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Purpose: We conducted a systematic review and meta-analysis to quantify the association between phosphodiesterase type 5
inhibitors (PDE5Is) use and skin cancers and we also examined whether down-expression of the PDE5A gene was related to
worse prognosis for malignant melanoma (MM) patients.

Materials and Methods: The PubMed, Cochrane Library, Web of Science, EMBASE, and ClinicalTrails.gov databases were
searched. Odds ratios (ORs) and 95% confidence intervals (Cls) were calculated to evaluate the association between PDE5Is
use and risk of skin cancers. Cumulative meta-analysis and trial sequential analysis (TSA) were also conducted. Survival out-
comes were analyzed online.

Results: After pooling all 8 eligible studies comprising 7,479,852 subjects, we found that PDE5Is use was significantly associ-
ated with slightly increased risk of developing MM (OR: 1.13, 95% Cl: 1.05 to 1.21, I'=67.1%), basal cell carcinoma (OR:
1.16, 95% Cl: 1.13 to 1.19, I'=49.6%), and squamous cell carcinoma (OR: 1.07, 95% Cl: 1.01 to 1.13, ’=0.0%). Totally,
PDE5Is increased the risk of developing skin cancers (OR: 1.13, 95% Cl: 1.09 to 1.17, ’=70.8%). TSA results showed that
the sample size was enough to reach a positive conclusion.

Conclusions: The use of PDE5Is may be slightly associated with increased risk of developing skin cancers. There should be a
balance between drug benefits and potential safety issues. However, the pooled results should be considered tentative until
confounding factors such as sun exposure and lifestyle are well-controlled in further studies.
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INTRODUCTION and exogenous factors such as excessive sun exposure
[1]. The mechanisms for the development of MM have

Malignant melanoma (MM), the most aggressive cat- been proved to be correlated with the dysfunctions of
egory of skin cancers has been proved to be associated many signaling pathways, such as RAS-RAF-mitogen-
with both endogenous factors, such as family history activated protein kinase and extracellular signal-reg-
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ulated kinase (RAS-RAF-MEK-ERK) [1,2]. The associa-
tion between 3, 5-cyclic nucleotide phosphodiesterase
type 5 (PDE5) and MM was firstly introduced in 1993
by Drees et al [3] through the isolation of a cyclic gua-
nosine monophosphate (cGMP)-specific PDE isoenzyme
in B16 mouse MM cells and the relationship has been
proved by subsequent studies [4]. Notably, publications
have shown that more women get MM while more
men die from MM and it was hypothesized that the
sex differences in incidence and mortality of MM was
ascribed to the late presentation of MM, which might
be related to the tumor biology [5,6]. Thus, it is impor-
tant to clarify more controllable risk factors of MM,
especially in men.

Erectile dysfunction (ED), which causes great damage
to both physiological and psychological health is one
of the most common male sexual dysfunction and is
estimated to affect about 0.3 billion men worldwide by
2025 [7-9]. Phosphodiesterase type 5 inhibitors (PDES5ISs),
including sildenafil, tadalafil, vardenafil, and avanafil,
is the first-line therapy for ED approved by the United
States Food and Drug Administration [10]. PDE5Is can
inhibit cGMP-specific PDE5SA in the vascular smooth
muscle cell and result in the relaxation of vascular
smooth muscle, increasing the blood flow, and maintain
or enhance the erection status [11]. Interestingly, some
studies showed that activation of the cGMP pathway
may promote the growth and migration of MM. How-
ever, the mechanism remains unknown [12,13].

Some laboratory studies in in vitro cells have dem-
onstrated that PDE5Is were associated with enhanced
ability of proliferation and survival of melanocytes
[12,14]. The first observational study to explore the as-
sociation between PDESIs use and the risk of MM in
human was conducted by Li et al [15] in 2014 and they
found that PDE5Is were significantly associated with
a higher risk of MM compared with non-use. Unfor-
tunately, their study included only 142 patients. After
their research, there were only 5 other published ob-
servational studies between 2014—2017 [16-20]. In 2018
and 2019, two studies including 5,945,237 subjects were
conducted to examine the associations between PDE5Is
use and the risk of skin cancers in the USA [21,22]. For
the inconsistencies existed among these studies, it is
impossible to identify the relationship between PDE5Is
and the risk for the development of skin cancers. Ad-
ditionally, great demands for PDES5Is to treat ED will
definitely increase the number of users. Therefore, un-

684 www.wjmh.org

he World Journal of

MEN's HEALTH

derstanding the possible associations between PDE5Is
and risk of MM is essential to public health.

