
A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

CLINICAL REPORT

doi: 10.2340/00015555-3198
Journal Compilation © 2019 Acta Dermato-Venereologica. 

This is an open access article under the CC BY-NC license. www.medicaljournals.se/acta
Acta Derm Venereol 2019; 99: 878–883

878

SIGNIFICANCE
There has been an increase in the number of skin cancers 
in Sweden in the last decades. We looked closer at one skin 
cancer in particular – squamous cell carcinoma. In order 
to be able to prevent squamous cell carcinoma, we need 
to understand which risk factors are most important. We 
studied a large group of Swedish women and looked into 
which risk factors play a role in getting  squamous cell car-
cinoma. Having freckles and red or light blond hair, taking 
medications that suppress the immune system and using 
sunbeds play a part. 

The incidence of cutaneous squamous cell carcinoma 
has increased rapidly in Sweden in the past decades. 
Here, we present a prospective study of the Melanoma 
in Southern Sweden (MISS)-cohort, with 29,460 parti-
cipating women in southern Sweden that investigates 
the risk factors for cutaneous squamous cell carcino-
ma. Data on the host and skin cancer risk factors were 
collected through questionnaires and then matched 
with the National Cancer Registry. Statistical analyses 
were based on uni- and multivariable Cox proportio-
nal hazards models, using age as the time-scale. We 
found that sunbed use (hazard ratio (HR) 1.2, 95% 
CI: 1.1–1.4), red and light blond hair (HR 1.6, 95% 
CI: 1.1–2.3), freckles (HR 1.4, 95% CI: 1.1–1.8) and 
immunosuppressive medications (HR 2.1, 95% CI: 
1.3–4.5) were independent risk factors. Furthermore, 
we observed a dose-dependent relationship between 
sunbed use and the development of cutaneous squa-
mous cell carcinoma. Our findings support the idea of 
integrating dermatological follow-up examinations for 
immunosuppressed patients and banning the use of 
sunbeds in order to prevent cutaneous squamous cell 
carcinoma. 

Key words: cutaneous squamous cell carcinoma; risk factors; 
sunbed; prospective cohort.
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Over the past 10 years, there was an annual increase 
of 6.5% for Swedish women and 5.5% for Swe-

dish men in the incidence of cutaneous squamous cell 
carcinoma (cSCC), making it the most and second most 
rapidly increasing malignant tumour in Sweden (1, 2). 
This trend has been observed for light-skinned people 
worldwide as well (3–6). A cSCC diagnosis can be lethal 
and surgical excision is the first line treatment in forms of 
invasive cSCCs. A patient with the suspected diagnosis 
is often referred from primary care to a dermatology 
department for diagnosis and subsequent treatment. Due 
to the rise in incidence, the number of patients in derma-
tology departments has been increasing, which represents 
a growing economic burden on the healthcare system. 

As with most cancers, the interaction between phenoty-
pic, genotypic, and environmental factors determines the 
individual risk for developing cSCC. As such, understan-
ding these risk factors and implementing evidence-based 
preventive strategies are essential to combat the rising 
incidence of cSCC. 

Analysing risk factors identified in prospective studies 
with no recall bias, can help to achieve this goal. The 
majority of the studies, examining risk factor contribu-
tion to cSCC, to date are retrospective in nature and 
very little focus exclusively on women. In contrast, the 
aim of the present study is to prospectively investigate a 
cohort of women and thereby elucidate the influence of 
both phenotypic (colour of hair and eyes, freckles and 
naevi count) and environmental factors (medicine intake, 
educational level, smoking habits and UV exposure) on 
cSCC incidence.

MATERIALS AND METHODS 

Participants

The MISS (Melanoma in Southern Sweden) cohort was established 
in 1990–1992 and is still followed prospectively. Swedish-born 
women (1,000 women per calendar year, born between 1925 and 
1965), living in the Southern Sweden’s health care region, with 
no prior diagnosis of invasive cancer were selected for the study. 
The women included in the cohort were chosen through random 
computerized selection from the Population/Census Registry 
and were controlled to have no prior diagnosis of invasive cancer 
through the Regional Cancer Registry before the final inclusion. 
At baseline 40,000 women were included into the study. Non-
responders were sent a reminder letter.

