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ABSTRACT

Background: Several widely used drugs have photosensitizing properties, and much research has been conducted to find as-
sociations between their use and the risk of developing cutaneous malignant melanoma (cM), basal cell carcinoma (BCC) or
cutaneous squamous cell carcinoma (cSCC), often with conflicting results.

Objective: To assess whether the use of commonly prescribed photosensitizing drugs increases skin cancer risk.

Methods: Analyses were performed using a large cohort of women, with prospectively collected information on phenotypic
traits and sun exposure. Comprehensive information on pharmaceutical treatments and skin cancer occurrence was obtained
through national registries. Drugs with photosensitizing properties were grouped according to the Anatomical Therapeutic
Chemical system in nine groups, and associations between the use of such drugs were investigated using multivariable Cox re-
gression analysis. The number of retrieved daily doses was analyzed to test the dose-response relationship.

Results: Hormone replacement therapy significantly increased the risk of BCC (hazard ratio [HR] 1.24; 95% confidence interval
[CI]:1.11-1.39), cSCC (HR 1.23; 95% CI: 1.03-1.47) and cM (HR 1.31; 95% CI: 1.01-1.69), with estrogen driving this risk. There was
a trend of increased risk of BCC and cM with higher doses of estrogen treatment. Subgroup analysis among those using diuretics
showed that loop diuretics were associated with increased cSCC risk (HR 1.6; 95% CI: 1.3-2.0), including a positive association
between risk and dose. Furthermore, increased risks of BCC (HR 1.25; 95% CI: 1.09-1.44) and cM (HR 1.41; 95% CI: 1.03-1.93)
were associated with thiazide use. NSAIDs showed a possible curvilinear association to BCC and cSCC.

Conclusions: Estrogen treatment increased the risk of all investigated skin cancers. Among those using diuretics, loop diuretics
increased the risk of cSCC, and thiazide use increased the risk of BCC. We suggest that physicians should advise female patients
prescribed estrogen, thiazides, or loop diuretics to limit their sun exposure.
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1 | Introduction

The main risk factor for skin cancer is ultraviolet radiation
(UVR)including both solar radiation and radiation from tanning
devices [1-4]. The incidences of cutaneous malignant melanoma
(cM), cutaneous squamous cell carcinoma (cSCC) and basal cell
carcinoma (BCC) are steadily increasing in fair-skinned popula-
tions [4-6]. Phenotypic and environmental factors interact and
determine the risk of developing any cancer, including skin can-
cer. Fair-skinned people, such as those from Northern Europe,
are more sensitive to UVR and have a greater risk of developing
skin cancer [7, 8]. Theoretically, factors that enhance UVR ef-
fects can increase skin cancer risk. One such possible factor is
the use of drugs with photosensitizing properties [9-11].

The pharmacodynamics of these drugs include various chemi-
cal changes in the skin that cause individuals to become more
sensitive to UVR through phototoxic reactions [9-12]. Several of
these drugs are used to treat common chronic diseases such as
hypertension and diabetes.

Studies of the relationships between exposure to photosensitiz-
ing drugs and skin cancer have yielded conflicting results. The
most studied drugs are antihypertensives, including diuretics
[13-23]. Notably, the FDA put forward a label change for the
diuretic hydrochlorothiazide (HCTZ) due to a slight increase
in the risk of non-melanoma skin cancer [24]. The limitations
of these studies include a retrospective design, a lack of adjust-
ments for confounders, and the inability to find causative asso-
ciations [14, 16, 17, 25, 26).

To assess whether the use of established prescribed photosensi-
tizing drugs indeed increases the risk of certain skin cancers, we
used the MISS cohort of 29,000 Swedish women and prospec-
tively collected data describing known risk factors for analysis.

2 | Materials and Methods
2.1 | Setting

We used the prospective Melanoma Inquiry of Southern
Sweden (MISS) study cohort, established in 1990-1992, which
is described in detail elsewhere [2, 27-30]. 40,000 Swedish-born
women (1000 per calendar year from 1925 to 1965) were cho-
sen through random computerized selection from the National
Population Registry and were invited to join the initial cohort.
Non-responders were sent one reminder. At baseline, all women
lived in Southern Sweden's healthcare region and had no his-
tory of invasive cancer. Participants provided written informed
consent.