Overall, we performed a meta-analysis to quantita-
tively evaluate the possible association between the
use of PDEBIs and the risk of developing skin cancers
with the aim of providing a comprehensive summary
based on the available evidence. We also conducted cu-
mulative meta-analysis to evaluate the stability of the
results and trial sequential analysis (TSA) to promote
scientific preciseness. Furthermore, we also sought to
determine whether down-expression of the PDE5A
gene was related to worse prognosis for MM patients
through survival analysis.

MATERIALS AND METHODS

1. Data sources and search strategy

Before the literature search, a detailed inclusion cri-
terion was made following the established reporting
guidelines [23,24]. We independently and systemati-
cally searched the PubMed, Cochrane Library, Web
of Science, EMBASE, and ClinicalTrails.gov in April
2020, and assessed the association between exposure to
PDES5Is and risk for development of skin cancer. To en-
sure reliability, the search process was performed by 3
authors using the following search terms: (sildenafil or
vardenafil or avanafil or tadalafil or phosphodiesterase
type 5 or phosphodiesterase-5 or PDE5 or “Phosphodies-
terase 5 Inhibitors’[Mesh]) and (melanoma or basal cell
carcinoma or squamous cell carcinoma or skin cancer
or “Melanoma”[Mesh]). The agreement in the search
process was reached through discussion.

2. Inclusion and exclusion criteria

Studies were considered to be eligible if they met
the following criteria: (1) Population: male population.
(2) Interventions: PDE5SIs use or individuals diagnosed
with skin cancers. (3) Comparators: non-PDESIs use or
placebo use, or individuals without diagnosis of skin
cancers. (4) Outcomes: the risk of skin cancers develop-
ment. The primary outcome of interest was risk for de-
veloping MM, and secondary outcomes were basal cell
carcinoma (BCC) and squamous cell carcinoma (SCC).
(5) Study design: randomized controlled trials (RCTs)
or observational studies. (6) Follow-up for at least one
year (not applicable to case-control studies) and studies
with enough reported information relevant to cancer
incidence. Notably, no restriction was made on the in-
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dications of PDE5Is and whether cancers were treated
or not was not of interest. Studies failing to conform to
the inclusion criteria above were excluded.

3. Data collection
The 3 authors independently read and screened the

retrieved titles and abstracts. The details retrieved
from each study included the first author, publication
year, study design, study year, country, patient demo-
graphics, drug use, selection criteria, the definition
of exposure and control, adjusted covariates, and out-
comes. Hazard ratio (HR) with 95% confidence interval
(CI), odds ratio (OR) with 95% CI, and relative ratio (RR)
with 95% CI were extracted if appropriate. Any miss-
ing or unclear information was obtained by contacting
the article authors. Information was defined as not re-
ported if the authors did not reply.

4. Risk of bias assessment

Each of the 3 authors assessed the risk of bias (RoB)
of each included study independently. Any disagree-
ments were resolved by consensus and communication
among the 3 and with article authors. RoB of observa-
tional studies was assessed by using a modified New-
castle—Ottawa scale (NOS) [25]. The scores of studies
were graded from O to 9 according to the NOS scale for
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observational studies.

