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Methods: Data were obtained from the Rotterdam Study; a large prospective population-
Keywords: based follow-up study with coverage of prescription-only drugs from pharmacies. The
High-ceiling diuretics diagnoses of BCC were obtained through general practitioners, and by linkage with a regis-
Basal cell carcinoma try of histo- and cytopathology. Cumulative use of diuretics at the date of diagnosis was

categorized into quartiles for users of high-ceiling diuretics, potassium sparing agents
and thiazides. The association between these drugs and BCC was assessed by Cox propor-
tional hazard modeling with adjustment for age, gender and potential confounders. Effect
modification was tested with interaction terms.
Results: Use of high-ceiling diuretics in the highest quartile (>3.7 years cumulative expo-
sure) was associated with an increased hazard of BCC of 62% compared to no use (HR
1.6; 95% CI 1.1-2.4). Patients who used high-ceiling diuretics and had a high tendency of
getting sunburned had a higher risk of diagnosis than non-users who do not easily get sun-
burned. Neither the use of potassium sparing agents, nor the use of thiazides was associ-
ated with BCC.
Conclusion: In our study, cumulative use of high-ceiling diuretics was associated with an
increased risk of diagnosis of BCC. This effect is stronger in patients who easily get
sunburned.
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1. Introduction

In Caucasians, basal cell carcinoma (BCC) is among the most
frequently diagnosed cancers® and its incidence is increas-
ing.>™ In a large region of The Netherlands, the age-adjusted
incidence for males rose from 40 per 100,000 person years in
1973 to 92 per 100,000 person years in 2000. For females, the
incidence rate rose from 34 to 79 per 100,000 person years
during the same period.> However, mortality rates are low
since BCC metastasizes rarely>® Nonetheless, morbidity
can be high due to local tissue destruction, and residual
scarring after surgery. Cosmetic considerations and the high
incidence make BCC among the five most costly cancers to
treat.”

Known risk factors for the development of BCC are age and
phenotypic characteristics such as hair color, eye color and
skin phototype. In addition to genodermatoses (specific inher-
ited genetic skin conditions), genetic risk factors have been
elucidated.®'° The major environmental risk factor for the
development of BCC is excessive exposure to ultraviolet radi-
ation (UV), both chronic and intermittent.™ UV-B causes spe-
cific DNA mutations and UV-A indirectly damages the DNA
via reactive oxygen molecules.’®** UV induced DNA damage,
and therefore the risk of BCC, may be enhanced in patients
with increased photosensitivity because they are more likely
to get (severe) sunburns due to a lower Minimal Erythema
Dose. A wide range of drugs have photosensitizing abilities
including sulfonylurea derivatives used in diabetes mellitus,
non-steroidal anti-inflammatory drugs, antipsychotic drugs,
antimicrobials, antimalarials, amiodarone, diuretics and car-
diovascular drugs.’>™"” Of these drugs, amiodarone has been
associated with the development of BCC'® and self-reported
use of photosensitizing drugs in general was associated with
an increased risk of BCC and squamous cell carcinoma
(SCC).*® Furthermore, an association between the total dis-
pensed amount of photosensitizing diuretics in mg (i.e. thia-
zides, potassium sparing agents and furosemide) and risk of
SCC and malignant melanoma has been described.?® How-
ever, no clear associations were found between diuretics
and BCC.

Despite the photosensitizing abilities of diuretic agents,
little is known about a possible association between use of
these frequently used drugs and the risk of BCC.'®* The
objective of this study was to test the hypothesis that long-
term use of diuretics is associated with an increased risk of
BCC.

2. Methods

2.1.  Setting

Data were obtained from the Rotterdam Study, a large popula-
tion-based follow-up study. The objectives and design were
extensively described earlier.”’?® In the Rotterdam Study I,
7983 of 10,275 eligible persons aged 55 years and over, partic-
ipated and are followed since inclusion. They are mainly Cau-
casians. In 1999, 3011 participants (of 4472 invitees) who had
became 55 years of age or older, or moved into the study dis-

trict since the start of the study were added to the cohort (Rot-
terdam Study II).

The study was approved by the Medical Ethics Committee
of the Erasmus MC and all participants gave written informed
consent. All participants were examined in detail at baseline.
Participants were interviewed at home by trained interview-
ers and investigations took place during two subsequent vis-
its at the research center. During follow-up, they underwent
additional interviewing, laboratory assessments, clinical
examinations and imaging procedures every 3-4 years. The
vital status of the participants was obtained regularly from
the municipal population registry. Morbidity and mortality
were assessed by information from the general practitioner
or, in case of hospitalization, by discharge reports from med-
ical specialists.

