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BCC (HR = 1.12, 95% CI = 1.01-1.23; Pieng = .04), and melanoma risks in men
(HR = 1.17, 95% Cl = 0.95-1.44; P eng = .17), while associations were more modest
in women (SCC: HR = 1.09, 95% Cl = 0.90-1.30; Pyeng = -13; BCC: HR = 1.08, 95%
Cl = 1.00-1.17, Preng = -03; melanoma: HR = 0.93, 95% Cl = 0.80-1.08, Pieng = -13).
Associations were similar for lifetime alcohol intake, with an attenuated linear trend.
Lifetime liquor/spirit intake was positively associated with melanoma (fourth vs first
quartile: HR = 1.47, 95% Cl = 1.08-1.99; Pieng = .0009) and BCC risks in men
(HR = 1.17, 95% Cl = 1.04-1.31; Pieng = -14). Baseline and lifetime intakes of wine
were associated with BCC risk (HR = 1.25 in men; HR = 1.11-1.12; in women). No
statistically significant associations were found between beverage types and SCC
risk. Intake of beer was not associated with skin cancer risk. Our study suggests posi-
tive relationships between alcohol intake and skin cancer risk, which may have impor-

tant implications for the primary prevention of skin cancer.

KEYWORDS
alcohol, cohort studies, cutaneous melanoma, epidemiology, keratinocyte cancers

What's new?

Drinking alcohol can make the skin more sensitive to sunlight and vulnerable to skin cancer.
Here, the authors conducted a large prospective cohort study to evaluate whether alcohol con-
sumption correlates with skin cancer risk. Among the 450 112 participants, there were 2457
cases of melanoma, 8711 of basal cell carcinoma, and 1928 of squamous cell carcinoma. There

was a positive association between alcohol and all three cancer types, stronger in men than in

1 | INTRODUCTION

Alcohol consumption is one of the major risk factors for the develop-
ment of cancer and death from various cancer sites, causing approxi-
mately 740 000 new cancer cases in 2020 and 376 000 annual cancer
deaths, thus representing 4.1% of all new cases of cancer® and 4.9%
of all cancer deaths worldwide.? Alcohol may lead to the development
of cancer through the metabolism of ethanol into acetaldehyde, which
can in turn induce the production of oxidative stress by biding to spe-
cific proteins, thus increasing the production of reactive oxygen spe-
cies.2 Alcohol consumption may also be related to the development of
skin cancer—the most common type of cancer in white-skinned
populations,* the incidence of which is rising.>” While experimental
evidence suggests that alcohol intake may increase skin photosensitivity
to the sun® compromise the antioxidant defense system of the skin,”
and induce premature skin aging and cutaneous carcinogenesis,® epide-
miological evidence of the impact of alcohol intake on skin cancer
remains inconclusive.

Several studies have examined the relationship between alcohol
intake and skin cancer risk.’®*? Three recent reviews are available on
melanoma. A first review based on 14 case-control and two cohort
studies suggested a positive association between alcohol intake and
melanoma risk in 2014.2° In 2015, a pooled analysis of eight case-
control studies in women showed a weak positive association that

was similar across types of alcoholic beverages (10%-14% increase in

women. The association varied somewhat by beverage type.

risk).** In 2018, a meta-analysis of 12 case-control and six cohort
studies showed a positive association between alcohol intake and
melanoma risk, with a 29% increased risk in the highest vs the lowest
alcohol intake.?* With regards to keratinocyte cancers, a 2017 meta-
analysis reported a positive but modest association between alcohol
intake and risk of keratinocyte cancers (KCs) in a dose-dependent
manner for both basal-cell carcinoma (BCC) and squamous-cell carci-
noma (SCC) (7% and 10% increased risks, respectively).??

Despite the evidence, the 2018 Continuous Update Project (CUP)
of the World Cancer Research Fund/American Institute for Cancer
Research (WCRF/AICR) report highlighted limited yet suggestive evi-
dence that alcohol intake increases the risks of melanoma and BCC?S;
the panel suggested that further prospective research was required
before providing public health recommendations on alcohol intake
and skin cancer risk. Most previous studies were retrospective, and
few were able to explore the type of beverage, which might be impor-
tant to account for differences in alcohol concentration and drinking
habits associated with each beverage. In addition, a majority of previ-
ous studies focused on baseline alcohol intake, and few studies col-
lected information on alcohol intake across adulthood.