5. Statistical analysis

ORs with 95% CIs were pooled to reveal the associa-
tions between PDESIs using and the risk of developing
skin cancers. The reported effect measurements were
different between cohort studies (HR or RR) and case-
control studies (OR), but when the event incidence was
low these relative measures were close [26]. Moreover,
subgroup analyses by cancer type, PDE5Is doses, type
of PDES5Is, study region, study design, NOS score, publi-
cation year, and MM stages were also performed. Given
the various definitions of different doses in each study,
thus they were only shown in Supplement Table 1 (no
available data on the cut-off value of each PDES5I).
According to the DerSimonian and Laird method [27],
random-effect models were used when we found sig-
nificant heterogeneity (p<0.05 in Cochrane Q-test) and
I>50%. Otherwise, fixed-effect models were used for
calculations. We conducted Begg’s test and created fun-
nel plots to assess the publication bias and small-study
effects. Sensitivity analyses were performed by exclud-
ing a study at one time to evaluate the robustness of
the findings. TSA was conducted to reduce the risk of
type I error by keeping the overall 5% risk of a type I
error and 20% risk of a type II error (power of 80%) to

Records identified through database
searching (n=209)
PubMed (n=77), Cochrane Library (n=15),
Web of Science (n=107), EMBASE (n=65),

Additional records identified
through other sources (n=19)

and ClinicalTrails.gov (n=5)

v

Records after duplicates removed
(n=185)

/

Records screened
(n=185) i

Irrelevant records excluded (n=164)
Not on the topic (n=85),
reviews, case report, or editorials (79)

\

Full-text articles assessed for
eligibility (reviewed with
application of inclusion and
exclusion criteria)
(n=21)

A 4

Full-text articles excluded (n=13)
Not in English (5), study sample
less than 50 patients (6), no
information about outcomes (2)

\

(n=8)

[ Included ] [ Eligibility ] [ Screening ] [Identification]

Studies included in qualitative synthesis and
quantitative synthesis (meta-analysis)

Fig. 1. PRISMA flow chart of the the data
search.
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evaluate the acquired information size (AIS). Kaplan—
Meier analysis was conducted to evaluate the relation
between PDESA gene expression and prognosis in MM
patients. For this analysis, MM patients were divided
equally into lower 50% and upper 50% concerning their
PDE5SA gene expression. Overall survival were ana-
lyzed by OncoLnc (http://www.oncolnc.org/) and Gene
Expression Profiling Interactive Analysis (GEPIA,
http://gepia.cancer-pku.cn/). Disease-free survival was
analyzed only by GEPIA. Statistical analyses were per-
formed by using STATA 120 (Stata-Corp., College Sta-
tion, TX, USA). The significance level was set as a two-
tailed p<0.05 in all data analyses.

RESULTS

1. Literature search

By searching the electronic databases with the
search strategy mentioned above and reviewing the
reference lists of the retrieved studies, we identified
185 records after removing 103 duplicated records.
Another 164 records were excluded because they were
case reports, reviews, editorials, or not relevant topics.
In the remaining 21 records, 13 of the records were ex-
cluded because they were small in study samples, not
published in English, or did not have sufficient infor-
mation for outcome measurements. After screening for
the form of data reporting, 8 observational studies [15-
22] (7,479,852 patients) were pooled in the final meta-
analysis (Fig. 1).

2. Characteristics of included studies

The main features of the 8 studies are presented in
Table 1. Six cohort studies [15-17,19,21,22] and 2 case-
control studies [18,20] involving 7,479,852 patients were
included in the meta-analysis. Two studies might have
overlapping subjects because they were conducted by
using the same database [17,19]. Both studies were in-
cluded in the meta-analysis because they had different
study design and inclusion criteria. The publication
dates ranged from 2014 to 2019, with 6 studies being
published before 2017 and the others being published
after 2017. These studies were conducted across 4 coun-
tries: USA, Denmark, Sweden, and the UK. For cancer
type, 7 studies examined MM, 6 studies reported BCC,
and 3 studies reported SCC. Stages of MM were divided
into in situ, localized (N, and M,), and non-localized (N;
or M,). Among the 8 studies, only 5 of them mentioned
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comorbidities [17-20,22], 2 reported associated cancers
[18,20], and 6 referred to confounding factors [15,17-21].
Although some of the studies adjusted the duration of
PDES5Is use in multivariable analysis, unlike doses of
PDES5Is, none of them showed available information on
this that could be stratified. All the studies had NOS
grades >6, which showed that all the studies were de-
signed with high methodological quality (Supplement
Table 2).

