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Abstract

Purpose of the review—To provide a synopsis of recent research advances in the epidemiology
of keratinocyte carcinoma (KC), with a focus on indoor tanning and known risk factors for other
forms of cancer such as cigarette smoking and alcohol drinking.

Recent findings—The evidence is strong enough to infer that use of UVR-emitting indoor
tanning devices cause KC. Epidemiologic studies of cigarette smoking, alcohol drinking, and
menopausal hormone therapy all show some suggestion for increased risk of KC but the evidence
is not yet strong enough to determine if there is a true etiologic role. Body mass index is clearly
inversely associated with KC risk but this is more likely to be due to lower UVR exposure in
overweight and obese individuals than it is due to a true etiologic role.

Summary—The epidemic of KC continues unabated, and the causal role of indoor tanning is
contributing to this unfavorable trend in KC incidence rates. Advances in understanding the
etiology of KC should not divert attention away from the fact that the primary public health
strategy to prevent KC is known: minimize population exposure to UVR from the sun and from
UVR-emitting indoor tanning devices, particularly among those with sun-sensitive phenotypes.
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Introduction

The primary reason keratinocyte carcinoma (KC) is such an important public health problem

is because of its high prevalence: it is far and away the most common human malignancy.
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KC is predominantly comprised of two major histologic types, basal cell carcinoma (BCC)
and cutaneous squamous cell carcinoma (SCC), with BCC more common than SCC.
Estimates indicate that in 2012 approximately 3.3 million individuals had been diagnosed
with KC in the United States (US) population with a total of 5.4 million KCs diagnosed per
year [1]. Despite its high incidence, KC has a low mortality rate of 0.7 deaths per 100,000
people per year [2] but nevertheless causes approximately 3,000 deaths per year in the US
[3]. These KC deaths are almost exclusively due to SCC which has a 2% case fatality rate

[4].

As the most common form of cancer in the world, KC presents a global health problem of
great magnitude. Not only is the current magnitude of the global public health problem
posed by KC formidable, but the increasing trends in the KC incidence rates in regions such
as North America, Europe, and Australia indicate the growing scope of this global epidemic.
For example, in Norway between 1963 and 2011 the incidence of SCC increased six-fold in
males and nine-fold in females [5]. Increases were evident even in younger age populations,
which foreshadow future population-level increases because the risk of KC increases with
age. In the U.S., a 35% increase in the estimated number of persons diagnosed with KC
between 2006 and 2012 was noted by Rogers and colleagues [1]. This degree of increase
was replicated in an analyses of U.S. data from the Medical Expenditure Panel Survey from
2002-2011 that documented a 39% increase in the number of adults treated for KC between
2002-2006 and 2007-2011[6]. In addition to the substantial morbidity and mortality caused
by KC, enormous economic costs are associated with treating patients with a diagnosis of
KC; in the same study the estimated average annual medical care costs were $4.7 billion
annually in the 2007-2011 period, a 74% increase from 2002—2006 [6]. This set of
circumstances underscores the need for implementing comprehensive primary prevention
strategies.

The major determinants of KC at both the population-level and individual-level are well-
established. The predominant environmental cause of KC is epidermal exposure to solar
ultraviolet radiation (UVR). The risk of both BCC and SCC associated with solar UVR is
dose-dependent, with risk increasing the greater the duration and intensity of exposure. For
example, using global data, even an area-level measure of mean daily ambient solar UVR
exposure accounted for 40% of the variability in SCC incidence rates and 37% of the
variability in BCC incidence rates [7]. Thus, in Caucasian populations the geographic
patterns in the occurrence of KC show that rates are highest at latitudes closer to the equator
and hence high ambient solar UVR levels, with associations between decreasing latitude and
increasing rates of KC [7]. In a meta-analysis of outdoor work and BCC risk the summary
odds ratio (OR) was 1.43 (95% CI 1.23-1.66) [8]. An even stronger association was
observed in a meta-analysis of outdoor work in relation to risk of SCC (summary OR 1.77,;
95% CI 1.40-2.22) [9].

The risk of KC associated with solar UVR exposure is asymmetrical across populations,
with individuals with sun-sensitive skin phenotypes exhibiting the greatest susceptibility to
solar UVR-caused KC [10]. The risk of UVR exposure is primarily concentrated among
individuals with sun-sensitive skin phenotypes. Sun-sensitive phenotypic characteristics
include red hair, fair complexion, freckling, and blue eye color, but the major driving
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characteristic is how the skin responds to prolonged periods of sun exposure such as burn/
peel, no impact, or tan. Skin types that are particularly sensitive to UVR, and therefore at an
increased risk of developing KC, are the Fitzpatrick skin types I, 11 and 111. These fair skin
types lack the ability to tan and have a propensity to sunburn and freckle when exposed to
UVR. Approximately 98% of all KCs occur in individuals with sun-sensitive skin types as
defined by Fitzpatrick skin types I, 11, and I11 [11]. In a population-based study in the U.S.,
the majority of individuals with a personal history of KC had a sunburn-prone skin type,
with a distribution of skin types that were 15% “blistering sunburn,” 38% “sunburn without
blistering,” and 34% “mild sunburn that turns tan” [12].

