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Case—control study of smoking and non-melanoma skin cancer
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Abstract

Objective To investigate the association between ciga-
rette smoking and basal and squamous cell carcinomas
(BCC and SCC) of the skin, a clinic-based case—control
study was conducted in Tampa, FL.

Methods Patients with histologically confirmed BCC/
SCC were recruited from a university dermatology clinic
(n = 215 BCC, 165 SCC). Controls were comprised of
individuals with no history of skin cancer who screened
negative for skin cancer upon physical examination at the
affiliated cancer screening or primary care clinics
(n = 315). Information on smoking and other risk factors
was obtained from self-administered questionnaires.
Results After adjustment for age, sex, and other skin
cancer—rtisk factors, ever smoking was not associated with
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BCC (odds ratio (OR) = 1.26, 95% confidence interval
(CI) = 0.83-1.92), but was statistically significantly asso-
ciated with SCC (OR = 1.97, 95% CI = 1.19-3.26), with
significant trends observed for SCC associated with
increasing cigarettes per day (p = 0.01) and pack-years
smoked (p = 0.01). Among men, smoking >20 pack-years
was associated with non-significant increased risks of BCC
(OR = 1.90, 95% CI = 0.88-4.12) and SCC (OR = 1.97,
95% CI = 0.84-4.66), whereas among women, no associ-
ation was observed with BCC (OR = 0.98, 95% CI =
0.39-2.46) while a statistically significant three-fold
risk was observed with SCC (OR = 3.00, 95% CI =
1.02-8.80).

Conclusion Cigarette smoking is more strongly associ-
ated with SCC than BCC, particularly among women.
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Introduction

Non-melanoma skin cancer (NMSC), comprised of squa-
mous cell carcinoma (SCC) and basal cell carcinoma
(BCC), is the most frequently occurring cancer among
Caucasians in the United States, with an annual incidence
of greater than one million new cases [1]. The prevalence
of NMSC is estimated to be five times higher than that of
breast or prostate cancer, with 13 million white non-
Hispanics and one in five seventy-year-olds having had at
least one NMSC [2]. Ultraviolet (UV) radiation exposure
is an established environmental risk factor for NMSC,
although other factors may play a role in NMSC
development.

BCC and SCC are often studied as one disease entity;
however, risk factors for BCC and SCC may differ. For
example, several studies have observed positive associa-
tions between cigarette smoking and SCC [3-8], while
findings for the association between smoking and BCC
have been less consistent [4, 6, 9-17]. Specifically, eight
[3-8, 18, 19] of 12 [3-8, 11, 14, 18-21] previous studies
reported positive associations between smoking and SCC,
including two prospective studies [5, 6]. However, only
three studies included measures of dose—response [4, 7, 8],
two of which were conducted among men or women only
[7, 8]. Previously reported associations between smoking
and BCC have been mostly null, with only three [9, 15, 17]
of twelve studies [4, 6, 9, 10, 12—18, 22] observing positive
associations.

With the exception of an Australian study [22], previous
epidemiologic studies investigating the association
between cigarette smoking and NMSC have focused
exclusively on either BCC or SCC, limiting the direct
comparison of risk factors for the two cancers within the
same population. At least two studies indicate that the risk
of smoking-associated NMSC may be greater among
women [15, 17], yet few studies have presented associa-
tions stratified by sex [12, 15, 17], while others were lim-
ited to men only [7, 16, 22]. Most studies did not
incorporate measures of frequency or duration of smoking
frequency, such as total years smoked, cigarettes per day
and pack-years. The objective of the current study was to
investigate the associations between cigarette smoking and
both BCC and SCC, in men and women, and to assess
whether there is a dose-response relationship between
smoking and BCC/SCC.