In our study, we investigated the relationships between alcohol
consumption (at baseline and over lifetime) and skin cancer risk, taking
into account the types of alcoholic beverage, within the European
Prospective Investigation into Cancer and Nutrition (EPIC) cohort

study.
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2 | METHODS

21 | EPIC participants

EPIC is an ongoing multicenter prospective cohort designed to investi-
gate the relations between dietary habits, nutritional status and vari-
ous lifestyle/environmental factors, and the incidence of cancer and
other chronic diseases.?* Briefly, the cohort recruited 521 448 partici-
pants aged 25-70 years at inclusion and recruited in 23 centers from
10 European countries between 1992 and 2000: Denmark, France,
Italy, Spain, The Netherlands, Greece, Germany, Sweden, Norway, and
the United Kingdom. Participants eligible for the subcohorts were gener-
ally selected from the general population of a specific geographical area,
except for the French cohort that included members of a national health
scheme primarily covering teachers; the Utrecht and Florence cohorts
that were based on women who underwent breast cancer screening;
cohorts from the Turin, Ragusa, and Spain centers, which recruited
mostly blood donors; and the Oxford center that recruited a high propor-
tion of health-conscious individuals. The rationale, complete methods,

and study design have been described in detail elsewhere.2*

2.2 | Exposure and covariate assessment

Dietary intakes, including alcohol intake over the 12 months before
recruitment, were assessed using validated country-specific dietary
and lifestyle questionnaires designed to reflect local dietary patterns
at baseline. In each country, participants reported the number of
glasses of beer, cider, wine, sweet liquor, distilled spirits, or fortified
wines consumed per day during the 12 months prior to recruitment
and over. Country-specific intake was calculated based on estimated
average glass volume and ethanol content for each type of alcoholic
beverage, using information collected through 24-hour dietary recalls
from a subgroup of the cohort.

Baseline alcohol intake was calculated as the sum of the number of
glasses of each type of alcoholic beverage (beer and/or cider, wine,
sweet liquors and/or distilled spirits, and wines) consumed per day. Due
to the regional specificity of alcohol drinking, alcohol content and glass
volumes were heterogeneous across EPIC countries, therefore alcohol
intake was calculated from country-specific questionnaires, which have
previously been standardized across countries. Average lifetime alcohol
intake was assessed through the number of glasses consumed per week
at 20, 30, 40, and 50 years of age and at baseline. This information was
collected in most centers, except for Naples (Italy), Bilthoven (The
Netherlands), Sweden, and Norway. Information on smoking status,
physical activity during leisure time, educational level, and anthropomet-

ric factors was obtained using lifestyle questionnaires in all centers.

2.3 | Follow-up and identification of cancer cases

Incident skin cancer cases were identified through a combination of

several methods, including record linkage with population-based

cancer registries, health insurance records, pathology registries,
and active follow-up of study subjects. During follow-up, mortality
data or vital status was obtained from cancer or mortality registries at
the regional or national level. Skin cancer events were mostly ascer-
tained through population-based cancer registries or pathology
reports (96% of cases; melanoma: 92%; BCC: 96%; SCC: 99%), and a
small proportion (4%) was identified from hospital admission and
discharge records or national/regional mortality registries. Although
melanomas are more accurately recorded in cancer registries, registra-
tion of KCs, especially BCCs, was often incomplete in some centers
because these cancers are not systematically recorded in cancer regis-
tries. Follow-up began on the date of recruitment and ended on the
date of skin cancer diagnosis, death, emigration/loss of follow-up, or
completion of the last returned questionnaire, whichever came first.
Cancer incidence data were coded according to the International
Classification of Diseases for Oncology (ICD-O-3). Cancer cases were
defined as subjects with a first primary incident skin cancer (including
KC; C44). Information on stage, site, morphology, and grade of
melanoma was collected from each center, where possible. In this cur-
rent study, skin cancer cases combine melanoma, BCC, SCC, and

unknown skin cancer type.

