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Background. Malignant melanoma (MM) is one of the most aggressive forms of
skin cancer. The occurrence of MM associated with drug therapy has been described
in the literature. However, there is no analysis of a substantial number of validated
reports of drug-associated MM.

Aim. To analyse a substantial number of validated spontaneous reports of drug-associated
MM with regard to the suspected drug and the reported characteristics, and to compare
these analyses with those of MM cases occurring in the general population in Germany.
Methods. Spontaneous reports of MM associated with drug therapy in Germany
were identified in a large adverse drug reaction database (EudraVigilance). These
results were then compared with analyses of MMs in the pooled data from a
population-based German cancer registry.

Results. The 10 most frequently suspected drugs in the MM reports all target the
immune system, with 7 of these being immunosuppressants. The median time to
onset to MM diagnosis was 2.0 years. Patients with drug-associated MM were
11 years (median) younger than patients with MM in the cancer registry, and this
age difference was greater for female than for male patients.

Conclusions. Our results emphasize the importance of regular dermatological
examinations of patients being treated with immunosuppressants. Physicians should
be aware that in these patients, MM might be detected at younger ages and even
within 2 years after initiating therapy.
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Owing to its metastatic potential, malignant mela-
noma (MM) is one of the most aggressive forms
of skin cancer and accounts for the majority of
skin cancer-associated deaths.' In Germany, the
age-standardized incidence in 2018 was 18.9 per
100 000 for females and 20.2 per 100 000 for
males.*
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The main environmental risk factor for MM is ultra-
violet light radiation.! Further downstream, the elimination
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of neoplastic melanocytes by the immune system is of
importance. >

The occurrence of MM associated with drug therapy
has been described for a few immunosuppressants and
also for thiazides, and an increased risk either due to their
immunosuppressive or photosensitizing potential has been
hypothesized. "2 However, there is no analysis of a sub-
stantial number of validated reports of drug-associated
MM, with regard to the suspected drugs or a comparison
of the characteristics of these MMs with those of natu-
rally occurring MMs. The aim of this study was therefore
to analyse these reports and compare the results with
those of MMs from a German cancer registry.

Methods

The study was approved by the local ethics committee
of the Medical Faculty of the University Bonn (009/17
and 458/20).

Study design

This was a noninterventional pharmacoepidemiologi-
cal study, performed in an adverse drug reaction
(ADR) database and a population-based registry using
descriptive analyses. All ADR reports from Germany
are stored in EudraVigilance, the ADR database of the
European Medicines Agency (ADR definition, serious-
ness criteria and reporting obligations have been
described previously'>~'°). From here on, we refer to
MM identified in the ADR database as ‘reports’, and
those identified in the cancer registry as ‘cases’.

Data access

Owing to data protection requirements and the EudraVig-
ilance database access policy, the individual pseudony-
mized ADR reports are not freely accessible as different
levels of access are granted for different user levels. How-
ever, even with the lowest level of access, it is possible to
perform the same analysis in EudraVigilance with aggre-
gated data (public access: www.adrreports.eu/en/index.
html). Similar requirements exist for the individual data
of cancer registries, which are accessible for scientific pur-
poses upon request (https://search.datacite.org/works/
10.18444/5.03.01.0005.0015.0002).

Databases

Adverse drug reaction database. A validated dataset of
179 reports referring to drug-associated MMs was identi-
fied for Germany between January 1978 and March
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2019 (for detailed description of report identification see
Fig. 1 and Data S1 and S2). These validated MM reports
were analysed with regard to (i) the annual number of
reports per 10 million inhabitants, (ii) demographic
parameters, (iii) reported autoimmune diseases, (iv) MM
characteristics, (v) drugs most frequently reported, and
(vi) reporting rates (number of ADR reports per 100 000
drug prescriptions). Additionally, we performed sex- and
age-stratified analyses (for further details, see Data S1).

Cancer registry data. The population-based cancer regis-
tration in Germany is organized and data transmitted
annually by the federal states to the Centre for Cancer
Registry at the Robert Koch Institute (RKI).'®17 MM
thickness is classified according to the currently applica-
ble TNM (tumour, node, metastasis) classification.'®
The national incidence trends for skin MM during the
period 1995-2018 (see Fig. 2) are based on estimates
as it is expected that not all of the federal states will have
complete coverage of cases. In contrast, the comparison
of demographical parameters, MM locations and MM
types and thickness with the MM reports (see Table 2
and Table S4) are based on all MM cases notified by the
registries during the same period.

