many partners are essential to this effort, including federal,
state, tribal, local, and territorial governments; members of the business, health care, and education sectors;
community, nonprofit, and faith-based organizations; and individuals and families. The goal of this document
is to increase awareness of skin cancer and to call for actions to reduce its risk.

The first section describes the problem of skin cancer and its major risk factors. It also discusses the
relationship between exposure to ultraviolet (UV) radiation and health. The second section describes the
current evidence on preventing skin cancer, including current initiatives in the United States and in other
countries. The third section describes the gaps in research related to skin cancer prevention, highlighting areas
of research where more work is needed. The fourth section identifies specific opportunities to prevent skin
cancer by reducing UV exposure in the U.S. population and calls for nationwide action.

This document also includes six appendices, which provide further detail about specific topics. For more
information about the scope of this document and definitions of commonly used terms, see Appendix 1.
Appendix 2 describes symptoms of skin cancer. Appendix 3 provides a brief discussion of skin cancer
screening. Success stories in skin cancer prevention are discussed in Appendix 4, and current federal efforts on
skin cancer prevention are summarized in Appendix 5. Abbreviations and acronyms are listed in Appendix 6.




Why a Focus on UV Radiation?

Although genetic factors, such as being fair-skinned or having a family history of skin cancer, contribute
to a person’s risk,'®%* the most common types of skin cancer (see Appendix 1) are also strongly associated
with exposure to UV radiation.>*30 UV exposure is also the most preventable cause of skin cancer. This
Call to Action focuses on reducing UV exposure, with an emphasis on addressing excessive, avoidable,

or unnecessary UV exposures (such as prolonged sun exposure without adequate sun protection) and
intentional exposure for the purpose of skin tanning (whether indoors using an artificial UV device or
outdoors while sunbathing).

This document focuses on primary prevention of skin cancer through reducing overexposure to UV, not on
early detection or screening. The evidence on skin cancer screening is growing, and ongoing examinations
of the evidence are important. Melanomas diagnosed at earlier stages are much more treatable than those
diagnosed at later stages.®*! It is important for the public to understand that anyone can get skin cancer and
to know the signs, which can be found in Appendix 2 and at http://www.cdc.gov/cancer/skin/basic_info/
symptoms.htm. Information on screening is available in Appendix 3.

Factors other than UV exposure can increase the risk of skin cancer in certain populations. Certain uncommon
genetic mutations, such as those linked to familial melanoma and xeroderma pigmentosum, can strongly
increase a person’s risk of melanoma.*? Occupational exposures to ionizing radiation, high doses of UV
radiation, or exposure to certain chemicals during manufacturing processes may increase skin cancer risk
beyond that of the general public.3> However, this document focuses on reducing the risk of skin cancer in the
general U.S. population.

Sources of UV Radiation Addressed in This Document

UV radiation is a type of electromagnetic radiation emitted by the sun and from some man-made lights, with
wavelengths longer than X-rays but shorter than visible light.3*** For most people in the United States, the sun
is the most common source of exposure to UV radiation. UV radiation from indoor tanning devices is a less
common but more easily avoidable source of UV radiation exposure than from the sun. More information
about UV radiation, including the different types, is provided in the “Exposure to UV Radiation” section (see
page 11). This Call to Action discusses important steps that can be taken to reduce exposure to the most
common sources of UV radiation at the population level.

UV Exposure and Overexposure

UV exposure stimulates melanocytes to produce melanin, often resulting in a tan or sunburn, both of which
indicate overexposure® and damage to the skin, skin cells, and DNA within those skin cells.>*3 The underlying
biology of skin cancer risk is directly related to damage to the skin and its genetic material.?” Although all UV
exposures can affect skin cancer risk, entirely avoiding UV rays from the sun is neither realistic nor advisable
for most Americans. Spending time outdoors is associated with positive health benefits, such as increased
levels of physical activity and improved mental health .34

2 See Appendix 1 for a definition and discussion of overexposure and for definitions of different types of UV exposure.
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Skin Cancer Incidence and Mortality

This document focuses on the three most common types of skin cancers: basal cell carcinoma (BCC),
squamous cell carcinoma (SCC), and melanoma, which together account for more than 99% of skin cancers
(Figure 1).4*2 These three types of cancer are described in greater detail in Appendix 1. BCC and SCC are the
most common types of nonmelanoma skin cancers (NMSCs).