@ Springer

Materials and methods
Study population

A clinic-based case—control study was conducted in
Tampa, FL. Cases were defined as patients, aged 18 years
and older, diagnosed with a histologically confirmed basal
or squamous cell carcinoma between March 2007 and
December 2008 and were recruited from the University of
South Florida (USF) Dermatology Clinic. Control subjects
were comprised of patients who underwent a skin cancer
screening examination at the H. Lee Moffitt Lifetime
Cancer Screening and Prevention Clinic (LCS) or the USF
Family Medicine Clinic, located adjacent to the USF
Dermatology Clinic. Skin cancer screening patients who
screened negative for all forms of skin cancer and reported
having no history of skin cancer were included as controls.
A subset of patients with suspicious skin lesions detected
on the screening examination were referred for a follow-up
with a dermatologist, and those who were ultimately
determined to be free of skin cancer were included as
controls, whereas patients who were diagnosed with a
histologically confirmed BCC or SCC as a result of the
follow-up examination were included as cases. Those
patients who never completed the follow-up examination
or were unsuccessfully re-contacted by study staff on three
separate occasions were considered lost to follow-up and
excluded from the study. Pathology reports were obtained
for all cases to verify diagnoses. All participants provided
written informed consent, and all study procedures were
approved by the institutional review board at the University
of South Florida.

Of the 537 NMSC patients approached at the USF
Dermatology Clinic, 424 (79%) agreed to participate.
There were no statistically significant differences in age or
gender between those NMSC patients who agreed to par-
ticipate and those that refused. Of the 756 patients recruited
through the LCS and USF Family Medicine Clinic, 432
(57%) agreed to participate, of whom 281 (65%) screened
negative for skin cancer and were included in the study as
controls. Of the 151 (35%) who were referred for a follow-
up examination with a dermatologist, 95 (63%) were suc-
cessfully re-contacted and had completed the follow-up
examination, 77 of whom were determined not to have skin
cancer and were included in the study as controls. The 18
who were determined to have skin cancer based on the
follow-up examination included six SCC cases, nine BCC
cases, and three cases of melanoma or NMSC not other-
wise specified, the latter three of whom were excluded
from the study. There were no statistically significant dif-
ferences in age or gender between those that completed
screening follow-up and those that did not. The current
analysis was restricted to White participants with complete
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information on smoking, resulting in a final sample size of
383 NMSC cases (215 BCC, 165 SCC and 3 Basosquam)
and 316 controls.

Exposure assessment

Self-administered questionnaires were used to obtain
information on demographics and other skin cancer risk
factors including eye, hair, and skin color, alcohol intake,
history of blistering sunburn, occupational sun exposure,
and tanning ability. Detailed information was also col-
lected on cigarette smoke exposures. Participants were
asked whether they had smoked at least 100 cigarettes in
their entire lifetime, and those that responded “yes” were
considered to be ever smokers. These individuals were then
asked their age at smoking initiation, the total number of
years smoked (not including any periods of time during
which they stopped smoking), and the average number of
cigarettes smoked per day, the latter two measures of
which were multiplied together to derive total pack-years
of cigarette smoking. Smoking status was available for all
study participants, whereas information on the other
smoking variables was missing for some participants.
Information on time since quitting smoking was not
available from the study questionnaire.

Statistical methods

Demographic and skin cancer risk factors were compared
between NMSC cases and controls using the Chi-square
test. Associations between cigarette smoking and NMSC
were estimated by odds ratios (OR) and 95% confidence
intervals (CI) calculated using logistic regression. Those
demographic and skin cancer factors associated with a
NMSC at a significance level of p < 0.05 were included as
covariates in the logistic regression models: age, sex,
education, history of blistering sunburn, job in the sun for
at least three months, eye and hair color, alcohol con-
sumption, skin reaction to first sun exposure and skin
reaction to repeated sun exposure. Age at smoking initia-
tion was categorized as <15 and >15 years, and the
number of cigarettes smoked per day, number of years
smoked, and number of pack-years smoked were catego-
rized as <10, 10-19, and >20, with never smokers defined
as the reference group for all categories of smoking. Tests
for trend in risk of NMSC associated with increasing
number of total years smoked, cigarettes smoked per day
and total pack-years smoked were calculated by assigning
ordinal values to each level of the smoking exposure.
Analyses were conducted for NMSC overall (including
BCC, SCC, and three Basosquam cases) and stratified by
type of NMSC (BCC and SCC) and sex.