Results

Demographics

Of the MM reports, 52.0% referred to females and
46.4% to males. The overall median age was 53 years
and the median age for females was around 10 years
younger than that of males (48.5 vs. 60.0 years,
respectively) (Tables 1 and 2).

Comorbidities

More than half of the patients (57.0%, 102 of 179)
had at least one autoimmune disorder, with arthritis
(all forms) (37.3%, 38 of 102), multiple sclerosis
(32.4%, 33 of 102) and psoriasis (28.4%, 29 of 102)
being the most frequently reported (the ranking dif-
fered between male and female patients). Almost 40%
(69 of 179) of patients were currently taking or had
in the past taken immunosuppressants, with a higher
proportion in male (42.4%; 35 of 83) than female
(34.4%; 32 of 93) patients (Table 1, Table S1).

Number of cases

Both the annual number of MM reports and the esti-
mated crude incidence rates of MM cases increased
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Figure 1 Flow chart report and case identification and validation. On the left-hand side, the workflow from the identification, validation

and capturing of the melanoma reports from the adverse drug reaction (ADR) database to their analyses, while on the right-hand side,
the identification and capturing of the melanoma cases from the cancer registry is depicted. The melanoma cases include n = 7406
cases (2.4%) identified by death certificate only. ICD, International Classification of Diseases; MedDRA, Medical Dictionary for Regula-
tory Activities.
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Figure 2 Annual number of adverse drug reaction reports per 10 million inhabitants and estimated incidence rates from the German
cancer registry. In July 2008, a reimbursed skin screening for detection of skin cancer was introduced in Germany, which to some
extent may account for the increase of melanoma reports and melanoma incidences around this time point (vertical line).

during the period investigated, with both curves show-
ing similarities. A steeper increase was observed
around July 2008 (Fig. 2).

Age differences

Patients in the reports were substantially younger
than the patients in the cases (median: 53 and
63.0 years). The highest quotient of reports per
10 million inhabitants occurred in the age class 65—
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69 years, whereas the highest incidence for the cases
was observed in the age class 80-84 years (Fig. 3,
Table 2).

Sex differences

In both datasets, female patients were younger than
male patients, and patients of both sexes were younger
in the reports than the cases (11 years younger for
female patients (reports median 48.5 years vs. cases
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Figure 3 Age- and sex-stratified analysis of the mean number of reports of melanoma as adverse drug reaction (ADR) per 10 million
inhabitants (bars) and the estimated melanoma incidence per 10 million person-years (lines) in Germany. In the melanoma reports,
until the age class 45-49 years female patients accounted for most of the reports (except for the age class 60-64 years), whereas it
was the reverse in the higher age classes. In the melanoma cases, the intersection of the curves for the female and male incidences was
the age class 55-59 years. Notably, because not all melanoma reports included information about sex and/or age, the grey bars of all
ADR reports may not lie exactly in the middle of the red and blue bars that are referring to female and male patients.
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Table 1 Descriptive analysis of characteristics in melanoma
reports.”

Melanoma reports

(n=179)
Patient demographics
Age, years; mean (median) 52.8 (53.0)°
Sex, n (%)
Female 935 (2.0)
Male 83 (46.4)
Unknown 3(1.7)

Most frequently reported autoimmune diseases®
Reports with this information 102 (57.0)
Top 3 most frequently reported diseases, n (%)
Arthritis (all forms) 38/102 (37.3)
Multiple sclerosis 33/102 (32.4)
Psoriasis (all forms) 29/102 (28.4)
Personal cancer history?
Reports with this information
History of any cancer
Skin cancer

43 (24.0)
32 (74.4)
15/43 (34.9);
MM 10/15 (73.3)
2/4 (34.7);
MM 1/2 (50.0)
Other cancer 14/43 (32.6)
No history of cancer 11/43 (25.6)
Top 5 most frequently reported drug classes (n = 179)¢