Figure 1. Types of Skin Cancer

Nonmelanoma skin cancers

Basal cell carcinoma Squamous cell carcinoma

Melanoma skin cancers

Lentigo maligna melanoma Acral lentiginous melanoma




Nonmelanoma Skin Cancers

In the United States, information on BCC and SCC of the skin is not routinely collected in population-

based central cancer registries, so information on these cancers comes from medical claims data, survey
data, and special studies.>%* Of the 5 million U.S. adults treated for skin cancer on average each year, an
estimated 4.3 million (1.9% of the adult population) are treated for NMSCs (BCC, SCC, and other rare skin
cancers), according to an analysis of the Agency for Healthcare Research and Quality’s Medical Expenditure
Panel Survey.® Among those aged 65 years or older, an estimated 6.9% (9.3% of men and 5.0% of women)
are treated for NMSCs on average each year.’* Medicare data for 2002—2006 showed that the number of
procedures used to treat NMSCs in the Medicare population increased by 16.0% during that period.? A special
study that examined deaths from SCC and BCC in Rhode Island during 1988-2000 showed death rates of 0.29
and 0.08 per 100,000 per year for nongenital SCC and BCC; the rate for melanoma during the same period
was 2.6 per 100,000.>4

Basal Cell Carcinomas

BCCs are thought to be more common than any other type of cancer and are generally treatable.>” Although
national rates are not available, studies have estimated BCC incidence rates in some states. For example,
incidence rates for BCC during 1993-1994 in New Hampshire were 309.9 per 100,000 among men and 165.5
per 100,000 among women.* Arizona had an estimated rate of more than 900 per 100,000 among men and
nearly 500 per 100,000 among women in 1996.% The incidence of BCC appears to be increasing at a rate of
about 2% per year in the United States.****” About 70%—80% of NMSCs among males and 80%—90% of NMSCs
among females are BCCs.*

Squamous Cell Carcinomas

SCCs account for about 20% of NMSCs and are the second most common form of skin cancer. Although both
SCCs and BCCs are generally treatable, SCCs are deadly more often than BCCs.*® A recent study estimated that
at least 4,000 Americans died from SCC of the skin in 2012.%

Melanoma

Melanoma is the third most common type of skin cancer and is responsible for most skin cancer deaths.%432
In the United States, according to federal data for 2007-2011, more than 63,000 people are diagnosed with
melanoma, and nearly 9,000 people die from this disease each year (Tables 1 and 2).1*%° Although melanoma
rates overall are highest among older adults, it is the third most common cancer in adolescents and young
adults (aged 15-39 years).'? Recent analyses have found increases in incidence across all tumor thicknesses
and stages.’ If current trends in cancer death rates continue, melanoma will be the only cancer objective
included in Healthy People 2020 that will not meet the targets for reductions in cancer deaths (http://www.
healthypeople.gov/2020/topicsobjectives2020/objectiveslist.aspx?topicld=5).5%5?

Variation by Sex

In 2011, melanoma of the skin was the fifth most common cancer for men, with an incidence rate of 25.4
cases per 100,000 (31.0 for white men, the group with the highest rates) and the seventh most common
cancer for women, with an incidence rate of 15.7 per 100,000 (20.1 for white women).>? During 2002—

2011, melanoma incidence increased at an average annual rate of 1.6% for men and 1.5% for women.>?