The patterns of KC occurrence at the population-level as well as the risk of KC at the
individual-level are largely a function of these two factors: solar UVR exposure dosage
combined with degree of the skin’s sensitivity to solar UVR. Against this backdrop with
solar UVR as the predominant environmental cause and sun-sensitive phenotype as the
predominant susceptibility factor, continual refinements are being made in the understanding
of the contribution of other factors to the etiology of KC. In recent years, in addition to
identifying and characterizing other factors that influence susceptibility to KC, a major
source of manmade population exposure to UVR has emerged: intentional UVR exposure
from indoor tanning devices. Characterizing the association between indoor tanning and
risks of KC is thus a public health priority, as is characterizing the individual characteristics
associated with indoor tanning. Below first evidence on the association between indoor
tanning and KC risk is reviewed before going on to review the results of recent studies with
respect to well-established risk factors for other forms of cancer: cigarette smoking, alcohol
drinking, obesity, and exogenous hormone use. A concluding section provides an update on
KC as a marker of other adverse health effects, including risk of non-cutaneous
malignancies and fatal outcomes.

Indoor Tanning

Indoor Tanning and KC Risk

Building on the foundation of a relatively sparse body of prior evidence, the recent studies
have more firmly established the link between indoor tanning and both BCC and SCC. The
results of a clinic-based case-control study of early onset (<40 years) BCC comprised of 376
cases and 390 controls showed a significantly increased BCC risk for ever-versus-never use
(OR 1.69; 95% CI 1.15-2.48) of indoor tanning devices [13]. These findings were closely
replicated in a population-based case-control study (657 cases, 452 controls) of BCC
diagnosed among those <50 years of age with an ever-versus-never use of indoor tanning
devices (OR1.6; 95% CI 1.3-2.1); early age of initiation of indoor tanning was even more
strongly associated with BCC risk and the risks were consistently observed across device
types [+14]. With respect to SCC, in a large-scale prospective cohort study with long-term
follow-up, a strong dose-response association was observed between indoor tanning during
the ages of 10-49 years and subsequent SCC risk (highest-versus-lowest exposure relative
risk (RR) 2.38; 95% CI 1.33-4.25) [+15]. In a prospective cohort study of nurses in the US,
significant dose-response trends were observed between indoor tanning use and both BCC
and SCC [16]. Combined with the results of earlier studies [17], there is now a substantial
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body of epidemiologic evidence documenting a strong and consistent association between
UV-emitting indoor tanning devices and risk of both BCC and SCC. “Strength of the
association” and “consistency of the association” are both epidemiologic criteria for
inferring causality. Further, UVR is a well-established cause of KC via known mechanistic
pathways, so the causal criteria of “coherence of the association” and “biologic plausibility”
are also met. The evidence-base on this topic is now sufficiently strong to confidently infer
that UVR exposure delivered via UV-emitting indoor tanning devices causes KC.

Prevalence and Correlates of Indoor Tanning

The established risk of KC associated with UVR-emitting indoor tanning devices poses a
major threat to skin cancer prevention. This makes it important to characterize the
prevalence of indoor tanning and factors associated with this behavior. In the US, a national
survey of high school students in 2013 found that 20% of females had used indoor tanning
and 10% engaged in frequent indoor tanning; when limited to the highest prevalence group
of non-Hispanic white females the prevalence was 31% users and 17% frequent users [18].
By comparison, the prevalence of indoor tanning among males was 5% for any use and 2%
for frequent use [18]. Despite the high prevalence of indoor tanning among high school
students, propitious trends have been observed with notable declines observed in overall
prevalence of indoor tanning from 16% in 2009 to 7% in 2015 [19]. This includes a major
decline in non-Hispanic white females, from 37% in 2009 to 15% in 2015 [19]. Indoor
tanning was also significantly associated with sunburns in high school students [19], in
accord with associations observed in adults that indoor tanning is correlated with high
prevalence of sunburns and low prevalence of sun-protective behavior [20].

The concept of “tanning dependence,” akin to substance use dependence, has been steadily
evolving. Evidence indicates that indoor tanning is associated with measures of tanning
dependence [21, 22]. As tools to screen for and treat tanning dependence emerge, this will
have important implications for translation into the clinical setting.

Policy Implications for Indoor Tanning

From the public health perspective, when the cause of a disease has been identified as is the
case for UV-emitting indoor tanning devices and KC risk, any policy intervention that either
eliminates or reduces the exposure in the population is a step in a positive direction toward
reducing the population burden of KC. That is, the greater the reduction in exposure to
UVR-emitting indoor tanning devices, the greater the reduction in KC rates that will be
achieved.

Borrowing from tobacco control, which also has an industry that manufactures and promotes
a harmful product, there are many potential policy options. With respect to directly limiting
access, these include options ranging from outright prohibition of usage in minors to
restricting the minimum age of legal use to requiring parental consent [23-25]. Examples of
additional strategies include increasing taxes, limiting the UVR dose emitted by indoor
tanning devices, and consumer warnings [23-25]. Clearly, the most extreme policies will
yield the greatest public health benefit by reducing population-level exposures to UVR
emitted from indoor tanning devices.
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Individual Lifestyle Risk Factors

Cigarette Smoking

Cigarette smoking is an established cause of 13 different types of cancer [26], so it is logical
to test the hypothesis that smoking is associated with KC. In the Women’s Health Initiative
cohort study, current smoking compared with never smoking was inversely associated with
KC risk (RR 0.86; 95% CI 0.77-0.96) [27].

