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SIGNIFICANCE
Basal cell carcinoma (BCC) is the most common skin can-
cer in fair-skinned individuals, and its incidence is increa-
sing worldwide. There are conflicting results regarding the 
risk of non-cutaneous cancers in individuals with basal cell 
carcinoma. This study analysed this risk in patients with 
basal cell carcinoma in Finland by using nationwide health-
registry data. The study found that individuals with BCC 
have an increased risk of other cancers overall. The risk 
was especially increased for lip cancer, mycosis fungoides 
and for soft tissue cancers. Further studies are needed to 
clarify the reasons behind this association.

Evidence of the association between a personal history 
of basal cell carcinoma and the risk of non-cutaneous 
malignancies is conflicting. The aim of this study was 
to retrospectively clarify the risk of non-cutaneous 
cancers in individuals with basal cell carcinoma using 
nationwide Finnish registry data for 96,304 patients 
and 394,503 randomly selected population controls. In 
this study, individuals with basal cell carcinoma have 
an increased risk of other cancers (odds ratio (OR) 
1.38; 95% confidence interval (95% CI) 1.36–1.40). 
The risk was most prominent for lip cancer (OR 5.29; 
95% CI 4.50–6.21), mycosis fungoides (OR 3.13; 
95% CI 2.31–4.23) and soft tissue cancers (OR 2.77; 
95% CI 2.43–3.16). In age-adjusted model, men had 
higher risk of cancers overall compared with women 
(p < 0.05). In conclusion, the study found increased 
overall cancer risk among patients with basal cell car-
cinoma compared with randomly selected population 
controls. 
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Basal cell carcinoma (BCC), belonging to the group 
of non-melanoma skin cancers (NMSC), is the most 

common skin cancer in fair-skinned individuals and its 
incidence is increasing worldwide (1–4). 

There is evidence that individuals with a personal 
history of BCC are at altered risk of developing non-
cutaneous cancers. It is well established that exposure 
to ultraviolet (UV) radiation is the most important risk 
factor for BCC (5, 6). On the contrary, it has been postu-
lated that exposure to UV radiation, through production 
of vitamin D and its possible anti-carcinogenic effects, 
might be inversely associated with several internal can-
cers (7, 8). This has raised the hypothesis that skin cancer, 
including BCC, could be an indicator of high vitamin 
D levels due to excess sun exposure and could thus be 
associated with decreased risk of internal malignancies, 
such as cancers of the colon, breast and prostate (9–11).

Alternatively, a growing body of evidence suggests 
that individuals with BCC are at increased risk of non-

cutaneous cancers, both prior to (12, 13) and after the 
diagnosis of BCC (14–21). A higher risk of comorbid 
malignancies has been observed, especially in younger 
individuals with BCC (16, 21). Among the non-cutaneous 
cancers that have repeatedly been reported at increased 
incidence in individuals with BCC are cancers of the lip, 
salivary glands, lung, breast, prostate and non-Hodgkin’s 
lymphoma (12–17, 21, 22).

The objective of this study was to clarify the associa-
tion between BCC and the risk of non-cutaneous cancers 
and possible differences in the risk between sexes. In 
addition, this study aimed to investigate whether the 
location of the first reported BCC affects the risk of 
non-cutaneous malignancies. 

MATERIALS AND METHODS

Populations and databases

This was a retrospective nationwide registry study of individuals 
aged 18 years or older, born at the earliest in 1910, with a first-
time diagnosis of BCC between 1 January 1987 and 31 December 
2018. Data were obtained from the Finnish Care Register for 
Health Care (CRHC) maintained by the Finnish Institute of Health 
and Welfare. The CRHC contains data on all diagnoses set in 
inpatient care in specialized healthcare from 1969 onward and in 
specialized outpatient care from 1998 onward. The unique social 
security number given to every Finnish citizen ensures that each 
individual is included only once in the CRHC.

This study was exempted from review by the IRB (ethics com-
mittee of Northern Ostrobothnia Hospital District) since it was a 
registry-based study.