This increase is the largest increase of the 10 most common cancers among men, and it is surpassed only

by increases in thyroid cancer among women (Figure 2).5%°? Although incidence rates for melanoma are
increasing among both males and females (Figure 3), melanoma death rates are only increasing among males
(Figure 4).51451



http://www.healthypeople.gov/2020/topicsobjectives2020/objectiveslist.aspx?topicId=5
http://www.healthypeople.gov/2020/topicsobjectives2020/objectiveslist.aspx?topicId=5

Table 1. Invasive Melanoma Incidence, by Sex and Race/Ethnicity, United States, 2007-2011*

Race/Ethnicity Male and Female Male Female
Average Average Average
Rate Annual Annual Annual
Count Count Count
All Races 19.7 63,429 25.1 36,679 15.9 26,750
White 222 59,882 27.9 34,842 18.2 25,041
White, Hispanic® 4.4 1,215 4.8 553 4.2 662
White, Non-Hispanic® 24.7 58,667 30.6 34,289 20.4 24,378
Black 1.0 336 1.1 145 1.0 191
American Indian/Alaska Native 4.7 131 5.8 69 3.9 62
Asian/Pacific Islander 13 177 1.4 84 1.2 93
Hispanic® 43 1,301 4.7 588 4.1 713

2Rates are per 100,000 people and are age-adjusted to the 2000 U.S. Standard Population (Source: Day JC. Population Projections of the United
States by Age, Sex, Race, and Hispanic Origin: 1995 to 2050. U.S. Bureau of the Census, Current Population Reports, P25-1130. Washington, DC:
U.S. Government Printing Office; 1996).

Source: Data are from population areas that meet United States Cancer Statistics publication criteria (http://www.cdc.gov/cancer/npcr/uscs/
technical_notes/criteria.htm) for 20072011 and were reported to the National Program of Cancer Registries (Centers for Disease Control and
Prevention) and the Surveillance, Epidemiology, and End Results (SEER) Program (National Cancer Institute). They cover about 99.1% of the
U.S. population.

¢Race and ethnicity are not mutually exclusive. Counts may not always sum to the total due to rounding and because cases with “other” and
“unknown” race are included in the totals.

Table 2. Melanoma Death Rates, by Sex and Race/Ethnicity, United States, 2006-2010**

Race/Ethnicity Male and Female Male Female
Average Average Average
Rate Annual Rate LULITE] Rate Annual
Count Count Count
All Races 2.7 8,776 4.1 5,730 1.7 3,046
White 3.1 8,580 4.6 5,633 2.0 2,947
White, Hispanic® 0.8 198 1.1 115 0.6 83
White, Non-Hispanic® 34 8,375 5.0 5,513 2.1 2,862
Black 0.4 131 0.5 63 0.4 68
American Indian/Alaska Native 0.9 19 1.2 11 0.7 8
Asian/Pacific Islander 0.4 45 0.4 23 0.3 22
Hispanice 0.8 201 1.1 117 0.6 85

2Rates are per 100,000 people and are age-adjusted to the 2000 U.S. Standard Population (Source: Day JC. Population Projections of the United
States by Age, Sex, Race, and Hispanic Origin: 1995 to 2050. U.S. Bureau of the Census, Current Population Reports, P25-1130. Washington, DC:
U.S. Government Printing Office; 1996).

bSource: Surveillance, Epidemiology, and End Results (SEER) Program, National Cancer Institute (http://www.seer.cancer.gov). SEER*Stat Database:
Mortality. Source: Released April 2013. Underlying mortality data provided by the National Center for Health Statistics, Centers for Disease Control
and Prevention (http://www.cdc.gov/nchs).

¢Race and ethnicity are not mutually exclusive. Counts may not always sum to the total due to rounding and because Hispanic ethnicity for some
cases was unknown.
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Figure 2. Average Annual Percent Change? in the 10 Most Common Cancers, 2002-2011°
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Figure 3. Age-Adjusted Melanoma Incidence Rates, Actual and Projected, by Sex, 1975-2020
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Source: Surveillance, Epidemiology, and End Results (SEER) Program, National Cancer Institute (http://www.seer.cancer.gov). SEER 9 Incidence
Database (1973—-2010). November 2011 submission. Nordpred software used to create age-period-cohort regression models to calculate projections.

