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Abstract
Introduction In Germany, incidence rates of basal cell (BCC) and squamous cell carcinoma (SCC) rose significantly from 
1998 to 2010. Ultraviolet (UV) light exposure, immunosuppressants and drugs with photosensitising potential are known 
to increase the risk to develop BCC and SCC. The aim of our study was to analyse the adverse drug reaction (ADR) reports 
from Germany referring to BCC and SCC and to compare them to BCC and SCC occurring in the general population.
Methods We analysed all validated spontaneous ADR reports referring to BCC (n = 191) and SCC (n = 75) from Germany 
contained in the European ADR database EudraVigilance prior to 6 March 2019. These reports were compared to 1,267,210 
BCC and 476,903 SCC cases from the German Centre for Cancer Registry Data recorded from 2006 to 2018.
Results The number of BCC and SCC reports as well as the BCC and SCC incidences in the registry increased in the 
analysed time period. Patients with drug-associated BCC (60 years) and SCC (64 years) were younger than patients with 
BCC (72 years) and SCC (76 years) in the registry. In 57.1 and 60.0% of BCC and SCC reports immunosuppressants were 
reported as suspected. The reported suspected drug was assumed to possess a photosensitising potential in 41.9 and 44.0% 
of BCC and SCC reports.
Conclusions In Germany, drug-associated BCC and SCC occurred at a younger age than in the general population. The 
results underline the necessity for skin cancer screening of patients treated with immunosuppressants or with drugs with 
photosensitising potential.
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Key Points 

The number of adverse drug reaction reports for basal 
(BCC) and squamous cell carcinomas (SCC) and their 
incidences in the registry increased.

Immunosuppressants were most frequently suspected.

1 Introduction

Non-melanoma skin cancer (NMSC) is the main term for 
various skin cancers such as basal (BCC) and squamous 
cell carcinomas (SCC), cutaneous lymphomas or Merkel 
cell carcinoma. However, it mainly refers to BCC and SCC, 
which account for about 70 and 30% of NMSC, respectively 
[1, 2].
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NMSC is the most common cancer in the world [3, 4]. 
In Germany, incidence rates rose significantly from 43.1 
cases/100,000 in 1998 to 105.2 cases/100,000 in 2010 with 
age-standardised incidence rates being higher for men than 
for women [5].

Ultraviolet (UV) radiation is considered the primary risk 
factor, playing a major role in around 50–70% of SCC and 
50–90% of BCC in fair-skinned people [4]. Further risk fac-
tors are a previous history of (multiple) skin cancers [6], long-
lasting inflammatory processes or long-lasting skin lesions 
[7], as well as life-style factors such as alcohol consumption 
[8]. Occurrence of BCC and SCC has also been reported as an 
adverse drug reaction (ADR) to immunosuppressants [1] and 
hydrochlorothiazide [9], probably owing to immunosuppres-
sive and photosensitising mechanisms, respectively.

Our first aim was to analyse the number of and the char-
acteristics reported in ADR reports from Germany referring 
to BCC and SCC contained in the European ADR database 
EudraVigilance. Secondly, we wanted to investigate whether 
the reported characteristics differed between reports refer-
ring to BCC and SCC. We also analysed the proportion of 
reports referring to immunosuppessants and drugs with pho-
tosensitising potential. Thirdly, we compared the character-
istics reported in BCC and SCC reports to those reported 
in BCC and SCC cases from the German Cancer Registry 
in order to identify potential drug-associated characteris-
tics. Fourth, the number of reports for the most frequently 
reported drugs in BCC and SCC reports were considered in 
relation to their number of prescriptions.

2  Material and Methods

2.1  EudraVigilance

ADRs (definition and seriousness described in [10–12]) can 
be reported by healthcare professionals (e.g. physicians, 
pharmacists) who are obliged by their professional conduct 
code to report ADRs or non-healthcare professionals (e.g. 
consumers) [10–12]. All ADR reports received from one 
of the member states of the European Economic Area are 
stored in EudraVigilance, the ADR database of the European 
Medicines Agency. In EudraVigilance, ADRs are coded in 
accordance with MedDRA terminology and drugs with the 
EudraVigilance medicinal product dictionary [13, 14].

2.2  Identification and Validation of Adverse Drug 
Reaction (ADR) Reports Referring to Basal (BCC) 
and Squamous (SCC) Cell Carcinomas

We identified all spontaneous ADR reports from Germany 
contained in EudraVigilance received from the start of the 
database up to 6th March 2019, with an ADR coded in the 

standardised MedDRA query (SMQ) [14] level 2 “skin 
malignant tumours (narrow)” (n = 1101) (see Fig. 1 flow 
chart). The identified 1101 ADR reports were assessed with 
regard to the causal relationship and the completeness of 
the ADR reports by one of three board‐certified specialists 
in dermatology or a pharmacist. In order to harmonise the 
assessment, ten randomly selected ADR reports were ini-
tially assessed together, using the WHO criteria [15] for the 
assessment of causal relationship and the VigiGrade com-
pleteness score [16] to assess the quality of the reports (see 
below). Any uncertainties in the assessment were discussed 
together in regular meetings and decided on consensus. Only 
ADR reports with a quantifiable time to onset information 
between the intake of a drug and the skin cancer and with 
an at least possible causal relationship were considered for 
further analyses (n = 565, 51.3%). Data from the individ-
ual reports (n = 565) were selected and the reports were 
assigned to one or more types of skin tumours [melanoma, 
basal cell carcinoma, squamous cell carcinoma and other 
skin tumours (incl. not assignable)]. Among these n = 565 
validated reports, n = 191 reports and n = 75 reports were 
assigned to BCC and SCC. Sixteen cases were assigned to 
both BCC and SCC. From here on, we will refer to BCC 
and SCC identified in the ADR database as "reports", dis-
tinguishing from those identified in the cancer registry as 
"cases".