Associations between smoking-related factors and
NMSC were stratified by age and sex to investigate
potential effect modification. Statistical significance of the
interactions was determined by including interaction terms
in the logistic regression models. To investigate the inde-
pendent effects of age at smoking initiation, cigarettes
smoked per day, and years smoked, a separate analysis was
conducted, adjusting each factor for one of the others.
Specifically, age at smoking initiation was adjusted for
pack-years of smoking, cigarettes per day was adjusted for
years of smoking, and years of smoking was adjusted for
cigarettes per day. To account for collinearity between
these factors, analyses were conducted using centered
values [23]. Results were considered statistically signifi-
cant at p-values <0.05. All analyses were performed using
the SAS version 9.1.3.

Results

Demographic characteristics and skin cancer risk factors
are presented for cases and controls in Table 1. NMSC
cases were mostly male (62.1%) and tended to be older
(mean age = 63.6 years) and less educated as compared to
controls. With the exception of color of untanned skin, all
of the skin cancer risk factors examined were statistically
significantly associated with NMSC, including a history of
blistering sunburn, having ever had a job in the sun for at
least 3 months, light eye and hair color, alcohol con-
sumption in the past year, propensity to sunburn, and
inability to tan. All factors were associated with BCC and
SCC separately and achieved statistical significance with
the exceptions of history of blistering sunburn and alcohol
consumption in association with BCC, and color of
untanned skin in association with both BCC and SCC
(Table 1).

Associations between cigarette smoking and NMSC are
presented in Table 2. NMSC was statistically significantly
associated with multiple measures of cigarette smoking,
including ever smoking, smoking >20 cigarettes per day
(OR = 1.63, 95% CI = 1.03-2.57; pyena = 0.02), smok-
ing for >20 years (OR = 1.97, 95% CI = 1.24-3.12;
Pirena = 0.01), and smoking >20 pack-years (OR = 1.65,
95% CI = 1.01-2.58; piena = 0.03). Similar patterns of
association were observed for BCC and SCC separately,
although the magnitudes of the associations were greater
for SCC, with statistically significant dose-response
relationships observed for increasing cigarettes per day
(Puwena = 0.01), total years smoked (Pyenq = 0.003), and
pack-years (pyena = 0.01) only for this type of NMSC.
Ever smoking was associated with a statistically significant
increased risk of SCC (OR = 1.97; 95% CI = 1.19-3.26),
as was smoking >20 cigarettes per day (OR = 1.99;
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Table 1 Demographic and skin cancer-risk factors among white non-melanoma skin cancer cases and controls

Characteristic Controls (n = 315) NMSC? (n = 383) BCC? (n = 215) SCC?* (n = 165)

n (%) n (%) P n (%) » n (%) »

Age (years) <0.0001 <0.0001 <0.0001
18-39 29 9.2) 10 (2.6) 7 (3.3) 3(1.8)

40-49 55 (17.5) 34 (8.9) 24 (11.2) 10 (6.1)
50-59 109 (34.6) 76 (19.8) 46 (21.4) 30 (18.2)
60-69 88 (27.9) 131 (34.2) 63 (29.3) 66 (40.0)
70-80 34 (10.8) 132 (34.5) 75 (34.9) 56 (33.9)

Sex <0.0001 <0.0001 <0.0001
Men 117 (37.1) 238 (62.1) 130 (60.5) 105 (63.6)

Women 198 (62.9) 145 (37.9) 85 (39.5) 60 (36.4)

Education <0.0001 0.0004 0.001
<12 years 32 (10.3) 82 (21.6) 46 (21.6) 35 (21.3)
>12 years 279 (89.7) 298 (78.4) 167 (78.5) 129 (78.7)

History of a blistering sunburn 0.02 0.08 0.04
Yes 211 (67.6) 289 (75.9) 160 (74.8) 126 (76.8)

No 101 (32.4) 92 (24.2) 54 (25.2) 38 (23.2

Job in the sun for >3 months <0.0001 <0.0001 <0.0001
Yes 85 (27.3) 175 (46.2) 95 (44.4) 77 (47.5)