Figure 4. Age-Adjusted Melanoma Death Rates, Actual and Projected, by Sex, 1975-2020
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Source: Surveillance, Epidemiology, and End Results (SEER) Program, National Cancer Institute (http://www.seer.cancer.gov). SEER*Stat Database:
Mortality. Released April 2013. Underlying mortality data provided by the National Center for Health Statistics, Centers for Disease Control and
Prevention (http://www.cdc.gov/nchs). Nordpred software used to create age-period-cohort regression models to calculate projections.
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Melanoma incidence and death rates are highest among males, especially non-Hispanic white males (Tables
1 and 2 and Figures 3, 4, and 5).%° Increased risk of melanoma in white males may be related to a variety of
factors, including skin type and historical differences in sun exposure and sun protection behaviors. White
men aged 65 years or older have the highest incidence (130.1 cases per 100,000) and death rates (23.7 per
100,000) for melanoma.>*?

Variation by Anatomic Site

Melanoma is found more often on parts of the skin that get more intermittent, intense UV exposure, such

as the torso and legs, although patterns vary by age.??°® In addition, the anatomic distribution of melanoma
varies by sex, most often occurring on the legs for females and on the torso for males.?? Recent research
suggests that melanomas among young women may be particularly increasing on the torso.>* However, these
patterns are complex and vary among populations.>® Because acral melanoma (which occurs on palms of
hands and soles of feet) arises in typically unexposed areas of the body, the role of UV exposure in this cancer
is thought to be limited, and acral melanoma may have different risk factors than other types of cutaneous
melanoma.®*%’

Variation by State

State incidence rates for melanoma among all races vary widely, from 11.9 per 100,000 in Alaska to 31.9

per 100,000 in Utah during 2007-2011.%° Reasons for state variations include differences in populations by
race, age, and genetic background; by socioeconomic status (SES) and health care access; and by patterns
of UV radiation and exposure, as well as differences in collection of data on melanomas by state central
cancer registries.> Much of the variation in state rates is because of differences in state populations. Among
non-Hispanic whites, the population at highest risk, higher UV levels are associated with higher melanoma

Figure 5. Melanoma Incidence Rates, by Age and Sex, 2007-2011
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npcr/uscs/technical_notes/criteria.htm) and were reported to the National Program of Cancer Registries (Centers for Disease Control and Prevention)
and the Surveillance, Epidemiology, and End Results (SEER) Program (National Cancer Institute). They cover about 99.1% of the U.S. population.
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incidence rates; for this population group, Alaska has the lowest melanoma rate of all states (14.8 per
100,000), and Hawaii has the highest melanoma rate of all states (66.7 per 100,000).%9°8 States in southern
latitudes have the highest death rates for melanoma among non-Hispanic white populations.>2>°

Survival

The prognosis for patients with metastatic melanoma remains poor, but has been improving because of
recent advances in treatment.®%%2 Survival is poorest among black populations, possibly because of later
diagnoses and lower perceived risk, and because these populations are disproportionately diagnosed with
certain types of melanoma with poorer survival rates (acral lentiginous melanoma) (Figure 6).56%64

Economic Burden of Skin Cancer

In addition to causing illness and death, skin cancer is costly to the nation. Skin cancer treatment is estimated
to cost about $8.1 billion in the United States each year, $4.8 billion of which is for NMSC and $3.3 billion of
which is for melanoma.® Several new medications are available for skin cancer, which increases treatment
options but could also lead to higher costs.®>¢”

Skin cancer also results in significant costs beyond those related to treatment. Annual costs associated with
lost workdays and restricted-activity days are estimated at $76.8 million for NMSC and $29.4 million for
melanoma.®®® An individual in the United States dying from melanoma loses an average of 20.4 years of
potential life, compared with an average of 16.6 years for all malignant cancers.”® Annual productivity losses

associated with these lost years is estimated to cost an additional $4.5 billion ($3.5 billion attributed to
melanoma deaths and $1.0 billion attributed to NMSC deaths).%%"°

Figure 6. Trends in 5-Year Melanoma Survival, by Race, 1973-2006°
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2Five-year relative survival calculated by actuarial method. Data could not be calculated for 2007-2010.
Source: Surveillance, Epidemiology, and End Results (SEER) Program, National Cancer Institute (http://www.seer.cancer.gov). SEER*Stat Database:
Incidence — SEER 18 Regs Research Data + Hurricane Katrina Impacted Louisiana Cases, Nov 2012 Sub (1973-2010 varying).
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Risk Factors for Skin Cancer