At baseline, participants answered a validated detailed question-
naire [30-33] asking about common risk factors for skin can-
cer such as constitutional characteristics, sun exposure habits,
socioeconomic factors, educational level, and smoking habits.
Exposure to UVR was assessed by asking questions about sun-
burns, sunbathing, sunbed use, outdoor work, and sunny holi-
days. Follow-up questionnaires were sent to participants every
tenth year. For this study, we extracted data from the baseline
and first follow-up questionnaires.

Using the unique 12-digit personal registration number as-
signed to all Swedish citizens, the cohort was linked to the
Swedish Cancer Registry, the regional pathology registers, and
the Swedish Prescribed Drug Register (SPDR). Participants
were followed from 1 January 2008 until either the diagnosis
of skin cancer, emigration, death, or the end of follow-up on 31
December 2018. Women diagnosed with skin cancer before the
study began were excluded. Only primary diagnoses of cSCC,
BCC, or cM were used in the analyses. Participants were consid-
ered to be exposed to the included drugs if one or more prescrip-
tions were registered in their names.

2.2 | Ethics

The Institutional Ethics Review Board of Lund University and
the Swedish Ethical Review Authority approved the study
(LU-34-1992, LU-632-2003, LU-781-2005, LU-849-2005, LU-
190-2007, LU-644-2015, and LU-02914-2022).

2.3 | Photosensitizing Drugs

Using literature reviews to determine if photosensitizing effects
were suspected, we chose to include the following drug classes:
antidiabetics, diuretics, f-blockers, calcium channel block-
ers (CCB), angiotensin converting enzyme inhibitors (ACE;i),
angiotensin receptor blockers (ARB), proton pump inhibitors
(PPi), NSAIDs, antibiotics, and hormonal replacement therapies
(Table 1). The drugs were grouped according to the Anatomical
Therapeutic Chemical (ATC) classification system.

2.4 | Statistical Methods

Multivariable Cox regression analyses were performed using
complete cases, controlling for known risk factors (described
in Table S1), and using drug exposures as time-dependent co-
variates. Adjusted hazard ratios (HRs) and 95% confidence in-
tervals (CIs) for the risk associated with each of the studied skin
cancers with ever-never use of each photosensitizing drug were
analyzed. For drug groups significantly associated with skin
cancer risk, or drugs with previous evidence of an association
with skin cancer, subgroup analyses were performed, if possible.
Finally, the prescription quantity of defined daily dose (PDDD)
was extracted from the SPDR to evaluate the dose-effect rela-
tionship. We define PDDD as the number of standard daily doses
of a drug, when used for its primary indication, included in a
single prescription. The sum of a person’s PDDD was divided by
the duration of the treatment (last date—first date of prescrip-
tion +30days that is a common length of a prescription) and split
into quartiles. Each skin cancer was analyzed separately, and
each drug group, subgroup, and dose variable were added to a
base model with 13 possible confounding variables (phenotypic
traits and UVR exposure) that were selected from the question-
naires (Table S1). Tests for proportional hazards were performed
for statistically significant variables. Using a two-sided statisti-
cal test, statistical significance was recognized when p <0.05.
Bonferroni adjustments were also performed in the ever-never
analyses by dividing the p-value by the number of models ana-
lyzed (n=19), and statistical significance was recognized when
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the Bonferroni-adjusted p<0.05. Analyses were performed
using SAS Enterprise Guide, version 8.3 (SAS Institute Inc.) [34].

3 | Results

At baseline, 40,000 women were invited to the MISS study, and
a total of 29,515 agreed to participate. We excluded 3405 partic-
ipants due to emigration, death, or prior skin cancer before the
start date of this study, leaving 26,110 women of whom 21,062
had complete data. During the study, 1308 primary BCC, 528
primary SCC, and 257 primary cM were registered. Of the 1875
participants that developed skin cancer, 1668 (89%) developed
only one of the three skin cancers. The most common combina-
tion was between BCC and SCC, in all 140 participants. Eleven
participants had cM, BCC, and SCC, as shown in Figure 1.