The invited women were asked to answer a written questionnaire 
on the possible risk factors for skin cancer and breast cancer. The 
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women who entered the study provided written informed consent. 
The list of participants was thereafter continuously crosschecked 
with the Regional Cancer Registry for the occurrence of any kind 
of malignancy, including cSCC. Follow-up time (person-years) 
was measured from the beginning of the study until the diagnosis 
of first primary cSCC, death, immigration or the end of the study 
period (20 years).

Questionnaires

This study used a standardized questionnaire that has been valida-
ted in our previous publications (7–9). The original questionnaire 
was developed during the 1980s for the purpose of gathering 
information on the possible risk factors for cutaneous malignant 
melanoma and breast cancer. However, the design of the ques-
tions made this survey applicable to the analysis of risk factors 
for cSCC, as well. 

From the questionnaire, we included items on previously known 
and suspected risk factors for skin cancer (7). Data were collected 
on phenotypic characteristics including hair colour, eye colour, 
freckles and naevi count on one arm, in addition to the data such 
as potential risk factors: level of education, outdoor work, use of 
sunbeds and UV (ultraviolet) lamps, intake of oral contraceptives 
(OC), hormone replacement therapy (HRT), other medications 
taken for over a month, smoking habits, number of pregnancies 
and if they have ever lived in a sunny subtropical to tropical cli-
mate. Medications were grouped according to the International 
Anatomical Therapeutic Chemical (ATC) classification system. 
For medications considered relevant to this study, i.e. non-steroidal 
anti-inflammatory drugs (NSAIDs) and immunosuppressive drugs, 
patients were coded as “users” if they took these medications for 
over one month and “non-users” when they were medication-free.

Cancer data

Data on cancer diagnoses up to December 31, 2007 were collected 
from the National Cancer Registry and from the Regional Cancer 
Registry up to April 13, 2011. In the last period, a few women 
moved out of Southern Sweden’s healthcare region and had been 
diagnosed with cSCC between the aforementioned dates. 

Statistical analysis

Incidences of cSCC (events per 100,000 person-years) are presen-
ted for each level of the hypothesized risk factors. To estimate the 
increased risk associated with each factor, we used a univariable 
cause-specific Cox regression analysis, using age as the time-scale, 
i.e. subjects enter the analysis at their baseline age (age at which 
they completed the questionnaire) and exit at their event, censoring 
age or death. By using age as the time-scale, confounding risk 
factors for age were already eliminated in the univariable analyses. 
Results are presented as hazard ratios (HR) with 95% confidence 
intervals (CI) and p-values. 

For graphical illustration, we presented the cumulative incidence 
of cSCC and treated death as a competing event. To investigate 
the independent contribution of each risk factor, we used a mul-
tivariable Cox regression analysis that included information on 
high number of naevi, freckles, red or light blond hair, ever having 
smoked, sunbed use, ever having lived in a sunny climate, occu-
pational outdoor working, use of immunosuppressive medications 
(over one month), higher education, ever having used OC, more 
than two pregnancies, ever having used HRT and NSAID use (over 
one month). In the main multivariable analysis, sunbed use was 
represented through a linear score (0 = never, 1 = 1–3 times per 
year, 2 = 4–10 times per year, 3 = over 10 times per year) to inter-
rogate trends associated with each factor. To further investigate 

the impact of sunbed use, it was included as a factor on these 4 
levels; furthermore, we performed a comparison between “ever-
users” and “never-users”. Complete case analysis was used in the 
multivariable setting. 

In both the multivariable and univariable Cox analyses, the pro-
portional hazards assumption was tested using the Schoenfeld’s 
test (tests with p < 0.05 commented on in Table II). As a sensitivity 
analysis (not subject to the proportional hazards assumption), we 
calculated the univariable p-values using the log-rank test (with 
age as the time-scale). Because these results were comparable 
to those from the Cox-regression, we did not include them in 
this report. 