24 | Studysample

From the cohort of 521 448 women and men, we first excluded sub-
jects with prevalent cancer cases (including KCs) or those with missing
data on date of diagnosis and follow-up information (n = 29 456), and
those with missing information on lifestyle factors (n = 6259) or
extreme energy intake values (<first and > 99th percentiles of the dis-
tribution) (n = 9573). We further excluded subjects from the Greece
cohort (n = 26 048) due to data restriction issues, leaving a final sam-
ple of 450 112 participants for analysis of baseline alcohol intake.
Analysis of lifetime alcohol intake was based on 363 310 EPIC
participants after exclusion of 112 850 participants—from Norway,
Sweden, Naples, and Bilthoven—for whom data on lifetime alcohol

was missing.

2.5 | Statistical analysis

Hazard ratios (HRs) and 95% confidence intervals (Cls) for the associa-
tion between alcohol intake and risks of overall skin cancer, mela-
noma, BCC, or SCC were estimated using Cox proportional hazards
regression with age as the time scale. The analyses were conducted
separately in men and women to consider gender differences in alco-
hol drinking behaviors and alcohol metabolism. We first investigated
associations between baseline and lifetime alcohol intake and skin
cancer risk. Secondly, we assessed associations with different types of
alcoholic beverages. Baseline and average lifetime intakes were mod-
eled as categorical variables (nondrinker, >0-4.9, 5-15, and >15 g/day),
using the “moderate consumption” group (>0-4.9 g/day) as the

reference category to ensure a sufficiently large number of cases.
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TABLE 2 Baseline characteristics of study participants according to baseline total alcohol consumption, EPIC cohort (n = 450 112)

Baseline total alcohol intake, g/d

Nondrinkers >0.0-4.9 5.0-15.0 >15.0
Men
Participants (n, %) 8100 (6.2) 28 858 (22.0) 34 860 (26.5) 59 608 (45.3)
Age at recruitment (years; mean, SD)? 53.7 (10.3) 50.1(11.4) 51.9 (10.5) 52.6 (8.6)
Smoking (%)
Never smoker 54.8 440 38.1 25.9
Former smoker 25.8 32.0 36.7 39.4
Current smoker 30.0 224 24.0 34.0
Unknown 1.4 1.6 12 0.7
Educational level (%)
None/primary 48.4 31.1 28.2 32.3
Technical/secondary school 33.7 41.2 39.2 36.5
University degree 15.1 22.5 29.2 29.6
Unknown 2.8 5.2 34 1.6
Physical activity level (%)
Inactive 16.9 17.3 23.8 285
Moderately inactive 36.5 25.2 29.0 30.6
Moderately active 29.3 23.6 25.9 29.4
Active 7.4 6.8 7.5 8.8
Missing 9.9 27.1 13.8 2.7
Body mass index, kg/m?
<18.5 0.6 0.6 04 0.3
18.5-24.9 328 413 39.8 331
25-29.9 48.6 45.1 474 50.7
=30 18.0 13.0 124 15.9
Total energy intake (kcal/day)® 2327.3 (683.5) 2245.1 (664.0) 2331.0 (626.7) 2562.35 (646.8)
Baseline total alcohol intake (g/d)? 0 (0- 1.9 (0.4-4.3) .3(5.8-13.5) 32.2(17.3-67.2)
Average lifetime alcohol intake (g/d)? 5.4 (0.0-62.6) 4.8 (0.4-22.4) 11.1 (4.6-28.3) 28.0 (12.4-65.7)
Baseline wine intake (g/d)° 0 (0-0) 0.2 (0-1.8) .6 (0-9.4) 11.6 (0.5-47.4)
Lifetime wine intake (g/d)° 0.2 (0.0-21.9) 0.9 (0.01-7.2) .2 (0.3-12.6) .5 (1.00-42.9)
Baseline beer intake (g/d)° 0 (0-0) 0.6 (0-2.7) 7(0.1-8.2) 9 (0-39.7)
Lifetime beer intake (g/d)° 0.8 (0.0-22.4) 1.4 (0.02-8.5) 8(0.4-12.6) 5(0.4-28.4)
Baseline liquor and spirits intakes (g/d)® 0 (0- 0.1 (0-1.6) .5 (0-3.7) .5(0-11.0)
Lifetime liquor and spirits intakes (g/d)® 0(0-15.5) 0.5(0-5.8) 4 (0-7.8) 8(0.02-13.8)
Women
Participants (n, %) 49 341 (15.5) 128 310 (40.3) 87 077 (27.3) 53958 (16.9)
Age at recruitment (years; mean, SD)? 51.8 (8.9) 50.1 (10.0) 50.5 (9.9) 51.6 (8.6)
Smoking (%)
Never smoker 63.8 56.8 53.5 44.7
Former smoker 15.6 22.6 26.2 27.8
Current smoker 18.3 184 18.1 253
Unknown 23 22 22 22
Educational level (%)
None/primary 48.6 25.5 20.3 19.1
Technical/secondary school 36.3 48.9 47.7 47.1
University degree 13.1 20.3 27.7 31.0
Unknown 20 53 4.3 2.8
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TABLE 2 (Continued)
Baseline total alcohol intake, g/d
Nondrinkers >0.0-4.9 5.0-15.0 >15.0