BCC was defined using codes 1730A to 1739A in the ninth 
revision of the International Classification of Diseases (ICD) 
and codes C44.01, C44.11, C44.21, C44.31, C44.41, C44.51, 
C44.61, C44.71, C44.81 and C44.91 in the tenth revision of the 
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ICD. Only individuals with at least 1 registered BCC no later 
than 1 year before the end of data collection were included in the 
BCC population to ensure follow-up time. A group of controls 
was selected randomly from data from the Digital and Population 
Data Services Agency. Corresponding diagnosis data from CRHC 
was gathered for controls. Individuals with a record of BCC were 
excluded from the control population. Individuals with a record 
of albinism, Gorlin syndrome or xeroderma pigmentosum (XP) 
were excluded from both study and control populations because 
of their increased risk of developing BCC (23, 24). Diagnoses of 
comorbid cancers (Table SI) based on ICD-9 and ICD-10 codes 
were gathered for cases and controls from the CRHC.

Statistical analyses

The characteristics of the study population are presented as 
proportions and means. The associations between BCC and non-
cutaneous cancer were evaluated using a conditional logistic 
regression model and presented with odds ratio (OR) and 95% 
confidence interval (95% CI). Estimates were adjusted for age (by 
birth year) and sex. The potential interaction between sex and a 
diagnosis of cancer was assessed by including an interaction term 
in the regression models and through stratified analyses. However, 
because the matching factors are associated with exposure, they 
were controlled in conditional logistic regression analysis. All 
statistical analyses were performed using SAS software (version 
9.4; SAS Institute, Cary NC, USA). Two-sided p-values < 0.05 
were considered statistically significant.

RESULTS

Characteristics of the study and control populations
Characteristics of the study and control populations are 
shown in Table I. Among 96,304 BCC patients, 31,667 
(32.9%) and among 394,503 controls, 79,420 (20.1%) 
had been diagnosed with at least 1 non-cutaneous can-
cer. The majority (71.9%) of those with BCC had been 
diagnosed with only one non-cutaneous cancer (Table I). 
However, compared with controls, BCC cases were more 
likely to be diagnosed with more than 1 non-cutaneous 
cancer at different sites (p < 0.05). 

Risk of cancers other than skin in patients with a history 
of basal cell carcinoma
Those with BCC had higher overall cancer morbidity 
(odds ratio (OR) 1.38, 95% CI 1.36–1.40) compared 
with controls when adjusted for age and sex (Table SII). 
Several cancers at different sites were found at increased 
incidence in patients with BCC (Fig. 1, Tables SII and  
SIII). Among the selected cancers, lip cancer demon-
strated the highest risk (OR 5.29; 95% CI 4.50–6.21), 
followed by mycosis fungoides (OR 3.13; 95% CI 
2.31–4.23) and malignancies of connective tissue (OR 
2.77; 95% CI 2.43–3.16), salivary glands (OR 2.35; 95% 
CI 1.95–2.84), nose and nasal cavity (OR 2.34; 95% 
CI 1.87–2.92), eye (OR 2.21; 95% CI 1.88–2.59) and 
Hodgkin’s lymphoma (OR 2.16; 95% CI 1.86–2.52). 
After exclusion of ocular melanoma, the risk of eye 
cancer was (OR 3.08; 95% CI 2.50–3.79). 

In contrast, subjects with BCC demonstrated decreased 
risks of malignancies of the lung (OR 0.69; 95% CI 
0.65–0.73), pancreas (OR 0.71; 95% CI 0.65–0.77), 
stomach (OR 0.72; 95% CI 0.66–0.79), ovary (OR 0.73; 
95% CI 0.65–0.82), gallbladder and bile ducts (OR 0.76; 
95% CI 0.65–0.89), brain (OR 0.78; 95% CI 0.63–0.96) 
and liver (OR 0.81; 95% CI 0.73–0.91) compared with 
controls (Table SII).