3.1 | Photosensitizing Drug Use

Groups of photosensitizing drugs and the number of exposed in-
dividuals in total and by skin cancer type are shown in Table 1.
Because drug intake was followed until the diagnosis of a specific
skin cancer, the number of participants in the drug group varied
somewhat throughout the study period. Because the group with
primary diagnoses of cM is the smallest of the three, it will have a
slightly higher number of individuals in the drug group.

528

1308

FIGURE1 | Number of individuals divided by skin cancer type and
overlap between skin cancer types, presented as the number of individ-
uals. cM, cutaneous melanoma; BCC, basal cell carcinoma; cSCC, cuta-
neous squamous cell carcinoma. *Total number of persons diagnosed
with a specific skin cancer type. TNumber of persons diagnosed exclu-
sively with a specific skin cancer type. SNumber of persons diagnosed
with two or three different skin cancer types, categorized according to
specific combinations.

Table 2 shows skin cancer risk as an adjusted HR with a 95% CI
for each photosensitizing drug group, compared with the never-
use group. Female hormone use significantly increased the risk
of BCC (HR 1.24; 95% CI: 1.11-1.39), ¢SCC (HR 1.23; 95% CIL:
1.03-1.47) and cM (HR 1.31; 95% CI: 1.01-1.69). Sub-analyses
of progesterone, estrogen, and combination treatment revealed
that this effect was dominated by the estrogen component. After
Bonferroni adjustment, only the association between estrogen
use and BCC remained significant.

Diuretic use significantly increased the risk of cSCC, but not of
BCC or cM. Subgroup analyses showed that the risk of cSCC was
significantly associated with the use of loop diuretics (HR 1.6; 95%
CI: 1.3-2.0), but not with the other two groups (thiazide diuret-
ics and other diuretics). However, thiazide use increased the risk
of BCC (HR 1.25; 95% CI: 1.09-1.44) and cM (HR 1.41; 95% CI:
1.03-1.93). After Bonferroni adjustment, the association between
thiazide treatment and the risk of cM became non-significant.

The other anti-hypertensive drugs, ACEi, ARB, $-blockers, and
CCB, were not associated with skin cancer risk. Photosensitizing
antibiotics (tetracycline, sulfonamides, fluoroquinolones, and
nitrofuran derivates) were related to increased risks of BCC (HR
1.14; 95% CI: 1.02-1.28) and c¢SCC (HR 1.35; 95% CI: 1.13-1.62),
the former being non-significant after Bonferroni adjustment.
The risk of cM increased non-significantly (HR 1.26; 95% CI:
0.97-1.63). Use of PPIs was only associated with an increased risk
of cSCC (HR 1.22; 95% CI: 1.02-1.46), but was non-significant
after Bonferroni adjustment.

3.2 | Dose-Dependent Risk

To further assess causality, dose-dependent responses of selected
photosensitizing drugs were evaluated (see Table 3). The dose of es-
trogen showed a positive correlation to the risk of BCC. Compared
to never users of estrogen, the risk of BCC increased 60% in the
group using the highest dose (HR 1.6;95% CI: 1.30-1.96). A similar
trend was found for the risk of cM but not for cSCC.

Similarly, loop diuretics showed a dose-response trend with
the risk of ¢cSCC. Compared to never-users, the HR gradually
increased from 0.94 to 2.3 as the dose increased from low to
high. Thiazide diuretics displayed a non-significant trend of in-
creasing HR of BCC with increasing doses, also seen for cSCC.
Moreover, the use of CCB increased the risk of all skin cancers
at the two higher dose quartiles, but this was significant only
for BCC and, at the second-highest dosing level, for cSCC. The
use of B-blockers modestly increased the HR of all skin cancers
only at the highest dosing levels. The use of ACEi and ARBs was
irregularly associated with the risk of BCC, with a significantly
decreased risk in the middle-low quartile dose group and an in-
creased risk in the highest quartile dose group.

