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Abstract

Introduction: Phosphodiesterase 5 inhibitors (PDES5-is)
are used worldwide as first line therapy for erectile
dysfunction (ED). Current literature reported data on
the warning association between PDE5-is use and the
development of cutaneous melanoma. However, these
data are contrasting, thus we aim to summarise evidence
regarding this association.

Content: A systematic review of all published articles
related to the effects of PDE5-is in the development of cuta-
neous melanoma was performed. PubMed, EMBASE, and
Cochrane library were queried for all the published studies
indexed up to the 26th of May 2023. A combination of key-
words related to PDE5-is and melanoma were used. Only
original studies based on human subjects in the English
language were included in the analysis.

Summary and Outlook: Of 505 articles identified, only
eight original articles were considered for further analysis.
Overall, five of the selected articles including 657,984 sub-
jects agrees on an increased risk of developing melanoma in
PDE5-is users. On the other hand, three original articles
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based on data regarding 360,915 subjects, disagree with the
previous statement declaring any association between
PDE5-i use and melanoma. Current literature still reports
contrasting data regarding the association between PDES5-is
assumption and increased risk of melanoma, but a possible
association is described, bringing attention to higher risk
melanoma category of patients. More clinical studies are
needed to clarify the impact of PDE5-is in the development
and progression of melanoma.
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Introduction

Phosphodiesterase 5 inhibitors (PDE5-is) are worldwide
available drugs prescribed as first line therapy in men diag-
nosed with erectile dysfunction (ED) [1]. Since the first release
of sildenafil citrate in 1998, the management of ED has
dramatically changed, switching form a intracavernosal in-
jections to oral compounds [2]. The success of PDE5-is is
related to the oral administration, and to a relatively safe
profile, counting among common adverse drug reactions
(ADR): headache, flushing, visual disturbances, hyper/
hypotension, nasal congestion and dyspepsia [3, 4] despite
this relative safe profile, men can easily access to
misleading information on PDES5-is by the internet [5] and
current literature shows warning data regarding rela-
tionship between the use of PDE5-is and the development
of melanoma [6].

Melanoma is one of the most common diagnosed skin
cancer with an increasing incidence in Europe [7]. The natural
history of the tumour is characterized by a rapid evolution
and susceptibility to metastases. Indeed, stage IV melanoma
patients present an overall 5-year survival less than 10 % [8]. A
recent Italian-based population study show a progressively
increased mortality, especially in the elder population, with a
steeper slope trend in men than in women [9].


https://doi.org/10.1515/jbcpp-2023-0223
mailto:giuliabriatico@gmail.com

692 — Cilio et al.: PDE5-inhibitors and the risk of melanoma

Among the factors implied in the development of
melanoma, the downregulation of the phosphodiesterase 5,
member of the RAS-RAF-MEK-ERK signalling pathway, could
increase the invasiveness of melanoma cells. Moreover,
previous studies showed that the inhibition of phosphodi-
esterase 5 could also promote growth and therapy resistance
to melanoma [10, 11]. Even if useful in the ED management,
the action of PDES5-is raised questions regarding a possible
promotion of melanoma growth [12].

Given on the one hand the beneficial effects of PDE5-is
on sexual function and overall endothelial tissues [13], and,
on the other hand, the contrasting evidence in the higher
risk of melanoma in men with history of previous use of
PDES5-is, our systematic review aims to analyse current
literature in order to better educate urologist, andrologist
and dermatologist on the risks related to these drugs.

Materials and methods

We conducted a systematic review of all published articles related to the
effects of PDE5-is in the development of cutaneous melanoma. PubMed,
EMBASE, and Cochrane were queried for all the published studies
indexed up to the 26th of May 2023. A combination of the following
keywords was used: “phosphodiesterase 5 inhibitors”, “PDES5 inhibitors”;
“sildenafil”; “tadalafil”; “avanafil’; “vardenafil”; “melanoma”. Only
original articles that included patients with personal history of
melanoma, and previously exposed to one of the PDES5-is, were considered
for inclusion in the current systematic review. Titles and abstracts of
manuscripts were screened for initial study inclusion. Full texts review
was performed when the abstract was not sufficient to determine
study inclusion. Abstracts, commentaries, editorials, articles that did not
undergo peer-review, and studies on animal models were excluded.
References lists of included studies were hand-searched for completeness.
Full texts review was performed when the abstract was not sufficient to
determine study inclusion. Finally, non-English studies and those without
an evaluation of patients’ drug exposure were also excluded from the
current systematic review.