Genetic Factors

People with certain genetic risk factors are more likely than others to develop skin cancer. Genetic risk factors
for skin cancer include having a lighter natural skin color; blue or green eyes; blond or red hair; dysplastic
nevi (a type of unusual mole) or a large number of common moles; and skin that burns, freckles, or reddens
easily or becomes painful after excessive time spent in the sun.'®2* People with red hair may be at particularly
increased risk of melanoma.?* In addition, those with a family history or personal history of skin cancer,
especially melanoma, are at increased risk.2

Skin Type

Skin cancer risk varies by skin type, which is classified by how likely a person is to tan or burn. The six skin
types of the Fitzpatrick skin type classification system are shown in Table 3.7 Sunburn often is used as a proxy
outcome measure in skin cancer prevention studies because it takes into account the person’s skin type, as
well as the intensity and duration of UV exposure. Although anyone’s skin can be damaged by UV exposure,
people with skin types | and Il are at the highest risk of burns, damage from UV radiation, and skin cancer.

Originally, the Fitzpatrick system was constructed for white populations and had only four categories (Skin
Types I-1V). Types V and VI were added to the system later in recognition of the wide variety of races and skin
types.” Because the Fitzpatrick system was developed to measure the skin types of whites, the terminology
used may make it difficult for blacks or other races to classify their skin type.”> Although the Fitzpatrick
system is often considered the gold standard for categorizing skin type, it may not always accurately reflect an
indvidual’s risk of skin cancer, and other systems have been proposed.”’

Table 3. Fitzpatrick Skin Type
[ Always burns, never tans, sensitive to ultraviolet (UV) exposure.
I Burns easily, tans minimally.

I Burns moderately, tans gradually to light brown.

vV Burns minimally, always tans well to moderately brown.

v Rarely burns, tans profusely to dark.

Vi Never burns, deeply pigmented, least sensitive.




Race and Ethnicity

Race and ethnicity play an important role in skin cancer risk because characteristics associated with race and
ethnicity (such as skin, hair, and eye color) are indicators of melanoma risk. Blacks and Asians/Pacific Islanders
have the lowest melanoma incidence and death rates, followed by American Indians/Alaska Natives and
Hispanics (Tables 1 and 2). People of European descent and non-Hispanic whites have the highest melanoma
incidence and death rates because they generally have lighter natural skin color.3%>3

However, race and skin type do not always align neatly, and wide genetic variation exists within races.”’®
People who identify as being other than non-Hispanic white may still be at higher risk of skin cancer because
of their skin type and may underestimate their risk.5*%7-7 Some black Americans report being sensitive to
the sun.® Recent data showed low reported use of sun protection behaviors among Hispanics, and melanoma
may be increasing among some Hispanic groups.””#!

Exposure to UV Radiation

Although genetic risk factors contribute to a person’s skin cancer risk, most skin cancers are believed to be
caused by a combination of genetic factors and exposure to UV radiation, from the sun and from artificial
sources such as indoor tanning. By reducing intentional UV exposure and increasing sun protection, many skin
cancer cases can be prevented.

Types of UV Radiation

Sunlight is made up of different types of electromagnetic radiation, mostly infrared, visible, and UV. Exposure
to sunlight has both positive and negative effects. Although sun exposure can have positive effects on mood
and stimulates production of vitamin D, exposure to UV radiation also damages DNA and cell functions,

and that damage can lead to cancer. UV radiation is categorized into three types: UVA (UV radiation with a
wavelength of 315 nm to 400 nm), UVB (280 nm to 315 nm), and UVCP (100 nm to 280 nm).3334

UVB radiation has intermediate levels of energy and can cause sunburn and direct DNA damage (Figure 7).
Ozone and other components of the atmosphere absorb more than 90% of UVB from the sun, but the
amount absorbed varies widely depending on time, location, season, and weather. Certain chemical and
carbon emissions also have caused depletions in stratospheric ozone since the 1970s, and evidence suggests
that this decrease has led to an increase in ground-level UVB levels.?>® Further study is needed to determine
whether ozone depletion is contributing to the increasing incidence of skin cancers worldwide.82% UVA
radiation has less energy than UVB radiation, but it can also cause skin cancer and other skin damage. Unlike
UVB radiation, nearly all UVA radiation passes through the atmosphere, and it penetrates to deeper layers of
the skin than UVB radiation.

