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Abstract
Recent studies have examined the impact of phosphodiesterase type 5 inhibitors
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ducted to assess the associations with all published studies. Databases (PubMed,
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prostate cancer patients, but the results were inconsistent. A meta‐analysis was con‐
Web of Science and MEDLINE) were retrieved to identify relevant studies which
explored the impact of PDE5‐Is use on the risk of prostate cancer, and BCR in pros‐
tate cancer patients. The summary results along with 95% confidence intervals (CIs)
were calculated. Nine articles were eligible for the inclusion criteria. The pooled anal‐
ysis showed that PDE5‐Is use was not related to the increased risk of prostate cancer
(odds ratio (OR), 0.71; 95% CI, 0.40–1.29). Moreover, PDE5‐Is use was not linked to
BCR risk in prostate cancer patients with erectile dysfunction (ED) following radical
prostatectomy or radiation therapy (relative risk (RR), 1.09; 95% CI, 0.89–1.34). The
heterogeneity test suggested moderate heterogeneity across studies. PDE5‐Is use
does not influence the risk of prostate cancer, and BCR in prostate cancer patients.
More well‐designed studies are warranted to confirm the findings of our analyses.
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1 | I NTRO D U C TI O N

cancer patients treated with RP or RT (Kundu et al., 2004; Moul,
2003). PDE5‐Is such as sildenafil, tadalafil, vardenafil and avanafil

Erectile dysfunction (ED) is characterised by the inability to obtain or

are widely indicated for treatment of ED after RP or RT. PDE5‐Is

maintain sufficient penile erection during sexual activity. It can have

inhibit the cyclic guanosine monophosphate‐degrading phosphodi‐

negative influence on the quality of sexual life in prostate cancer

esterase 5, activate cGMP‐dependent protein kinase G, induce cav‐

patients and their partners (Wespes et al., 2006). Prostate cancer

ernosal smooth muscle relaxation and finally increase blood flow and

is the most common cancer among males in the Western countries.

erection (Aversa, Bruzziches, Pili, & Spera, 2006; Blount et al., 2004;

Radiation therapy (RT) and radical prostatectomy (RP) are the treat‐

Ravipati, McClung, Aronow, Peterson, & Frishman, 2007).

ment options for high‐risk prostate cancer (Koie et al., 2014; Mottet

To date, three studies assessed PDE5‐Is use and prostate can‐

et al., 2017). However, ED and BCR (i.e., a rise of serum prostate‐

cer risk with inconsistent results (Chavez, Scott, Hasan, & Jo, 2013;

specific antigen (PSA) level) are very common problems in prostate

Jamnagerwalla et al., 2016; Machen, Rajab, Pruszynski, & Coffield,
2017). Furthermore, several epidemiologic studies have explored

a
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following RP or RT. One study showed that PDE5‐Is use after RP

Two authors (YGW and XFQ) independently extracted the fol‐

may adversely impact BCR (Michl et al., 2015). However, other stud‐

lowing data: (a) name of the first author; (b) publication year; (c)

ies showed inconsistent results and the evidence remained inclusive

country; (d) design type; (e) period of the study; (f) the number of

(Gallina et al., 2015; Jenkins et al., 2016; Jo et al., 2016; Leapman

patients in each group; (g) the multivariate‐adjusted HR, OR or RR

et al., 2016; Loeb et al., 2016). Thus, a systematic review and meta‐

estimates with their 95% CIs for each category; and (h) adjusted fac‐

analysis were performed to quantify the association of PDE5‐Is use

tors in multivariate models.

with the risk of prostate cancer, and BCR in prostate cancer patients
with ED following RP or RT.

2 | M E TH O DS
2.1 | Literature and search strategy
Two authors (YGW and XFQ) independently retrieved PubMed, Web

2.3 | Statistical analysis
The OR or HR was considered approximations of RR when a study
outcome (cancer incidence) was relatively low (Cummings, 2009;
Hernan, 2010). The pooled OR and 95% CI were calculated to quan‐
tify the relation of PDE5‐Is use with the risk of prostate cancer. The
summary RR was calculated for the BCR analysis.

of Science and MEDLINE to identify relevant articles. Independent

The heterogeneity across studies was assessed by use of Cochran’s

search strategies and search terms were used for each outcome as

chi‐square‐based Q statistic and was quantified with I2 statistic. The

follows: (a) phosphodiesterase type 5 inhibitors and prostate can‐

random‐effects model was adopted in the presence of heterogene‐

cer risk: ([“phosphodiesterase type 5 inhibitor” or “phosphodiester‐

ity (p < 0.10) (DerSimonian & Laird, 2015); otherwise, fixed‐effects

ase type 5 inhibitors” or “sildenafil” or “vardenafil” or “tadalafil” or

model was used (Mantel & Haenszel, 1959). Generally, I2 value above

“avanafil”] and [“prostate cancer”]); and (b) phosphodiesterase type

50% was considered as evidence of moderate heterogeneity.