An evaluation of the melanoma reports has already been 
published [17].

2.3  Completeness Score

A published score (VigiGrade [16]) was applied to measure 
the quality of documentation of BCC and SCC reports (com-
pleteness score > 0.8 “well documented”). Its calculation 
[16]) was modified [18] as it was not computed for every 
reported drug-ADR pair (in case more than one ADR had 
been reported) but only for BCCs and SCCs. The calculated 
completeness score was 0.68 [95% confidence interval (CI) 
0.65–0.77] for BCC and 0.73 (95% CI 0.68-0.77) for SCC 
reports. Most of the penalties were given for missing exact 
time to onset (TTO) information, for example month and 
year were reported (= quantifiable TTO) but not the exact 
day of occurrence.

2.4  Descriptive Analyses of the Validated BCC 
and SCC Reports

The validated BCC and SCC reports were analysed with 
regard to the (1) patients’ demographics, (2) drugs most fre-
quently reported as suspected, (3) proportion of patients with 
autoimmune diseases, (4) proportion of reports referring to 
drugs with immunosuppressants and drugs with photosensi-
tising potential, (5) seriousness of ADR reports, (6) annual 
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numbers of reports, (7) location of BCC and SCC, and (8) 
TTO between drug intake and occurrence of the BCC or 
SCC. Furthermore, sex-stratified analyses were performed.

Information about family history of any tumour (4.0%,  
n = 10), UV exposure (15.6%, n = 39) and skin type (7.6%, 
n = 19) were rarely reported, and are thus not presented in 
our results.

The documented seriousness of an ADR report follows 
the legal definition [11]. An ADR report is classified as seri-
ous if the reported ADR was life-threatening, led to or pro-
longed hospitalisation, led to death or disabilities, or caused 
a congenital anomaly. The seriousness based on the legal 
definition is not equal to the clinical definition of severity 
of an ADR.

Patients were classified as patients with autoimmune dis-
eases if at least one of the following diseases was reported in 
the patients’ history or as indication for drug therapy: mul-
tiple sclerosis, psoriasis, Crohn’s disease, ulcerative colitis 
or arthritis (all forms). Note that, since the history of the 
patients or the indication of drug therapies were not always 
provided, not all patients with autoimmune diseases may 
have been identified.

The assignment of immunosuppressants reported as sus-
pected was based on the Anatomic Therapeutical Classifica-
tion (ATC) code L04A [19]. For the evaluation of patients 
treated with drugs with immunosuppressive effects in the 

past or concomitantly, all drugs with potentially immuno-
suppressive effects were considered.

Furthermore, the drugs with photosensitising potential 
were identified based on information in the summary of 
product characteristics (SmPC) or literature. Note that con-
comitant or past exposure to drugs with photosensitising 
potential was not considered.

2.5  The Number of ADR Reports per Inhabitants

The number of inhabitants in Germany in total and strati-
fied by age and sex for each of the years 1995–2018 was 
extracted from the Genesis database of the German Federal 
Statistical Office [20]. The number of BCC and SCC reports 
per 10 million inhabitants was calculated by

(number of BCC/SCC reports per year (stratified by age 
and gender)/number of inhabitants per year (stratified by age 
and gender)) × 10,000,000

2.6  Prescription Data

Prescription data were provided by the Research Institute 
for Ambulatory Health Care in Germany [21]. The provided 
data include all outpatient drug prescriptions for patients with 
statutory health insurances (approximately 80–90% of the 
German population) dispensed in German pharmacies from 

Fig. 1  Flow chart: identification of basal (BCC) and squamous (SCC) cell carcinoma reports in EudraVigilance and cases from the German Cen-
tre for Cancer Registry Data
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2009 onwards. Reporting rates were calculated by the number 
of reports for the five most frequently reported drugs in BCC 
and SCC reports divided by their number of prescriptions. 
Note that inpatient prescriptions were not considered.

2.7  Data from the German Cancer Registry

Population-based cancer registration in Germany is organ-
ized by the federal states, and data are transmitted annu-
ally to the Centre for Cancer Registry at the Robert Koch 
Institute (RKI) [22]. National incidence rates for BCC and 
SCC were estimated from 2006 to 2018 (presented in Fig. 2) 
based on selected registries with a presumed high complete-
ness for NMSC. In contrast, proportions of tumour locations 
(presented in Table 2; see also Online Supplemental Mate-
rial (OSM) Tables S1 and S2) are based on all BCC and SCC 
cases notified between 2006 and 2018.