3. The associations between
phosphodiesterase type 5 inhibitors use
and risk for development of skin cancers

The pooled analysis results demonstrated that

PDES5SIs were associated with increased risk of de-

veloping MM (adjusted OR: 113, 95% CI: 1.05 to 1.21,

I"=67.1%), BCC (adjusted OR: 116, 95% CI: 1.13 to 1.19,

I"=49.6%), and SCC (adjusted OR: 1.07, 95% CI: 1.01 to

113, I’=0.0%). Totally, we found that PDE5Is use was

related to an elevated risk of developing skin cancers

(adjusted OR: 1.13, 95% CI: 1.09 to 117, I’=70.8%) (Fig. 2).

4. Subgroup analyses

Furthermore, we performed meta-regression and
subgroup analyses to identify the source of hetero-
geneity (Table 2, Supplement Fig. 1-7). The subgroup
analysis by doses indicated medium doses and high
doses use were linked with higher risk of MM develop-
ment (adjusted OR: 1.17, 95% CI: 111 to 1.23, I"=34.9%;
adjusted OR: 1.09, 95% CIL: 1.02 to 1.15, I’=2.4%, re-
spectively). Subgroup by PDE5Is type showed only
sildenafil was associated with increased risk of MM
(adjusted OR: 116, 95% CIL: 1.03 to 1.30, I°=74.3%). The
subgroup analysis stratified by publication year re-
vealed an increased risk of MM (adjusted OR: 1.12, 95%
CIL: 104 to 1.21, I’=40.1%) in studies published before
2017. The subgroup analysis by NOS grades showed
an increased risk of MM (adjusted OR: 1.15, 95% CI:
1.03 to 1.28, I’=0.0%) in studies with a NOS score of 9.
Another subgroup analysis by study region found an
increased risk of MM (adjusted OR: 1.13, 95% CI: 1.06 to
1.21, I’=0.0%) in studies conducted in Europe. PDE5Is
use was significantly associated with increased risk of
MM in cohort studies (adjusted OR: 1.16, 95% CI: 1.04
to 1.30, I°=76.0%). Additionally, the subgroup analysis
according to stages of MM revealed that PDE5Is use
was associated with increased risk for the development
of in situ MM (adjusted OR: 1.31, 95% CI: 1.02 to 1.69,
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Note: Weights are from random effects analysis.
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Christie (2019) . 119 (1.16,1.22)  11.28
Subtotal (’=49.6%, p=0.077) , 116 (1.13,1.19)  50.48
1
1
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Li (2014) o ; 0.80(0.46,1.37)  0.38
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1
1
Overall (P=70.8%, p<0.001) o 1.13(1.09,1.17)  100.00
|
!

T
0.209

N

T
4.78

Fig. 2. The association between phosphodiesterase type 5 inhibitors use and risk for development of skin cancers. OR: odds ratio, Cl: confidence
interval, MM: malignant melanoma, DNHR: Danish Nationwide Health Registries, KPNC: Kaiser Permanente Northern California, BCC: basal cell

carcinoma, SCC: squamous cell carcinoma.

I’=69.1%), a trend to increased risk for the develop-
ment of localized MM (adjusted OR: 1.13, 95% CI: 0.99
to 1.29, I°=23.2%), and a trend to decreased risk for the
development of non-localized MM (adjusted OR: 0.79,
95% CI: 062 to 1.01, I’=0.0%). Due to the small number
of studies reporting the associations between BCC/SCC
development and PDE5Is use, no further analysis was
conducted although some of them showed significant
heterogeneity.

5. Publication bias

Begg’s funnel plot and Egger’s test were conducted to
analyze the publication bias. No significant publication
bias was found (MM: Begg’s test, p=0.711; Egger’s test,
p=0.543 [Fig. 3], BCC: Begg’s test, p=0.707; Egger’s test,
p=0.371; SCC: Begg’s test, p=0.602; Egger’s test, p=0.826).

6. Cumulative meta-analysis and sensitivity
analysis
We deleted each included study in each analysis to

see whether the individual data might influence the
pooled results. The results showed that the pooled
results were not significantly affected by a single in-
dividual, suggesting that the combined results of the
meta-analysis were reliable (Fig. 4). The cumulative
meta-analysis was performed and was ordered by pub-
lication year (Fig. 5). The results showed that PDE5Is
use was related to a little increase in the risk of de-
veloping MM. Furthermore, we found that the 95% CI
narrowed as the pooled results gradually moved near
the null.