No 226 (72.7) 204 (53.8) 119 (55.6) 85 (52.5)

Eye color 0.001 0.008 0.01
Blue 93 (29.9) 156 (41.4) 86 (40.4) 69 (42.9)

Green 50 (16.1) 49 (13.0) 24 (11.3) 25 (15.5)
Hazel 52 (16.7) 76 (20.2) 47 (22.1) 29 (18.0)
Light brown 36 (11.6) 39 (10.3) 22 (10.3) 16 (9.9)
Dark brown 80 (25.7) 57 (15.1) 34 (16.0) 22 (13.7)

Hair color 0.01 0.05 0.02
Black/brown 244 (77.7) 261 (68.9) 150 (70.1) 110 (67.9)
Blonde/red 70 (22.3) 118 (31.1) 64 (29.9) 52 (32.1)

Color of untanned skin 0.37 0.40 0.58
White 298 (95.2) 366 (96.6) 206 (96.7) 157 (96.3)

Brown 15 (4.8) 13 (3.4) 7(3.3) 6 (3.7)

Alcohol consumption 0.02 0.11 0.02
>1 drink in past year 273 (87.2) 304 (80.4) 175 (82.2) 128 (79.0)

No drinks in past year 40 (12.8) 74 (19.6) 38 (17.8) 34 (21.0)

Skin reaction to season’s Ist sun exposure <0.0001 <0.0001 0.003
Sunburn with or without blisters 124 (39.9) 223 (58.4) 127 (60.2) 89 (55.3)

Mild sunburn turns to a tan 144 (46.2) 114 (30.4) 64 (30.3) 50 (31.1)
Tan or no change in skin color 44 (14.1) 43 (11.5) 20 (9.5) 22 (13.7)

Skin reaction to repeated sun exposure 0.0001 0.02 <0.0001
It is unable to tan 22 (7.1) 43 (11.5) 15 (7.2) 26 (16.2)

It can tan if you work at it 102 (32.9) 166 (44.5) 93 (44.5) 73 (45.3)
It tans easily 186 (60.0) 164 (44.0) 101 (48.3) 62 (38.5)

4 NMSC non-melanoma skin cancer, BCC basal cell carcinoma, SCC squamous cell carcinoma

® p-values obtained from Chi-square tests

95% CI = 1.07-3.68), having smoked for >20 years association between smoking and SCC was greater for
(OR = 2.55; 95% CI = 1.40-4.65) and >20 pack-years  those who reported starting smoking after age 15 years
(OR = 2.18; 95% CI = 1.67-4.10) (Table 2). The (OR =2.08, 95% CI = 1.21-3.56) than for those who
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Table 3 Associations between cigarette smoking and non-melanoma skin cancer among men

Cigarette (cigs) Controls All non-melanoma skin cancer Basal cell carcinoma Squamous cell carcinoma
smoking exposure (n=117) (n = 238) (n = 105)
n (%) n (%) OR (95% CI)* n (%) OR (95% CI)* n (%) OR (95% CI)*

Smoking status

Never 55 (47.0) 66 (27.7) 1.00 (reference) 36 (27.7) 1.00 (reference) 30 (28.6) 1.00 (reference)

Ever 62 (53.0) 172 (72.3) 1.85 (1.06-3.23) 94 (72.3) 1.73 (0.91-3.29) 75 (71.4) 1.76 (0.85-3.64)

Age started smoking

<15 years 17 (14.7) 57 (24.2) 2.36 (1.10-5.08) 30 (23.4) 2.03 (0.86-4.83) 26 (24.8) 2.25 (0.85-5.99)

>15 years 44 (37.9) 113 (47.9) 1.72 (0.94-3.13) 62 (48.4) 1.65 (0.83-3.29) 49 (46.7) 1.68 (0.78-3.62)

Cigs per day

<10 12 (10.4) 20 (8.9) 1.35 (0.53-3.46) 12 9.7) 1.31 (0.44-3.84) 7 (7.1) 0.82 (0.23-2.95)

10-19 13 (11.3) 36 (15.9) 1.51 (0.65-3.47) 22 (17.7) 1.36 (0.53-3.48) 14 (14.1) 1.77 (0.62-5.04)