2.8  Statistical Analysis

Means with standard deviations (SDs) and medians with 
interquartile ranges (IQRs) were calculated for patients’ age. 
Frequency distributions with percentages were calculated for 
all other criteria. Odds ratios (ORs) with 95% CIs were calcu-
lated for the comparative analysis of BCC and SCC reports. 
If the lower CI exceeded 1 the analysed characteristic was 
considered to be more frequently reported in BCC reports. If 
the upper CI was smaller than 1 the analysed characteristic 
was considered to be more frequently reported in SCC reports.

2.9  Ethics Approval and Data Availability

The study was approved by the local ethics committee of 
the Medical Faculty of Bonn (file no, 100/21). Due to data 
privacy requirements and the EudraVigilance access policy 
[23], the complete individual pseudonymised case reports are 
not available to the readership. Researchers can perform the 
same analysis in the EudraVigilance. Although different lev-
els of access are granted for different stakeholders [23], even 
with the lowest level of access analyses of aggregated data 
are possible. For further information regarding the processing 
of personal data in the context of the operation of EudraVigi-
lance Human, we refer to the European Medicines Agency’s 
Data Protection Notice for EudraVigilance Human [24].

3  Results

3.1  Baseline and Comparative Analysis of BCC 
and SCC Reports

In the analysed period of time 191 BCC and 75 SCC reports 
were identified (ratio: 2.5:1). Patients in the BCC reports 

(median: 60.0 years) were approximately 4 years younger 
than patients in SCC reports (median: 64.0 years). Female 
sex was clearly more often reported in BCC compared to 
SCC reports (OR: 3.1 [1.7–5.5]) (Table 1).

Autoimmune diseases in the patient history or as an 
indication for drug therapy were more often reported in 
BCC (56.5%) compared to SCC reports (38.7%) (OR: 2.1 
[1.2–3.6]). In contrast, prior non-skin-related tumours were 
less often documented for patients of BCC than SCC reports 
(OR: 0.3 [0.1–0.6]).

At the aggregated drug class level more than half of BCC 
(57.1%) and SCC (60.0%) reports referred to immunosup-
pressants as suspected drugs. The second most frequently 
reported drug classes were thiazides (12.6%) in BCC and 
other antineoplastic agents (24.0%) in SCC reports. In 
comparison, immunostimulants were more often suspected 
(OR: 5.9 [0.8–45.3]) and other antineoplastic agents (OR: 
0.2 [0.1–0.5]) as well as corticosteroids (OR: 0.2 [0.1–0.9]) 
less often suspected in BCC than SCC reports.

On the drug substance level, fingolimod was most often 
reported as suspected in BCC reports (13.6%), and more 
often suspected in BCC compared to SCC reports (OR: 3.8 
[1.1–12.9]), as well as etanercept (6.8%, OR: 5.4 [0.7–42.1]). 
In contrast, adalimumab was most frequently suspected in 
SCC reports (12.0%, OR: 1.0 [0.4–2.2]). Lenalidomide, 
one of the second most frequently reported drugs in SCC 
reports, was clearly more often reported in SCC than BCC 
reports (10.7%, OR: 0.0 [0.0–0.4]). Hydrochlorothiazide, the 
other second most common suspected drug in SCC reports 
(10.7%), also ranked second in BCC reports (13.1%) (OR: 
1.3 [0.5–2.9]).

More patients in SCC reports (41.3%) took drugs with 
immunosuppressive effects in the past or concomitantly than 
patients in BCC reports (32.5%). In this respect, corticoster-
oids (22.7%, OR: 0.4 [0.2–0.9]) were most often and more 
often used by patients with SCC, and immunosuppressants 
(16.2%) by patients with BCC. Additionally, other antineo-
plastics (OR: 0.2 [0.0–0.6]) and alkalysing agents (OR: 0.1 
[0.0–0.5]) were more frequently taken in the past or con-
comitantly by patients in SCC than in BCC reports. The dis-
tribution of drugs with photosensitising potential reported as 
suspected was almost equal between BCC and SCC reports.

Almost all reports were designated as serious according 
to the legal definition (BCC: 99.0%; SCC: 97.3%). Notably, 
the seriousness criterion death was coded more frequently 
in reports referring to SCC than BCC (OR: 0.3 [0.1–0.8]).

3.2  Annual Number of Reports

The BCC/SCC ratio was 2.5:1 in the reports and 2.8:1 in the 
cases. Per 10 million inhabitants, the annual number of BCC 
and SCC reports increased in the analysed period of time 
with several peaks. These peaks may be related to specific 
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Table 1  Descriptive and comparative analysis of BCC and SCC reports

ADR adverse drug reaction, BCC basal cell carcinoma, SCC squamous cell carcinoma, SD standard deviation, IQR interquartile range
*16 reports reported both a BCC and a SCC. In 5/16, another additional skin tumour and in 3/16 melanoma was diagnosed at the time of report-
ing. Furthermore, six patients diagnosed with BCCs also had melanoma and 15 patients another skin tumour. Likewise, four respectively six out 
of the 75 SCC patients also suffered from melanoma or another skin tumour
a Age of the patients was unknown in 18.8% of BCC and 16.0% of SCC reports
b Patients were classified as patients with autoimmune diseases if at least one of the following diseases was reported in the patients’ history or as 