U.S. Environmental Protection Agency’s UV Index

The UV Index developed by the U.S. Environmental Protection Agency (EPA) provides daily and hourly
forecasts of the expected risk of overexposure to UV radiation from the sun. The UV Index scale describes
how to use the UV Index to help avoid harmful exposure to UV radiation, with a lower UV Index indicating a
lower risk on a scale of 0—11 (Table 4). In winter, the average UV Index is 2 or below, although it can be higher
on some days. During November—January, the daily average for the UV Index is usually 2 or below nearly

® Although UVC radiation has the highest energy of the three, it is almost completely absorbed by the earth’s atmosphere and is not
responsible for cancer in the general population.




Figure 7. Types of Ultraviolet (UV) Radiation and Skin Penetration
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Note: UVC radiation (not shown) is almost completely absorbed by the earth’s atmosphere and does not generally affect human skin.

everywhere in the United States except Florida and Hawaii (http://www?2.epa.gov/sunwise/monthly-average-
uv-index). However, reflective surfaces, such as snow, water, and sand, and high altitudes can increase risk of
overexposure to UV radiation and sunburn. EPA recommends that people use more sun protection strategies
as UV levels get higher. For specific recommendations for sun protection at different UV levels, visit http://
www?2.epa.gov/sunwise/uv-index-scale.

UV Exposure and Skin Cancer

Many skin cancers can be avoided by reducing exposure to UV radiation.>*3° As many as 90% of melanomas
are estimated to be caused by UV exposure.?>2® Some evidence suggests that certain rare skin cancers, such
as Merkel cell carcinoma, a rare but frequently fatal cancer arising from neuroendocrine cells, may also

be related to UV exposure.**> The degree to which UV exposure increases a person’s risk of skin cancer
depends on many factors, such as individual skin type, the amount and types of sun protection used, whether
exposure is chronic or intermittent, and the age at which the exposure occurs.'>#92

Ecologic studies have shown that light-skinned people who live in areas with higher UV exposure, particularly
when they are younger, have higher rates of skin cancer, especially SCC.8#% Similarly, melanoma is thought
to be caused by sun exposure throughout life, possibly with stronger effects in early life, although adult
exposures clearly increase risk as well.®” Some studies suggest that UV exposures in childhood that do not
result in a burn may be associated with lower rates of future melanomas.***> Melanoma incidence is also
associated with higher SES, which is a combination of education, income, and wealth. This association is likely
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due to the relationship between SES and other risk factors, such as skin type and patterns of UV exposure.3*78
When people with lower SES are diagnosed with melanoma, they tend to have poorer outcomes, probably
because of later detection and poor access to treatment.®3%%97 See Table 5 for a comparison of avoidable risk
factors for skin cancer.

Chronic Versus Intermittent UV Exposure

The effects of some risk factors are different for different types of skin cancers. Chronic exposure is defined
in different ways in the literature, but usually refers to frequent, extended outdoor exposures to UV radiation
from the sun above a certain number of times a week or a certain number of days a year.4387,90.95,98-103

Studies of chronic exposure usually do not include short frequent exposures, such as those experienced by
the average person in his or her commute to work or school. Extended or intense exposures experienced
only a few times a year, such as the sun exposure received on a trip to the beach, are typically classified as
intermittent exposures. Continuous, chronic UV exposure, such as that observed among outdoor workers, is
more strongly associated with SCC, while intermittent or recreational exposure is more strongly associated
with melanoma and BCC.#387.95,99-103

Table 4. Ultraviolet (UV) Index Levels

COLOR A RISK

INDEX

Low
Low danger from the sun’s UV rays for the average person.