Physical activity level (%)

Inactive 6.7 9.8 154 17.8

Moderately inactive 24.6 26.2 32.8 37.3

Moderately active 435 31.8 34.2 35.1

Active 7.0 7.4 8.2 8.0

Missing 18.2 24.8 9.4 1.8
Body mass index, kg/m? (%)

<185 2.0 22 2.0 1.8

18.5-24.9 44.8 527 62.7 63.7

25-29.9 33.2 33.2 26.9 26.9

=30 20.0 11.9 8.4 7.6
Total energy intake (kcal/day)? 1846.3 (537.1) 1856.2 (522.6) 1972.9 (521.4) 2148.9 (554.1)
Baseline total alcohol intake (g/d)? 0 (0-0) 1.5(0.3-3.9) 9 (5.6-13.1) 24.4 (16.5-46.9)
Average lifetime alcohol intake (g/d)P 0(0-3.8) 1.6 (0.1-7.1) .5(2.4-15.0) 14.7 (7.1-29.4)
Baseline wine intake (g/d)° 0(0-0) 0.8 (0-2.6) 2 (1.5-11.7) 19.4 (5.1-36.0)
Lifetime wine intake (g/d)® 0(0-1.7) 0.6 (0-3.7) 9 (0.9-9.5) 9 (3.1-21.5)
Baseline beer intake (g/d)® 0(0-0) 0.1(0-1.4) .5 (0-5.1) .7 (0-11.5)
Lifetime beer intake (g/d)° 0 (0-0.6) 0.03 (0-1.3) 3(0-3.6) 6 (0-6.7)
Baseline liquor and spirits intakes (g/d)® 0 (0-0) 0 (0-0.5) 0.07 (0-2.4) 3(0-5.7)
Lifetime liquor and spirits intakes (g/d)® 0(0-0.1) 0.01 (0-1.6) .1 (0-3.4) .4 (0-5.3)

Abbreviations: EPIC: European Prospective Investigation into Cancer and Nutrition.

2Mean (SD).
bMedian (10th-90th percentiles).

Analyses by type of alcoholic beverage were performed among alcohol
consumers. For each type of beverage, consumers of that beverage
were categorized into quartiles. Tests for linear trends were performed
using an ordinal variable across alcohol intake categories. Cox regres-
sion models were first stratified by study center to control for different
follow-up procedures and questionnaire design across centers, and by
age at recruitment (in 1-year intervals), then additionally adjusted for
body mass index, smoking status, education, physical activity level, and
total energy intake. For analyses on type of alcoholic beverage, models
were additionally mutually adjusted for intake of other alcoholic bever-
ages (quartiles, Q,). In addition, we performed analyses considering
alcohol intake at different ages.

Sensitivity analyses were performed by additionally adjusting for
hours of recreational physical activity in summer (number of hours of
walking, cycling, gardening, and physical exercise in a typical week
during the past year), which we used as a proxy for recreational sun
exposure. Also, we evaluated potential effect modification by recrea-
tional physical activity in summer using interaction terms, and com-
paring the associated Wald test statistics to a chi-square distribution
with degrees of freedom equal to the number of categories minus
one, not including the nondrinker category. In addition, we conducted
separate analyses by country, using alcohol as a continuous variable

(12 g/day increments in intake). We further assessed associations by

tumor anatomical site (head, neck and extremities, and trunk)*>2 and,
for melanoma, histologic subtype (superficial spreading, lentigo
maligna, nodular, acro-lentiginous, and other), using competing-risk
analysis, excluding cases with missing information on tumor character-
istics for these analyses. Homogeneity tests were performed using
Wald chi-square tests to compare estimates by tumor sites and types.
All statistical analyses were performed using the SAS software
(version 9.4, SAS Institute), and all significance tests were two-sided,

with P-values less than 5% considered statistically significant.