Interestingly, low-dose NSAID significantly decreased the risks
of BCC (HR 0.70; 95% CI: 0.57-0.86) and ¢SCC (HR 0.55; 95% CI:
0.39-0.79), but high-dose was associated with increased risks
of BCC (HR 1.73; 95% CI: 1.47-2.02) and cSCC (HR 1.57; 95%
CI: 1.22-2.02). This relationship was not evident when analyz-
ing cM.
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TABLE 2 | Risk of skin cancer development in relation to ever-use compared to never-use of photosensitizing medication, categorized by group

and, when possible, subgroups of medication and skin cancer type, adjusted for known risk factors for skin cancers (described in Table S1).

Photosensitizing medication

BCC

cSCC

cM

HR (95% CI)?

HR (95% CI)?

HR (95% CI)?

Estrogen, progesterone, and combination

Estrogen

Progesterone

Estrogen/Progesterone comb.

Diuretics
Thiazides
Loop diuretics
Other diuretics

CCB

ACEi, ARB

{-blockers

Antibiotics

Antidiabetics

PPi

NSAID

1.24 (1.11-1.39)**
1.25 (1.11-1.40)**
1.23(0.88-1.72)
1.22 (0.97-1.53)
1.12 (0.99-1.27)
1.25 (1.09-1.44)**
0.92 (0.78-1.10)
1.00 (0.81-1.24)
1.05 (0.91-1.21)
0.94 (0.83-1.07)
1.00 (0.88-1.13)
1.14 (1.02-1.28)*
0.88 (0.69-1.12)
1.02 (0.91-1.15)
1.12 (1.00-1.25)

1.23 (1.03-1.47)*
1.23 (1.03-1.48)*
1.01 (0.51-2.00)
1.05 (0.69-1.60)
1.53 (1.27-1.84)**
1.17 (0.95-1.44)
1.60 (1.29-1.98)**
1.30 (0.98-1.71)
1.16 (0.95-1.41)
1.03 (0.85-1.24)
1.10 (0.91-1.32)
1.35(1.13-1.62)**
1.05 (0.76-1.46)
1.22 (1.02-1.46)*
1.08 (0.90-1.28)

1.31 (1.01-1.69)*
1.35(1.03-1.75)*
0.52 (0.21-1.27)
1.14 (0.70-1.85)
1.20 (0.90-1.60)
1.41 (1.03-1.93)*
0.92 (0.61-1.40)
0.93 (0.55-1.58)
1.16 (0.84-1.61)
0.96 (0.72-1.30)
1.17 (0.88-1.55)
1.26 (0.97-1.63)
0.64 (0.33-1.24)
0.98 (0.75-1.29)
1.26 (0.98-1.63)

Abbreviations: -blockers, beta-blockers; ACEi, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers;
NSAID, non-steroidal anti-inflammatory drugs; PPi, proton pump inhibitors.
2Hazard ratio (HR) of ever-use of photosensitizing medication compared to never-use, presented with 95% confidence intervals (CI) regarding basal cell carcinoma
(BCC), cutaneous squamous cell carcinoma (cSCC) and cutaneous melanoma (cM).

*Significant p<0.05.
**Significant p <0.05 after Bonferroni correction for multiple testing.

4 | Discussion

In this study, 29,515 prospectively followed women were ana-
lyzed regarding pharmaceutical treatments and skin cancer
occurrence, while controlling for known risk factors. We found
a strong association between estrogen use and the risk of skin
cancer, particularly BCC. We also found that the risk of BCC
was related to the use of thiazide diuretics, while the risk of
c¢SCC was related to the use of loop diuretics. Furthermore, we
found that NSAID use might have a curvilinear association with
both BCC and cSCC.