So far, the totality of the evidence clearly shows that cigarette smoking is not associated with
increased risk of BCC. In a well-designed cohort study in Australia the risk of BCC was
reduced in current-versus-never smokers (RR 0.69; 95% CI 0.45-1.05) [28]. These results
were consistent with the results of a meta-analysis that for BCC estimated a summary odds
ratio (OR) of 0.95 (95% CI 0.82-1.09) in smokers compared with nonsmokers across 17
studies [29].

In contrast, the evidence points more strongly toward smoking being a risk factor for SCC.
In the same meta-analysis by Leonardi-Bee, smoking was significantly associated with SCC
risk although only 7 studies contributed data (summary OR 1.52; 95% CI 1.15-2.01) [29].
However, in a cohort study of smoking in relation to SCC risk carried out in Australia that
was specifically designed to study skin cancer and thus had excellently characterized sun
exposure and skin type data, the comparison of current smokers with never smokers yielded
a relative risk that was weak and not statistically significant (RR 1.12; 95% CI 0.82-1.50);
further, there was no evidence of a dose-response relationship [30]. Despite numerous
studies in which smoking has been investigated as a potential risk factor for KC, the current
body of evidence indicates that cigarette smoking has yet to emerge as a clear risk factor.

Alcohol Drinking

The relationship between drinking alcohol and cancer risk has been extensively evaluated in
epidemiologic case-control and cohort studies and the International Agency for Research on
Cancer (IARC) [31] has assessed the evidence and judged that alcohol is a cause of cancers
of the oral cavity, pharynx, larynx, esophagus, colorectum, liver, and female breast. Cohort
studies published in 2012 and beyond have generated results to suggest that alcohol drinking
may be weakly associated with KC risk [32—34]. In the Women’s Health Initiative cohort
study of almost 60,000 women, KC showed a highest-versus-lowest category RR of 1.23
(95% CI 1.11-1.36) [33]. In a large cohort study of BCC, a similar magnitude of association
was observed (highest-versus-lowest category RR 1.22; 95% CI 1.15-1.30) [32]. In the
Danish “Diet, Cancer, and Health Study” results were presented separately for both BCC
and SCC; the level of alcohol drinking was much higher than the other cohorts and the 30—
50 gram/day category yielded RRs of 1.26 (95% CI 1.12-1.41) for BCC and 1.41 (95% ClI
0.93-2.16) for SCC [34]. In contrast, some other studies have observed little or no
association between alcohol drinking and KC risk [35, 36]. Overall, several recent studies
provide some indication that alcohol drinking could be weakly associated with KC risk but
the evidence as a whole is not clear-cut.
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Anthropometric Factors: Body Mass Index and Height

The past few decades have seen obesity emerge as a robust risk factor for several
malignancies, including postmenopausal breast cancer and cancers of the esophagus,
pancreas, colorectum, endometrium, gallbladder, and kidney [37]. Several high quality
prospective cohort studies have reported on the potential association between anthropometric
factors such as BMI and height in relation to the risk of KC [38-42]. The pattern of findings
has been relatively consistent across these studies, providing evidence of an inverse
association between BMI and KC. In an all-female cohort BMI was inversely associated
with KC; compared to those of normal weight the relative risks were 0.93 (95% CI 0.89-
0.99) and 0.86 (95% CI 0.80-0.91) for the categories of overweight and obese, respectively
[38]. Specific to BCC, in women other cohort studies have also tended to generate even
stronger inverse associations [39-41]; in the study of Lahmann et al. [42] the RRs were not
statistically significant but were still in the inverse direction (RRs 0.90-0.96). In men, strong
inverse associations were sometimes observed for the associations between BMI and BCC
[39, 40] but this was not true in all studies [41, 42]. For SCC strong inverse associations
were also seen among women [40, 42] and sometimes [40] but not always [42] in men.

In contrast to what has been observed for most malignancies, the emerging evidence for KC
reveals a trend toward higher BMI being associated with reduced KC risk. The inverse
associations between BMI and KC tend to be stronger and more consistent in women than
men. The precise reasons for this observation are not known. In the absence of the
identification of a clear-cut physiologic mechanistic pathway, the explanation most
compatible with an inverse association between BMI and KC risk is that it is attributable to
overweight and obesity being associated with reduced time outdoors and hence reduced
exposure to solar UVR. This example typifies the challenges inherent in attempting to
identify and characterize new risk factors for KC in the presence of such a predominant risk
factor as solar UVR. The associations reviewed above were often observed after statistically
adjusting for sun exposure variables but truly disentangling two such inter-related factors
poses a formidable methodological obstacle; thus, overweight and obesity acting as a marker
of reduced solar UVR exposure is still the most likely explanation that is compatible with
the observed data.

Hormones: Estrogen-Related Factors

The role of female reproductive characteristics and lifetime use of exogenous estrogens have
been well-characterized in relation to breast cancer risk and cancers of the female
reproductive tract. Epidemiologists have investigated whether these characteristics may be
associated with KC, with one postulated hypothetical mechanism that estrogen may act to
sensitize the epidermis to the damaging effects of UVR [43].