7. Trial sequential analysis

As is shown in Fig. 6, the sample size of the 7th
study investigating the relation between risk of MM
and PDES5Is use had crossed the TSA boundary. The
positive conclusion could be obtained in advance and
the sample size had reached the AIS (6,954,329 indi-
viduals) to reach a positive conclusion.
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Table 2. Subgroup analyses of association between PDE5Is and risk of
MM

tem N ) OO P
Overall 8 1.13(1.05-1.21)  67.1
Publication year 0.355
Before 2017 6 1.12(1.04-1.21)  40.1
After 2017 2 1.14(0.96-1.35) 915
NOS 0.236
7 3 1.15(0.98-1.36) 77.6
8 3 1.11(0.97-1.27) 76,5
9 2 1.15(1.03-1.28) 0.0
Region 0.322
Europe 4 1.13(1.06-1.21) 0.0
USA 4 1.12(0.98-1.28) 81.4
Study type 0.534
Cohort study 1.16 (1.04-1.30) 76.0

Case-control 1.09(0.99-1.21) 555
Doses 0416

Low 6 1.10(0.98-1.23) 69.3
Medium 6 1.17(1.11-1.23) 349
High 6 1.09 (1.02-1.15) 24
Type of PDES5Is 0.389
Sildenafil 1.16 (1.03-1.30) 743
Vardenafil 1.04(0.95-1.13) 0.0
Tadalafil 1.10(0.98-1.25) 34.8
Stages 0.426
In situ 2 1.31(1.02-1.69) 69.1
Localized 1.13(0.99-1.29) 232
Non-localized 3 0.79 (0.62-1.01) 0.0
Study design 0.145
PC 3 1.19(1.01-1.40) 33.2
RS 5 1.11(1.03-1.21) 75.8
Adjustment 0.243
Adjusted 7 1.10(1.03-1.17) 475
Unadjusted 1 - -

PDE5Is: phosphodiesterase type 5 inhibitors, MM: malignant mela-
noma, OR: odds ratio, Cl: confidence interval, NOS: Newcastle-Ottawa
scale, PC: prospective cohort, RS: retrospective study.

8. Survival outcomes
From the two databases, we found that PDE5SA gene

expression was not associated with poor prognosis in
MM patients (p>0.05 for all) (Fig. 7).

DISCUSSION

In the meta-analysis, after pooling results from the 8
observational studies (7,479,852 participants), we found
that PDE5Is use was significantly associated with
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Fig. 3. Funnel plots based on the association between phosphodi-
esterase type 5 inhibitors use and the risk of developing malignant
melanoma.
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Fig. 4. Sensitivity analysis based on the association between phos-
phodiesterase type 5 inhibitors use and the risk of developing malig-
nant melanoma. Cl: confidence interval.
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slightly increased risks of developing MM, SCC, as well
as BCC. In the subgroup analyses, we found no evi-
dence of associations between PDES5Is doses and the de-
velopment of MM. In the meta-regression analysis, no
related factors could significantly influence the pooled
results. Notably, results showed that only sildenafil
could significantly increase the risk of developing MM
and the increased risk of developing MM could only be
observed in the European populations. In the cumula-
tive meta-analysis, results indicated a weak association,
and the point estimate gradually moved near the null.
TSA results showed that the evidence was reliable.
Although several studies in cell lines have reported
that PDES5Is could promote the growth and migration
of MM cells and illustrated the possible mechanisms
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1.23(1.09, 1.38)  Fig. 5. Cumulative meta-analysis of the
1.19(1.09,1.29)  association between phosphodiesterase
1.19(1.10, 1.28) type 5 inhibitors use and risk for devel-
opment of malignant melanoma, based
on year of publication. OR: odds ratio, Cl:
1.09 (1.06, 1.12) c_onfiQence interval,‘Dl\‘lHR: Danish !\la—
tionwide Health Registries, KPNC: Kaiser