Skin and other cancer

Immunosuppressants
Immunostimulants

Antineoplastic agents
Dopaminergic agents

104/179 (58.1)
20/179 (11.2)
10/179 (5.6)
7/179 (3.9)

Systemic drugs for obstructive 6/179 (3.4)
airway diseases
Reports of drugs with PP (n = 179)f

Suspect drugs

76/179 (42.5)

Total drugs, n° 211
Reports with this information, 179 (100)
n (%)°
Top 10 most frequently reported suspect drugs™
Adalimumab 37/179 (20.7); 30/179 (17.0)

16/179 (8.9); 13/179 (7.3)
11/179 (6.1); 8/179 (4.5)
10/179 (5.6); 10/179 (5.6)
9/179 (5.0); 9/179 (5.0)

Etanercept
Dimethyl fumarate
Glatiramer acetate
Fingolimod"

Interferon-p" 9/179 (5.0); 9/179 (5.0)
Azathioprine' 8/179 (4.5); 3/179 (1.7)
Infliximab"! 8/179 (4.5); 6/179 (3.4)
Methotrexate"™ 5/179 (2.8); 2/179 (1.1)
Omalizumab"™ 5/179 (2.8); 5/179 (2.8)

TTO, days; median (IQR)

All reports of MM

Reports of MM with PP drugs

Reports of MM without PP drugs
Immunosuppressant use (past or current)

730 (401-1530)
906 (587-1946)
598 (297-1097)

Reports with this information 74 (41.3)
Past/current use 69/74 (93.2)
No past/current use 5/74 (6.8)

Most frequently reported immunosuppressants”
Reports with this information 74 (41.3)
Top ranking drugs

© 2022 The Authors. Clinical and Experimental Dermatology published by
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Table 1 continued

Melanoma reports
(n=179)

23/74 (31.1)
21/74 (28.4)
10/74 (13.5)

(Methyl-)prednisolone
Methotrexate
Corticosteroid

Azathioprine 9/74 (12.2)
Ciclosporin” 8/74 (10.8)
Infliximab" 8/74 (10.8)
Seriousness of melanomaP
Reports with this information 179 (100)
Serious 177/179 (98.9)
Death 9/179 (5.0)

29/179 (16.2)
65/179 (36.3)

Life-threatening
Hospitalization

Disabling 3/179 (1.7)
Primary reporting source?

Reports with this information 178 (99.4)
Physician 127/178 (71.3)
Pharmacist 4/178 (2.2)
Other HCP 7/178 (3.9)
Consumer 24/178 (13.5)

ADR, adverse drug reaction; HCP, healthcare professional; IQR,
interquartile range; MM, malignant melanoma; PP, photosensitiz-
ing potential; TTO, time to onset. “Data are n/N (%) unless other-
wise stated. No data available for 30 patients. “Patients with
autoimmune diseases had to have one of the following diseases:
Crohn disease, ulcerative colitis, psoriasis (all forms), multiple
sclerosis, arthritis or ankylosing spondylitis. These diseases had
to be coded in the patient history or as indication for drug ther-
apy. %Information on patient’s own cancer history was recorded
within the individual report assessment, which includes a review
of the free-text information (narrative) in each report. “Assign-
ment of drugs was performed in accordance with Anatomical
Therapeutic Chemical classification (see Data S3). 'PP was based
on the relevant information in the product information or litera-
ture (for list of drugs see Data S3). 8179 ADR reports had infor-
mation about 211 suspected drugs; > 1 drug was suspected in
21 ADR reports. "Two sets of numbers are given; the first was
where the drug was suspect alone or in combination with
another drug; the second was where the drug was the sole sus-
pect drug. 'Although 10 drug substances were identified, some
drugs had equal ranking: 'equal fifth; “equal sixth, 'equal sev-
enth. ™Drug with PP according to literature. "Six drugs are listed
because one ADR report could include more than one past or
current immunosuppressant and °the bottom two shared fifth
equal ranking. PAn ADR report was classified as either serious or
not serious. All cases included information about the seriousness
of the melanoma; however, within the seriousness criteria, each
ADR report could be assigned to more than one category. 9The
primary reporting source is the number of reports that exclu-
sively listed only one of these reporting sources; reports in which
more than one reporting source was listed (e.g. reported by both
the physician and the patient) are not tabulated.