Reproductive characteristics and exogenous estrogen use were examined in relation to BCC
risk in a prospective cohort study of more than 46,000 women [+43]. Among the primary
findings were the associations of increased BCC risk with later age at menopause (RR 1.50;
95% CI 1.04-2.17 for =55 yrs. versus 50-54 years) and menopausal hormone therapy (ever-
vs.-never use RR 1.16; 95% CL 1.03-1.30) [43]. The findings for oral contraceptive use
were null [43]. In another cohort study a similar association between menopausal hormonal
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therapy and BCC (ever-vs.-never use RR 1.15; 95% CL 1.02-1.29) was observed [44].
Results such as these raise the notion that menopausal estrogen exposures may have at least
a modest deleterious impact on KC risk, but the evidence-base needs to be strengthened
before firm conclusions can be reached.

Keratinocyte Carcinoma and Risk of Other Cancers and Fatal Outcomes

This section shifts from considering risk factors for KC to the topic of KC as a marker for
increased risk of other adverse health effects. The results of numerous epidemiologic studies
consistently indicate that a personal history of KC is significantly associated with an overall
elevated risk of noncutaneous malignancies [45-47]. In a systematic review and meta-
analysis, compared to individuals without a personal history of KC, those with a prior KC
diagnosis had a 1.5-fold elevated risk (summary RR 1.49; 95% CI 1.12-1.98) of developing
another type of cancer in prospective cohort studies with individual-level data [47]. This
excess cancer risk associated with KC was observed in both males and females and for both
BCC and SCC [47]. Since the systematic review was published, the evidence characterizing
KC as a marker of increased risk of noncutaneous malignancies has strengthened
considerably [45, 46]. Two notable prospective cohort studies with individual-level data, one
carried out in Taiwan [48] and the other in the United States [49] were published that
provide further evidence of a strong association between NMSC and risk of other cancers. In
the study in Taiwan the entire study population was examined by dermatologists [48]. This is
a unique study design feature not seen in previous studies on this topic; a skin examination
would be expected to substantially improve classification of KC status. This is one a
possible reason for the stronger association observed in this study compared with other
studies; individuals with KC had more than double the risk of a subsequent internal
malignancy compared to those with no KC history [48].

A cohort study of notable size (approximately 9.3 million) was a record-linkage study
carried out in the UK [+50]; the large study population permitted the association between KC
and risk of other cancers to be assessed with many different specific types of cancer with
adequate statistical precision. The results clearly demonstrated the cross-cutting nature of
the association between KC and cancer risk, as 97% (28/29 of the cancer site specific RRs
were in the direction of increased risk; 90% (26/29) of the RRs were statistically significant
[+50]. The results also revealed that the risk of other cancers was stronger the younger the
age of onset of KC; the relative risks of other cancers were 2.47 (95% CI 2.29-2.67), 1.52
(95% CI 1.47-1.56), and 1.32 (95% CI 1.20-1.33) in ages 25-44 years, 45-59 years, and
ages =60 years of age, respectively [*50]. The results of this large study thus reinforce two
important themes that have emerged from previous studies: 1) the association between KC
and risk of other cancers is not limited to just a few malignancies but rather applies to a
broad spectrum of malignancies and 2) the risk of other cancers seems to be even stronger in
those with younger compared with older age-of-onset of KC [51]. Thus, this association
exhibits many intriguing features and has now been consistently observed in many
prospective studies, suggesting that KC may be a marker of a high cancer-risk phenotype.
The reasons for this association remain to be characterized, but the fact that this association
applies to so many different types of cancer suggests that uncovering the mechanistic basis
of this association has the potential to yield insights into susceptibility to cancer in humans.
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In a separate line of inquiry some studies suggest that a personal history of KC may be
associated with increased mortality. In a cohort study with individual-level data that adjusted
for several cancer risk factors, a personal history of SCC was associated with significantly
increased risk of all-cause mortality (RR 1.29; 95% CI 1.01-1.54) whereas BCC was not
associated with excess mortality [52]. In a systematic review of this topic, this pattern was
consistent across all three studies, and SCC was more strongly associated than BCC with
cancer-specific mortality in the lone study to report on this association [53]. Further, the
systematic review found that both BCC and SCC were associated with worse survival after a
diagnosis with a noncutaneous cancer [53]. The evidence-base on the relationship between a
personal history of KC and fatal outcomes is still sparse and therefore awaits more intensive
investigation. The associations observed thus far are intriguing and suggest further research
is warranted.

Conclusions

A review focused on recent epidemiologic research in KC highlights a few key themes. The
understanding of the potential role of lifestyle behaviors other than sun exposure/sun
protection continues to be refined. The results of epidemiologic studies of cigarette smoking,
alcohol drinking, overweight/obesity, and hormonal therapy in relation to risk of KC have
yielded interesting results with the trends in the results indicating some signal of increased
risk in at least some subgroups for cigarette smoking, alcohol drinking, and hormonal
therapy and signal of decreased risk with being overweight/obese. However, all of these
examples highlight the challenges inherent in attempting to discern a genuine association
from associations that might be attributable to confounding by UVR exposure.