BCC (n = 191)* SCC (n = 75)* Odds ratio (OR) [± 95.0% 
confidence interval (CI)] BCC 
vs. SCC

Patient demographicsa

Mean age (± SD)
Median age [IQR]
Female
Male
Unknown

60.1 (± 15.0)
60.0 [49.5–72.0]
56.5% (108/191)
41.4% (79/191)
2.1% (4/191)

64.5 (± 14.4)
64.0 [56.5–75.5]
29.3% (22/75)
66.7% (50/75)
4.0% (3/75)

–
3.1 [1.7–5.5]

Patients with autoimmune diseasesb

Autoimmune diseases 56.5% (n = 108) 38.7% (n = 29) 2.1 [1.2–3.6]
Type of reported autoimmune diseases
Arthritis (all forms)
Multiple sclerosis acute and progressive
Colitis (excl. infective)
Psoriatic conditions
Crohn’s disease

14.1% (n = 27)
10.5% (n = 20)
7.9% (n = 15)
7.9% (n = 15)
6.3% (n = 12)

5.3% (n = 4)
4.0% (n = 3)
6.7% (n = 5)
13.3% (n = 10)
6.7% (n = 5)

2.9 [1.0–8.7]
2.8 [0.8–9.7]
1.2 [0.4–3.4]
0.6 [0.2–1.3]
0.9 [0.3–2.8]

Own tumour anamnesisc

Skin cancer and other cancer
Other cancer

6.8% (n = 13)
9.9% (n = 19)

8.0% (n = 6)
28.0% (n = 21)

0.8 [0.3–2.3]
0.3 [0.1–0.6]

The five most frequently reported suspected drug classes for BCC and SCCd

L04A immunosuppressants
C03A thiazides
L03A immunostimulants
L01X other antineoplastic agents
L01B antimetabolites
H02A corticosteroids

57.1% (n = 109)
12.6% (n = 24)
7.3% (n = 14)
6.8% (n = 13)
3.1% (n = 6)
2.1% (n = 4)

60.0% (n = 45)
10.7% (n = 8)
1.3% (n = 1)
24.0% (n = 18)
4.0% (n = 3)
8.0% (n = 6)

0.9 [0.5–1.5]
1.2 [0.5–2.8]
5.9 [0.8–45.3]
0.2 [0.1–0.5]
0.8 [0.2–3.2]
0.2 [0.1–0.9]

The five most frequently reported suspected drug substances for BCC and SCCd

Fingolimod
Hydrochlorothiazide#

Adalimumab
Cyclosporine
Etanercept
Lenalidomide
Azathioprine#

13.6% (n = 26)
13.1% (n = 25)
11.5% (n = 22)
6.8% (n = 13)
6.8% (n = 13)
0.5% (n = 1)
5.2% (n = 10)

4.0% (n = 3)
10.7% (n = 8)
12.0% (n = 9)
8.0% (n = 6)
1.3% (n = 1)
10.7% (n = 8)
9.3% (n = 7)

3.8 [1.1–12.9]
1.3 [0.5–2.9]
1.0 [0.4–2.2]
0.8 [0.3–2.3]
5.4 [0.7–42.1}
0.0 [0.0–0.4]
0.5 [0.2–1.5]

Drugs with photosensitising potentiale

Number of reports 41.9% (n = 80) 44.0% (n = 33) 0.9 [0.5–1.6]
Drugs with immunosuppressive effects in patients’ history or concomitant therapyf

Number of reports 32.5% (n = 62) 41.3% (n = 31) 0.7 [0.4–1.2]
The five most frequently reported drug classes with immunosuppressive effects in patients’ history or concomitant therapyf

L04A immunosuppressants
H02A corticosteroids
L01B antimetabolites
L03A immunostimulants
L01X other antineoplastic agents
L01A alkalising drugs

16.2% (n = 31)
11.5% (n = 22)
5.2% (n = 10)
4.2% (n = 8)
1.6% (n = 3)
1.0% (n = 2)

16.0% (n = 12)
22.7% (n = 17)
5.3% (n = 4)
2.7% (n = 2)
9.3% (n = 7)
9.3% (n = 7)

1.0 [0.5–2.1]
0.4 [0.2–0.9]
1.0 [0.3–3.2]
1.6 [0.3–7.7]
0.2 [0.0–0.6]
0.1 [0.0–0.5]

Seriousness of ADR reportsg

Serious
Death
Life-threatening
Hospitalisation
Disabling

99.0% (189/191)
3.1% (6/191)
3.1% (6/191)
27.7% (53/191)
6.8% (13/191)

97.3% (73/75)
10.7% (8/75)
8.0% (6/75)
30.7% (23/75)
6.7% (5/75)

2.6 [0.4–18.7]
0.3 [0.1–0.8]
0.4 [0.1–1.2]
0.9 [0.5–1.6]
1.0 [0.4–3.0]
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substances (Fig. 2). As an example, in 2013 roughly one-
third of the BCC and SCC reports referred to fingolimod 
(33.3% (6/18)) and adalimumab (36.3% (4/11)) and in 2018 
hydrochlorothiazide was most frequently reported in BCC 

(37.5% (12/32) and SCC (50.0% (6/12)) reports. Likewise, 
the incidences for BCC and SCC cases increased from 2006 
to 2018.