5 inhibitors and biochemical recurrence risk: ([“phosphodiesterase

Sensitivity analysis was conducted to investigate the impact of

type 5 inhibitor” or “phosphodiesterase type 5 inhibitors” or “silde‐

each study on the pooled estimate through exclusion of one study at

nafil” or “vardenafil” or “tadalafil” or “avanafil”] and [“biochemical

a time and calculating the pooled effect size of the remaining studies.

recurrence” or “prostate cancer recurrence”]). The databases were
searched from their inception to May 2018.

Publication bias was assessed using funnel plot analysis and
Egger’s regression model (Egger, Davey, Schneider, & Minder, 1997).
p Value less than 0.05 was regarded as statistically significant. Data

2.2 | Selection criteria and data extraction

analysis was done by use of Stata 14.0 (Stata Corporation, College
Station, TX, U.S.A.).

The inclusion criteria were as follows: (a) Published literatures evalu‐
ated the impact of PDE5‐Is on the prostate cancer risk and/or bio‐
chemical recurrence (BCR) in prostate cancer patients; (b) hazards
ratio (HR), odds ratio (OR) or relative risk (RR) estimates along with
95% confidence intervals (CIs) from multivariate‐adjusted models

3 | R E S U LT S
3.1 | Literature search and study characteristics

were reported. Comments, review articles and meta‐analysis were

The process of study selection is presented in Figure 1. Concerning

excluded.

the relation between PDE5‐Is use and prostate cancer risk, a total

FIGURE 1

Flow chart of study selection in the meta‐analysis
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of 644 titles and abstracts were initially identified and assessed, but
most of them were excluded as their outcome was not relevant to
Age, race and PSA

Age, race, geographic
region, PSA, prostate
volume, baseline DRE,
BMI, family history of
prostate cancer,
coronary artery
disease, smoking,
impotence, diabetes
and dutasteride use

Age, race, BPH and
PSA

Adjusted factors
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our analysis. Finally, three articles were evaluated in detail with re‐
gard to their fulfilment of the inclusion criteria. Regarding the impact
of PDE5‐Is use on BCR, 63 articles were identified and six articles
were selected for qualitative synthesis.
The main characteristics of the selected studies are shown in

risk (Chavez et al., 2013; Jamnagerwalla et al., 2016; Machen et al.,
2017), and 11 studies in six articles reported on the relation between
PDE5‐Is use and BCR risk in prostate cancer patients after treatment
(Gallina et al., 2015; Jenkins et al., 2016; Jo et al., 2016; Leapman
et al., 2016; Loeb et al., 2016; Michl et al., 2015). All studies were
adjusted for potential confounders.
Note. BMI: body mass index; BPH: benign prostatic hyperplasia; DRE: digital rectal examination; OR: odds ratio; PSA: prostate‐specific antigen.

OR: 1.02 (0.78, 1.35)
PDE5‐Is use before a
prostate cancer
diagnosis
Machen et al.
(2017)

USA

Case–control

12 (2000–2011)

219/671

175/511

1,182

OR: 0.90 (0.68, 1.20)
Baseline PDE5‐Is use
6,501
Jamnagerwalla
et al. (2016)

USA

Case–control

4

71/364

1,391/6,137

OR: 0.4 (0.3, 0.5)
4,974
258/2,612
Chavez et al.
(2013)

USA

Cohort

7 (2000–2006)

97/2,362

Total No. of
patients

All filled prescriptions
for PDE5‐Is

ticles reported on the relation of PDE5‐Is use with prostate cancer

No PDE5‐Is
(event/total)
PDE5‐Is
(event/total)
Study period
(years)
Study design
Country
References

TA B L E 1

Characteristics of the included studies for the risk of prostate cancer analysis

Primary exposure

Adjusted estimate (s) (95%
confidence interval, CI)

Tables 1 and 2. Among these nine articles, three studies in three ar‐

3.2 | Primary analysis
The primary result for the relation between PDE5‐Is use and pros‐
tate cancer risk is presented in Figure 2. PDE5‐Is exposure was not
related to an increased risk of prostate cancer (OR, 0.71; 95% CI,
0.40–1.29). The RR of individual study and the pooled RR for the im‐
pact of PDE5‐Is use on the BCR risk in prostate cancer patients after
treatment are presented in Figure 3. Preliminary analysis showed
PDE5‐Is use was not linked to the increased risk of BCR among males
with prostate cancer after treatments (HR, 1.09; 95% CI, 0.89–1.34).