Differences in cancer risk between sexes and effect of 
the location of the first basal cell carcinoma
The overall risk of non-cutaneous cancer was signi-
ficantly (p < 0.05) higher among men with BCC (OR 
1.49; 95% CI 1.45–1.52) compared with women with 
BCC (OR 1.27; 95% CI 1.24–1.30) (Fig. 1, Table SIII). 
A significant difference between sexes (p < 0.05) was ob-
served for several selected cancers (Fig. 1). Women with 
the first-reported BCC on the trunk and extremities were 
more likely to have a diagnosis of non-cutaneous cancer 

Table I. Characteristics of the study and control populations

BCC
(n = 96,304)a,b

Control group 
(n = 394,503)

Males Females Males Females 

Number, n (%) 44,616 (46.3) 51,688 (53.7) 184,322 (46.7) 210,181 (53.3)
Age at first registered BCC, mean (SD) 72.0 (11.5) 73.1 (12.6)
Localization of the first registered BCC
   Head/neckc 34,939 (78.3) 43,594 (84.3)
   Trunk/extremities 9,372 (21.0) 7,801 (15.1)
   Unspecified 305 (0.7) 293 (0.6)
Individuals with at least one non-cutaneous cancer, n (%) 16,340 (36.6) 15,327 (29.7) 36,957 (20.1) 42,463 (20.2)
Number of non-cutaneous cancers/case
   1 11,564 (70.8) 11,200 (73.1) 28,335 (76.8) 32,737 (77.1)
   2 3,454 (21.1) 3,043 (19.9) 6,657 (18.0) 7,640 (18.0)
   3 951 (5.8) 792 (5.2) 1,504 (4.1) 1,609 (3.8)
   4 272 (1.7) 206 (1.3) 349 (0.9) 381 (0.9)
   ≥5 99 (0.6) 86 (0.6) 112 (0.3) 96 (0.2)
Cases with first non-cutaneous cancer prior to first registered BCC, n (%) 7,448 (16.7) 6,843 (13.2)
Cases with first non-cutaneous cancer after first registered BCC, n (%) 37,168 (83.3) 44,845 (86.8)

aThe original database query yielded 98,892 individuals with a diagnosis of basal cell carcinoma (BCC); 96,304 met the inclusion criteria and were included for analysis. 
b8,681 of 96,304 individuals with BCC had non-melanoma skin cancer diagnosis other than BCC before the first registered BCC. c864 individuals in the study population 
simultaneously had more than 1 BCC at different locations at the time of the first registered BCC. These individuals are included in the head/neck group in the analysis. 
SD: standard deviation; NMSC: non-melanoma skin cancer.
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Fig. 1. Odds ratios (OR) and 95% confidence intervals (95% CIs) for overall cancer risk and for cancers at selected sites by sex. BCC: 
basal cell carcinoma.

http://medicaljournalssweden.se/actadv
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compared with women whose first BCC was located in 
the head and neck area (OR 1.12; 95% CI 1.06–1.18). 
Among men, this risk was not observed (OR 1.04; 95% 
CI 0.99–1.09).

DISCUSSION

This study provides additional evidence of the associa-
tion between BCC and risk of non-cutaneous cancers in 
a large study population and randomly selected popula-
tion controls. The study observed higher overall cancer 
morbidity in both men and women with BCC compared 
with controls. In addition, various types of cancer were 
found significantly in excess on different body sites in 
individuals with BCC. Compared with controls, BCC 
cases were more likely to have a record of more than 
1 non-cutaneous cancer. Furthermore, the study found 
evidence that women may carry different risk of non-
cutaneous malignancies depending on the localization 
of the first diagnosed BCC, initial lesion on the trunk 
and extremities indicating a higher risk.