3.3  Age‑ and Sex‑Stratified Analyses of BCC and SCC 
Reports

An increased number of reports per 10 million inhabitants 
and an increase of the incidences per 10 million person-
years was observed from 25- and 45-year-olds onwards for 
BCC and SCC, respectively (Fig. 3). In patients below 60 
years (except for age class 15–19 years), the number of BCC 
reports per females was higher than the number of BCC 
reports per males. The opposite was seen for patients above 
60 years. Likewise, the BCC incidences of cases were higher 
for females below 60 years and lower for females above 60 
years compared to males of the same age. A higher number 
of SCC reports per females was only seen for patients aged 
30–34 years. Likewise, higher SCC incidences for cases for 
females were only observed for 25- to 39-year-olds.

3.4  Characteristics in BCC and SCC Reports 
and Cases

The proportion of females was higher in BCC reports 
(56.5%) than in BCC cases (48.7%). For SCC fewer females 
were included in reports (29.3%) than in cases (41.6%). In 
the BCC and SCC cases, the proportion of males (BCC: 
51.3%, SCC: 58.4%) exceeded the proportion of females 
(BCC: 48.7%, SCC: 41.6%). As already seen in the 
reports, patients with BCC (median age: 72.0 years) were 
also younger than patients with SCC (median age: 76.0 
years) in the cases (Fig. 2; Table 2). Patients with BCC 
(median age: 60.0 years) and SCC (median age: 64.0 years) 
in the reports were approximately 10 years younger than 
patients in the cases. Differences were more pronounced in 
females than in males.

indication for drug therapy: multiple sclerosis, psoriasis, Crohn’s disease, ulcerative colitis or arthritis (all forms)
c 20.4% (n = 39) of BCC and 44.4% (n = 28) of SCC reports contained an information about prior tumours. In six reports of BCC and one report 
of SCC prior cancer was explicitly denied.
d In 17.3% (n = 33) of BCC and 18.7% (n = 14) of SCC reports more than one drug was reported as suspected, thus, one ADR report can be 
counted in more than one of the drug classes. However, an ADR report is only counted once per drug class. Drugs marked with a # were reported 
as drugs with photosensitising potential in the product information or literature
e Reports were assigned to reports with drugs with photosensitising potential if at least one of the reported suspected drugs had photosensitising 
potential. Only the reported suspected drugs were considered. It may be possible that some patients were treated with drugs with photosensitis-
ing potential in the past or concomitantly. Therefore, under-reporting of drugs with photosensitising potential in the past or concomitantly cannot 
be ruled out
f 33.5% (n = 64) of BCC and 46.7% (n = 35) of SCC reports included information about the use of drugs with immunosuppressive effects in 
the past or concomitantly. In two BCC and four SCC reports prior or concomitant use of drugs with immunosuppressive effects was explicitly 
denied. One ADR report can contain more than one drug with immunosuppressive effects in the past of concomitantly, thus, one ADR report can 
be counted in more than one drug class
g An ADR report can contain more than one seriousness criterion, thus, one ADR report can be counted in more than one seriousness criterion

Table 1  (continued)

Fig. 2  Basal (BCC) and squamous cell carcinoma (SCC): Annual 
number of BCC/SCC reports and BCC/SCC incidences per 10 mil-
lion inhabitants. The figure shows the annual number of BCC and 
SCC reports per 10 million inhabitants and the BCC and SCC inci-
dences per 10 million inhabitants from the cases of the German can-
cer registry. First reports referring to BCCs and SCCs were received 
in 1997 and 2002, respectively. Data from the German cancer registry 
were available from 2006 onwards. The vertical line marks the year 
2008. In July 2008, a reimbursed skin cancer screening was imple-
mented in Germany
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In reports and cases, BCCs and SCCs were mostly located 
in the face of the patient. Trunk was the second most fre-
quently reported location in BCC reports and cases, while 
upper and lower extremities and oral cavity ranked second 
in SCC reports and cases, respectively. With regard to sex, 
differences in proportions of reported locations of BCC and 
SCC were observed between the reports and the cases (OSM 
Resource 1).

3.5  Time to Onset Analyses of BCC and SCC 
Stratified by Drugs

The median time to onset (TTO) from the start of drug ther-
apy to the occurrence was shorter for SCC (788 days) than 
for BCC (1117.5 days) (Table 5). Both BCC (2044 days) and 
SCC (2143 days) associated with drugs with photosensitis-
ing potential occurred later than BCC (930 days) and SCC 
(811 days) associated with immunosuppressants. Differences 
in the TTO analyses were observed for the five drugs most 
frequently reported as suspected in BCC and SCC reports 
(Fig. 4). Etanercept (immunosuppressive drug)-associated 
BCC occurred earlier, mostly within the first 2 years of 
drug therapy. In contrast, hydrochlorothiazide (photosensi-
tising potential)-associated BCC had the longest TTO and 
occurred mostly after 3–12 years after start of drug therapy. 
In SCC reports, lenalidomide (immunosuppressive drug)-
associated SCC occurred earlier and most of them within the 
first 2 years of drug therapy. The longest TTO with 17–25 
years was detected for azathioprine (immunosuppressive and 
photosensitising potential)-associated SCC.