60.0 years) and 8 years younger (reports median 58
years vs. cases 66.0 years) for male patients (Table 2).

In the reports, the sex-specific quotient of ADR
reports per 10 million inhabitants was higher for

Clinical and Experimental Dermatology 5
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Table 2 Patient demographics, location, type and thickness of
melanoma in the melanoma reports and cases.”

Reports of Cases of MM in
MM the German Cancer

(n=179) Registry (n = 314 415)
Patient demographics
Age, years; mean 52.8 (53) 60.1 (63.0)
(median)
Sex and age by sex
Female, n (%) 93 (52.0) 157 189 (50.0)
Age, years; 48.7 (48.5) 59.6 (60.0)
mean (median)
Male, n (%) 83 (46.4) 156 956 (50.0)
Age, years; 58.1 (58.0) 63.7 (66.0)
mean (median)
Unknown sex 3(1.7) -
Location of MMs®
Reports with this 86 (48.0) 281 030 (89.5)
information, n (%)
Lips 0/86 (0.0) 456 (0.2)
Eye/eyelid 2/86 (2.3) 1285 (0.5)
Ear and auditory 1/86 (1.2) 5677 (2.0)
canal
Other part of the 11/86 (12.8) 25119 (8.9)
face
Scalp and neck 1/86 (1.2) 12 943 (4.6)
Trunk 18/86 (20.9) 97 637 (34.7)

Upper extremities 31/86 (36.0) 65 027 (23.1)

including shoulder
Lower extremities

23/86 (26.7) 69 327 (24.7)

including hips

Overlapping - 487 (0.2)
cutaneous sites

Nasal and oral 3/86 (3.5) 956 (0.3)
cavity

Anus 0/86 (0.0) 489 (0.2)

Vulva 0/86 (0.0) 1174 (0.4)

Vagina - 328 (0.1)

Penis 0.0 (0/86) 125 (0.0)

Type of melanoma®
Reports with this 43 (24.0) 214 102 (68.2)

information, n (%)

Nodular 12/43 (27.9) 33 104 (15.5)
Amelanotic 0/43 (0.0) 4339 (2.0)
Lentigo maligna 5/43 (11.6) 25 756 (12.0)
Superficial 24/43 (55.8) 140 825 (65.8)
Acral lentigo 1/43 (2.3) 5708 (2.7)
Any other type 2/43 (4.7) 4370 (2.0)

Tumour thickness of melanomas®

Reports with this 41 (22.9) 233 554 (74.3)
information
T 18/41 (43.9) 145 549 (62.3)
T2 12/41 (29.3) 38 388 (16.4)
T3 3/41 (7.3) 27 408 (11.7)
T4 9/41 (22.0) 22 209 (9.5)

aPata are n/N (%) unless otherwise stated. °For melanoma
reports, there may be more than one assignment (for location,
type and thickness) if more than one melanoma was reported.
Classification of melanoma reports refers only to melanoma
thickness, as information on ulceration was often not provided.
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female than for male patients up to the age class 45—
49 years, whereas from the age of 50 years onwards
(except for the age class 60-64 years), this was
reversed. A similar trend was seen for the cases, with
the sex-specific incidence being higher for women than
men up to the age class 50-54 and then higher for
men from the age of 55 years onwards.

These results might be related to sex-specific differ-
ences of the underlying diseases requiring treatment.
For example, 75% of patients with multiple sclerosis
were female (median age 48.0 years), whereas 69.0%
of patients with psoriasis were male (median age
56.0 years) (Table S2).

Associated drugs

Of the 179 reports, 104 (58.1%) had an immunosup-
pressant reported as the suspect drug, while 76
(42.5%) of the reports suspected a drug with photo-
sensitizing potential (in 21 of the 179 reports, > 1
drug was suspected). However, all of the 10 most fre-
quently suspected drugs in the reports act on the
immune system: 7 immunosuppressants, 2 immuno-
stimulants [interferon (IFN)-B, glatiramer]|, and an
anti-IgE  antibody  (omalizumab).  Adalimumab
accounted for a fifth of all reports and ranked first irre-
spective of patient sex. Adalimumab also had the high-
est reporting rate (MM reports per 100 000
prescriptions), followed by fingolimod, etanercept,
dimethyl fumarate, glatiramer and IFN-f (2.3, 1.7,
1.0, 0.7, 0.7 and 0.2, respectively). Reporting rates
varied by age and sex (Table S3). For example, the
highest reporting rate was for adalimumab in female
patients, but for fingolimod in male patients.