Our major finding highlights the plausible role of female hor-
mones in skin carcinogenetic processes. Estrogen is known
to have photosensitizing properties [11, 35], to increase skin
thickness, and to improve wound healing in postmenopausal
women [36]. Furthermore, several epidemiological studies
show a sex-related difference in incidence and survival after
cM. Melanoma incidence is greater in women compared to
men before the age of 45 to 65years, depending on the pop-
ulation, but lower at more advanced ages [37]. Interestingly,
the skin and melanocytic lesions have been shown to express
estrogen receptors, and cM is the most common cancer during
pregnancy [38, 39]. Donley et al. [40] concluded that early
menarche and late onset of menopause were associated with
a higher risk of cM, implicating that greater estrogen levels

over time can infer risk. When separating the hormonal drugs
in this study, it became evident that the effect was predomi-
nantly due to the estrogen component in hormone treatments.
Our results align with the research that implicates estrogen
and estrogen/progesterone combination treatments in the
risk of developing cM [41-43], BCC, and cSCC [42, 44, 45].
However, studies are conflicting, and several of those describe
no association [40, 46-49]. We also found that this risk of BCC
increased with the dose of estrogen. Dose trends were less
convincing for cM and cSCC, which may be due to the low
statistical power in these sub-analyses. A possible limitation
of this study is the lack of adjustment for menarche, parity, age
at menopause, and use of oral contraceptives. Nevertheless,
estrogen use clearly influenced all studied skin cancer types.

The association between diuretics and skin cancer risk has
rendered a vast amount of research and scientific discussion
[13-23]. Diuretics is a heterogeneous group of drugs com-
monly used to treat hypertension, and several have photosen-
sitizing properties [11, 12, 35, 50]. With the stratification of
diuretics, we found that loop diuretics were strongly associ-
ated with cSCC risk, confirmed by a clear dose-response rela-
tionship. These findings do not align with the results of others
[13, 14, 17, 21]. Interestingly, loop diuretics did not affect the
risks of BCC or cM, contradictory to one study, which showed
an increased risk for cM [20]. Emerging evidence has resulted
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TABLE 3 | Risk of skin cancer development, depending on quartiles of daily dose (number of dispensed daily standard doses divided by duration
of treatment), and depicted in relation to never use, categorized by medication group and skin cancer type, adjusted for known risk factors for skin
cancers (described in Table S1).

Photosensitizing medication®

BCC

cSCC

cM

HR (95% CI)P

HR (95% CI)P

HR (95% CI)®

Estrogen, progesterone, and combination

Estrogen, progesterone, and combination:

Estrogen, progesterone, and combination:

Estrogen: 1q
Estrogen: 2q
Estrogen: 3q
Estrogen: 4q

Estrogen/Progesterone combination: 1q
Estrogen/Progesterone combination: 2q
Estrogen/Progesterone combination: 3q

Estrogen/Progesterone combination: 4q

Diuretics: 1q
Diuretics: 2q
Diuretics: 3q
Diuretics: 4q
Thiazides: 1q
Thiazides: 2q
Thiazides: 3q
Thiazides: 4q
Loop diuretics: 1q
Loop diuretics: 2q
Loop diuretics: 3q
Loop diuretics: 4q
Other diuretics: 1q
Other diuretics: 2q
Other diuretics: 3q
Other diuretics: 4q

:1q

Estrogen, progesterone, and combination:

2q
3q
4q

0.96 (0.79-1.16)
1.39 (1.17-1.65)*
1.10 (0.91-1.34)
1.68 (1.39-2.03)*
0.97 (0.79-1.19)
1.29 (1.07-1.55)***
1.26 (1.04-1.52)***
1.60 (1.30-1.96)*
0.86 (0.54-1.36)
1.10 (0.70-1.71)
1.86 (1.26-2.73)***
1.29 (0.78-2.11)
0.82 (0.65-1.03)
0.92 (0.74-1.13)
1.23 (1.01-1.51)%**
1.72 (1.42-2.09)*
0.77 (0.56-1.05)
1.21 (0.95-1.53)
1.68 (1.34-2.11)%**
1.43 (1.11-1.83)*
0.54 (0.37-0.78)*
0.91 (0.66-1.23)
1.01 (0.68-1.48)
1.37 (1.05-1.79)*
0.98 (0.66-1.47)
1.04 (0.71-1.54)
0.69 (0.42-1.13)
1.36 (0.92-2.01)