This systematic review was conducted based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines and registered to PROSPERO with ID number CRD42023424570.
Two authors completed the study selection independently (S.C. and F.C.)
according to PRISMA requirements. Potential disagreements were
resolved by consensus among all co-authors. The risk of bias was assessed
by use of the Risk Of Bias In Non-randomized Studies of Interventions
(ROBINS-I).

Variables and outcomes definition

Data were collected according to pre-defined form including authors’
names, year of publication, number of included subjects and their mean
age, number of men exposed and unexposed to PDE5-is, the presence of
healthy/untreated controls.
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Results

Our systematic review identified 505 articles related to the
topic. Of these, we identified eight original articles based
on human subjects to be included in the current systematic
review (Figure 1).

Table 1 summarizes the characteristics of the included
studies. The oldest study was published in 2014 and the
most updated in 2023. Of all, five articles including
657,984 subjects agrees on an increased risk of developing
melanoma in PDE5-is users; while three original articles
based on data regarding 360,915 subjects, are in contrast
with the previous statement and declare any association
between PDE5-is use and melanoma.

Risk of bias according to the ROBINS I tool emerged to be
severe in four, moderate in four and low in none of the
selected studies, respectively (Table 2).

The first report regarding the association between the
use of PDE5-is and the risk of developing melanoma dates
back in 2014, when Li et al. published their analysis of the
Health Professionals’ Follow-up Study (HPFS), composed of
51,529 US males aged 40-75 years [14]. Of them, the authors
identified 14,912 Caucasians, without history of any previous
cancer, affected by ED and treated with only with sildenafil
before any diagnosis of skin cancer. Among them, Li et al.
selected for analysis 79 cases of melanoma, 305 of SCC, and
1,720 of BCC. Results showed a significantly elevated risk of
invasive melanoma in sildenafil users at multivariate-
adjusted analyses (Hazard Ratio [HR]: 2.24, 95 % confidence
interval [CI]: 1.05-4.78) and no association with risk of SCC or
BCC. Moreover, this hazard risk did not vary after excluding
all users of other treatments for ED (HR: 2.24). Lastly, the
authors reported that sildenafil use do not increase risk for
the others skin cancers.

The next year, Loeb et al. performed a nested case-
control study to analyse the association between PDES5-is and
the risk of melanoma by examining the Swedish Melanoma
Register and the Prescribed Drug Register [15]. The authors
compared 4,065 previously cancer-free men diagnosed
with melanoma and 20,325 healthy controls. About 11 % of
melanoma group was previously exposed to PDE5-is, as did
the 8 % men of controls. According to the multivariate ana-
lyses performed, previous PDE5-is exposure was signifi-
cantly associated with higher risk of melanoma (OR: 1.21
[95% CI, 1.08-1.36]). Moreover, higher number of PDE5-is
prescriptions were not associated with higher risk of mela-
noma, as well to a higher stage at diagnosis. Lastly, according
to their analysis, the use of PDE5-is was associated with
development of BCC. In conclusion, the authors reported
that, even if the use of PDE5-is was associated with a modest
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Figure 1: Prisma flow chart - study selection
with inclusion and exclusion criteria of

reviewed studies.

Table 1: Characteristics of the included studies classified according to year of publication (2014-2023).

Subgroup analysis

Eventual secondary
dermatological condition

Authors Year of Number of Number of Primary finding
publication PDES-IS not exposed
exposed
Li et al. 2014 14,912 - HR: 2.24; 95 % (I,
1.05-4.78
Loeb et al. 2015 435 3,630 OR: 1.21; 95% (I,

1.08-1.36

No association according to
ED severity

Significantly increased risk
of melanoma with a single
PDES5-is prescription

(OR, 1.32; 95 % (I,
1.10-1.59)

Significant association with:
stage 0 melanoma

(OR: 1.49; 95 % (I,
1.22-1.83), and stage I
melanoma (OR: 1.21;

95 % CI, 1.02-1.43)

Sildenafil do not increase
risk for SCC (HR: 0.80; 95 %
CI: 0.46-1.37), or

BCC (HR: 1.05; 95 %

CI: 0.84-1.30)

Association between BCC
and overall PDE5-is
(adjusted OR: 1.19; 95 % CI,
1.14-1.25), sildenafil

(OR: 1.19; 95 % (I,
1.12-1.25), and vardenafil
or tadalafil (OR: 1.18;