>20 35 (30.4) 104 (46.0) 2.01 (1.06-3.80) 54 (43.6) 1.98 (0.96-4.10) 48 (48.5) 1.84 (0.80-4.24)
Puena = 0.03 Puena = 0.07 Pirena = 0.10

Years smoked

<10 18 (15.8) 33 (14.3) 1.38 (0.61-3.08) 23 (18.4) 1.56 (0.64-3.82) 10 (9.7) 1.08 (0.36-3.26)

10-19 14 (12.3) 33 (14.3) 1.53 (0.65-3.63) 17 (13.6) 1.07 (0.39-2.96) 16 (15.5) 1.66 (0.57-4.79)

>20 27 (23.7) 99 (42.9) 2.24 (1.15-4.36) 49 (39.2) 2.16 (1.01-4.66) 47 (45.6) 2.13 (0.92-4.92)
Pirend = 0.02 Ptrena = 0.07

Pack years

<10 24 (21.1) 45 (19.9) 1.35 (0.66-2.79) 28 (22.6) 1.39 (0.61-3.16) 16 (16.2) 1.09 (0.42-2.83)

10-19 8 (7.0) 29 (12.8) 2.29 (0.85-6.17) 18 (14.5) 1.88 (0.64-5.56) 11 (11.1) 2.30 (0.62-8.48)

>20 27 (23.7) 86 (38.1) 1.97 (1.00-3.88) 42 (33.9) 1.90 (0.88-4.12) 42 (42.4) 1.97 (0.84-4.66)

Ptrend = 0.03

Ptrend = 0.09 Ptrend = 0.09

? Adjusted for age, sex, education, blistering sunburn, job in sun, eye color, hair color, alcohol consumption, skin reaction to first sun exposure,

and skin reaction to repeated sun exposure

started smoking at ages 15 years and younger (OR = 1.77,
95% CI = 0.89-3.51). In contrast, although the sample
size was greater for BCC cases, none of the associations
between smoking and BCC were statistically significant.
Stratified analyses did not indicate any differences in
smoking-related NMSC risk by age (data not shown).
Results stratified by sex are presented in Tables 3 and 4. Ever
smoking at least 100 cigarettes was associated with NMSC
among men (OR = 1.85; 95% CI = 1.06-3.23) with con-
sistent dose-response trends observed for increasing num-
bers of cigarettes smoked per day (pyenqg = 0.03), total years
smoked (pyeng = 0.02), and pack-years smoked (pyenda =
0.03; Table 3). Similar magnitudes of associations with
cigarette smoking were observed for BCC and SCC among
men, although none were statistically significant with the one
exception of the association between smoking for >20 years
and BCC (OR = 2.16; 95% CI = 1.01-4.66). Among
women, SCC cases were almost three times more likely
to be ever smokers as controls (OR = 2.75, 95% CI =
1.26-6.03), whereas no association was observed with BCC
(OR = 0.95,95% CI = 0.52-1.72) (Table 4). Furthermore,
statistically significant dose-response trends were observed

@ Springer

for SCC in association with increasing numbers of ciga-
rettes smoked per day (Pgena = 0.01), total years smoked
(Pwena = 0.01), and pack-years of smoking (pyeng = 0.02).
Similar trends were not observed for any measure of ciga-
rette smoking exposure and BCC among women. None of the
tests for interaction between smoking and sex were statisti-
cally significant for either BCC (pjperaction = 0.17 for ever
smoking, 0.41 for age at smoking initiation, 0.27 for ciga-
rettes per day, 0.27 for years smoked, 0.21 for pack-years) or
SCC (Pinteraction = 0.56 for ever smoking, 0.24 for age at
smoking initiation, 0.59 for cigarettes per day, 0.73 for years
smoked, and 0.69 for pack-years).