1.02 (0.76-1.37)
1.39 (1.07-1.81)***
1.14 (0.85-1.54)
1.46 (1.06-2.01)*%*
0.99 (0.72-1.37)
1.43 (1.09-1.88)***
1.27 (0.96-1.69)
1.21 (0.85-1.73)
0.81 (0.36-1.82)
1.31 (0.65-2.64)
1.17 (0.52-2.63)
0.97 (0.36-2.61)
0.98 (0.70-1.36)
1.43 (1.08-1.88)***
1.67 (1.27-2.20)***
2.32 (1.76-3.05)%**
0.88 (0.58-1.33)
1.15 (0.81-1.64)
1.36 (0.96-1.93)
1.31 (0.91-1.90)
0.94 (0.61-1.44)
1.64 (1.16-2.31)***
1.74 (1.14-2.67) %+
2.32 (1.68-3.20)*
0.92 (0.53-1.60)
1.68 (1.07-2.64)***
0.82 (0.42-1.59)
1.98 (1.21-3.21)***

0.80 (0.49-1.30)
1.39 (0.94-2.06)
1.57 (1.07-2.29)***
1.58 (1.03-2.41)*
0.90 (0.55-1.47)
1.46 (0.96-2.21)
1.39 (0.92-2.11)
1.76 (1.14-2.72)***
0.64 (0.21-2.01)
1.92 (0.94-3.89)
0.81 (0.26-2.54)
1.24(0.46-3.35)
0.82 (0.47-1.43)
0.98 (0.60-1.61)
1.94 (1.30-2.89)***
1.14 (0.65-1.97)
1.06 (0.56-2.01)
1.03 (0.56-1.90)
2.62 (1.67-4.11)***
1.08 (0.55-2.11)
0.43 (0.16-1.16)
1.03 (0.50-2.10)
0.90 (0.33-2.44)
1.43 (0.78-2.64)
0.95 (0.35-2.58)
0.48 (0.12-1.92)
1.41 (0.63-3.19)
0.86 (0.27-2.69)

CCB: 1q 0.82 (0.63-1.06) 0.99 (0.70-1.39) 0.94 (0.52-1.70)
CCB: 2q 0.88 (0.68-1.13) 0.84 (0.58-1.22) 0.95 (0.53-1.72)
CCB:3q 1.34 (1.06-1.71)*** 1.66 (1.20-2.27)%** 1.45(0.84-2.52)
CCB: 4q 1.33(1.03-1.71)* 1.34 (0.93-1.94) 1.46 (0.83-2.59)

ACEi/ARB: 1q
ACEi/ARB: 2q
ACEi/ARB: 3q

0.83 (0.65-1.05)
0.77 (0.61-0.98)***
0.95 (0.76-1.19)

1.10 (0.81-1.50)
0.92 (0.67-1.27)
1.08 (0.79-1.48)

0.96 (0.57-1.61)
1.06 (0.65-1.71)
1.09 (0.66-1.78)

(Continues)
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TABLE 3 | (Continued)

Photosensitizing medication?®

BCC

cSCC

cM

HR (95% CI)P

HR (95% CI)P

HR (95% CI)P

ACEi/ARB: 4q
{-blockers: 1q
{-blockers: 2q
f-blockers: 3q
f-blockers: 4q
PPi: 1q

PPi: 2q

PPi: 3q

PPi: 4q
NSAID: 1q
NSAID: 2q
NSAID: 3q
NSAID: 4q

1.25 (1.02-1.52)*
0.90 (0.72-1.13)
1.03 (0.84-1.27)
0.81 (0.65-1.02)
1.27 (1.05-1.55)***
0.79 (0.64-0.97)%**
0.95 (0.78-1.16)
1.12 (0.92-1.37)
1.39 (1.13-1.72)*
0.70 (0.57-0.86)*
0.96 (0.80-1.15)
1.25 (1.05-1.48)***
1.73 (1.47-2.02)*

