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This meta-analysis aimed to clarify the actual association between the phosphodiesterase type 5 inhibitors (PDE5-Is)
use and the risk of melanoma in erectile dysfunction (ED) patients. A systematic literature search was conducted in online
databases in October, 2016 to identify studies focusing on the association between PDE5-Is use and the risk of melanoma.
Summarized multivariate adjusted risk ratios (RRs) and 95% confidence intervals (CIs) were calculated to assess the strength
of associations. A total of six clinical trials containing more than one million participants were included. ED patients
using PDE5-Is shared a significant high risk of melanoma (RR=1.12, 95% CI=1.03-1.21, p=0.006). Positive associations
were observed in all kinds of prescriptions: single prescription (RR=1.20, 95% CI=1.06-1.35, p=0.003), medium number
of prescription (RR=1.15, 95% CI=1.01-1.30, p=0.03), and high number of prescription (RR=1.18, 95% CI=1.05-1.34,
P=0.006). Additionally, PDE5-Is were also found to be significantly associated with increased risk of basal cell carcinoma
(RR=1.14, 95% CI=1.09-1.19, p<0.00001). Our study indicates that PDE5-Is use could significantly increase the risk of
melanoma and basal cell carcinoma. However, the risk of melanoma did not rise significantly with the increased number of
prescriptions. Consequently, owing to the lack of information about other potential synergistic factors, it is difficult for us
to make a solid conclusion that application of PDE5-Is is the direct cause of increased risk of melanoma. Their relationship

needs to be validated by further evidences.
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Erectile dysfunction (ED), defined as the inability to
attain or maintain the penile erection condition adequate
for successful vaginal intercourse [1], is a common andro-
logic disorder with the prevalence rate of 1-10% among
men elder than 40 years old [2]. Although age plays the most
important role in the cause of ED, some lifestyle factors
also contribute to the ED’s onset such as smoking, alcohol
misuse, obesity, physical inactivity and sleeping disorders
[3]. It is noteworthy that many systematic diseases are also
associated with ED closely [4], in which diabetes mellitus
has been proved to be a vital risk factor [5]. Since ED not
only influences patients’ quality of life and their relationship
with partners, but also indicates potential combined mental
or organic diseases. Therefore, interventions and treat-
ments should be applied on ED patients regularly to prevent
further impairments.

Phosphodiesterase type 5 inhibitors (PDE5-Is) remain
the first-line treatment of ED, blocking PDE5 to degrade
the cyclic GMP (cGMP), which could mediate the release of
nitric oxide (NO) to maintain the relaxation of cavernosal
smooth muscle contraction [6]. PDE5-Is are considered to
have some mild adverse-effects including transient headache,
dizziness and blurred vision. Rare but urgent complications
also occur such as hypotension and glaucoma [7]. Recently,
several studies have raised controversial opinions about
whether the use of PDE5-Is is associated with an increased
risk of melanoma. The mechanism of melanoma includes
a complex process with the activated RAS/RAF/MEK/
ERK pathway promoting the proliferation and survival
of melanoma cells, mediated by BRAF or NRAS somatic
mutations. PED5A is down-regulated by BRAF in the occur-
rence of melanomaj; hence, the application of PDE5-Is could
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partially mimic the function of BRAF [8-10]. Two kinds of
PDE5-Is were also discovered to increase melanin synthesis
and accelerate the development of melanoma [11]. Up to
now, a total of six clinical trials in five studies [12-16] have
been focusing on the association between PDE5-Is and risk
of melanoma. Different results were obtained from these
studies: two studies reflected a significant association [12,
14]; one found positive relation only in patients receiving
single prescription [15], while others revealed the increased
risk in patients taking multiple prescriptions of PDE5-Is [13,
16]. Consequently, a combined comprehensive analysis of
these relevant studies is necessary to verify the actual influ-
ences of PDE5-Is on the risk of melanoma. To our knowl-
edge, it is the first meta-analysis regarding the association
between PDE5-Is use and the risk of melanoma. Since
melanoma is a life-threatening malignant tumor with poor
prognosis, this adverse event caused by PDE5-Is needs more
attention by clinicians and our study could provide some
evidence and guides for treatments of ED.