3 | RESULTS

A total of 14 037 skin cancer cases (melanoma: n = 2457; BCC:
n = 8711; SCC: n = 1928, unknown type: n = 941) were identified
among 450 112 participants within an average of 15 years of follow-
up. Baseline intake of alcohol was the highest in Denmark and Spain,
followed by Italy and Germany, and the lowest in Sweden and
Norway. Median alcohol intake at baseline was 7.2 g/day, mainly from
wine (4.6 g/day) (Table 1). Subjects with an intake of alcohol higher
than 15 g/day were younger and more likely to be current smokers,
to have higher education and physical activity levels, and a higher

intake of total energy compared to nondrinkers (Table 2). However,
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they were less likely to be obese. Men were more likely to drink alco-

hol than women.

3.1 | Baseline and average lifetime alcohol intake

In men, baseline alcohol intake was positively and linearly associated
with skin cancer risk (HR = 1.16, 95% Cl = 1.07-1.26 for >15 g/day
vs 0.1-4.9 g/day, Pyeng = .0002), particularly with SCC (HR = 1.44,
95% Cl = 1.17-1.77, Pyeng = .001) and BCC (HR = 1.12, 95%
Cl = 1.01-1.23, Py eng = .04) risks (Table 3). We found a positive but
not statistically significant association with melanoma risk (HR = 1.17,
95% Cl = 0.95-1.44, Pyeng = .17), although with no heterogeneity
across skin cancer types (Pheterogeneity = -25). Similarly, in men, we
found a positive and linear association between average lifetime alco-
hol intake and skin cancer risk (HR = 1.15, 95% CI = 1.05-1.26 for
>15 g/day vs 0.1-4.9 g/day, Pyend = .01), particularly with SCC
(HR = 1.29, 95% ClI = 1.00-1.67, Pieng = -02) and BCC (HR = 1.14,
95% Cl = 1.02-1.27, Pyeng = .06) (melanoma: HR = 1.10, 95%
Cl = 0.84-1.44, Pirend = -67; Pheterogeneity = -43).

In women, there was a small and nonsignificant association
between baseline intake of alcohol and skin cancer risk (HR = 1.05,
95% Cl = 0.99-1.12, Pi;enq = .08) (Table 3). The association was statis-
tically significant for BCC (HR = 1.08, 95% Cl = 1.00-1.17,
Pirena = .03), although there was no heterogeneity across skin cancer
types (Pheterogeneity = -21). Similar results were observed for lifetime
average alcohol intake.

These results were unchanged after further adjustment for hours
of recreational sun exposure during outdoor physical activity in sum-

mer (data not shown).

3.2 | Types of alcoholic beverage

In men, while no association was observed between baseline intake of
spirits/liquors and skin cancer risk (HR = 1.07, 95% CI = 0.93-1.22
for high intake (Q4) vs low (Q1), Pyend = .09), lifetime intake of
spirits/liquors was positively associated with a higher risk of skin can-
cer (HR = 1.18, 95% Cl = 1.07-1.30, Pireng = .003), particularly with
melanoma (HR = 1.47, 95% Cl = 1.08-1.99, Pyeng = -0009) and BCC
(HR = 1.17, 95% Cl = 1.04-1.31, Pyend = -14; Pheterogeneity = -15)
(Table 4). Baseline intake of wine was linearly and positively associ-
ated with skin cancer risk (HR = 1.22, 95% Cl = 1.10-1.35,
Piend = .0001), in particular with BCC (HR = 1.25, 95%
Cl = 1.10-1.42, Pyeng = .004). The results were generally stable when
average lifetime intake of wine was investigated. We found a positive
association between baseline beer intake and skin cancer risk in the
second and third quartiles of intake, particularly with BCC risk (Q2:
HR = 121, 95% ClI = 1.04-141 and Q3: HR = 1.20, 95%
Cl = 1.04-1.40), although there was no significant association in the
fourth quartile and no linear trend. Similar results were obtained with
average lifetime intake of beer with a positive association in the third

quartile only.