95% (I, 1.10-1.26)
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Table 1: (continued)
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Authors Year of Number of Number of Primary finding Subgroup analysis Eventual secondary
publication PDES5-IS not exposed dermatological condition
exposed
Lian et al. 2016 58,732 84,611 HR: 1.18; 95 % CI, >7 prescriptions of PDE5-is  No association with BCC
0.95-1.47 (HR: 1.30; 95 % CI, (HR: 1.07; 95 % CI,
1.01-1.69) 0.99-1.16), and SCC
(HR: 1.12; 95 % (I,
0.87-1.44)
Matthews et al. 2016 145,104 560,933 HR: 1.16; 95 % CI, No association with: Association with BBC
1.03-1.31 (HR: 1.15;95 % CI1.11-1.19,
p<0.001) and solar keratosis
- cumulative number of (HR:1.21;95 % CI1.17-1.25,
PDE5-is prescriptions;  p<0.001)
- number of years since
first prescription;
- specific PDE5-i drug.
Pottegard et al. 2016 DNHR: 7,045 DNHR: 70,450 DNHR (OR: 1.06; 95%  DNHR -
CI, 0.96-1.18) for ever  Association melanoma and
use,and (OR: 1.22;95% previous use of 200-499
CI, 0.99-1.49) for high  tablets of tadalafil (OR: 2.05;
use 95 % CI, 1.10-3.84)
KPCN: 2,972 KPCN: 29,307  KPNC Overall, exposure by doses
OR: 1.01 (95 % CI, of PDE5-is tablets did not
0.91-1.12) for ever use, influence the overall
and OR: 0.95 (95% CI,  association.
0.78-1.14) for high use
Shkolyar et al. 2018 Overall: 465,406  Overall: Overall: HR: 1.05; 95 % Tadalafil use for ED: Overall PDE5-is and BCC
2,785,808 CI1.05-1.09 increased duration of PDE5-i  (HR 1.04, 95 % CI 1.02-1.07)
ED: 251,406 ED: 991,850 ED: HR 1.04; use and melanoma Overall PDE5-is and SCC
95 % CI 0.98-1.12 (HR:1.06; 95 % CI1.02-1.11) (HR 1.04,95 % CI 1.01-1.07)
pHTN: 5,258 pHTN:173,469  pHTN: HR 0.74; 95 % CI Tadalafil use for ED and BCC

Wayne et al.

Lui et al.

LUTS: 208,742

2022 292,166

2023 Overall: 32,127

Sildenafil: 20,012

Tadalafil: 8,474

Vardenafil: 3,277

Avanafil: 364

LUTS:
1,620,489

0.48-1.13
LUTS: HR: 1.03; 95 % CI
0.97-1.10

2 % lower change in
melanoma diagnoses in
men after commercial-
izing PDE5-is

Sildenafil: ROR: 83.45;
95 % CI, 79.33-87.79
Tadalafil: ROR:87.52;
95 % CI, 81.98-93.43
Vardenafil: ROR: 9.85;
95 % CI, 6.79-14.28

Sildenafil (ROR=8.73; 95 %
CL: 7.63-9.99), and tadalafil
(ROR=4.25; 95 %

CI: 3.19-5.55), comparing
with all other medications in
VigiBase

(HR 1.06, 95 % CI 1.03-1.08)
Tadalafil use for ED and SCC
(HR 1.05, 95 % CI 1.02-1.08)
Tadalafil use for LUTS and
BCC (HR 1.08, 95 % CI
1.02-1.13)

SD, standard deviation; HR, hazard risk; CI, confidence interval; OR, odds ratio; PDES5-is, phosphodiesterase 5 inhibitors; ED, erectile dysfunction; BCC, Basal
Cell Carcinoma; SCC, Squamous Cell Carcinoma; DNHR, Danish Nationwide Health Registries; KPNC, Kaiser Permanente Northern California; pHTN,
pulmonary hypertension; LUTS, Low Urinary Tract Symptoms; ROR, exposure odds among cases of a specific ADR over the odds of exposure among

non-cases.
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Table 2: ROBINS-I assessing the risk of bias in studies included in the systematic review, classified according to year of publication.