Advances in understanding the etiology of KC should not divert attention away from some
fundamental principles in KC prevention and control. First, the KC epidemic continues
unabated in most regions with a high prevalence of KC. On top of rates that were already
extraordinarily high, the incidence rates of KC continue to increase. Second, the primary
public health strategy to prevent KC is known: minimize population exposure to solar UVR
and UVR from UVR-emitting indoor tanning devices, particularly among those with sun-
sensitive phenotypes. Minimizing unprotected solar UVR exposure entails either sun
avoidance strategies or engaging in sun protective behaviors, such as use of sunscreens on
sun-exposed skin and use of sun-protective clothing, hats, and sunglasses. UVR exposure
from indoor tanning causes KC and continues to evolve as a challenge to KC prevention
efforts. Prevention strategies need to emphasize avoiding exposure to ultraviolet radiation
via indoor tanning devices.

At the policy-level, preventive strategies include the regulation of tanning beds and media
campaigns. The built environment is important, such as ensuring that playgrounds and
school yards have shaded areas where children can be out of the sun. Further, educational
interventions are needed at the individual level. For all ages, the physician-patient interaction
represents an important opportunity to address skin cancer prevention behaviors. The
associations between UVR exposure and KC are dose-dependent, meaning that skin cancer
prevention behaviors are relevant to all age groups. The critical role of early life
interventions for children and adolescents is clear, accentuating the importance of visits to
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the pediatrician as an opportunity to educate new parents about sun-protection behaviors for
their children. Further, school-based interventions offer an important opportunity to educate
young people about the causes of skin cancer and immediate steps they can take to prevent
it. The implementation of a comprehensive framework of skin cancer prevention strategies at
the policy and individual levels are needed to curtail the KC epidemic.

References

Recently published papers of particular interest have been highlighted as:

* Of importance

1.

Rogers HW, Weinstock MA, Feldman SR, Coldiron BM. Incidence estimate of nonmelanoma skin
cancer (keratinocyte carcinomas) in the U.S. Population, 2012. JAMA Dermatol. 2015; 151(10):
1081-6. DOI: 10.1001/jamadermatol.2015.1187 [PubMed: 25928283]

. Lewis KG, Weinstock MA. Trends in nonmelanoma skin cancer mortality in the United States, 1969

through 2000. J Invest Dermatol. 2007; 127:2323-7. [PubMed: 17522705]

. Rogers HW, Weinstock MA, Harris AR, Hinckley MR, Feldman SR, Fleischer AB, Coldiron BM.

Incidence estimate of nonmelanoma skin cancer in the United States, 2006. Arch Dermatol. 2010;
146(3):283-7. DOI: 10.1001/archdermatol.2010.19 [PubMed: 20231499]

. Karia PS, Han J, Schmults CD. Cutaneous squamous cell carcinoma: estimated incidence of disease,

nodal metastasis, and deaths from disease in the United States, 2012. J Am Acad Dermatol. 2013;
68(6):957-66. DOI: 10.1016/j.jaad.2012.11.037 [PubMed: 23375456]

. Robsahm TE, Helsing P, Veierad MB. Cutaneous squamous cell carcinoma in Norway 1963-2011:

increasing incidence and stable mortality. Cancer Med. 2015; 4(3):472-80. DOI: 10.1002/cam4.404
[PubMed: 25620456]

. Guy GP Jr, Machlin SR, Ekwueme DU, Yabroff KR. Prevalence and costs of skin cancer treatment

in the U.S., 2002-2006 and 2007-2011. Am J Prev Med. 2015; 48(2):183-7. DOI: 10.1016/
j.amepre.2014.08.036 [PubMed: 25442229]

. Xiang F, Lucas R, Hales S, Neale R. Incidence of nonmelanoma skin cancer in relation to ambient

UV radiation in white populations, 1978-2012: empirical relationships. JAMA Dermatol. 2014;
150(10):1063-71. DOI: 10.1001/jamadermatol.2014.762 [PubMed: 25103031]

. Bauer A, Diepgen TL, Schmitt J. Is occupational solar ultraviolet irradiation a relevant risk factor

for basal cell carcinoma? A systematic review and meta-analysis of the epidemiological literature.
Br J Dermatol. 2011; 165(3):612-25. DOI: 10.1111/j.1365-2133.2011.10425.x [PubMed:
21605109]

. Schmitt J, Seidler A, Diepgen TL, Bauer A. Occupational ultraviolet light exposure increases the

risk for the development of cutaneous squamous cell carcinoma: a systematic review and meta-
analysis. Br J Dermatol. 2011; 164(2):291-307. DOI: 10.1111/j.1365-133.2010.10118.x [PubMed:
21054335]

10. Karagas, MR., Weinstock, MA., Nelson, HH. Keratinocyte carcinomas (basal and squamous cell

carcinomas of the skin) Chapter 64. In: Schottenfeld, D., Fraumeni, JF., Jr, editors. Cancer
epidemiology and prevention. 3rd. Oxford University Press; New York: 2006. p. 1230-50.

11. World Health Organization. Solar ultraviolet radiation: global burden of disease from solar

ultraviolet radiation. World Health Organization; Geneva, Switzerland: 2006.