Table 5 presents the associations between smoking and
NMSC with adjustment for other smoking factors. No
statistically significant associations between age at smok-
ing initiation and NMSC were observed after adjustment
for pack-years of smoking. Similarly, associations between
increasing numbers of cigarettes smoked per day and
NMSC were not statistically significant after adjustment
for years smoked. However, increasing numbers of years
smoked was significantly associated with both NMSC and
SCC after adjustment for cigarettes per day (Table 5).
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Table 4 Associations between cigarette smoking and non—melanoma skin cancer among women

Cigarette (cigs) smoking Controls (n = 198) All non-melanoma skin

Basal cell carcinoma

Squamous cell carcinoma

cancer (n = 145) (n = 85) (n = 60)
n (%) n (%) OR (95% CI)* n (%) OR (95% CI)* n (%) OR (95% CI)*
Smoking status
Never 106 (53.5) 66 (45.5) 1.00 (reference) 45 (52.9) 1.00 (reference) 21 (35.0) 1.00 (reference)
Ever 92 (46.5) 79 (54.5) 1.38 (0.82-2.31) 40 (47.1) 0.95 (0.52-1.72) 39 (65.0) 2.75 (1.26-6.03)
Age started smoking
<15 years 28 (14.2) 16 (11.2)  0.70 (0.32-1.57) 9 (10.7) 0.45 (0.17-1.20) 7 (11.9) 1.25 (0.39-3.96)
>15 years 63 (32.0) 61 (42.7) 1.77 (1.00-3.11) 30 (35.7) 1.23 (0.64-2.37) 31 (52.5) 3.94 (1.65-9.40)
Cigs per day
<10 33 (17.0) 22 (15.6) 1.11 (0.54-2.28) 10 (12.2) 0.67 (0.27-1.66) 12 (20.3) 2.13 (0.75-6.06)
10-19 26 (13.4) 28 (19.9) 2.11 (0.994.50) 13 (15.9) 1.22 (0.50-2.98) 15 (25.4) 5.88 (1.93-17.87)
>20 29 (15.0) 25 (17.7)  1.31 (0.63-2.71) 14 (17.7) 1.02 (0.44-2.35) 11 (18.6) 2.70 (0.90-8.82)
Dirend = 0.18 Puend = 0.88 Puend = 0.01
Years smoked
<10 27 (13.9) 18 (12.6)  1.36 (0.62-2.97) 8 (9.5 0.74 (0.28-1.95) 10 (17.0) 3.29 (1.10-9.83)
10-19 32 (16.4) 21 (14.7)  1.12 (0.54-2.33) 13 (15.5) 0.96 (0.42-2.21) 8 (13.6) 1.67 (0.52-5.41)
>20 30 (15.4) 38 (26.6) 1.89 (0.94-3.78) 18 (21.4) 1.22 (0.54-7.56) 20 (33.9) 3.96 (1.49-10.54)
Puend = 0.11 Pend = 0.71 Puend = 0.01
Pack years
<10 47 (24.4) 36 (25.5) 1.48 (0.79-2.78) 18 (22.0) 0.97 (0.46-2.04) 18 (30.5) 3.07 (1.20-7.89)
10-19 18 (9.3) 15 (10.6)  1.46 (0.60-3.58) 7 (8.5) 0.89(0.31-2.58) 8 (13.6) 3.65 (0.98-13.66)
>20 22 (11.4) 24 (17.0)  1.36 (0.62-2.98) 12 (14.6) 0.98 (0.39-2.46) 12 (20.3) 3.00 (1.02-8.80)

Ptrend = 0.31

Ptrend = 0.91

Ptrend = 0.02

 adjusted for age, sex, education, blistering sunburn, job in sun, eye color, hair color, alcohol consumption, skin reaction to first sun exposure,

and skin reaction to repeated sun exposure

Discussion

In this clinic-based case—control study, cigarette smoking
was associated with NMSC overall, with statistically sig-
nificant trends observed for increasing numbers of ciga-
rettes per day, total years and pack-years smoked in
association with SCC. When cigarette smoking results
were stratified by sex, associations with BCC and SCC
were observed among men, with odds ratios approximately
equal to 2.0 for the categories of greatest exposure. In
contrast, there was no association with BCC among
women, whereas a statistically significant 3-fold risk of
SCC was observed. Our findings for men and women
combined are consistent with previous studies that have
observed positive associations between smoking and SCC
[3, 4, 6, 18, 19], but conflict with those that observed no
associations with SCC [11, 14, 20] and/or BCC [4, 6, 10,
12, 14, 18]. Of the four previous studies conducted among
women only, two investigated SCC, both of which
observed positive associations with SCC [5, 8], and two
investigated BCC [9, 13], only one of which observed a
positive association [9]. Of the four previous studies con-
ducted among men only, one [7] of two [7, 21] studies