1.03 (0.75-1.42)
1.01 (0.73-1.41)
1.04 (0.77-1.41)
0.97 (0.71-1.33)
1.38 (1.04-1.82)***
1.05 (0.78-1.41)
1.09 (0.81-1.46)
1.08 (0.80-1.46)
1.93 (1.46-2.56)***
0.55(0.39-0.79)*
1.21 (0.94-1.56)
1.05 (0.80-1.37)
1.57 (1.22-2.02)***

0.74 (0.41-1.34)
1.24 (0.78-1.98)
0.77 (0.44-1.37)
1.10 (0.68-1.79)
1.58 (1.03-2.43)***
0.71 (0.44-1.16)
1.10 (0.72-1.69)
1.00 (0.63-1.60)
1.25(0.78-2.03)
1.01 (0.68-1.52)
1.08 (0.73-1.61)
1.58 (1.10-2.28)***
1.46 (0.99-2.15)

Abbreviations: §-blockers, beta-blockers; ACEi, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium channel blockers;

NSAID, non-steroidal anti-inflammatory drugs; PPi, proton pump inhibitors.

2Group of photosensitizing medications together with daily doses, categorized in quartiles (q).
YHazard ratio (HR) in relation to never-use, presented with 95% confidence intervals (CI) regarding basal cell carcinoma (BCC), cutaneous squamous cell carcinoma

(cSCC) and cutaneous melanoma (cM).
***Significant p <0.05. Proportional hazards assumption met.
#Significant p <0.05. Proportional hazards assumption not met.

in a move by the FDA to change the labelling of HCTZ [24],
highlighting a slightly increased risk of non-melanoma skin
cancer; no recommendation was made to stop its use. Several
studies have shown an association between thiazides, specifi-
cally HCTZ, and the risk of skin cancer [16, 18, 19, 22, 51, 52].
We also found a correlation between thiazide use and BCC
(HR 1.25; 95% CI: 1.09-1.44) with evidence of a dose-response
relationship. We further found a similar result for cM (HR 1.41
for ever use), but no dose-response relationship. This agrees
with the meta-analysis by Gandini et al. [14] Surprisingly, and
in contrast to previous meta-analyses [16, 22, 25], we found
no significant association between thiazide use and the risk
of ¢SCC, which is commonly associated with thiazide use.
Unfortunately, our results do not settle the debate about thia-
zide use and the risk of skin cancer. It is important to consider
the overall health benefits of thiazide use before recommend-
ing any changes to an antihypertensive treatment, given that
the overall benefits likely outweigh the small risks of skin
cancer.

Varying results have also been found for two other large ag-
gregates of antihypertensive drugs: (-blockers and CCB
[17, 21, 43, 53, 54]. Two meta-analyses have been published to
date. Gandini [14] showed an increased risk of all three skin
cancers with the intake of CCB, and Tang [23] showed an in-
creased risk of cM with -blocker use. Our results for CCB and
f-blockers were not convincing, probably due to a lack of statis-
tical power in the analyses of CCB and the risk of cSCC and cM.
If anything, the results point to risk being associated with in-
creased CCB and f3-blocker doses. However, these results could
be confounded by polypharmacy, and the risks associated with

other pharmaceuticals, such as diuretics, could increase with
combination treatments in these groups.

Both ARB and ACEi have photosensitizing abilities [9-12].
Schmidt et al. [21] without adjustment for lifestyle factors or
phenotypic traits, found an increased risk of cM with long-
term use of ARB, but not with ACEIi. To date, little evidence of
an association between ACEi/ARB risk of skin cancer is avail-
able. Instead, a protective effect has been suggested due to in-
hibition of tumour growth and angiogenesis [55-57]. We found
neither an increase nor a decrease in skin cancer risk with
the use of ACEi/ARB. Grouping these drugs did not allow us
to draw conclusions about them separately. Nonetheless, our
findings confirm the results of many others [14, 21, 23, 52-54,
56-60].