In women, baseline intake of spirits/liquors was positively and lin-
early associated with a higher skin cancer risk (Pyeng = .002), particu-
larly BCC, although associations were small and not statistically
significant in individual quartiles (Table 4). However, average lifetime
intake of spirits/liquors was not associated with skin cancer risk
(HR = 1.03, 95% ClI = 0.94-1.13, Pcng = .12). Baseline and lifetime
wine intakes were positively associated with skin cancer risk
(HR = 1.08, 95% Cl = 1.00-1.16, Pieng = 09 and HR = 1.09, 95%
Cl = 1.01-1.17, Pyenaq = .17, respectively), particularly with BCC risk,
although again with no significant linear trend. Baseline and lifetime

beer intakes were not associated with skin cancer risk in women.

3.3 | Alcohol intake at different ages

When considering alcohol intake at different ages, in men, the positive
linear associations between alcohol intake and skin cancer risk
appeared stronger for intake of alcohol at ages 40 and 50 (HR = 1.22,
95% Cl = 1.08-1.38, Pyeng = .0006 and HR = 1.26, 95%
Cl = 1.09-1.46, Picnq = 006, respectively) than for intake at ages
20 and 30 (HR = 1.05, 95% Cl = 0.97-1.14, Pyeng = .02 and
HR = 1.09, 95% Cl = 0.99-1.19, Pi;eng = .007), although with no sig-
nificant heterogeneity (Pheterogeneity = -67) (Table S1).

In contrast, in women, there were small positive but significant
linear associations between alcohol intake at different ages and over-
all skin cancer risk (.0002 < Pyeng < .03). With regards to skin cancer
types, melanoma risk was significantly associated with alcohol intake
at age 20 (HR = 1.35, 95% Cl = 1.07-1.70, Pyenq = .0001), whereas
BCC risk was associated with intakes at ages 40 and 50 years
(HR = 1.10, 95% CI = 1.00-1.22, Pyeng = -008 and HR = 1.14, 95%
Cl = 1.01-1.28, Pyeng = -0008, respectively). However, no heteroge-
neity was found across cancer types (.32 < Pheterogeneity < -59), and we

observed no association with SCC risk across ages of intake.

3.4 | Subgroup analyses

Stratified analyses by country showed no statistically significant asso-
ciation between baseline alcohol intake and skin cancer risk in all
countries with no heterogeneity detected across countries (all
Pheterogeneity 2 -32). There was no heterogeneity in estimates across
countries for separate outcomes (all Pheterogeneity = -30) (Table S2).

In stratified analyses according to skin cancer site, the positive
association between baseline alcohol intake and melanoma risk was
stronger for trunk tumors (HR = 1.47, 95% Cl = 1.07-2.03,
Piend = .02) compared to those of the head, neck or extremities
(HR = 0.99, 95% Cl = 0.75-1.32, Pireng = -93) in men, with statistically
significant heterogeneity across tumor sites (Pheterogencity = -04)
(Table S3). We found no heterogeneity across body sites in women
(Pheterogeneity = -22).

In competing-risk analyses for histologic type, associations were
stronger for superficial spreading melanoma (HR = 1.47, 95%
Cl = 1.04-2.07, Pyeng = .004) in men compared to those of other
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histologic type (Pheterogeneity = -05). There was no evidence for hetero-
geneity in findings in women regarding subtype-specific analyses
(Preterogeneity = -47) (Table S4).

We found no evidence of effect modification by hours of recrea-
tional sun exposure during outdoor physical activity in summer (data

not shown).

4 | DISCUSSION

In this large prospective study with 14 037 incident skin cancer cases
developed over a median follow-up of 15 years, we found that alcohol
intake at baseline was linearly associated with an increased risk of skin
cancer, particularly with SCC and BCC. Average alcohol intakes during
adulthood were also associated with skin cancer risk, particularly with
SCC and BCC in men and with BCC in women. Separate analyses by
type of alcoholic beverages showed that intakes of liquor/spirits were
positively associated with melanoma and BCC risks in men, while wine
intake was associated with risks of BCC and SCC. In women, intakes
of wine were associated with a higher risk of BCC. Beer intake was
not associated with skin cancer risk in both sexes.