478 Permanente Northern California.

in MM could lead to poor survival [13,28]. Even though
our results did not support this, it didn’t exclude the
possible association between PDES5Is and the risk of
developing MM. Although the results in our study sup-
port the possible association between PDES5Is use and
risk of MM, whether the association is causative re-
mains to be determined. The results can be affected by
several confounders, such as sun exposure, educational
and incomes level, and medical seeking behaviors. It
has been shown by Matthews et al [19] that sun expo-

Study Adjusted
ID OR (95% Cl)
Li (2014) > 2.24 (1.05, 4.78)
Loeb (2015) ——
Matthews (2016) ——
Lian (2016) -
Pottegard-DNHR (2016) -~ 1.14 (1.07, 1.21)
Pottegard-KPNC (2016) - 1.12 (1.05, 1.18)
Shkolyar (2018) - 1.07 (1.04, 1.10)
Christie (2019) -
0.209 1
8 e — —sem AlS=6,954,329
6 -
o !
,\" Pottegard-DNHR \\\ Shkolyar Christio
i Magthews Pottegard-KPNC \._?
241 s
0 L ; T T T 1
0 2,000,000 4,000,000 6,000,000 8,000,000

Information size (person)

Fig. 6. Trial sequential analysis of the association between phospho-
diesterase type 5 inhibitors use and the risk of malignant melanoma.
The acquired information size (AlS) was calculated based on a two
side a=5%, B=15% (power 80%), and a relative risk reduction of
12%. DNHR: Danish Nationwide Health Registries, KPNC: Kaiser Per-
manente Northern California.

[12,14]. Laboratory studies are expected to find out the
effect of PDESIs use on generating irreversible changes
in gene expression [15]. To the best of our knowledge,
evidence of the association between PDE5Is use and
risk of developing MM is still inconsistent. Differ-
ent from a previous study, the meta-analysis results
showed no dose-dependent association between PDE5Is
use and the risk of developing MM. More observational
studies and randomized trials are expected to explore
the problem. Additionally, significant associations be-
tween increased risk of developing MM and PDE5Is
use could only be observed in European populations.
However, there was also an increased risk for the de-
velopment of MM in United States populations, but
it was not of statistical difference. Factors such as
socioeconomic, cultural differences, and different gene
expression (race) might explain the different findings
between the two populations.

Previous studies showed that low PDE5A expression

sure could be one of the factors influence the associa-
tion between PDE5Is use and risk of MM and they
found that solar keratosis was significantly related to
PDES5Is use, which meant that men with higher sun
exposure were more likely to take PDE5Is. Neverthe-
less, both the observational studies and meta-analyses
were restricted by the lack of enough information on
sun exposure in subjects. Furthermore, we also found
increases in the risk of developing both BCC and SCC.
Non-MM skin cancers are more related to chronic sun
exposure, while MM is more related to intermittent
sun exposure. It is unknown whether PDE5Is could
increase the risk of BCC or SCC in a molecular or cel-
lular level. Additionally, studies by Loeb et al [18] and
Christie et al [21] indicated that PDE5Is users usually
had higher educational status and annual incomes and
the two factors were significantly related to the risk
of developing MM. Furthermore, Pottegard et al [20]
showed that PDE5Is users tended to have lower stage
or grade of MM than nonusers, suggesting that more
medical seeking behaviors might contribute to the
slightly increased risk of developing MM by resulting
in earlier detection. Finally, patient skin type and life-
style might also be the confounding factors of the as-
sociation [22]. At present, the causality remains elusive,
and no RCTs has evaluated the possible increased risk
of MM in PDES5Is users. Further well-designed prospec-
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tive studies and randomized trials considering all the
possible confounders with sufficient sample size and
follow-up time are remained to be done to confirm our
findings.