12. Wheless L, Ruczinski I, Alani RM, Clipp S, Hoffman-Bolton J, Jorgensen TJ, Liégeois NJ,

Strickland PT, Alberg AJ. The association between skin characteristics and skin cancer prevention
behaviors. Cancer Epidemiol Biomarkers Prev. 2009; 18(10):2613-9. DOI:
10.1158/1055-9965.EP1-09-0383 [PubMed: 19755654]

13. Ferrucci LM, Cartmel B, Molinaro AM, Leffell DJ, Bale AE, Mayne ST. Indoor tanning and risk

of early-onset basal cell carcinoma. J Am Acad Dermatol. 2012; 67(4):552-62. DOI: 10.1016/
jjaad.2011.11.940 [PubMed: 22153793]

Curr Dermatol Rep. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Perry et al.

Page 10

14 Karagas MR, Zens MS, Li Z, Stukel TA, Perry AE, Gilbert-Diamond D, Sayarath V, Stephenson

RS, Barton D, Nelson HH, Spencer SK. Early-onset basal cell carcinoma and indoor tanning: a
population-based study. Pediatrics. 2014; 134(1):e4-12. A large population-based case-control
study of early onset BCC diagnosed found that adds important evidence implicating indoor
tanning devices as a risk factor for BCC, with notable observations also being consistent
associations across device types and a stronger association with younger age of initiation of
indoor tanning. DOI: 10.1542/peds.2013-3559 [PubMed: 24958589]

15e. Veiergd MB, Couto E, Lund E, Adami HO, Weiderpass E. Host characteristics, sun exposure,

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

indoor tanning and risk of squamous cell carcinoma of the skin. Int J Cancer. 2014; 135(2):413—
22. A prospective cohort study of indoor tanning in relation to subsequent risk of SCC observed a
strong dose-response association, adding evidence from a cohort study solidify indoor tanning
devices as a risk factor for SCC. DOI: 10.1002/ijc.28657 [PubMed: 24408678]

Zhang M, Qureshi AA, Geller AC, Frazier L, Hunter DJ, Han J. Use of tanning beds and incidence
of skin cancer. J Clin Oncol. 2012; 30:1588-93. DOI: 10.1200/JC0.2011.39.3652 [PubMed:
22370316]

Wehner MR, Shive ML, Chren MM, Han J, Qureshi AA, Linos E. Indoor tanning and non-
melanoma skin cancer: systematic review and meta-analysis. BMJ. 2012; 345:¢5909.doi: 10.1136/
bmj.e5909 [PubMed: 23033409]

Guy GP Jr, Berkowitz Z, Everett Jones S, Holman DM, Garnett E, Watson M. Trends in indoor
tanning among US high school students, 2009-2013. JAMA Dermatol. 2015; 151(4):448-450.
[PubMed: 25535810]

Guy GP Jr, Berkowitz Z, Everett Jones S, Watson M, Richardson LC. Prevalence of indoor tanning
and association with sunburn among youth in the United States. JAMA Dermatol. 2017; doi:
10.1001/jamadermatol.2016.6273

Fischer AH, Wang TS, Yenokyan G, Kang S, Chien AL. Association of Indoor Tanning Frequency
With Risky Sun Protection Practices and Skin Cancer Screening. JAMA Dermatol. 2016; doi:
10.1001/jamadermatol.2016.3754

Cartmel B, Ferrucci LM, Spain P, Bale AE, Pagoto SL, Leffell DJ, Gelernter J, Mayne ST. Indoor
tanning and tanning dependence in young people after a diagnosis of basal cell carcinoma. JAMA
Dermatol. 2013; 149(9):1110-1. DOI: 10.1001/jamadermatol.2013.5104 [PubMed: 23824273]

Heckman CJ, Munshi T, Darlow S, Kloss JD, Manne SL, Perlis C, Oslin D. The association of
tanning behavior with psycho-tropic medication use among young adult women. Psychol Health
Med. 2016; 21(1):60-6. DOI: 10.1080/13548506.2015.1051060 [PubMed: 26068581]

Pan M, Geller L. Update on indoor tanning legislation in the United States. Clin Dermatol. 2015;
33(3):387-92. DOI: 10.1016/j.clindermatol.2014.12.016 [PubMed: 25889141]

Bowman DM, Lewis RC, Lee MS, Yao CJ. The growing public health challenges of exposure to
ultraviolet radiation from use of indoor tanning devices in the United States. New Solut. 2015;
25(2):164-71. DOI: 10.1177/1048291115586416 [PubMed: 25995373]

Mays D, Kraemer J. FDA Regulation of indoor tanning devices and opportunities for skin cancer
prevention. JAMA. 2015; 313(24):2423-4. DOI: 10.1001/jama.2015.5975 [PubMed: 26018657]
U.S. Department of Health and Human Services. The Health Consequences of Smoking: A Report
of the Surgeon General. Atlanta, GA: U.S. Dept of Health and Human Services, Centers for
Disease Control and Prevention, Office on Smoking and Health; 2014.