With regards to melanoma, most previous cohort studies have
found a positive association between alcohol consumption and mela-
noma risk.2*® Kubo and colleagues reported a positive relationship
in postmenopausal women from the Women's Health Initiative (WHI)
after an average follow-up of 10.2 years'®: women who consumed
white wine and liquors had 52% and 65% higher risks of melanoma
compared to nondrinkers, respectively. Two prospective cohort stud-
ies investigated the association between alcohol intake and skin can-
cer risk: the Nurses' Health Studies in women (NHS |, 1984-2012 and
NHS 1, 1991-2011) and the Health Professionals Follow-Up Study in
men (HPFS, 1986-2012).18 Research in these cohorts reported that
higher intake of alcohol was associated with melanoma risk, with a
14% increased risk per drink per day. Similar to the results from the
WHI, participants who consumed white wine (but not red wine) over
5 times per week had 42% higher risks of melanoma compared to
nondrinkers after adjustment for known skin cancer risk factors and
other alcoholic beverages. Consistently, our findings suggested that
alcohol intake at baseline was positively and linearly associated with
skin cancer risk, both in men and women. We also found that average
lifetime intakes of liquors/spirits were the most strongly associated
with melanoma risk, with the highest intakes in this population
(>3.08 g/day) associated with a 47% increased melanoma risk com-
pared to the lowest intake (0-0.13 g/day). While information on intake
of different types of wine was not available in EPIC, overall intakes of
wine were not significantly associated with melanoma risk. A case-
control study and a pooled analysis of eight case-control studies
reported a positive association between alcohol intake and melanoma
risk,*%?” while most case-control studies reported no association
between total alcohol intake®? or intake of different types of alcoholic

1927 and melanoma in either men or women.

beverages
Our stratified analyses by skin cancer sites suggested that the

positive association between alcohol intake and melanoma risk were

stronger for tumors occurring on the trunk compared to those of the
head, neck or extremities in men. These findings corroborate those
previously found in the NHS and HPFS cohorts.*® Similarly, a pooled
analysis of eight case-control studies additionally found a stronger
association between alcohol intake and melanoma risk in tumors of
the trunk compared to tumors at other body sites.!? In addition, our
stratified analyses by histologic type showed that baseline alcohol
intake was mostly associated with superficial spreading melanoma in
men. According to the divergent pathway model for melanoma, trunk
melanomas or superficial spreading melanomas are associated with
nevus propensity and genetic susceptibility, while melanomas occur-
ring on the head/neck or of the lentigo maligna type are associated
with chronic sun exposure.?’> Our observations may lend support to
the hypothesis that the relationship between alcohol intake and mela-
noma could differ by tumor site and type, and possibly also suggest
that alcohol could affect melanoma through pathways involving
genetic susceptibility rather than pathways involving chronic sun
exposure. Further studies with detailed information on confounders
such as sun exposure behaviors are needed to investigate potential
gene-environment interactions between alcohol and UV exposure on
melanoma risk.

Regarding KCs, most case-control studies have found no associa-
tion between alcohol consumption and the risks of BCC or SCC.28-%2
However, a large case-control study involving 57 121 BCC cases and
57 121 controls found a modest positive association between alcohol
intake and BCC risk.3® Evidence from cohort studies reported an
increased risk of KCs associated with alcohol intake.}>17346 |n par-
ticular, Kubo and colleagues found a positive association between
higher levels of current alcohol intake and KC risk in the WHI cohort,
suggesting a 23% increase in KC risk for those reporting 7+ drinks per
week compared to nondrinkers.'®> They observed that increasing life-
time alcohol intake was also positively associated with KC risk. The
greater risk of KC was observed in participants with a preference for
white wine and for liquors vs alcohol nondrinkers. Similarly, findings
from the NHS and HPFS cohorts showed that alcohol intake was
associated with BCC and SCC risks, and that the positive associations
appeared stronger with white wine and liquor intakes.®” Moreover,
white wine and liquor consumption were also associated with higher
risk of BCC in a Danish cohort of men and women.®® In line with
these results, we found that alcohol intake was positively and linearly
associated with the risks of BCC and SCC in men and with BCC in
women. Specifically, consumption of liquors/spirits and wine was
associated with a higher BCC risk in our study, although we were not
able to investigate association between risk of skin cancer and differ-
ent types of wine (white vs red wine).