The mechanism of PDE5Is related MM hasn’t been
illustrated clearly. The pathogenesis and progression
of MM link tightly with the activation the RAS/RAF/
MEK/ERK signaling pathway and the activation of
the pathway has been proved to be a result of BRAF
somatic mutation, which down-regulates the cGMP-
specific PDE5SA and lowers the degradation of ¢cGMP,
finally contributing to an increase of intracellular Ca™
[1,2]. It has been proved by several studies that PDES5Is,
functioning as the inhibitors of ¢cGMP-specific PDESA
mimics the effects of the RAS/RAF/MEK/ERK path-
way and can promote the MM cells growth and migra-
tion [13,29]. Notably, previous clinical trials and a meta-
analysis showed that MM patients with BRAF somatic
mutations were more likely to have poor prognosis
than those with no mutations [30-32]. For the reason
that patients with BRAF mutations usually have a
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Fig. 7. Overall survival (0S) and disease-free survival (DFS) analysis
for different expression levels of phosphodiesterase A (PDE5A) gene.
(A) OS analysis and data were obtained from OncoLnc, (B) OS analysis
and data was obtained from GEPIA, (C) DFS analysis and data was
obtained from GEPIA. TPM: transcripts per million, HR: hazard ratio.

higher risk of advanced MM, the association between
PDES5Is use and risk of MM may not reach statistical
significance in those patients. Recently, the study con-
ducted by Jorgenson et al [33] was possibly to promote
the elucidation the mechanisms for PDE5Is related
MM: single-minded family basic helix-loop-helix tran-
scription factor 1 (SIM1) gene could affect sex and body
weight through the regulation of melanocortin 4 recep-
tor (MC4R) expression, and the alpha melanocortin-
stimulating hormone (a-MSH) could bind to MC4R and
thereby leads to ED [34]. Moreover, MCIR, the receptor
of a-MSH is also associated with the development of
MM [35]. All these findings might open up new per-
spectives for advancement into mechanisms of PDE5Is
related MM.

To rule out the confounding factors, we attempted to
conduct subgroup analysis through adjustment for con-
founders and study design (Table 2, Supplement Fig.
8-10). For MM, pooled results from all the 3 prospective
studies with adjusted outcomes indicated that PDESIs
were related to increased risk of MM development (ad-
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justed OR: 1.19, 95% CI: 1.01 to 1.40, I’=33.2%) and in the
subgroup by adjustment for confounders, PDE5Is use
was also associated with elevated risk of MM (adjusted
OR: 110, 95% CL: 1.03 to 1.17, I°=47.5%). After pooling
all the adjusted ORs, we found that PDE5Is use was
still significantly associated with increased risks of
developing MM (adjusted OR: 1.10, 95% CI: 1.03 to 1.17,
I"=475%), BCC (adjusted OR: 115, 95% CI: 1.11 to 1.18,
I"=49.6%) and SCC (adjusted OR: 1.07, 95% CI: 1.01 to
113, I’=0.0%). Totally, PDE5Is were related to increased
risks of developing skin cancers (adjusted OR: 1.11, 95%
CL 1.07 to 115, I’=58.9%). Although we tried to control
the confounders, the limitation on this should be con-
sidered carefully and further studies that specified all
factors are expected to investigate the issue better.
Some factors, such as comorbidities, associated can-
cers, and lifestyle efc. in included studies that may
potentially affect the results and induce biases should
be pointed out. Some differences existed on the dem-
onstration and control of these factors among the 8
studies. As for comorbidities, few of them specified
exact diseases, two studies adopted the Charlson co-
morbidity index (CCI) to show information on this
[17,18], they both reported lower comorbidity scores and
lower comorbidity burdens in PDE5Is users and they
involved CClIs into adjustment for HRs or ORs, which
were used and pooled in the meta-analysis. Matthews
et al [19] matched the comorbidities when selecting the
population, thus no need to make adjustment on this.
Only the study conducted by Shkolyar et al [22] deter-
mined medical comorbidities using International Clas-
sification of Diseases and Related Health Problems,
9th revision (ICD-9), while they made adjustments
for HRs without the comorbidities. As for associated
cancers, only two studies mentioned this and one of
them selected cancer-free population, except for skin
cancers [20], which therefore effectively avoided bias.
However, analysis from another study conducted by
Loeb et al [18] only accounted for potential confounder
of prostate cancer because of its association with both
exposure and outcome. Most of the included studies
reported confounding factors, including age, year of
cohort entry, alcohol-related disorders, smoking status,
body mass index, CCI, and already known risky factors
of skin cancers and some of them tried to control these
factors through adjustment in the multivariable analy-
sis. Although sufficient efforts were done to adjust for
variables, the same limitation they shared on this is

Yi Patrick. Lu, et al: PDE5Is and Skin Cancers I

that no enough information on the past events, such
as leisure exposure to sunburn and health seeking
behaviors. However, based on the nature of observa-
tional studies, we supposed that the 8 included studies
had already included key potential variables and the
results from the meta-analysis should be interpreted
with caution until proved by further RCTs with long
term follow-up.