0-2

YELLOW 3_5 Moderate

Moderate risk of harm from unprotected sun exposure.

High
ORANGE 6-7 High risk of harm from unprotected sun exposure.
Protection against skin and eye damage is needed.

Very High
8-10 Very high risk of harm from unprotected sun exposure.
Take extra precautions because unprotected skin and eyes
will be damaged and can burn quickly.

Extreme
PURPLE 1 or Extreme risk of harm from unprotected sun exposure.
more Take all precautions because unprotected skin

and eyes can burn in minutes.

Adapted from the U.S. Environmental Protection Agency’s UV Index scale, available at http://www2.epa.gov/sunwise/uv-index-scale.
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Table 5. Excess Health Risks Associated with Ultraviolet (UV) Exposure, by Type of Skin

Cancer and Type of UV Exposure

Exposure (No. of Studies)

MELANOMA

Excess Risk
(95% ClI)

Comparison Groups

Sun exposure?

Total sun exposure (N = 28)
Intermittent sun exposure (N = 34)

Chronic sun exposure (N = 40)

34% (2,77)
61% (31, 99)
-5% (-13, 4)

N/A
N/A
N/A

Sunburn®

Sunburn in childhood (N = 27)
Sunburn in adolescence (N = 13)
Sunburn in adulthood (N = 13)

Sunburn in past 5-10 years (N = 5)

91% (59, 130)
63% (42, 86)
44% (27, 63)
62% (-1, 165)

Ever vs never
Ever vs never
Ever vs never

Ever vs never

Indoor tanned >1 year (N = 3)¢

Ever indoor tanned (N = 10)
Frequent indoor tanning (N = 4)

Indoor tanned before age 25 years (N = 3)

Ever indoor tanned (N = 10)

Indoor tanned before age 25 years (N = 2)

61% (-2, 167)

29% (8, 53)
50% (-19,177)

40% (29, 52)

67% (29,117)
102% (-30, 486)

Ever sunburned in lifetime (N = 28) 59% (37, 83) Ever vs never

Indoor tanning
Ever indoor tanned (N = 27)¢ 20% (8, 34) Ever vs never
Ever indoor tanned (N = 8; U.S. studies only)¢ 23% (3,47) Ever vs never
g\égroiz(rj“?vzrr;z;?ned (N =10; studies from year 22% (3, 45) Ever vs never
Indoor tanned before age 35 years (N = 13)¢ 59% (36, 85) Ever before age 35 vs never before age 35
Frequent indoor tanning (N = 15)° 42% (15, 74) Frequent vs infrequent/never
Relative risk for each indoor tanning per year (N = 4)° 2% (0, 4) N/A
>10 lifetime tanning sessions (N = 10)¢ 34% (5,71) >10 lifetime tanning sessions vs never

Indoor tanned >1 year vs never

BASAL CELL CARCINOMA®

Ever vs never
Frequent vs infrequent/never

Ever before age 25 vs never before age 25

SQUAMOUS CELL CARCINOMA®

Ever vs never

Ever before age 25 vs never before age 25

Abbreviation: Cl, confidence interval. N/A: not applicable; measured as a continuous variable.

Note: We did not differentiate between measures of relative risk (e.g., odds ratio, rate ratio, risk ratio) for melanoma because it meets the rare
disease assumption by which these measures can be interpreted to be the same. Measures of relative risk for basal cell carcinoma and squamous cell

carcinoma are based on odds ratios.

2 Source: Meta-analysis of risk factors for cutaneous melanoma: 11.%°
b Source: Sunburns and risk of cutaneous melanoma: does age matter? A comprehensive meta-analysis.®’

¢ Source: Cutaneous melanoma attributable to sunbed use: systematic review and meta-analysis.*811°

4 Source: The association of indoor tanning and melanoma in adults: systematic review and meta-analysis.'?
¢ Source: Indoor tanning and non-melanoma skin cancer: systematic review and meta-analysis.?®