. . Classification Deviation Selection of .
Author Baseline Selection of . - Measurement Overall risk
- - . of fromintended | Missing data reported )
(Year of publication) confounding participants ) ) } ) of outcomes of bias
intervention intervention results
L(IZ?)%Z; Low risk Moderate risk | Moderate risk Low risk Moderate risk Low risk Low risk Moderate risk
Loeb et al. . . isk . isk . . sk
2015) Severe risk Low risk Moderate ris Low risk Moderate ris Low risk Low risk Moderate ris
Lian et al. . . . . . . . .
2016) Moderate risk | Moderate risk Low risk Moderate risk Severe risk Low risk Severe risk Severe risk
Matt(gg\;vg)et al. Severe risk Moderate risk Low risk Moderate risk | Moderate risk Low risk Low risk Moderate risk
Pottzezg(;rg) etal. Moderate risk Severe risk Severe risk Low risk Moderate risk | Moderate risk Low risk Severe risk
Shk(()é\{)azrzit al. Moderate risk Severe risk Moderate risk Low risk Moderate risk Low risk Low risk Moderate risk
Wayne et al. ’ . } ) ) ’ . )
2022) Severe risk Severe risk Moderaterisk | Moderate risk | Moderate risk Severe risk Low risk Severe risk
Lgéﬁ;)l. Severe risk Severe risk Severe risk Low risk Severe risk Moderate risk | Moderate risk Severe risk

but statistically significant increased risk of melanoma, the
pattern of association (i.e., the lack of association with
multiple filled prescriptions) raised questions about
whether this association is causal.

With the same aim, in 2016, Lian et al. analysed data
from more than 14 million patients in the UK Clinical
Practice Research Datalink (CPRD) [16]. Included patients
were more than 40 years old, were diagnosed with ED
and have never been prescribed with PDE5-is before the
inclusion into CPRD records. Overall, 142,983 patients with
ED and a median age of 59 years old were selected for further
analyses. Among them, 440 patients were newly diagnosed
with melanoma skin cancer, and 3,253 and 332 patients
were diagnosed with BCC and SCC, respectively. The authors
reported that PDE5-is users did not present a higher
statistically significant risk of melanoma (p>0.05). However,
in a secondary sensitivity analysis, the risk was increased
by increasing numbers of prescriptions and pills received
(30 and 34 %, respectively). Similarly, taking PDE5-is did
not influence other skin cancers, such as BCC and SCC.

Matthews et al., in the same year, analysed data from the
same CPRD including all men aged more than 18 years old,
without history of previous cancer and exposed to PDES5-is,
regardless the erectile function [17]. PDE5-is unexposed
men diagnosed with melanoma, and similar clinical
characteristics, were selected as controls. The primary

outcome determined differences in incidence of melanoma,
the secondary one investigated the effect of the time-updated
cumulative number of PDE5-is prescriptions and time-
updated years since first prescription. Furthermore, the
authors analysed risk-related differences of different
PDE5-is drugs (sildenafil, tadalafil, vardenafil). Overall,
145,104 PDES5-is exposed and 560,933 unexposed patients,
with a median age of 57 years old, were included in analysis.
The adjusted HR for all potential confounders showed weak
evidence of an increased risk of melanoma in exposed
patients with respect to unexposed men (HR: 1.16, 95 % CI
1.03-1.31). Moreover, the authors did not find any association
between increasing risk of melanoma and ether higher
number of PDE5-is prescriptions, nor with increasing years
since first prescription, nor with specific PDE5-i drug. As
secondary analysis, the authors reported similar HRs for BCC
and solar keratosis (adjusted HR: 1.15, 95% CI 1.11-1.19,
p<0.001, and HR: 1.21, 95 % CI 1.17-1.25, p<0.001, respectively).
Moreover, the post-hoc analysis showed a positive associa-
tion between having a prior diagnosis of solar keratosis and
initiating a PDES5-i (OR: 1.28, 95 % CI 1.23-1.34, p<0.001).

Also in 2016, Pottegard et al. conducted two parallel
case—control studies, using the Danish Nationwide Health
Registries (DNHR) and the Kaiser Permanente Northern
California (KPNC) electronic health records [18]. They selected
for analyses 7,045 DNHR and 2972 KPNC cases with
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histologically confirmed invasive melanoma matched with 10
cancer-free controls according to year of birth. Overall, the
authors found little evidence for a causal relation between use
of PDE5-is and risk of melanoma. Indeed, analyses of the KPNC
patients revealed all OR close to unity even with increasing
of PDES5-is tablets prescriptions. Similar results were showed
in the DNHR population, although a moderate increased risk
of melanoma was found with high cumulative drug use,
especially with more than 200 tablets of Tadalafil used
(OR: 2.05; 95 % CI, 1.10-3.84). Lastly, Pottegard et al. found a
marginally increased risks for melanoma in situ in the
KPNC population and localised melanoma among the DNHR
population. However, they affirmed that the marginally
increased risk of early-stage disease likely resulted from more
frequent health-care contacts among PDE5-is users than to a
real drug related-risk.