Few studies have attempted to find an association between
antibiotic use and the risk of skin cancer. Although they are
photosensitizing, antibiotics are often used for short periods,
and analyses are challenging. Our analyses revealed a positive
association between ever use of these antibiotics and the risk
of BCC and c¢SCC, but not cM. Due to the heterogeneity of this
group of drugs, where various dosing schedules are employed,
no dose-response analysis was performed. Our results agree
with those of Kaae et al. who studied the effect of short-term
drug use [17]. Other studies have shown that tetracyclines are
associated with BCC, but not cSCC or cM [61], and that quino-
lones are associated with cM risk [62]. It is difficult to draw
firm conclusions from our results, and this relationship needs
further investigation with careful sub-analyses of the constit-
uents in this group.
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We found that the common antidiabetic drugs metformin and
glibenclamide were unrelated to skin cancer risk, which con-
trasts with Chang and collegues [63], who found a modestly re-
duced risk of skin cancer with metformin use. Use of PPi, which
also has photosensitizing properties [64], particularly drew our
interest since the literature provides very little insight. We found
that the HR for the risk of cSCC was increased with PPi use;
however, adjusting for multiple testing, the significance was
lost, and no dose-response relationship was found. Again, our
results could be confounded by polypharmacy, and further re-
search is warranted.

Results of studies on the relationship between NSAID use and
risk of skin cancer have shown divergent results [62, 65-67].
Our ever-never analysis showed no association between skin
cancer and NSAID use, except possibly in a curvilinear way,
particularly for BCC. In a meta-analysis performed by Ma et al.
[67] NSAIDs were found to be significantly associated with BCC
and SCC, but not with cM. Notably, we found an increased risk
of skin cancer in the higher dose groups, but this result could be
confounded by unregistered associated autoimmune processes
such as arthritis.

5 | Strengths and Limitations

A substantial strength of this study is that our cohort was fol-
lowed prospectively with meticulous collection of unbiased
information on known risk factors for skin cancer such as
phenotypic traits and UVR exposure. Additionally, validated
questionnaires and population-based registries were used to
assess UVR exposure and outcomes. Consequently, our data is
population-based, valid, and generalizable to other women in
comparable settings.

Comparable research in the field is primarily retrospective, im-
parting a risk for recall bias, often without adjustments for risk
factors that are immensely important when investigating pho-
tosensitizing drugs that exert their effects by interacting with
UVR. Moreover, other studies often include methodological
limitations such as grouping different types of skin cancer or
different drugs [15, 56, 59, 60], short follow-up times [15, 57] and
suboptimal control of confounders [13, 17, 19, 21, 23, 50, 58] such
as sun sensitivity and sun exposure. Indeed, pharmacological
studies are complex and prone to confounding factors and bias,
and ongoing discussions focus on statistical methods, interpre-
tation, and publication bias [25].

This study also has limitations. First, the generalization of its
results is hampered by including women from only a single geo-
graphic area. Second, our information about drug intake is lim-
ited to the drugs that were prescribed and dispensed; we cannot
be certain the participants in the study consumed the drugs as
prescribed. Third, several drugs were grouped and not assessed
separately; therefore, solid conclusions could not be made for the
individual drugs. Fourth, we did not consider the confounding
effects of associated treatments, which are relevant in an aging
population where both polypharmacy and skin cancer are com-
mon. Also, confounding by indication is possible, given that in-
dividuals with underlying diseases are known to be at a greater
risk of skin cancer diagnosis, given their increased frequency

of visits to their physicians. Fifth, we recognize that hazard ra-
tios between examined drugs and skin cancer risk are modest
and must be considered in relation to health benefits from the
treatment of the prescribed drugs. Lastly, we used exposure in-
formation from the baseline questionnaire, but did not consider
possible behavioral changes that could affect the outcome.

6 | Conclusion

We found that estrogen use increases the risk of skin cancer. The
use of loop diuretics increases the risk of cSCC, and the use of
thiazides increases the risk of BCC. We suggest that physicians
advise their female patients who are treated with estrogen, thi-
azides, or loop diuretics to limit their sun exposure. We do not
recommend discontinuation of any of the medications studied
in this paper. Future well-designed prospective studies are war-
ranted to further investigate the relationships between common
photosensitizing drugs and the risk of skin cancer.
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