Previous reports on the association between a per-
sonal history of BCC and the risk of non-cutaneous 
malignancies have yielded conflicting findings. A cancer 
registry study of 13,961 BCC cases from the UK repor-
ted decreased risk of non-cutaneous cancers combined, 
as well as cancer of the breast in women, cancer of the 
bladder in men, and cancers of the cervix and prostate 
(11). A Swiss cancer registry study (22) and a cancer 
registry study from Northern Ireland (25)) did not find 
an association between BCC and risk of other cancers 
combined after exclusion of skin cancer. An international 
multicentre study incorporating 13 large cancer registries 
(26), including a total of 148,885 individuals with BCC, 
observed decreased overall risk of solid malignancies 
after the first BCC in sunny countries (Australia, Singa-
pore and Spain), but, in contrast, increased risk in less 
sunny countries (Canada, Denmark, Finland, Iceland, 
Norway, Scotland, Slovenia and Sweden) (26). Several 
other studies have also reported increased risk of non-
cutaneous malignancies in individuals with BCC both 
prior to (12, 13) and after the diagnosis of BCC (14–19, 
21). A systematic review revising 18 registry-based 
studies and 3 cohort studies concluded in the direction 
of increased risk (20).

In the current study, lip cancer demonstrated the most 
prominent risk in individuals with BCC. The increase 
in the risk of lip cancer, well documented in a previous 
Finnish cancer registry study of 71,924 subjects with 
BCC (16) as well as in other previous studies (13–15, 
21), is most likely due to a shared risk factor, since UV 
radiation is a known risk factor for both BCC (6) and 
lip cancer (27).

In addition to lip cancer, this study found an excess 
of several other selected cancers among individuals 
with BCC, including cancer of the breast in women and 

cancers of the prostate and colon. A growing number of 
studies have observed increased incidences for these 3 
cancers in patients with BCC (13–17), but also decreased 
incidences have been reported (9–11). Two cancer re-
gistry studies from the Netherlands reported decreased 
risks in NMSC patients for prostate cancer (10) and for 
colorectal and breast cancer (9). For patients with BCC 
separately, a decrease in the risk of colorectal and breast 
cancer was significant only for certain stages of these 
cancers and for head and neck BCCs in men concerning 
colorectal cancer. Separate analyses of colon cancer and 
rectal cancer found no significant association (9). For 
prostate cancer, a separate analysis of individuals with 
BCC did not show a significant decrease in risk, apart 
from a significant risk reduction within the first year after 
the diagnosis of BCC (10).

The finding of increased risk of eye cancer in the cur-
rent study is of interest. Krilaviciute et al. (15) reported a 
2-fold risk of eye cancer in patients with BCC, although 
their result was not significant due to a small number of 
cases. Additional checking on morphology revealed that 
5 of the 6 observed eye cancers were ocular melanoma 
and therefore, the authors postulated that the potential 
increased risk of eye cancer could be explained by UV 
exposure. Increased risk of eye cancer has also been 
reported previously in women by Milan et al. (16). To 
our surprise, only 75 of 254 individuals with eye cancer 
had ocular melanoma in the current study population and, 
thus, after exclusion of ocular melanomas, patients with 
BCC demonstrated even higher risk of eye cancer, sug-
gesting that there may be an unknown shared risk factor 
other than UV exposure or true aetiological association 
between BCC and cancer of the eye.

The current study results indicate that mycosis fungoi-
des (MF), a subtype of cutaneous T-cell lymphoma, is 
more common in individuals with BCC compared with 
controls. Increase in the risk of lymphomas, especially 
non-Hodgkin’s lymphoma, has previously been reported 
both prior to (13) and after BCC (14, 16), but in these 
studies, MF was not analysed separately, but was inclu-
ded under the diagnosis of non-Hodgkin’s lymphoma. 
Previous studies investigating the risk of secondary 
malignancies in patients with MF have not found an as-
sociation between MF and BCC (28) or did not include 
BCCs (29–32).