Data concerning filled prescription-only drugs are pro-
vided by the seven computerized pharmacies that dispense
out-patient prescriptions for all participants. Information on
prescriptions was available as of 1st January 1991 and in-
cluded product name, Anatomical Therapeutical Chemical
(ATC) code,* dispensing date, total amount of drug units
per prescription, prescribed daily number of units, dosage
and regimen.

2.2. Study population and outcome

To ensure that only incident users of diuretics were included,
the study cohort consisted of all patients in the Rotterdam
Study who did not receive a prescription of diuretics before
1st April 1991. Complete coverage of pharmacy data started
namely only in 1st January 1991 and prescriptions in the
Netherlands have a maximum of 90 days. The diagnoses of
BCC were obtained through the general practitioners and by
linkage with a nationwide registry of histo- and cytopathol-
ogy in the Netherlands (PALGA) from 1% January 1986 to
31st December 2007. Two research physicians independently
assessed the first date and diagnosis of BCC. All events were
classified according to the International Classification of Dis-
ease (ICD) tenth edition.?® In case of discrepancy, consensus
was sought or a cancer epidemiologist decided. The index
date was defined as the date of the first diagnosis of BCC in
the pathology data. Patients were followed since inclusion
in the Rotterdam Study until the diagnosis of BCC, death, or
end of the study period (31st December 2007), whichever
came first.

2.3. Exposure

Cumulative time of use and average defined daily dose of
diuretic dispensions were calculated over the period 1st April
1991 through 31st December 2007. Each participant could con-
tribute cumulative exposure time to one or more of three cat-
egories, i.e. high-ceiling diuretics (ATC-code C03C), potassium
sparing agents (ATC-code C03D), thiazides including chlortal-
idon (ATC-code CO03A) and thiazides in combination with
other drugs (CO3EA). The potential association was assessed
continuously per additional year of cumulative use and cate-
gorically by dividing cumulative use at the index date into
four quartiles for each drug group. Quartiles were preferred
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over other cut-off points to establish equal power in all
groups, and because it guarantees unbiased cut-off points
and facilitates trend analyses. To analyze the effect of dosage
on the risk of BCC we categorized the average defined daily
dosage (DDD, calculated over available prescriptions)** of
diuretic users into four quartiles for each drug group.

2.4. Covariates

The following baseline patient characteristics, all determined
by baseline interview or during the visit to the examination
center, were individually assessed as potential confounders
and/or effect modifier: gender, age, smoking status (current
smoker, former smoker or never smoked), self-reported ten-
dency to sunburn (high or low), outdoor work (>4 h daily for
>25 years), history of living in a country with a high sun expo-
sure (>1year), ethnicity, natural hair color during childhood
(blond, brown, red or black), natural hair color when adult
(black or brown; blond or red), eye color (blue, intermediate
or brown) and cohort (Rotterdam Study I or Rotterdam
Study II).

Furthermore, concomitant use of other diuretics and/or
other photosensitizing drugs was considered as potential
confounder and/or effect modifier. The following drugs,
known for their photosensitizing abilities were included: ami-
odarone, quinidine, calcium antagonists, sulfonylurea deriva-
tives used in diabetes mellitus (tolbutamide, glibenclamide,
gliclazide, glimepiride), non-steroidal anti-inflammatory
drugs (piroxicam, flurbiprofen, ibuprofen, ketoprofen, na-

proxen, celecoxib and diclofenac), antipsychotics (chlorprom-
azine, haloperidol, phenothiazines), antibiotics (tetracyclines,
fluoroquinolones, sulfonamides) and antimalarial drugs (ami-
noquinoline and methanolquinolines). Use was assessed in
days of cumulative exposure at the index date.

2.5.  Statistical analysis

The association between diuretics and BCC was analyzed
using Cox proportional hazard models with cumulative drug
use as a time-varying determinant, while adjusting for age
at baseline and gender.?® At the date of diagnosis cumulative
exposure in participants with a BCC was compared to cumu-
lative exposure in all individuals without a BCC with the same
follow-up time in days. To encounter the exponential age-re-
lated risk of cancer, a sub-analysis was done in which the
comparison was further restricted to participants who also
had the same age as the persons with BCCs (+180 days).
Covariates that changed the hazard ratio of BCC risk by more
than 10% were considered as confounders.”” To test for effect
modification by covariates mentioned above, interaction
terms were introduced in the statistical model and separate
analyses were performed in different categories. In addition,
proportionality of the model was tested by adding an interac-
tion term of the determinant and the follow-up time. Analy-
ses were performed using SPSS software (version 15.0,
Chicago, US) and SAS software (version 9.1.3, Cary, US). All
p-values are two-sided and were considered significant if
p <0.05.