Time to onset of BCC: fingolimod 893.0 [365.0–1278.0], 
hydrochlorothiazide 893.0 [365.0–1278.0], adali-
mumab 1157.5 [478.8–1511.5], cyclosporine 2389.5 
[1584.3–3818.0], etanercept 426.0 [231.0–610.0]

Time to onset of SCC: adalimumab 1021.0 
[503 .0–1665 .0 ] ,  hyd roch lo ro t h i az ide  1892 .5 
[1078.8–4473.8], lenalidomide 449.0 [297.5–546.5], aza-
thioprine 6881.0 [6173.0–9125.0], cyclosporine 1320.0 
[608.8–3691.8]

3.6  Reporting Rates for the Drugs Most Frequently 
Reported as Suspected in BCC and SCC Reports

In relation to the number of prescriptions, the highest report-
ing rate was found for fingolimod (median: 3.9), followed 
by adalimumab (median: 1.6) for BCC and for lenalidomide 
(median: 1.0) followed by adalimumab (median: 0.2) for 
SCC (Table 6). BCC and SCC were only rarely reported 
in relation to the huge number of hydrochlorothiazide 
prescriptions.

Calculated reporting rates (number of reports/number 
of drug prescriptions) for the five drugs most frequently 
reported as suspected in BCC and SCC reports are shown. 
For the analyses the number of reports for the time frame 
2009–2018 was determined since drug prescription data was 
only available from 2009 onwards

4  Discussion

In the present study spontaneous ADR reports referring to 
BCC and SCC were analysed with regard to various char-
acteristics and considered in relation to the number of drug 
prescriptions and BCC and SCC cases from the Centre of 
Cancer Registry in Germany. Several factors were identified 
that might be associated with BCC and SCC occurrence in 
our reports such as use of immunosuppressants and drugs 
with photosensitising potential.

Fig. 3  Age- and sex-stratified analyses. The figure shows the number of basal (BCC) and squamous (SCC) cell carcinoma reports per 10 million 
inhabitants (bars) and the BCC and SCC incidences per 10 million person-years (lines) stratified by age groups and sex
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4.1  Annual Number of Reports and Number 
of Cases

In literature [25], the ratio of BCC/SCC (4:1) was higher 
than in our reports and cases (2.5:1 and 2.8:1). Differences 

in the study designs might account for these differences.
As in our analysis, an increase of BCC and SCC inci-

dences was also seen in studies from other countries 
[25–28]. Several reasons may impact on the increase of 
BCC and SCC, such as (1) higher exposure to sunlight, (2) 

Table 2  Characteristics of BCC and SCC reports and cases

BCC basal cell carcinoma, SCC squamous cell carcinoma
a Multiple assignments possible

BCC reports (n = 191) SCC reports (n = 75) Cases of BCC in the German Can-
cer Registry (n = 1,267,210)

Cases of SCC in the Ger-
man Cancer Registry (n = 
476,903)

Demographic parameters
Mean age, years 

(median)
60.1 (60) 64.5 (64.0) 70.2 (72.0) 74.5 (76.0)

Female 56.5% (n = 108) 29.3% (n = 22) 48.7% (n = 617,219) 41.6% (n = 198,539)
Mean age 

female, years 
(median)

56.8 (57) 64.6 (63.0) 69.7 (71.0) 75.6 (77.0)

Male 41.4% (n = 79) 66.7% (n = 50) 51.3% (n = 649,991) 58.4% (n = 278,544)
Mean age 

male, years 
(median)

64.5 (67.0) 64.5 (64.0) 70.8 (72.0) 73.7 (75.0)

Unknown 2.1% (n = 4) 4.0% (n = 3) – –
Location of tumour
Cases with 

information
55.0% (n = 105)a 72.0% (n = 54)a 90.3% (n = 1,144,142) 94.7% (n = 451,565)

Lips 1.0% (1/105) 7.4% (4/54) 2.0% (n = 23,298) 4.1% (n = 18,544)
Eye/eyelid 6.7% (7/105) 11.1% (6/54) 5.8% (n = 66,361) 1.7% (n = 7601)
Ear and audi-

tory canal
6.7% (7/105) 5.6% (3/54) 4.0% (n = 46,115) 8.1% (n = 36,763)

Other part of 
the face

50.5% (53/105) 40.7% (22/54) 44.9% (n = 513,399) 32.6% (n = 147, 125)

Scalp and neck 4.7% (9/105) 11.1% (6/54) 8.2% (n = 94,141) 10.4% (n = 46,989)
Trunk 12.6% (24/105) 11.1% (6/54) 20.4% (n = 233,249) 5.0% (n = 22,670)
Upper extremi-

ties incl. 
shoulder

3.7% (14/105) 18.5% (10/54) 8.5% (n = 96,918) 10.3% (n = 46,493)

Lower extremi-
ties incl. hips

3.7% (7/105) 16.7% (9/54) 5.6% (n = 63,658) 4.3% (n = 19,510)

Overlapping – – 0.4% (n = 4941) 0.2% (n = 838)
Oral cavity 0.0% (0/105) 0.0% (0/54) 0.0% (n = 8) 14.7% (n = 66,519)
Vulva 0.0% (0/105) 2.7% (2/54) 0.1% (n = 1688) 6.6% (n = 29,773)
Penis 0.5% (1/105) 4.0% (3/54) 0.0 (n = 366) 1.9% (n = 8740)