The findings from the study may have some im-
plications for basic and clinical researches. Firstly,
we aimed to summarize current evidence and make
quantitative analysis about the relationship between
PDES5Is use and skin cancers, while whether PDE5Is
use is associated with elevated risks of skin cancers
and whether the association is causative are warranted
to be validated in the future. Future clinical studies
should focus on residual confounders from environ-
mental exposure, such as sun exposure and differences
in geography. Secondly, for the already established
pathway mentioned above, theoretically rational as-
sociation might exist between PDESIs use and elevated
risk of MM, whether the association remains true in
BCC and SCC is still lacking of experimental evidence.
Thirdly, PDE5Is should not be abandoned to use in
clinical practice. Similar to a previous study that indi-
cated the association between angiotensin converting
enzyme inhibitors and increased risk of lung cancer [36],
we emphasized the value of “big data” approach to as-
sessing the topic. Furthermore, no available RCTs were
conducted in the field, thus our results have no chal-
lenges to RCTs and should not change the guidelines
in prescribing PDE5Is. The findings that PDESIs were
associated with a 13% relatively elevated skin cancers
incidence (95% CI: 9.0% to 17.0%) might not contribute
to a large absolute risk, we supposed these findings are
important because of the tremendous use of PDE5Is
use in the world, not only in ED population but also
in patients with pulmonary hypertension or lower
urinary tract symptoms. Notably, in each individual,
concerns about the long-term risk of skin cancers
should be balanced with the gains in life quality and
life expectancy that brought by PDE5Is. Further well-
designed studies with enough follow-up are needed to
enhance the evidence level of the long-term safety of
these drugs.

Our study has several strengths. Firstly, to the best
of our knowledge, this is the most comprehensive and
the newest meta-analysis (included all available litera-
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ture to date) to clarify the association between PDE5Is
use and the risk of skin cancers. Secondly, detailed
subgroup analysis and cumulative meta-analysis were
conducted to examine the reliability of the results.
Thirdly, evidence from high-quality observational stud-
ies was included in the study with large total sample
size and we have conducted TSA to reduce the risk of
type I error to increase preciseness.

Finally, some limitations of this meta-analysis and
included studies should be addressed. Firstly, although
we searched several databases, no available RCTs were
identified. Some biases are inevitable for the nature
of observational studies. Secondly, because of the dif-
ferent geographic features and doses inconsistency,
it is impossible to conduct subgroup analysis by this
and is difficult to eliminate the heterogeneity across
studies in the meta-analysis. Thirdly, confounding ef-
fects of sun exposure, incomes and educational levels,
skin type, gene expression, and family history were
not determined and the adjustment among studies for
demography features was inconsistent. Additionally,
although some of the studies adjusted for smoking
status, detailed information on the duration and inten-
sity of smoking lacked, which might be closely related
to the cancer incidence. Three eligible methods could
be applied to minimize the errors: (a) Setting a rigid
and unified methodology in this kind of study, such as
the approaches adopted in the previous study [36]. (b)
Selecting literature that involved the same or similar
confounders in one meta-analysis at a time. (¢) Pooling
adjusted results only. Although with the above limita-
tions, the publication bias and sensitivity analysis indi-
cated the reliability of the results.

CONCLUSIONS

In the meta-analysis, we found that the use of
PDES5Is may be slightly associated with increased risk
of developing MM, SCC, and BCC, whether the associa-
tion is causative remains to be determined. Given the
limitations of the study and practical factors in select-
ing appropriate therapies, the pooled findings should
not affect the gold standard oral treatment for ED.
Further large, well-designed prospective studies with
clear definitions of duration and doses and enough
consideration for potential confounders to explore
PDE5Is use and its association with skin cancers are
warranted.
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