In the current study, cancers of the lung, pancreas, 
stomach, liver, gallbladder and bile ducts, ovary and 
brain were less common in BCC compared with controls. 
Similar observations of decreased risks for cancers of the 
stomach, pancreas and gallbladder have been reported 
in a few previous studies (14, 22), although increased 
risk of stomach cancer, but also liver cancer (16) and 
cancer of the ovaries (13) has been observed in patients 
with BCC. In contrast to the results of the current study, 
lung cancer has been reported at increased incidence 
among patients with BCC, both in Finland (16) and el-

http://medicaljournalssweden.se/actadv
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sewhere (14, 26). This discrepancy may reflect changes 
in the individual level risk factors of these cancers or 
lifestyle habits over time; it was not possible to control 
for potential confound ers. In addition, inability to control 
for socioeconomic disparities may affect the observed 
decreased risks in the current study, since cancers of the 
lung, liver, pancreas, and stomach have been reported 
to be less common in individuals with higher socioeco-
nomic status (SES) compared with lower SES (33, 34), 
whereas BCCs are more common in higher SES (35).

A limited number of previous studies have investigated 
the risk of internal cancers according to the location of the 
first BCC. The current study results suggest that women 
with their first BCC on the trunk and extremities are at 
moderately higher risk of non-cutaneous malignancies 
compared with women with first BCC in the head and 
neck area. Recent epidemiological studies of BCC have 
reported a rapid increase in incidence especially among 
younger women (2–4). This has been observed to be 
due to a proportional increase in truncal and leg lesions 
of BCC in women (2, 3). In addition, a higher risk of 
subsequent malignancies has been observed especially 
in younger individuals with BCC (16, 21). To the best of 
our knowledge, such an incidence trend has not yet been 
assessed in Finland, but could offer an explanation as to 
why especially women appear to demonstrate differences 
in risk according to the location of the first BCC. 

A major strength of the current study is a large study 
population as well as a random, representative sample of 
the Finnish population as a control group. Our nationwide 
data is comprehensive, since public healthcare is equally 
available to every citizen and all cancers diagnosed and 
treated in public specialized healthcare are included in 
CRHC. 

Since this was a registry-based study, misclassification 
of diagnoses cannot be excluded, and we have no control 
over the BCC patients’ and control subjects’ previous his-
tory of BCCs and cancers before 1987. The data used in 
the study is limited to the hospital setting. In addition, as 
a general limitation to registry-based studies, the current 
study was unable to control for UV exposure and other 
potential risk factors on an individual level, apart from 
age and sex. In addition, without information regarding 
SES, BCC cases as a study population may represent a 
selection bias, since BCCs are more common in indivi-
duals with higher SES (35). However, previous studies 
that have been able to adjust for potential confounding 
variables have not found any substantial differences bet-
ween the age-adjusted and multivariable-adjusted risks 
(12, 17, 36), suggesting that the observed association 
between BCC and the risk of other cancers is unlikely to 
be explained by individual-level confounders. 

Another limitation should be addressed. After cancer 
diagnosis, patients are more likely to be under intensified 
medical surveillance, which could represent a potential 
source of surveillance bias. Because this study included 

internal cancers both prior to and after BCC, treatment 
effects may affect the number of BCCs and second pri-
mary cancers and the observed cancer risks. 

Even though reduced all-cause mortality has been 
reported among individuals with BCC (37, 38), there is 
evidence that cancer mortality might be higher in those 
with a personal history of BCC (38). Unfortunately, this 
study did not include data concerning deaths, and there-
fore the study was not able to include mortality analyses; 
neither could the study ensure completeness of follow-up. 
Secondly, the divergent prognoses of subsequent cancers 
may thus represent a potential source of bias, since the 
prognosis and mortality rates of non-cutaneous cancers 
differ between cancer types (33). However, considering 
the increasing incidence of BCC, any potential increase 
in cancer morbidity and mortality would be significant 
in terms of the number of patients at risk. 

In conclusion, this study strengthens the evidence 
that several non-cutaneous cancers are found in modest 
excess in individuals with BCC. Especially women with 
the first reported BCC on trunk or extremities may be 
at altered and higher risk. Further studies are needed to 
clarify the underlying mechanisms of these associations. 
The authors have no conflicts of interest to declare.
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