Henderson MT, Kubo JT, Desai M, David SP, Tindle H, Sinha AA, Seiffert-Sinha K, Hou L,
Messina C, Saquib N, Stefanick ML, Tang JY. Smoking behavior and association of melanoma and
nonmelanoma skin cancer in the Women’s Health Initiative. J Am Acad Dermatol. 2015; 72(1):
190-1.e3. DOI: 10.1016/j.jaad.2014.09.024 [PubMed: 25497923]

Hughes MC, Olsen CM, Williams GM, Green AC. A prospective study of cigarette smoking and
basal cell carcinoma. Arch Dermatol Res. 2014; 306(9):851-6. DOI: 10.1007/s00403-014-1503-5
[PubMed: 25234270]

Leonardi-Bee J, Ellison T, Bath-Hextall F. Smoking and the risk of nonmelanoma skin cancer:
systematic review and meta-analysis. Arch Dermatol. 2012; 148(8):939-46. DOI: 10.1001/
archdermatol.2012.1374 [PubMed: 22711192]

Curr Dermatol Rep. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Perry et al. Page 11

30. McBride P, Olsen CM, Green AC. Tobacco smoking and cutaneous squamous cell carcinoma: a
16-year longitudinal population-based study. Cancer Epidemiol Biomarkers Prev. 2011; 20(8):
1778-83. DOI: 10.1158/1055-9965.EPI-11-0150 [PubMed: 21685250]

31. Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, Bouvard V, Altieri A, Cogliano V, WHO
International Agency for Research on Cancer Monograph Working Group. Carcinogenicity of
alcoholic beverages. Lancet Oncol. 2007; 8(4):292-3. [PubMed: 17431955]

32. Wu S, Li WQ, Qureshi AA, Cho E. Alcohol consumption and risk of cutaneous basal cell
carcinoma in women and men: 3 prospective cohort studies. Am J Clin Nutr. 2015; 102(5):1158-
66. DOI: 10.3945/ajcn.115.115196 [PubMed: 26423390]

33. Kubo JT, Henderson MT, Desai M, Wactawski-Wende J, Stefanick ML, Tang JY. Alcohol
consumption and risk of melanoma and non-melanoma skin cancer in the Women’s Health
Initiative. Cancer Causes Control. 2014; 25(1):1-10. DOI: 10.1007/s10552-013-0280-3 [PubMed:
24173533]

34. Jensen A, Birch-Johansen F, Olesen AB, Christensen J, Tjgnneland A, Kjer SK. Intake of alcohol
may modify the risk for non-melanoma skin cancer: results of a large Danish prospective cohort
study. J Invest Dermatol. 2012; 132(12):2718-26. DOI: 10.1038/jid.2012.198 [PubMed:
22696059]

35. Zhang Y, Ferrucci LM, Cartmel B, Molinaro AM, Leffell DJ, Bale AE, Mayne ST. Alcohol intake
and early-onset basal cell carcinoma in a case-control study. Br J Dermatol. 2014; 171(6):1451-7.
DOI: 10.1111/bjd.13291 [PubMed: 25059635]

36. Ansems TM, van der Pols JC, Hughes MC, Ibiebele T, Marks GC, Green AC. Alcohol intake and
risk of skin cancer: a prospective study. Eur J Clin Nutr. 2008; 62(2):162—70. [PubMed: 17392700]

37. WCRF/AICR. The Associations between Food, Nutrition, and Physical Activity and the Risk of
Cancer of the Lung and Underlying Mechanisms. American Institute for Cancer Research;
Washington DC: 2006.

38. Tang JY, Henderson MT, Hernandez-Boussard T, Kubo J, Desai M, Sims ST, Aroda V, Thomas F,
McTiernan A, Stefanick ML. Lower skin cancer risk in women with higher body mass index: the
women’s health initiative observational study. Cancer Epidemiol Biomarkers Prev. 2013; 22(12):
2412-5. DOI: 10.1158/1055-9965.EPI-13-0647 [PubMed: 24042260]

39. Gerstenblith MR, Rajaraman P, Khaykin E, Doody MM, Alexander BH, Linet MS, Freedman DM.
Basal cell carcinoma and anthropometric factors in the U.S. radiologic technologists cohort study.
Int J Cancer. 2012; 131(2):E149-55. DOI: 10.1002/ijc.26480 [PubMed: 21989791]

40. Pothiawala S, Qureshi AA, Li Y, Han J. Obesity and the incidence of skin cancer in US
Caucasians. Cancer Causes Control. 2012; 23(5):717-26. DOI: 10.1007/s10552-012-9941-x
[PubMed: 22450736]

41. Praestegaard C, Kjaer SK, Christensen J, Tjenneland A, Halkjer J, Jensen A. Obesity and risks for
malignant melanoma and non-melanoma skin cancer: results from a large Danish prospective
cohort study. J Invest Dermatol. 2015; 135(3):901-4. DOI: 10.1038/jid.2014.438 [PubMed:
25290686]

42. Lahmann PH, Hughes MC, Williams GM, Green AC. A prospective study of measured body size
and height and risk of keratinocyte cancers and melanoma. Cancer Epidemiol. 2016; 40:119-25.
DOI: 10.1016/j.canep.2015.12.006 [PubMed: 26707237]