Table 1 — Baseline characteristics of the study population (n = 10,692).

Characteristic?®

Number (SD or %)

Gender

Age at entry (years)
Cohort of entry

High tendency to sunburn
Outdoor work (>4 h daily for >25 years)
Living in a sunny country (>1 year)

Hair color when young

Hair color at present time

Eye color

Smoking status

Ethnicity

Males (%)
Females (%)

4288 (40%)
6404 (60%)

69 (9.7)

Rotterdam Study I 7770 (73%)
Rotterdam Study II 2922 (27%)
Yes 3216 (30%)
No 6607 (62%)
Yes 1187 (11%)
No 6047 (57%)
Yes 1017 (9%)

No 8929 (84%)
Blond 2245 (21%)
Brown 6402 (60%)

Red 295 (3%)
Black 1000 (9%)
Blond or red 2540 (24%)
Black or brown 7402 (69%)

Blue 6239 (58%)
Intermediate 769 (7%)

Brown 2231 (21%
Current smoker 2286 (21%

Former smoker
Never smoked
Caucasian
Other

3707 (34%
9645 (90%
212 (2%)

)

(21%)

4644 (42%)
)

)

SD: standard deviation.

& If numbers do not add up to 10,692 or 100% this is due to missing values.
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3. Results

We excluded 14 participants from the study population
(10,994) who had a diagnosis of BCC and another 288 because
they had a prescription for a diuretic before 1st April 1991.
The baseline characteristics for the remaining study cohort
(10,692) are presented in Table 1. During the period of 1st April
1991 through 31st December 2007, 522 first diagnoses basal
cell cancer were made. Of these, 193 patients had drug dis-
pensing data for a diuretic of whom 137 had one or more pre-
scriptions for thiazides (ATC-codes CO3A and CO3EA), 110 for
high-ceiling diuretics (C03C) and 26 participants with a BCC
had one or more prescriptions for potassium sparing agents
(Co3D).

After adjusting for age and gender, cumulative use of high-
ceiling diuretics was significantly associated with an in-
creased hazard ratio of BCC of 1.07 per year (95% CI 1.01-
1.13). Use of high-ceiling diuretics in the highest quartile
(>3.7 years of cumulative use) was associated with a 62% in-
creased risk of BCC compared to no use (HR 1.62, 95% CI
1.09-2.42). Neither the use of potassium sparing agents nor
the use of thiazides was associated with a statistically signif-
icantly increased hazard ratio of BCC (Table 2). Use of high-
ceiling diuretics in the highest dosage quartile (>1.16 average
DDD) during the whole period of use was associated with a
slightly higher risk of BCC (HR 1.48, 95% CI 0.99-2.21, p-value
for trend 0.03) but these results were not significantly differ-
ent from those using a dosage in other quartiles (lowest quar-
tile (<0.72 average DDD) HR 1.15, 95% CI 0.77-1.72, second
quartile (average DDD 0.72-1.00) HR 1.33, 95% CI 0.82-2.16
and third quartile (average DDD 1.00-1.16) HR 1.43, 95% CI
0.86-2.40).

None of the potential covariates was a confounder. With
regard to concomitant drug use, this was tested as well in a

Table 2 — Age and gender adjusted risk of basal cell
carcinoma during use of diuretics.

N (cases) Hazard 95% confidence
ratio interval
Thiazides 137 1.00 0.95-1.05
No use 385 Reference
<94 d 34 1.02 0.72-1.45
94-524 d 35 0.98 0.69-1.39
524-1646 d 34 0.86 0.60-1.22
>1646 d 34 1.10 0.77-1.58
K* sparing agents 26 1.04 0.93-1.17
No use 496 Reference
<152d 6 0.73 0.32-1.63
152-475d 7 1.23 0.58-2.61
475-923 d 7 1.90 0.90-4.02
>923d 6 0.92 0.41-2.08
High-ceiling diuretics’ 110 1.07 1.02-1.13
No use 412 Reference
<82d 27 0.97 0.65-1.44
82-400d 28 1.11 0.75-1.65
400-1360d 28 1.23 0.83-1.81
>1360d 27 1.62 1.09-2.42

* p-Value for trend: 0.01.

cumulative manner (any use) as on drug specific level. Ten-
dency to sunburn was an effect modifier (p-value for interac-
tion 0.03). Patients who used high-ceiling diuretics and who
tended to get sunburned easily had a higher risk of BCC than
non-users who did not easily get sunburned (HR per year use
1.13, 95% CI 1.05-1.22, p-value 0.001). Compared to persons
who do not sunburn easily and who do not use high-ceiling
diuretics, users of high-ceiling diuretics for more than
1360 d and who easily get sunburned had a higher hazard of
BCC of 2.6 (p-value 0.001, 95% CI 1.49-4.84).