Cancer characteristics

Time to onset to cancer diagnosis. The median time to
onset (TTO) to MM diagnosis over all reports was
730 days (Table 1). It was shorter for etanercept and
adalimumab (561 and 587 days, respectively) and
longer for dimethyl fumarate, fingolimod, IFN-fB, and
glatiramer (915.0, 985.0, 1460.0 and 2387.5 days,
respectively) (Table S3). The TTO was longer for drugs
with photosensitizing potential (907 days) than for
those without (600 days) (Table 1). In addition, the
TTO was longer in patients with multiple sclerosis
(980 days) and shorter in patients with psoriasis and
arthritis (556 and 597 days, respectively) (Table S2).

Location. The most common site for MM in reports
was the ‘upper extremities including shoulder’

© 2022 The Authors. Clinical and Experimental Dermatology published by
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(36.0%), whereas it was the ‘trunk’ in the MM cases

(34.7%). Sex-specific differences in locations were
observed between reports and cases (Table 2,
Table S4).

Type and thickness. A lower number of the reports
recorded MM type or thickness (24.0% and 22.9%,
respectively), compared with the cases (68.2% and
74.3%, respectively). Among the specified types, super-
ficial MM was the most frequently reported in both
reports (55.8%) and cases (65.8%), followed by nodu-
lar MM (27.9% and 15.5%, respectively). In the
reports, nodular MM occurred more often in male
(40.9%) than in female patients, but this was not seen
in the cases (Table 2, Table S4). The relative share of
T4- and T2-classified tumours was higher in the
reports (T4: 22.0%; T2: 29.3%) than in the cases
(9.5% and 16.4%, respectively). In the reports, the
percentage of T1 and T2 MM was higher in female
than in male patients, whereas the reverse was seen
for T3 and T4. A similar pattern, except for the T2
designation, was noted for cases.

Discussion

In the present study, we analysed 179 spontaneous
ADR reports about drug-associated MM and compared
these with MM cases (n = 314 415) in the German
national cancer registry.

The number of MM reports increased in the period
analysed.'> However, the number of ADR reports
without specifying any reaction also generally been
increasing.15 The reasons for this increase may
include tightened reporting obligations, lowered
reporting thresholds (e.g. online reporting making it
easier to report),'® and increases in frequency of MM
diagnosis,? among others. The steeper incline observed
around 2008 likely reflects the start of a nationwide
skin cancer screening programme in Germany.19

The younger age of patients, especially female patients,
in the reports (Fig. 3, Table 2) might be explained by (i)
treatment with immunosuppressants or immunostimu-
lants of specific diseases that are more prevalent in
younger’® or female?! patients, (i) the tumour-
promoting effects of immunosuppressants, (iii) a detec-
tion bias due to increased medical surveillance, or (iv)
younger women being more likely to visit a physician
and to participate in preventive medical examinations.??

In the 179 reports, the suspect drug was considered
to be an immunosuppressant in 58.1% and a drug
with photosensitizing potential in 42.5% of the reports.
Of the 10 top ranking drugs in the reports, 7 were

© 2022 The Authors. Clinical and Experimental Dermatology published by
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immunosuppressants and for 6 photosensitizing poten-
tial was mentioned in literature (it should be noted
that the same drug can have both effects). It remains
unclear whether it is the photosensitizing potential or
the pharmacological immunosuppressive effect that
might have the larger contribution in terms of a
hypothesized impact on MM occurrence. Immunosup-
pression itself appears to be a plausible mechanism, as
the immune system is critical for identifying and elimi-
nating malignant cells and MM is a highly immunoac-
tive tumour type.>2> The literature shows conflicting
results with regard to immunosuppressant-associated
MMs. Higher risks with higher cumulative doses of
immunosuppressants and for anti-tumour necrosis fac-
tor (TNF)-o drugs such as adalimumab and etanercept
(the two drugs with highest numbers in our analysis)
were reported by studies from Norway?* and Swe-
den.?®> However, for anti-TNF-o. drugs, other studies
did not confirm these associations.?® Differences in the
study populations with regard to ethnicity, risk factors
(e.g. comorbidities, sun exposure), study designs and
the rare frequency of drug-associated MMs may
account for the conflicting results. In addition, we can-
not exclude the possibility that other drugs used in the
past or used concomitantly, apart from the suspected
drugs, may also have impacted on drug-associated
MM in our reports.