observed a positive association with SCC, and neither of
two studies observed an association with BCC [16, 22].
One possible reason for the inconsistency in findings across
previous studies of men and women combined may be
differences in the gender distribution across studies popu-
lations, given that we and others [17, 24] have observed
differences in smoking-associated NMSC risk by gender.
Observations from the lung cancer literature provide
possible explanations for the observed gender differences
in smoking-associated cutaneous SCC. Female current
smokers have a 30-60% increased risk of lung adenocar-
cinoma and 20-50% increased risk of lung squamous
carcinomas compared with male current smokers [25].
Women have been shown to have more active CYP
enzyme activity in the lung, responsible for metabolizing
70-80% of nicotine, possibly due to upregulation of CYP
by estrogen [26]. Women have also been shown to have
higher levels of DNA adducts and lower levels of DNA
repair capacity (DRC) in the lung compared with men [27].
In addition, a case—control study of DRC and BCC dem-
onstrated that the risk of BCC associated with low DRC
among individuals with a history of six or more sunburns
was four-fold higher among women than men [28].
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Table 5 Associations between smoking variables and non-melanoma skin cancer while simultaneously modeling other smoking-related factors

Variable Controls n = 315 NMSC n = 383 BCC n =215 SCC n =165

n (%) n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI)
Age started smoking®
Never 161 (51.1) 132 (34.5) 1.00 (reference) 81 (37.7) 1.00 (reference) 51 (30.9) 1.00 (reference)
<15 years 45 (14.4) 73 (19.3) 1.28 (0.74-2.22) 39 (18.4) 1.17 (0.63-2.19) 33 (20.1) 1.47 (0.73-2.97)
>15 years 107 (34.2) 174 (45.9) 1.36 (0.90-2.07) 92 (43.4) 1.17 (0.72-1.89) 80 (48.8) 1.64 (0.95-2.84)
Cigs per a’ayb
Never 161 (51.1) 132 (34.5) 1.00 (reference) 81 (37.7) 1.00 (reference) 51 (30.9) 1.00 (reference)
<10 45 (14.6) 42 (11.4) 1.03 (0.60-1.77) 22 (10.7) 0.94 (0.50-1.76) 19 (12.0) 1.13 (0.55-2.31)
10-19 39 (12.6) 64 (17.4) 1.31 (0.75-2.29) 35 (17.0) 1.29 (0.69-2.41) 29 (18.4) 1.32 (0.63-2.74)
>20 64 (20.7) 129 (35.2) 1.33 (0.78-2.78) 68 (33.0) 1.45 (0.79-2.67) 59 (37.3) 1.21 (0.61-2.41)

Puena = 0.47 Puenda = 0.38 Prrend = 0.81

Years smoked®
Never 161 (51.1) 132 (34.5) 1.00 (reference) 81 (37.7) 1.00 (reference) 51 (30.9) 1.00 (reference)
<10 45 (14.6) 51 (13.6) 1.17 (0.70-1.95) 31 (14.8) 1.08 (0.61-1.93) 20 (12.4) 1.32 (0.67-2.60)
10-19 46 (14.9) 54 (14.4) 1.09 (0.61-1.97) 30 (14.4) 0.93 (0.47-1.83) 24 (14.8) 1.39 (0.64-2.99)
>20 57 (18.5) 137 (36.6) 1.68 (0.98-2.90) 67 (32.1) 1.25 (0.66-2.37) 67 (41.4) 2.36 (1.20-4.64)

Ptrend = 0.05

Ptrend = 0.54 Ptrend = 0.004

* OR and 95% CI adjusted for number of pack-years, age and sex
® OR and 95% CI adjusted for number of years smoked, age and sex

¢ OR and 95% CI adjusted for number of cigarettes smoked per day, age and sex

Although this study did not investigate SCC or exposure to
smoking, it raises the possibility that differences in DRC
between men and women may partially explain the
observed sex differences in the associations between
smoking and NMSC.