Table 5  Median time to onset of BCC and SCC stratified by drugs with photosensitising potential and immunosuppressants

BCC basal cell carcinoma, SCC squamous cell carcinoma, IQR interquartile range

Median time to onset [IQR] in days BCC SCC

Total 1117.5 [461.8–2481.25] 788 [336–2864.5]
Reports with drugs with photosensitising potential reported as suspected 2044 [818–3741] 2143.5 [423.3–3926.25]
Reports with immunosuppressants reported as suspected 930.0 [416.0–1858.0] 810.5 [398–2695.25]
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artificial UV radiation (especially younger females), (3) 
increase of older people in the population (demographical 
change), (4) changes in drug therapies (e.g. more common 
use of immunosuppressants), (5) improved diagnostic tools, 
(6) campaigns for regular skin cancer screening. Consistent 
with the latter, a nationwide skin cancer-screening program 
was implemented in Germany in 2008, which might have led 
to the increases of reports and incidences after 2008 in our 
analysis, as also confirmed for BCC by Eiseman et al. [29].

Furthermore, specific factors such as authorisations of 
new drugs or drug indications, as well as drug safety alerts 
might have influenced the annual number of reports, as 
also observed by others [30, 31]. This might explain the 
higher numbers of (1) fingolimod-associated BCCs in 2013 
(authorised in 2011) [32], (2) adalimumab-associated SCCs 
in 2013 (authorised for ulcerative colitis in 2012) [33], and 
(3) hydrochlorothiazide-associated BCCs and SCCs in 2018 
and 2019 (drug safety alerts in 2018) [34].

Fig. 4  Median time to onset 
to basal (BCC) and squa-
mous (SCC) cell carcinoma 
occurrence for the five most 
frequently reported drugs in 
BCC and SCC reports. Figure 
shows the time to onset analyses 
of BCC and SCC for the five 
drugs most frequently reported 
as suspected in BCC and SCC 
reports

Table 6  Median and mean 
reporting rates for the drugs 
most frequently reported as 
suspected in BCC and SCC 
reports between 2009 and 2018

BCC basal cell carcinoma, SCC squamous cell carcinoma

Analysed period of time: 
2009–2018

BCC: reporting rates for the drugs most 
frequently reported as suspected

SCC: reporting rates for the drugs 
most frequently reported as sus-
pected

1. Median (mean) Fingolimod
3.9 (4.7)

Adalimumab
0.2 (0.5)

2. Median (mean) Hydrochlorothiazide
0.0 (0.0)

Hydrochlorothiazide
0.0 (0.0)

3. Median (mean) Adalimumab
1.6 (1.2)

Lenalidomide
1.0 (2.2)

4. Median (mean) Ciclosporine
0.2 (0.2)

Azathioprine
0.0 (0.1)

5. Median (mean) Etanercept
0.6 (0.8)

Ciclosporine
0.0 (0.1)
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4.2  Descriptive and Comparative Analyses 
of Demographic Parameters and Tumour 
Locations

As also seen in other studies, patients with SCC were older 
than patients with BCC [28, 35]. Cumulative sun exposure, 
which increases with rising age, is discussed as a risk factor 
for SCC [36]. In contrast, extensive and intermittent sun 
exposure at a younger age is assumed to be associated with 
a higher risk of BCC occurrence.

Differences in the female/male ratio for BCC and SCC 
were detected between our reports and our cases. In the lit-
erature, a higher risk of BCC and SCC for males than for 
females was described [25, 29]. In our analysis, differences 
in drug exposures by underlying diseases requiring treatment 
with sex preferences might have influenced the proportion 
of females and males. As an example, the prevalence for 
psoriasis is slightly higher for males than for females in Ger-
many [37]. In contrast, more females than males suffer from 
multiple sclerosis in Germany [38].

Consistent with other studies [25, 26, 28, 39], BCCs and 
SCCs were most frequently located in the face, followed by 
the trunk and upper extremities. In fact, BCCs and SCCs 
occur more often on sun-exposed body sites since sun expo-
sure is one of the major risk factors [25]. The higher pro-
portion of SCCs located on lower extremities including the 
hips compared to BCCs was also observed in studies from 
Poland [28] and the Netherlands [39], and may indicate that 
for certain SCCs located on rarely sun-exposed areas of the 
bodies other risk factors, for example, chronic inflammation 
may apply.

4.3  Autoimmune Diseases, Immunosuppressants 
and Drugs with Photosensitising Potential

In the literature, an increased risk to develop NMSC com-
pared to the general population is discussed for some auto-
immune diseases such as rheumatoid arthritis and psoriasis 
[40–42]. For multiple sclerosis no higher risk compared to 
the general population was reported [43, 44], but certain 
subtypes (e.g. relapsing multiple sclerosis) are reported as 
having a higher risk [45]. However, the treatment of these 
autoimmune diseases might also impact on NMSC devel-
opment [41, 42]. Furthermore, treatment of psoriasis with 
UV light (PUVA or UVB) in the past or concomitantly is 
known to increase the risk of NMSC occurrence [25]. In this 
respect, the recommended regular skin screening for patients 
with some of these autoimmune diseases or patients treated 
with specific drugs (e.g. fingolimod, PUVA) might have led 
to a higher detection rate of NMSC in these patients in our 
analysis.