With regard to the drug product information, 5 out
of the 10 most frequently reported drugs have MM
explicitly listed as an ADR. In addition, for four of
these drugs (adalimumab, etanercept, fingolimod,
infliximab) skin cancer screening prior to start respec-
tively during treatment is recommended, which may
lead to more frequent or earlier detection of MMs in
these patients. Similarly, the TTO was shorter for adal-
imumab and etanercept (1.6 and 1.5 years; Table S3)
than over all reports (2 years; Table 1). Askling
et al.?” found a higher overall cancer occurrence
within the first year of adalimumab treatment, but
other authors did not. The TTO may vary between
patient populations (e.g. depending on comorbidities),
between individual drugs (e.g. photosensitizing poten-
tial of different immunosuppressive mechanisms). In a
study from Denmark,”® the median time to diagnosis
of MM was 4.2, 3.1 and 2.8 years from onset of mild
psoriasis, severe psoriasis and psoriatic arthritis respec-
tively, and 2.3 years after initiation of biologic therapy
compared with 1.5 years in our analysis. It may also
be speculated that the longer TTO in reports of drugs
with photosensitizing potential could be related to ini-
tiation of new tumours rather than to promotion of
preclinical tumours already existing at the start of
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therapy. Based on our reports, we could not assess if
skin screening was actually performed before start of
drug therapy, thus, promotion of extant preclinical
tumours at therapy start might have led to the shorter
TTO in some reports.27

As only 24% and 22.9% of MM reports provided
information on type and thickness of MM, no firm
conclusions could be drawn from the data, and the
results are discussed only briefly. Superficial MM was
the most frequently diagnosed MM type in the litera-
ture,”* and our results concur with this. Previous
reports suggested a higher occurrence of nodular MM
in male than female patients®® as seen in our reports,
and nodular MM are more likely to be at a more
advanced stage at diagnosis.> This might explain the
higher share of T4 MMs in the reports compared with
cases and in male compared with female patients.
Additionally, male patients may not seek medical
advice until the later stages of disease. In addition,
selection bias cannot be excluded.

The strengths of our analysis include the high num-
ber of validated reports referring to drug-associated MM.
In addition, we compared the data to a large number of
cases contained in the national cancer registry. Con-
cerning the analysis of the reports, the known method-
inherent limitations of a spontaneous reporting system,
such as under-reporting, apply.'® There are also specific
limitations to our study, including the limited informa-
tion in the reports relating to risk factors such as pho-
totherapy (e.g. in patients with psoriasis), excessive
sunlight exposure and skin phototype.

Conclusion

As a clinical translation of our findings, physicians
treating patients with immunosuppressants should be
aware that MM might be detected at an earlier age
than normal (and younger in female than in male
patients) and even within 2 years after initiating ther-
apy. Our results highlight the importance of regular
dermatological examinations for patients being treated
with immunosuppressants. In addition, physicians
reporting MM as an ADR should be encouraged to
provide all relevant information, particularly with
regard to tumour type and thickness.
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What's already known about this topic?

e The occurrence of MM associated with drug
therapy has been described in the literature for a
few immunosuppressants and for thiazides.

* An increased risk either due to their immuno-
suppressive or to their photosensitizing potential
was hypothesized.

» However, there is no analysis of a substantial
number of validated reports of drug-associated
MM with regard to the suspected drugs or a com-
parison of their characteristics with those of nat-
urally occurring MM:s.

What does this study add?

e The 10 most often suspected drugs in the
reports of drug-associated MM all target the
immune system (7 immunosuppressants).

* Median time to onset to MM diagnosis over all
reports was 2.0 years.

e Patients with drug-associated MM were
11 years younger than patients with MM from
the cancer registry, with age differences being
stronger for female than for male patients.

» The study findings emphasize the importance of
regular dermatological examinations for patients
receiving immunosuppressants.
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