RESULTS 

Participants and incidence of cutaneous squamous cell 
carcinoma
Of the initially 40,000 invited women, 29,460 agreed to 
participate in the study (response rate 74%). We excluded 
one subject with a cancer diagnosis prior to answering 
the questionnaire and 38 subjects with at least one cancer 
diagnosis prior to developing cSCC. Of the remaining 
29,421 women, 333 were diagnosed with cSCC, 124 of 
which were invasive and 209 were in situ.

Risk factors
The distribution of the included risk factors and the cor-
responding incidence of cSCC are presented in Table I. 

In the univariable analysis, we compared the incidence 
of cSCC with its potential risk factors, using a 95% CI 
(Table II). The variables with the strongest crude influ-
ence on cSCC incidence were sunbed use up to 3 times 
per year vs never (HR 1.34), sunbed use between 4 and 
10 times per year vs never (HR 1.55), sunbed use over 
10 times per year vs never (HR 1.88), freckles (HR 1.53), 
red hair (HR 2.00), red or light blond hair (HR 1.63), 
use of OC (HR 1.30) and the use of immunosuppressive 
medications for over one month (HR 2.51). The inde-
pendent effects of the risk factors were determined using 
a multivariable analysis, using a 95% CI (Table III). 
We included all of the risk factors from the univariable 
model, except those that represent the re-categorization 
of an included variable in order to avoid problems with 
co-linearity. To account for the possible age-dependent 
differences (most notably in the use of sunbeds, which 
did not become popular in Sweden until the 1980s), we 
adjusted according to the birth cohort (4 groups). We 
further explored the possible interaction between sunbed 
use and birth cohort but there was no evidence for such 
an interaction in our data (p = 0.7, data not shown). In 
the multivariable analysis, sunbeds (HR 1.18 per step in 
score), red or light blond hair (HR 1.58), freckles (HR 
1.43) and immunosuppressive medications (HR 2.16) 
were associated with an increased HR for cSCC. The 
other variables analysed had no associations with cSCC 
diagnosis in this model.
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Sunbed use. The multivariable analysis, described above, 
revealed a positive association between cSCC incidence 
and sunbed use (HR 1.18; 95% CI 1.04–1.32) for each 
score level (0–3). By using a more detailed multivariable 
analysis, we further elucidated this trend by including 
sunbed use as a factor on these 4 levels and compared 
the sunbed-users to the never-users to obtain an HR 
1.38  (95% CI 0.95–2.0), HR 1.47 (95% CI 1.02–2.1), 
HR1.62 (95% CI 1.09–2.42) for sunbed use 0–3 times/
year, 4–10 times/year and > 10 times/year, respectively. 

Table I. Group size and incidence of cutaneous squamous cell 
carcinoma (cSCC) separated for risk factors and base-line variables

Variable
Women
n (%) Events

Rate of cSCC per 
100,000 person-
years (95% CI)

Age at inclusion (1990)
< 35 years   6,941 (24) 18 13.4 (8.4–21.2)
35–45 years   7,118 (24) 30 22.5 (15.7–32.1)
45–55 years   7,280 (25) 78 59.1 (47.4–73.8)
≥55 years   8,082 (27) 207 150.8 (131.6–172.8)

More than 3 naevi on one arm
No 21,101 (82) 249 64.7 (57.2–73.3)
Yes   4,536 (18) 27 31.7 (21.7–46.2)
Missing   3,784 57 84.9 (65.5–110.0)

Freckles (former or present)
No 16,344 (57) 170 57.3 (49.3–66.6)
Yes 12,441 (43) 156 68.1 (58.2–79.7)
Missing      636    7 61.1 (29.2–128.2)

Red hair
No 28,524 (98) 316   60.7 (54.3–67.7)
Yes      637 (2) 12 102.4 (58.2–180.4)
Missing      260   5 110.2 (45.9–264.8)

Red or light-blond hair
No 26,651 (91) 292 60 (53.5–67.3)
Yes   2,510 (9) 36 77.8 (56.1–107.9)
Missing      260   5 110.2 (45.9–264.8)

Tertiary education
No 14,031 (48) 178 69.9 (60.4 – 81.0)
Yes 15,077 (52) 153 55.2 (47.1–64.7)
Missing      313 2 36.0 (8.99–143.8)