Materials and methods

Search strategy. A systematic literature search was
conducted using online databases including Pubmed,
Embase, Medline, Cochrane Library, CBM, CNKI and VIP
databases in October, 2016. Following search terms were
used: “phosphodiesterase type 5 inhibitors’ or ‘PDE5-Is’
or ‘PDE5A inhibitors’ or ‘PDE5 inhibitors’ or ‘PDEIs” and
“melanoma”. No language restriction was applied. Reference
lists of relevant studies were also checked.

Inclusion and exclusion criteria. Studies researching the
association between PDE5-Is use and the risk of melanoma in
ED patients were included. Accordingly, conference proceed-
ings, editorials, reviews, animal experiments and repeated
publications were excluded from this review. Two reviewers
(T.D. and X.D.) independently assessed relevant records and
disagreement was resolved via open discussion.

Data extraction. Data of eligible studies was examined
and collected independently by two reviewers. Following
information was extracted using a standard form: authors of
study, year of publication, country/region, ethnicity, insti-
tution, study period and databases used, type of PDE5-Is,
case and control sample size, number of melanoma patients,
and relevant outcomes reflecting the association. The level
of evidence (LOE) of each eligible study was assessed
according to GRADE approach by two reviewers indepen-
dently [17].

Statistics analysis. Multivariate adjusted hazard ratios
(HRs) or odds ratios (ORs) of PDE5-Is for the risk of
melanoma and their 95% confidence intervals (CIs) were
extracted from all included studies. Summarized multivar-
iate adjusted risk ratios (RRs) and 95% ClIs were calculated
to assess the strength of association between PDE5-Is and
melanoma. Subgroup analyses were conducted on different
number of prescriptions. In addition, available multivariate

adjusted HRs or ORs and 95% CIs of PDE5-Is use for the
risk of basal cell carcinoma (BCC) and squamous cell carci-
noma (SCC) were also extracted and pooled. Chi-square test
was performed to assess the statistical heterogeneity among
studies [18]. If no heterogeneity existed with a p-value >0.10,
fixed-effect model was used to calculate the combined RR.
Otherwise, the random-effect model was applied. Pooled
RR could be considered significant only with a two-sided
p-value <0.05. The effect of publication bias was evaluated by
inverted funnel plot visual inspection. All statistical analyses
were conducted by RevMan (version 5.3; Cochrane Collabo-
ration, Oxford, UK) and STATA (version 13.0; StataCorp,
College Station, Texas, USA) software.

Results

Eligible studies and characteristics. Figure 1 shows
a detailed flow diagram of eligible studies identified for this
systematic review. Finally, six clinical trials in five studies
[12-16] containing more than one million participants were
included, with three prospective cohort studies [12-14] and
three retrospective case-control studies [15, 16]. All studies
were conducted among European or US populations. The
research period ranged from 6 to 17 years, and all studies
were published after 2014. In three prospective cohort
studies, average melanoma incidence in ED patients using
PDES5-Is was 0.32% (range 0.22-1.02%); while in participants
without PDE5-Is use, average incidence was 0.18% (range
0.13-0.52%). Other baseline characteristics of all included
studies are shown in Table 1.

Records identified through
database searching
(n=065)

Additional records identified
through other sources
n=7)

Records after duplicates removed
(n=34)

A

Records excluded
(n=7)

Records screened
(n=28)

A

Full-text articles Full-text articles excluded (n= 16):
assessed for aligibility ———p{Review articles (n = 6)
(n=21) Did not meet criteria (n = 10)

A

Studies included in the
meta-analysis
(n=5)

Figure 1. Flow diagram of the meta-analysis.
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Association between PDE5-Is use and risk
of melanoma. Multivariate adjusted HRs or ORs
with 95% ClIs of PDE5-Is for the risk of melanoma
were extracted from all five studies. Our meta-
analysis indicates that ED patients using PDE5-Is
shared a significant high risk of melanoma
(RR=1.12,95% CI=1.03-1.21, p=0.006) with slight
heterogeneity among five studies (1>=48%, p=0.09)
(Figure 2). Additionally, subgroup analysis was
conducted based on the number of prescriptions
(three studies [13-15] were included). As a result,
positive associations were observed in all kinds
of prescriptions (single prescription: RR=1.20,
95% CI=1.06-1.35, p=0.003; medium number
of prescriptions: RR=1.15, 95% CI=1.01-1.30,
p=0.03; high number of prescriptions: RR=1.18,
95% CI=1.05-1.34, p=0.006) (Figure 3). No publi-
cation bias was detected among five included
studies through inverted funnel plot.