Sunburn is a clear sign of overexposure to UV, and it typically occurs after intermittent exposure; sunburn at
any age increases a person’s risk of skin cancer.>387.991% |ndoor workers may receive a substantial proportion
of their total UV radiation from intermittent exposure.*1% Cumulative exposure to UVA through glass
windows, which block most UVB, can also cause skin damage over time.07:108

Outdoor Workers

Although research clearly indicates that outdoor workers are at increased risk of BCC and SCC, some studies
suggest that outdoor workers might not have an increased risk of melanoma, or that they may even have

a lower risk than indoor workers.*1%99-111 When stratified by UV level, outdoor workers in UV-intense areas
do appear to be at increased risk of melanoma.>*!% Studies of melanoma risk and outdoor work may be
limited by lack of information on other related factors, which then limit the ability to attribute effects to
the relationship between outdoor work and melanoma.>%! Regardless of these potential study limitations,
outdoor workers often experience excessive UV exposure on the job, and efforts are needed to ensure that
outdoor workers are protected from the sun.

Indoor Tanning

Indoor tanning devices, such as tanning beds, tanning booths, and sun lamps, expose users to intense UV
radiation as a way to tan the skin for cosmetic reasons. Although reducing UV overexposure from the sun

can be challenging for some people, UV exposure from indoor tanning is completely avoidable. In 2009, the
World Health Organization (WHO) classified indoor tanning devices as Class | human carcinogens on the basis
of strong evidence linking indoor tanning to increased risk of skin cancer.?’''2 Meta-analyses have consistently
shown that indoor tanning increases the risk of developing SCC, BCC, and melanoma (Table 5).27*1312 The risk
increases the more an individual uses indoor tanning, with younger and more frequent users having more
steeply increased risk.11312

Findings consistently document a strong association between increased risk of melanoma and indoor tanning
use, although the magnitude of the association varies from study to study, reflecting different populations
and settings. A recent international meta-analysis that included 31 studies collectively reviewing 14,956
melanoma cases and 233,106 controls (individuals without melanoma) reported that individuals who
reported ever indoor tanning had a 16% increased risk of melanoma over those who never indoor tanned.**
The association between indoor tanning and melanoma increased when analysis was restricted to more
recent studies conducted in 2000 or later (22%) or when restricted to individuals who had used indoor
tanning devices 10 or more times in their lives (34%).'* When analysis was restricted to the 11 studies from
North America, including 4,395 melanoma cases and 79,358 controls, the increased risk of melanoma with
ever using indoor tanning was 23%.2! In one U.S. study included in the meta-analysis, researchers reported a
74% increased risk of melanoma among individuals who reported ever using indoor tanning compared with
those who did not tan.'® Findings from this study also reported a strong dose-response relationship, with
greater risk for more sessions, hours, or years spent tanning.'®

Indoor tanning also increases the risk of BCC and SCC.1?2122 For NMSCs, indoor tanning was found to increase
risk of BCC by 29% and of SCC by 67%.%° A 2014 meta-analysis estimated that more than 400,000 cases of
skin cancer may be related to indoor tanning in the United States each year: 245,000 BCCs, 168,000 SCCs, and
6,000 melanomas.*

Initiating indoor tanning at younger ages appears to be more strongly related to lifetime skin cancer risk,
possibly because of the accumulation of exposure over time from more years of tanning.114116118119 The
magnitude of increased risk with younger age at initiation varies because of differences in collection and




reporting of data, but studies consistently show an increase in risk. A frequently cited meta-analysis estimated
that tanning before age 35 increased risk by 59%.'%1 This risk estimate is based on a compilation of data from
U.S. and international studies from different settings.!!®'*° One 2010 U.S. study found that ever using indoor
tanning before age 18 increased risk of melanoma by 85% compared with never indoor tanning; risk for those
aged 18-24 years increased by 91%.'¢ Years of use of tanning devices appeared to be the strongest predictor
of increased risk in this study, with increased risk of 47% with 1 year of indoor tanning, 64% with 2-5 years of
indoor tanning, 85% with 6-9 years of indoor tanning, and 145% with 10 or more years of indoor tanning.
Harms of indoor tanning may be accelerated for adolescents and young adults, leading to early-onset s