Ever-smoker
No 11,921 (41) 163 74.8 (64.2–87.2)
Yes 17,297 (59) 165 52.2 (44.9–60.9)
Missing      203 5 142.5 (59.3–342.3)

Ever used a UV lamp
No 26,267 (97) 288 60.0 (53.4–67.3)
Yes      914 (3) 14 84.8 (50.2–143.1)
Missing   2,240 31 76.6 (53.9–108.9)

Frequency of sun-bed use (yearly)
Never 15,384 (53) 186 67.2 (58.2–77.5)
0–3 times   4,595 (16) 44 51.5 (38.3–69.2)
4–10 times   5,032 (17) 54 57.8 (44.3–75.5)
> 10 times   3,907 (14) 44 60.4 (44.9–81.1)
Missing      503   5 58.6 (24.4–140.9)

Ever used a sunbed
No 15,384 (53) 186 67.2 (58.2–77.5)
Yes 13,534 (47) 142 56.4 (47.9–66.5)
Missing      503   5 58.6 (24.4–140.9)

Outdoor occupation (summer)
No 21,728 (76) 241 60.6 (53.5–68.8)
Yes   6,850 (24) 72 57.4 (45.5–72.3)
Missing      843 20 139.9 (90.3–216.8)

Resident in sunny countries
No 27,567 (95) 315 62.6 (56.0–69.9)
Yes   1,457 (5) 13 48.5 (28.1–83.5)
Missing      397   5 71 (29.5–170.5)

Ever pregnant
No   3,760 (13) 40 57.4 (42.1–78.3)
Yes 25,564 (87) 291 62.5 (55.7–70.1)
Missing       97   2 119.2 (29.8–476.6)

Ever-user of oral contraceptives
No 10,754 (37) 179 94.4 (81.5–109.3)
Yes 18,455 (63) 150 43.6 (37.2–51.2)
Missing      212 4 108.7 (40.8–289.6)

Ever-user of hormonal replacement therapy
No 24,316 (87) 251   56.4 (49.8–63.8)
Yes   3,634 (13) 75 117.0 (93.3–146.7)
Missing   1,471   7   25.3 (12.0 – 53.0)

Use of immunosuppressive drugs (L04 or H02) > 1 month
No 29,016 (99) 319   60.2 (53.9–67.1)
Yes      405 (1)   14 200.9 (119.0–339.3)

Use of NSAID (B01. N02 or M01) >1 month
No 27,127 (92) 304 61.2 (54.7–68.5)
Yes   2,294 (8)   29 71.7 (49.8–103.1)

CI: confidence interval; NSAID: non-steroidal anti-inflammatory drugs.

Table II. Univariable Cox regression analyses of risk factors for 
cutaneous squamous cell carcinoma (cSCC)

Variable Events HR 95% CI p-value

Ever used a sunbed 328 1.55 1.24–1.95 < 0.001
Freckles 326 1.53 1.23–1.91 < 0.001
Sunbed use (per step in score, 0–3) 328 1.24 1.12–1.37 < 0.001
Sunbed use 328 0.001
0–3/year vs never 1.34 0.96–1.87
4–10/year vs never 1.55 1.14–2.10
> 10/year vs never 1.88 1.34–2.63

Use of immunosuppressive 
medication >1 month

333 2.51a 1.47–4.29 0.003b

Red or light blond hair 328 1.63 1.16–2.31 0.009
Ever-use of oral contraceptive 329 1.30 1.03–1.65 0.028
Red hair 328 2.00 1.12–3.56 0.033
Use of NSAID > 1 month 333 0.78 0.53–1.14 0.18
Occupational outdoor working 313 0.86 0.66–1.12 0.24
Ever pregnant 331 0.83 0.59–1.15 0.27
Ever lived in a sunny climate 328 1.36 0.78–2.37 0.30
Tertiary education 331 0.95 0.76–1.17 0.61
Ever-use of HRT 326 1.07 0.83–1.39 0.61
High number of naevi 276 0.91 0.61–1.36 0.64
Ever used a UV-lamp 302 1.08 0.63–1.85 0.77
More than two pregnancies 326 0.98 0.79–1.22 0.86
Ever smoker 328 0.99 0.79–1.23 0.93

aSchoenfeld’s test detected deviation from the proportional hazards assumption 
(p = 0.007). HR should thus be interpreted as the mean over the studied (age-) 
time-scale. bP (logrank) = 0.0005.
HR: Hazard ratio; CI: confidence interval; NSAID: non-steroidal anti-inflammatory 
drugs; HRT: hormone replacement therapy.