Association between PDE5-Is use and risk
of non-melanoma skin cancers. Four studies
[12-15] also investigated the association between
PDE5-Is use and the risk of BCC. Slight hetero-
geneity was found among them (I>=54%, p=0.09),
and the result of our meta-analysis demonstrated
that PDE5-Is use was significantly associated with
increased risk of BCC (RR=1.14, 95% CI=1.09-
1.19, p<0.00001) (Figure 4). Moreover, two studies
[12, 13] concentrated on the influence of PDE5-Is
use on the risk of SCC, but no significant differ-
ence was observed (RR=1.02, 95% CI=0.83-1.25,
p=0.88).

Discussion

To the best of our knowledge, this is the first
meta-analysis aiming to evaluate the association
between PDE5-Is use and the risk of melanoma in
ED patients. According to the summarized results
from cohort studies included in our review, the
average melanoma incidence of participants using
PDE5-Is or not was 0.32% and 0.18%, respec-
tively. Our analysis demonstrated that the applica-
tion of PDE5-Is was significantly associated with
increased risk of melanoma and BCC. Further-
more, the association between PDE5-Is use and
risk of melanoma always turned out to be positive
regardless of the number of PDE5-Is prescriptions.
However, the risk of melanoma did not increase
with the incremental number of prescriptions.

Potential biological mechanisms of PDE5-Is in
the occurrence of melanoma were considered to
include several aspects. Classic RAS/RAF pathway
played a crucial role in melanoma, which origi-
nally arose from melanocytes serving as protection

Table 1. The baseline characteristics of eligible studies.

No. Mela-
noma (%)
14(1.02)

6.1

Mean age
(years)
6

1378

No. Participants

PDE5-Is use

PDE5-Is drug

Study
design LOE

Study
period

Database

Institution
Brigham and Women’s
Hospital, Harvard

Country Populations

References

Sildenafil

128 (0.52)

64.8

24470

No PDES5-Is use

2a

PCS

The Health Professionals’
Follow-up Study

2000-2010

Medical School, Boston,

Massachusetts

USA

USA

Lietal,
2014

435 (20.25)

70

2148

PDE5-Is use

The Prostate Cancer Data

Sildenafil,

vardenafil or
tadalafil

3630 (16.32)

75

22242

No PDE5-Is use

2b

RCCS

Base Sweden, the Swedish
Melanoma Register and the
Swedish Prescribed Drug

Register

Umea University Hospital,

Umed, Sweden

2006-2012

European

Sweden

Loeb et al,
2015

328 (0.56)

58.8

58732

PDES5-Is use

Sildenafil,

vardenafil or
tadalafil

112 (0.13)

59.2

84611

No PDE5-Is use

2a

PCS

The UK Clinical Practice
Research Datalink

Jewish General Hospital,

Montreal, Canada

Lian et al,
2016

1998-2015

European

Canada

321 (0.22)

57

145104

PDE5-Is use

Sildenafil,

vardenafil or
tadalafil

994 (0.18)

57

560933

No PDE5-Is use

PCS

The UK Clinical Practice
Research Datalink

London School of Hygiene

& Tropical Medicine,

1999-2014

European

London, United Kingdom

UK

Matthews et
al, 2016

448 (9.73)

61

4603

PDE5-Is use

University of Southern
Denmark and Aarhus

University Hospital,

Denmark

6597 (9.05)

61

2b
No PDE5-Is use 72892

2000-2012

Five Danish Nationwide

Registries

European

Denmark

Sildenafil,

64 568 (9.41)

6033

PDE5-Is use

vardenafil or
tadalafil

RCCS

The KPNC Cancer Registry,
the KPNC pharmacy

Kaiser Permanente

Pottegard et
al, 2016

2404 (9.16)

64

26246

2000-2014 2b

USA Northern California, database, and other
Oakland, USA

USA

No PDE5-Is use

electronic clinical databases

at KPNC

KPNC: Kaiser Permanente Northern California; LOE: level of evidence; PDE5-Is: phosphodiesterase type 5 inhibitors; PCS: prospective cohort study; RCCS: retrospective case-control study.
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Figure 2. Forest plot for association between PDE5-Is use and risk of melanoma.
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Risk Ratio Risk Ratio
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Test for overall effect: Z=2.73 (P = 0.006)
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Figure 3. Forest plot for association between different number of PDE5-Is prescriptions and risk of melanoma (A: Single prescription; B: Medium
number of prescriptions; C: High number of prescriptions).