To further encounter the age-specific risk of cancer, a sub-
analysis was done. The comparison was further restricted to
participants who had the same age (180 days) at the time
of diagnosis. Although slightly lower, the gender-adjusted,
hazard ratio for developing a BCC was 1.04 per year (95% CI
1.01-1.07) when compared to participants with the same
age. Proportionality, of the models used, was tested and
yielded no statistically significant deviations from the null.

4, Discussion

Although UV exposure is a well-established risk factor for
BCC, little is known about the contribution of photosensitiz-
ing drugs to BCC development.’®2%28 In this study, cumula-
tive exposure time of high-ceiling diuretics was associated
with an increased risk of BCC but a significant dose-depen-
dency was not demonstrated. A significantly higher risk of
BCC was observed in users of high-ceiling diuretics who tend
to get sunburned easily. An explanation could be that the use
of high-ceiling diuretics might lower the Minimal Erythema
Dose.

BCC characteristically appear on body areas exposed to the
sun, with 80% appearing on the head and neck.” After all,
sunlight remains one of the major risk factors for non-mela-
noma skin cancer.’*** In addition, it has been postulated that
photosensitizing reactions followed by sun exposure may en-
hance the risk of sunburns and photo damage and subse-
quently the risk of skin cancer.®* Our findings are in line
with these hypotheses.

In our analysis, we did not find an increased risk of BCC to
thiazides despite earlier publications.®' Furthermore, we did
not verify whether the increased risk of BCC diminishes after
discontinuation of diuretic therapy. However, use of diuretic
agents is mainly a long-term treatment. In addition, in the
well-known association between oral psoralen and ultravio-
let-A light (PUVA) therapy for psoriasis and squamous cell
carcinoma, a persistent risk of non-melanoma skin cancer
was seen after discontinuation of therapy.*

The association between high-ceiling diuretics and BCC is
possibly explained through the fact that the two mainly pre-
scribed high-ceiling diuretics, furosemide and bumetanide,
both contain a sulfa-group. Sulfonamides are known for their
photosensitizing abilities through phototoxic oxygen depen-
dent reactions, but also act through photoallergic reac-
tions.'®333% A phototoxic reaction is the more common of
the two and resembles sunburn. Photoallergy is an acquired
immune response through antigen-antibody or cell-mediated
mechanisms. Photosensitivity is a broader term for the enti-
ties phototoxicity and photoallergy.’®*® A possibility for the
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explanation of our finding could be that furosemide acts as a
photosensitizer through UV-A and chlorothiazide acts
through UV-B.*®

4.1. Methodological considerations

Population-based studies may be affected by selection bias,
information bias and confounding. In this study, selection
bias probably did not occur because all BCC patients were
ascertained independently of their diuretic exposure status
within a large population-based cohort study. Information
bias is also unlikely as all information was gathered prospec-
tively and without knowledge of the research hypothesis.
Although there will probably be an underestimation of the
number of pathologically proven BCCs, this most likely re-
sulted in non-differential misclassification.

Acute and intermittent ultraviolet exposure at young age
is one of the risk factors for which we could not adjust. How-
ever, in our opinion this variable will not be a true confounder
since it is probably not associated with the exposure. Hence,
as was described earlier, adjustment of the association with
ultraviolet exposure for high-ceiling diuretics does not
change the risk.®

The long follow-up of almost 20years is one of the
strengths of this study. When analyzing drug exposure and
a risk of cancer, this is of pivotal importance since cancer
usually has a long induction and latent time. In addition,
the complete prospectively collected information on drug dis-
pension excludes the possibility that our findings can be ex-
plained by recall bias or other types of information bias.
The latter may explain why our study found this association
and others did not.?° In addition, information on co-factors
was extensive in our study.

In conclusion, in our study, cumulative exposure time to
high-ceiling diuretics was associated with an increased risk
of BCC. This effect is more pronounced in patients who easily
get sunburned. Patients on high-ceiling diuretics should be
more carefully advised to undertake measures to protect
themselves against sun exposure.
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