43.. Cahoon EK, Kitahara CM, Ntowe E, Bowen EM, Doody MM, Alexander BH, Lee T, Little MP,
Linet MS, Freedman DM. Female estrogen-related factors and incidence of basal cell carcinoma
in a nationwide US cohort. J Clin Oncol. 2015; 33(34):4058-65. A prospective cohort study of
>46,000 women that thoroughly examined a potential role for reproductive characteristics and
exogenous estrogen use in relation to BCC risk. The findings for oral contraceptive use were null,
but statistically significant increased risks were observed for factors associated with estrogen
exposure such as menopausal hormone therapy and later age at menopause raising the possibility
that estrogen exposure in mid-life could play a role in promoting skin carcinogenesis. DOI:
10.1200/JC0.2015.62.0625 [PubMed: 26527779]

44. Birch-Johansen F, Jensen A, Olesen AB, Christensen J, Tjgnneland A, Kjar SK. Does hormone
replacement therapy and use of oral contraceptives increase the risk of non-melanoma skin cancer?
Cancer Causes Control. 2012; 23(2):379-88. DOI: 10.1007/s10552-011-9887-4 [PubMed:
22215431]

Curr Dermatol Rep. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Perry et al.

Page 12

45. Small J, Barton V, Peterson B, Alberg AJ. Keratinocyte carcinoma as a marker of a high cancer-
risk phenotype. Adv Cancer Res. 2016; 130:257-91. DOI: 10.1016/bs.acr.2016.01.003 [PubMed:
27037755]

46. Alberg AJ, Fischer AH. Is a personal history of nonmelanoma skin cancer associated with
increased or decreased risk of other cancers? Cancer Epidemiol Biomarkers Prev. 2014; 23(3):
433-6. DOI: 10.1158/1055-9965.EPI-13-1309 [PubMed: 24609852]

47. Wheless L, Black J, Alberg AJ. Nonmelanoma skin cancer and the risk of second primary cancers:
a systematic review. Cancer Epidemiol Biomarkers Prev. 2010; 19(7):1686-95. DOI:
10.1158/1055-9965.EP1-10-0243 [PubMed: 20570907]

48. Hsu LI, Chen GS, Lee CH, Yang TY, Chen YH, Wang YH, Hsueh YM, Chiou HY, Wu MM, Chen
CJ. Use of arsenic-induced palmoplantar hyperkeratosis and skin cancers to predict risk of
subsequent internal malignancy. Am J Epidemiol. 2013; 177(3):202-12. DOI: 10.1093/aje/kws369
[PubMed: 23299695]

49. Song F, Qureshi AA, Giovannucci EL, Fuchs CS, Chen WY, Stampfer MJ, Han J. Risk of a second
primary cancer after non-melanoma skin cancer in white men and women: a prospective cohort
study. PLoS Med. 2013; 10(4):e1001433.doi: 10.1371/journal.pmed.1001433 [PubMed:
23630459]

50e. Ong EL, Goldacre R, Hoang U, Sinclair R, Goldacre M. Subsequent primary malignancies in

patients with nonmelanoma skin cancer in England: a national record-linkage study. Cancer
Epidemiol Biomarkers Prev. 2014; 23(3):490-8. A “big data” record linkage cohort study of
greater than 9 million individuals. The large study population permitted the study to highlight
many important themes of KC as a marker of increased risk of other cancers: 1) the association is
cross-cutting in that it applies to almost all types of cancer; 2) the risk of other cancers is stronger
the younger the age of onset of KC. DOI: 10.1158/1055-9965.EP1-13-0902 [PubMed: 24609853]

51. Chen J, Ruczinski I, Jorgensen TJ, Yenokyan G, Yao Y, Alani R, Liégeois NJ, Hoffman SC,
Hoffman-Bolton J, Strickland PT, Helzlsouer KJ, Alberg AJ. Nonmelanoma skin cancer and risk
for subsequent malignancy. J Natl Cancer Inst. 2008; 100(17):1215-22. DOI: 10.1093/jnci/djn260
[PubMed: 18728282]

52. Rees JR, Zens MS, Celaya MO, Riddle BL, Karagas MR, Peacock JL. Survival after squamous cell
and basal cell carcinoma of the skin: A retrospective cohort analysis. Int J Cancer. 2015; 137(4):
878-84. DOI: 10.1002/ijc.29436 [PubMed: 25598534]

53. Barton V, Armeson K, Hampras S, Ferris LK, Visvanathan K, Rollison D, Alberg AJ.
Nonmelanoma skin cancer and risk of all-cause and cancer-related mortality: a systematic review.
Arch Dermatol Res. 2017; 309(4):243-251. DOI: 10.1007/s00403-017-1724-5 [PubMed:
28285366]

Curr Dermatol Rep. Author manuscript; available in PMC 2018 September 01.



	Abstract
	Introduction
	Indoor Tanning
	Indoor Tanning and KC Risk
	Prevalence and Correlates of Indoor Tanning
	Policy Implications for Indoor Tanning

	Individual Lifestyle Risk Factors
	Cigarette Smoking
	Alcohol Drinking
	Anthropometric Factors: Body Mass Index and Height
	Hormones: Estrogen-Related Factors

	Keratinocyte Carcinoma and Risk of Other Cancers and Fatal Outcomes
	Conclusions
	References