Risk Ratio Risk Ratio

Study or Subgroup  log[Risk Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Li 2014 0.077 0.0763 7.6% 1.08 [0.93, 1.25]
Lian 2016 0.0677 0.039¢ 20.2% 1.07 [0.89, 1.16] B e —
Loeh 2015 0.1765 0.0232 33.5% 1.19[1.14, 1.25] —a—
Matthews 2016 0.1388 0.0181 38.7% 1.15[1.11, 1.18] ——
Total (95% CI) 100.0%  1.14 [1.09, 1.19] <

i 2 _ - Chi? = = - S = 54% { f f t
Heterogeneity. Tau® = 0.00; Chi 647, df = 2 (P = 0.09); | 54% obs oo 11 1>

Test for overall effect: 2 = 5.82 (P < 0.00001)

Favours [experimental] Favours [control]

Figure 4. Forest plot for association between PDE5-Is use and risk of basal cell carcinoma.

from ultraviolet radiation [19]. Among three kinds of RAS
(HRAS, KRAS, NRAS) and three RAF (ARAF, BRAF, CRAF)
genes, NRAS and BRAF were responsible for the majority
of oncogenic mutations [20]. The activated BRAF probably

resulted in the downregulation of cGMP-dependent PDE5A
by increasing the expression of one transcription factor
called BRN2 [21], which was proved to cause the carci-
noma invasion [22]. BRN2 was observed widely expressed
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in melanoblasts [23, 24] and shared a binding site in PDE5A
promoter in order to suppress its transcription. Application
of PDE5-Is could act as an incentive source like mutated
BRAF [25] and it might be more apparent in those cases
without BRAF mutations [13]. Besides, MEK/ERK pathway
was disturbed by PDE5-Is in a similar way to RAS/RAF,
which might not be found in the pathogenesis of melanoma
caused by some kinds of PDE5-I, such as sildenafil [26].
Consequently, PDE5-Is increased the concentration of intra-
cellular cGMPs through inflow of Ca*, suppressing a series
of cellular physiological functions and leading to more severe
invasion of the cancer [27-29]. Former studies also discov-
ered the interaction between RAS/RAF way and cAMP
signaling in melanoma cells [30].

Our analysis indeed proved a significant association
between any prescriptions of PDE5-Is use and melanoma.
Nevertheless, the dose-response relationship was not
observed between PDE5-Is use and risk of melanoma, and
PDE5-Is use was also validated to be associated with BCC,
in which PDE5 pathway was not considered to be involved.
Other factors that could be synergic with the use of PDE5-Is
were researched at the same time [31, 32]. People with
a higher socioeconomic status tend to be more accessible to
PDES5-Is and have been confirmed to be more susceptible
to malignant melanoma [33]. Confounding related lifestyle
factors could also contribute to some degree, such as tanning
bed usage, recreational ultraviolet exposure and obesity [34,
35]. On the contrary, better education and income leads to
more frequent uses of sunscreens and other sun-protec-
tive instruments [36, 37]. Therefore, relationship between
PDE5-Is and melanoma is still indefinite and needs to be
validated by further evidence.

Several potential limitations of this analysis should be
addressed. First, all eligible studies of this meta-analysis were
cohort studies or case-control studies, and no randomized
controlled trials (RCT) were included, which might poten-
tially influence the strength of associations in our study.
However, no RCTs related to association between PDE5-Is
use and the risk of melanoma exist yet, and it also seems
impossible to conduct such a RCT on this topic. Second,
data of some studies were incomplete even by contacting
the authors. Because the exact classification of prescription
number in each study could not be completely the same, we
had to classify them into groups of single, medium and high
number of prescriptions. Finally, all included studies in our
analysis were conducted in European or US populations, and
that may potentially bring some limitations for applying our
conclusions for other races.

Conclusion

Our study found that PDE5-Is use in ED patients was
significantly associated with increased risk of melanoma and
basal cell carcinoma. In addition, regardless of the number of
prescriptions, the association between PDE5-Is use and the

risk of melanoma demonstrated as positive results. However,
the risk of melanoma did not rise with the increased number
of prescriptions. Therefore, owing to not only the lack of this
significance but also lacking information about other poten-
tial synergistic factors, it is difficult for us to make a solid
conclusion that application of PDE5-Is could cause the
increased risk of melanoma directly.
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