The most recent WCRF/AICR report concluded that limited but
suggestive evidence existed on the relationship between alcoholic
drinking and risks of melanoma and BCC, in agreement with findings
from prospective studies suggesting that alcohol consumption
increased the risk of skin cancer, consistently with findings from sev-
eral meta-analyses.2°22
Experimental studies have shown that alcohol by itself is not car-

cinogenic, but ethanol metabolism into acetaldehyde by alcohol
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dehydrogenase may play a major role in carcinogenesis, for example
by inhibiting the DNA repair system.®> Ethanol metabolism also
induces the production of reactive oxygen species, which cause DNA
damage and contribute to the formation of mutagenic adducts,®”
activation of prostaglandin synthesis pathways, and lead to skin carci-
nogenesis.® Specifically for skin cancer, alcohol metabolites were sug-
gested to have photosensitizing effects,® which can enhance cellular
damage and the immunosuppressive effects.®® Previous studies
reported that alcohol consumers were more likely to report larger
numbers of sunburns compared to nonconsumers.>?*° Recent results
from the French E3N cohort showed that alcohol drinkers were more
likely to use sunbeds than nondrinkers.** As a result, participants
reporting higher alcohol intake may have riskier behaviors toward UV
exposure including a more frequent use of sunbeds or have higher
skin sensitivity making them more susceptible to skin cancer. Unfortu-
nately, data on established risk factors for skin cancer were not avail-
able in the EPIC cohort, which prevented us from adjusting for sun
exposure. However, adjustment for sun exposure in previous studies

16,18,27 and we

did not make a substantial difference on the results
found similar results after adjusting for hours of recreational sun
exposure during outdoor physical activity in summer. The increased
risk of skin cancer associated with wine and liquor/spirits intakes
could be explained by higher amounts of acetaldehyde present in
wine and liquor compared to beer, as previously reported.>”#243 |n
addition, we found that nondrinkers among men had a 20% higher risk
of BCC compared to those who reported average lower intake of
liquor and spirit during lifetime (>0-0.13 g/day). Nondrinkers among
women had a 32% higher risk of melanoma compared to those who
reported average lower intake of wine during lifetime (>0-0.14 g/day).
We could hypothesize that nonalcoholic drinkers may have unheal-
thier sun exposure behaviors or tend to have pigmentary traits which
lead them to higher skin cancer risk compared to those who had mod-
erate alcohol intake. However, we lacked data on sun exposure and
other skin cancer risk factors, and ideally, future studies should inves-
tigate this hypothesis.

Strengths of our study include the large sample size of EPIC and
availability of data on baseline alcohol intakes in 10 European coun-
tries and lifetime alcohol intakes in 6 European countries, spanning a
wide diversity of alcohol intakes across Europe; the prospective
design, particularly the long duration of follow-up; and information on
melanoma type and skin cancer site. In addition, skin cancer cases
were confirmed using a combination of different methods, and dietary
and lifestyle questionnaires were assessed using validated dietary
questionnaires in all centers. This is the first and largest prospective
study to date that investigated the relationship between alcohol con-
sumption at different ages on skin cancer risk. The study also has limi-
tations. First, the lack of information on skin cancer risk factors, such
as sun exposure, pigmentary traits, and family history of skin can-
cer.*4*5 Although we used hours of recreational physical activity in
summer as a proxy for time spent outdoors, information on sun expo-
sure behaviors was not available, likely leading to potential for residual
confounding. Exposure misclassification of study participants in esti-

mating their alcohol intake cannot be excluded, particularly at early
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ages during their adulthood. In addition, while melanoma cases are
generally accurately recorded, KCs are often not tracked by cancer
registries; thus, the reported incidence of KC is likely underestimated
in our study.

In conclusion, in this large European prospective study, baseline and
lifetime alcohol intakes were positively and linearly associated with the
risk of skin cancer, particularly with SCC and BCC. While intake of
liquors/spirits was associated with melanoma risk in men, intake of wine
was associated with risks of both BCC and SCC in men and only BCC in
women. If replicated, these findings may have important public health

implications in the primary prevention of skin cancer.
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SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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