In 2018, Shkolyar et al. analysed subjects with ED,
pulmonal hypertension (pHTN) or low urinary tract
symptoms (LUTS) and prescribed with PDE5-is. Data are
contained within the US database Truven Health Market-
Scan Commercial Claims and Encounters [19]. Among all, the
authors selected 607,622 men (99.5%) and 3,259 women
(0.5%) exposed to PDE5-is and a total of 2,785,808 subjects
with the same pathologies and not exposed to the same
drugs. Of overall 610,881 subjects prescribed with PDE5-is for
any reason (ED for 251,406 subjects [41.2 %], pHTN in 5,258
[0.9 %], LUTS in 208,742 [34.1 %]), 636 developed melanoma
(0.10 %), while the unexposed/control group had a 0.31%
of diagnosis of melanoma. The authors found an overall
significant slight association between PDE5-is exposure and
melanoma (HR: 1.05, 95 % CI 1.05-1.09), BCC (HR: 1.04, 95 % CI
1.02-1.07) and SCC (HR: 1.04, 95% CI 1.01-1.07). Further
analysis did not reveal any association between develop-
ment of melanoma and ED, pHTN and LUTS or considering
number of prescriptions. However, increasing use of Tada-
lafil was associated with higher risk of melanoma in men
prescribed because of ED (HR: 1.06, 95% CI 1.02-1.11).
Furthermore, the increasing use of PDE5-is was associated
with higher risk of BCC (HR 1.04, 95 % CI 1.02-1.07) and SCC
(HR 1.04, 95% CI 1.01-1.07). Lastly, no association was
detected between PDES5-is and melanoma among the women
study subjects. In conclusion the authors reported that
even if a specific analysis suggested an association, the
relationship vanished depending on analytic technique,
population examined, and definition of exposure, thus
supporting the melanoma-related safety of PDE5-is.

In 2022, Wayne et al. conduced an analyses of the
Surveillance, Epidemiology, and End Results (SEER) database
in order to establish if the introduction of PDE5-is has changed
the incidence of newly diagnosed melanoma [20]. Over 43
years (1973-2015), the SEER database included 292,166 cases of
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melanoma of which 53.7 % were male subjects. Overall, the
incidence of melanoma had an increasing trend in the whole
studied period, however, after the introduction of sildenafil
in 1998 the same trend did not rise, in fact demonstrating a
2% lower change in melanoma diagnoses in men, p<0.05.
Thus, the authors concluded that since the introduction of
these drugs, the incidence of melanoma is not increased as
it could be expected, and further studies should continue
to analyse this potential association.

Lastly, in 2023 a total of 94,713 individual case safety
reports for PDE5-is were extracted from the VigiBase (the
WHO’s Programme for International Drug Monitoring
database of Individual Case Safety Reports) by Lui et al. [21].
Every subject included was a male aged >18 years old,
consuming one of the PDE5-is because of a sexual dysfunc-
tion. The authors reported positive disproportionality signal
melanoma pertaining to sildenafil (ROR: 83.45; 95% CI
79.33-87.79), tadalafil (ROR: 87.52; 95 % CI 81.98-93.43), and
vardenafil (ROR: 9.85; 95 % CI 6.79-14.28). In consequence,
the authors reported that a relationship between PDES5-is use
and melanoma seems to be real, which warrants additional
study to better understand causation.

This study has several limitations. Most of the pub-
lished evidence derive from retrospective data and from
analysis of large heterogeneous databases. The studies are
not comparable at all, because it is not clear the length of
the exposure to the drug and the cumulative dosage over
time. Furthermore, the method of evaluation of the risk is
different in the studies. Lastly, the numerosity of pub-
lished manuscripts on the selected topic, prevented us
from performing a meta-analysis to better summarize
evidence.

However, the majority of the studies showed a possible
association between PDE-5 is and cutaneous melanoma.
These data should be considered in patient with a higher risk
of melanoma (previous personal invasive melanoma,
familiar melanoma, CDKN2A mutations). In this category of
patients, the routinary assumption of PDE-5is should be
discussed between dermatologists and urologists and closer
follow-ups could be proposed.

Conclusions

In conclusion, current literature still reports contrasting
data regarding the association between PDES5-is assumption
and increased risk of melanoma, but a possible association is
described, bringing attention to the follow up of high-risk
melanoma patients. More clinical studies are needed to
clarify the impact of PDE5-is in the development and
progression of melanoma.
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