Table III. Multivariable Cox regression analysis of risk factors for 
cutaneous squamous cell carcinoma (cSCC), based on 247 events 
in 22,690 women (complete case analysis)

Variable HR 95% CI p-value

Freckles 1.43 1.11–1.85 0.006
Sun-bed use (per step in linear score 0–3) 1.18 1.04–1.32 0.008
Red or light blond hair 1.58 1.06–2.34 0.023
Use of immunosuppressive medication 

> 1 month
2.16 1.06–4.39 0.034

Use of NSAID (> 1 month) 0.63 0.39–1.02 0.059
Occupational outdoor working 0.81 0.59–1.11 0.2
Ever-user of oral contraceptive 1.18 0.86–1.51 0.4
Ever-user of hormone replacement therapy 1.12 0.85–1.54 0.4
High number of naevi 0.87 0.56–1.31 0.5
Ever-smoker 0.93 0.72–1.20 0.6
Tertiary education 0.92 0.72–1.19 0.6
Ever lived in a sunny climate 1.13 0.54–2.24 0.8
More than two pregnancies 1.03 0.80–1.34 0.8
Birth cohort (vs 1926–1935) 0.17
1936–1945 1.23 0.84–1.79
1946–1955 1.36 0.68–2.73
1956–1965 3.26 1.09–9.72

A global Schoenfelds test displayed no evidence of departure from proportional 
hazards (p = 0.63).
HR: Hazard ratio; CI: confidence interval; NSAID: non-steroidal anti-inflammatory 
drugs.
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The increased risk of cSCC for sunbed users compared 
to never-users is illustrated graphically in Fig. 1. 

DISCUSSION

The incidence of cSCC has been increasing in Sweden 
and globally since the last 40 years. For Swedish women 
this is the most rapidly increasing cancer of all. There-
fore, primary and secondary prevention of cSCC have 
high priority. In this prospective study we have confirmed 
that sunbed use, having freckles, red or light blond hair 
and using immunosuppressive drugs are independent risk 
factors for developing cSCC. Our findings are in line with 
the literature (10–18) and confirm a distinct relationship 
between cSCC risk and sunbed use.

One of the strengths of our study is its prospective 
design with a large cohort and data collected over a long 
period of time. Another strength is the inclusion of cross-
referencing with the National Swedish Cancer registry, 
where approximately 98% of all cancer diagnoses in 
Sweden are registered, according to the unique individual 
personal identification numbers. 

Focusing our study solely on female participants ser-
ves as both a strength and a limitation. The former, as it 
is important to find possible differences in risk factors 
among men and women, the latter being that we cannot 
generalize our findings to male patients. Very few of the 
women in our cohort worked outdoors and this likely 
underlies the absence of an association between outdoor 
work (i.e. chronic UV exposure) and increased cSCC 
risk. Previous studies have described such an associa-
tion between cSCC and outdoor work for men (10, 11, 
19, 20). Another limitation is the lack of information on 
possible unknown or recently revealed confounders, as 
the data is based on a questionnaire constructed in the 
early nineties. Hence we could not adjust for all possible 
confounders, such as the use of sun protecting agents and 
we cannot comment on their possible effect on the risk. 

Also, we have not been able to look at family history of 
cSCC as a risk factor in our study.

Interestingly, for many perceived risk factors for 
cSCC, we found no statistical evidence for the influ-
ence of the risk in the MISS cohort. For example, our 
study provided no evidence of smoking being a risk 
factor for cSCC, which contradicts the findings from a 
meta-analysis (21) and from a more recent study from 
Australia but aligns with two other studies from Australia 
and Sweden, respectively (22, 23). Our findings were 
also contrary to those in the literature, regarding NSAID 
intake (23, 24), because, according to our data, this factor 
neither increased nor decreased cSCC risk. Both evidence 
from the literature and our evidence support the lack of 
association between cSCC risk and OC use (24, 25) or 
education level (26, 27). 