The current study had some limitations. When results
were stratified by current smoking status, smoking 20 or
more years was positively associated with both BCC and
SCC (data not shown). However, the small number of
current smokers limited stratified analyses. Another limi-
tation of the study was the lack of information on time since
quitting smoking among former smokers. Additionally,
given the clinic-based design, neither the case nor the
control groups were population-based samples. However,
most cancer registries, including the state of Florida’s, do
not ascertain cases of cutaneous BCC and SCC, thus lim-
iting access to population-based case ascertainment. The
clinic-based design facilitates more efficient recruitment of
large numbers of BCC/SCC patients and afforded the
additional opportunity of verifying case and control status
through physical examination by a nurse practitioner. In
previously published case—control studies, the controls were
rarely examined to rule out prevalent NMSC. In fact, 5% of
the screening patients in the current study were subse-
quently diagnosed with skin cancer and would have been
misclassified as controls without the conduct of a physical

@ Springer

examination of the skin. Thus, physical examination of the
controls was an important strength of the current study.

Despite the limitations of the current, there are several
strengths that should be noted. The clinics included in the
current study serve similar underlying populations, with the
Moffitt Lifetime Cancer Screening (LCS) Clinic and the
USF Dermatology and Family Medicine Clinics located
within a mile of each other. Cases and controls had equal
access to the clinics, with many of the LCS screening
patients referred for follow-up completing their follow-up
exams at the USF Dermatology Clinic, and an estimated
28% of the patients being treated for BCC/SCC in the USF
Dermatology clinic having records in the USF Family
Medicine Clinic. Furthermore, the study controls were
representative of the general population with respect to
smoking status, given that the proportion of ever-smoker
controls in the current study (49%) is similar to that of the
general population in Florida (45%) and Hillsborough
County (44%), the county in which the study clinics are
located [29].

An additional strength of the study includes the ability to
adjust for a multitude of skin cancer risk factors is given that
many previous studies of smoking and NMSC adjusted only
for demographic factors. In addition to age and sex, all
smoking analyses in the current study were adjusted for
history of blistering sunburns, jobs in the sun, eye and hair
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color, tanning ability and alcohol consumption. Further-
more, a sensitivity analysis of the current data restricted to
study participants ages 40-69 demonstrated similar asso-
ciations between smoking and NMSC as observed for the
total study population (data not shown).

Information on cigarette smoking was obtained through
self-administered questionnaires and may have been subject
to recall bias. Although this bias cannot be ruled out, the
positive association between smoking and SCC contrasted
with the null association between smoking and BCC, both
among women, argues against recall bias, given that most
patients do not have preconceived notions that smoking is
preferentially associated with one NMSC type. In addition,
our case—control findings for SCC are consistent with those
from two [5, 6] of four [5, 6, 11, 21] prospective studies in
which exposure was assessed before the development of
disease. Furthermore, clear dose-response relationships
between smoking and SCC risk were observed in the current
study, consistent with the only three previous studies that
incorporated measures of dose-response [4, 7, 8].

In conclusion, cigarette smoking was associated with
NMSC, with significantly increased risks associated with
increasing dose (cigarettes per day), duration (number of
years smoked), and pack-years smoked. Analyses con-
ducted to tease apart the independent effects of duration
and dose suggested that years smoked was more strongly
associated with NMSC than cigarettes smoked per day.
Among men, smoking was modestly associated with both
BCC and SCC, whereas strong associations with SCC and
no associations with BCC were observed among women.
Additional studies are needed to further characterize these
gender differences in smoking-associated NMSC, incor-
porating verification of case—control status through physi-
cal examination, detailed smoking exposure assessments,
adjustment for known skin cancer-risk factors, and inclu-
sion of possible biomarkers of susceptibility to tobacco-
related carcinogens.
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