Immunosuppressants, which are used to treat autoimmune 
diseases, were the most frequently suspected drugs in our 

BCC and SCC reports. A tumour-promoting effect of immu-
nosuppressants is already known for patients under effective 
immunosuppression following transplantation [25].

With regard to drugs with photosensitising potential, an 
increased UV sensitivity may lead to more severe sunburns, 
and, thus to a higher risk of developing NMSC [46, 47]. 
Notably, we considered only the drugs reported as suspected 
but not used concomitantly. In addition, a short time treat-
ment or concomitant treatment with drugs with photosensi-
tising potential in the past or at the time of reporting might 
have been under-reported. Likewise, the drugs dominating 
in our analysis are usually used long term, such as hydro-
chlorothiazide, which was the most frequently reported drug 
with photosensitising potential.

4.4  Analysis of Time to Onset

Patient-related risk factors that may account for the shorter 
TTO of SCC compared to BCC are older age, the higher 
proportion of patients with previous tumours, and the more 
frequent use of antineoplastic agents in patients with SCC 
compared to BCC. BCC and SCC associated with immuno-
suppressants occurred earlier compared to those associated 
with drugs with photosensitising potential. This might be 
related to the treated autoimmune disease itself or a tumour-
promoting effect of immunosuppressants [25]. In contrast, 
the longer TTO for BCC and SCC associated with drugs 
with photosensitising potential such as hydrochlorothiazide 
and azathioprine (also acting as an immunosuppressive 
agent) in our analysis may rather suggest a tumour-initiating 
instead of an tumour-promoting effect. In addition, it may 
also reflect a higher risk of NMSC after cumulative expo-
sure [9, 47]. Furthermore, drug-specific differences in the 
potential to induce BCC and SCC or with regard to their 
pathophysiological mechanisms (e.g. immunosuppression) 
have to be considered.

4.5  Number of Reports in Relation to the Number 
of Drug Prescriptions

In BCC reports, the highest reporting rate was found for 
fingolimod, followed by adalimumab and etanercept. In SCC 
reports, reporting rates were highest for lenalidomide and 
adalimumab. BCCs are listed as common (SCC rare) ADRs 
for fingolimod [32], which is in line with the higher report-
ing rate and the higher number of reports for BCC compared 
to SCC. For patients with multiple myelomas treated with 
lenalidomide, the SmPC lists a more common severe type of 
SCC but not for BCC [48]. Severe types might be more often 
reported, explaining the higher proportion of lenalidomide-
associated SCC compared to BCC in our analysis. Others 
found a higher proportion of adalimumab-associated BCC 
than SCC [49], which matches our analysis of reporting 
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rates. In contrast, in the SmPC BCC and SCC are both listed 
as frequent ADRs for adalimumab [50]. In the SmPC of 
etanercept, NMSC are reported to occur uncommonly. As 
in our analysis, others also observed a higher proportion of 
etanercept-associated BCC than SCC [51].

4.6  Strengths and Limitations

The advantages of analyses in spontaneous reporting data-
bases are the inclusion of (1) ADRs that occur in everyday 
life, (2) patients with comorbidities, and (3) ADRs (e.g. 
BCC, SCC) that may occur after long-term treatment [12]. 
In order to contextualize the results, comparative analyses 
to BCC and SCC from the German cancer registry were 
performed.

Two of the major limitations of our analysis are the 
unknown amount of under-reporting and the lack of match-
ing exact patient-related exposure data [12]. In addition, a 
detection bias (e.g. skin cancer screening recommended for 
specific drugs) may have affected our results. Note that the 
applied doses of the immunosuppressants was not investi-
gated, which may also impact on the occurrence of NMSC. 
Furthermore, it was demonstrated that a previous history of 
multiple skin cancers is a risk factor for developing subse-
quent skin cancer [6]. In our study only a small number of 
patients reported information regarding a previous history 
of cancer, thus under-reporting of the patients’ history can-
not be excluded. Also, the subtype of BCC and SCC may 
play a role, which we could not investigate in our study. 
Under-coverage may also apply to the data from the Centre 
of Cancer Registry in Germany since BCC and SCC might 
be under-reported in particular in ambulant settings. The 
patients in the reports may also have been included as cases 
in the registry. However, due to the small number of patients 
in the reports compared to the cases, this should not influ-
ence our comparative analyses. The prescription data used 
do not include data of privately insured patients, inpatient 
prescriptions as well as over-the-counter drugs.

4.7  Conclusion

It has to be considered that drug-associated BCC and SCC 
may occur at a younger age than BCC and SCC in the gen-
eral population. Our results support the recommendation of 
a regular skin screening of patients treated with immuno-
suppressants and with drugs with photosensitising potential. 
Likewise, our study underlines the importance of sun protec-
tive measures especially if patients are treated with drugs 
of photosensitising potential. Further research is needed to 
analyse if the drug-stratified differences are related to differ-
ences in pathophysiological mechanisms or to differences in 
the treated patient populations.
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