Fair skinned individuals with red to blond hair have 
been reported as being at an elevated risk for developing 
cSCC and cutaneous malignant melanoma (cMM) (12, 
16–18, 28, 29). This predisposition is supported by the 
data in our study as well. The accepted explanation for 
this phenomenon is that population’s inability to tan, 
which corresponds to their predominant production of 
yellow-reddish pheomelanin instead of brown-black 
eumelanin. Given that the individual phenotype cannot 
be altered, how can we protect our fair-skinned popula-
tion from this risk? This is of particular importance to 
the Nordic countries, including Sweden, where this skin 
type is overrepresented. The answer likely includes im-
proving primary prevention (30, 31). In this regard, more 
randomised, controlled prevention studies are needed, 
but in Australia, Green et al. (32) have already shown 
that daily sunscreen use can prevent cSCC. 

A well-known environmental risk factor for cSCC is 
the use of immunosuppressive medications and several 
studies have shown that the risk of cSCC is markedly 
increased following organ transplantation (14, 15, 28). 
This is in line with our findings that the use of these 
drugs for a month increases the risk significantly. This 
highlights the importance of prompt as well as continu-
ous dermatological surveillance and education about the 
primary prevention for patients with long-term immuno-
suppression. Hence, evidence-based information to these 
patients, concerning the most effective way of primary 
prevention of cSCC, and also skin cancer screening by 
total body examination should be proposed and possibly 
standardized in future national guidelines. 

The most important known risk factor for cSCC (3, 10, 
12), cMM, and basal cell carcinoma (BCC) is ultraviolet 
radiation (UVR) exposure (10, 11, 29). In this study, we 
examined factors that inherently involve UVR exposure 
such as working outdoors, living in a sunny climate, and 
using UV-lamps/sunbeds. Additionally, we could not 
confirm that a history of being a resident of a country 
with a sunny climate (i.e. closer to the equator, more 
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Fig. 1. Curves showing the relationship between the cumulative 
incidence of cutaneous squamous cell carcinoma (cSCC) in ever-
users and never-users of sunbeds.
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ambient UVR) impacted the cSCC incidence, as has 
been described by several previous studies (12, 33, 34). 
This is also likely explained by an underrepresentation 
of this subpopulation in our cohort or by the survey’s 
lack of information concerning the duration of stay in a 
sunny climate.

Investigating the contribution of sunbed use and cSCC 
risk is interesting partly because this risk factor can 
be influenced by information and regulation (35, 36). 
While age limits for sunbeds have been already enacted 
in several other countries such as Italy and Australia 
(36–38), these efforts were only recently settled in Swe-
den (September 2018). This represents a very promising 
and proactive skin cancer preventive strategy as several 
previous studies have shown that sunbeds contribute to 
melanoma and cSCC development (7, 13, 16, 39–43). 

The present study confirms that the use of sunbeds 
is an independent risk factor for the increased cSCC 
incidence. Because our study is restricted to women, the 
confirmation of the increased risk conferred by sunbeds 
might be attributed to the fact that women are traditio-
nally more prone to sunbed use or that the correlation 
between sunbed use and cSCC risk in other studies might 
have been diminished if men were studied, since men 
tend to use sunbeds less than women (36). In Sweden, the 
incidence of cSCC is somewhat higher in women than 
in men. Is it possible that this difference stems from the 
higher rates of sunbed use among women? Interestingly, 
we can conclude that as sunbed use increases, so does the 
risk of developing cSCC. This dose-response relationship 
confirms the negative health impact of using sunbeds. 

In conclusion, this large, prospective study firmly es-
tablishes that the use of sunbeds is an independent risk 
factor for cSCC in Swedish women. The use of immu-
nosuppressive medication for over one month and having 
freckles and red or light blond hair were also independent 
risk factors. Our findings support implementing regular 
dermatological evaluation as a standard practice for 
patients who are immunosuppressed, and banning the 
use of sunbeds. 
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