3.3 | Subgroup and sensitivity analyses
Statistically significant heterogeneity was observed in prostate can‐
cer studies (p, 0; I2, 93.0%) and BCR studies (p, 0.039; I2, 47.7%). The
analysis by study design subgroups revealed no significant relation
between PDE5‐Is use and prostate cancer risk in case–control stud‐
ies (OR, 0.96; 95% CI, 0.79–1.17). No evidence of heterogeneity was
detected in case–control studies (Figure 2). To evaluate the differ‐
ence in risk of BCR among patients taking PDE5‐Is medications fol‐
lowing RP or RT, studies were classified into two subgroups; eight
studies included a population primarily treated with RP; and three
studies included patients treated with radiotherapy. In our subgroup
analyses, PDE5‐Is use was not associated with BCR among patients
treated with RP (RR, 1.12; 95% CI, 0.90–1.39). PDE5‐Is use follow‐
ing RT for prostate cancer also was not in relation to BCR (RR, 0.88;
95% CI, 0.53–1.47) (Figure 3). Subgroup analyses according to study
design (cohort and case–control studies) also found no association
between PDE5‐Is use and BCR (RR, 1.10; 95% CI, 0.84–1.43 for co‐
hort; RR, 1.03; 95% CI, 0.65–1.61 for case–control). Obvious hetero‐
geneity was detected both in cohort studies (p, 0.052; I2, 49.8%) and
in case–control studies (p, 0.056; I2, 65.3%) (figure not shown).
In sensitivity analysis with the leave‐one‐out method, our results
revealed that no individual study significantly altered the summary
RR for PDE5‐Is use on BCR risk, with pooled RR varying from 0.98
(95% CI, 0.76–1.26) to 1.12 (95% CI, 0.87–1.43), suggesting the re‐
sults were statistically robust (Figure 4).
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Characteristics of the included studies for the association between PDE5‐Is use and BCR risk of prostate cancer after definitive therapy
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USA

USA

USA

USA

Leapman et
al. (2016): 3

Leapman et
al. (2016): 4

Leapman et
al. (2016): 5

Jenkins et al.
(2016)

Case–
control

Cohort

Cohort

Cohort

Study
design
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Unknown
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No PDE5‐Is
(event/total)
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HR: 1.3 (0.6,
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Ever use of
PDE5‐Is
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prostatec‐
tomy

OR: 1.52
(0.95, 2.43)

Radiotherapy HR: 0.6 (0.3,
1.5)

Baseline use of Radiotherapy HR: 4.6 (0.6,
PDE5‐Is
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ent use of
PDE5‐Is

Total No.
of
Primary
patients exposure

Adjusted
estimate(s)
(95%
confidence
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Note. BCR, biochemical recurrence; HR, hazard ratio; OR, odds ratio; PDE5‐Is, phosphodiesterase type 5 inhibitors; PSA, prostate‐specific antigen.
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F I G U R E 2 Forest plot on the association of PDE5‐Is use with prostate cancer risk. The squares and horizontal lines indicate the study‐
specific relative risks and 95% confidence intervals. The diamonds represent the pooled odds ratio (OR) estimates with corresponding 95%
confidence intervals

3.4 | Bias assessment
Funnel plot of the 11 studies on PDE5‐Is use and BCR did not show

Moreover, our results suggested no increased risk of BCR among
prostate cancer patients who used PDE5‐Is after treatment with
radical prostatectomy or radiotherapy.

any substantial asymmetry (Figure 5). Egger’s regression test also

No publication bias was observed. Subgroup and sensitivity anal‐

demonstrated no publication bias, with p value of 0.836 for the risk

yses showed consistent results for the relation between PDE5‐Is use

of BCR analyses.

and BCR risk after treatment, which indicate that our main findings
are robust.

4 | D I S CU S S I O N

There were also potential limitations in our meta‐analysis.
First, the sample size of three included studies was relatively small
not having enough statistical power to assess the real association

The US Food and Drug Administration has proclaimed the re‐

between PDE5‐Is and prostate cancer risk (Chavez et al., 2013;

quirement to assess the safety of PDE5‐Is (January–March 2016).

Jamnagerwalla et al., 2016; Machen et al., 2017). Therefore, the

Previous two meta‐analyses have explored the impact of PDE5‐Is

results should be interpreted with caution. Second, statistically

use on the risk of melanoma (Loeb, Ventimiglia, Salonia, Folkvaljon,

significant heterogeneity was found among studies that might be

& Stattin, 2017; Wang et al., 2017). To our knowledge, the present

attributed to the different methodologies, study design, popula‐

meta‐analysis is the first to exclusively assess the impact of PDE5‐

tion characteristics, confounders and PDE5‐Is exposure ascertain‐

Is use on the prostate cancer risk and BCR risk in prostate cancer

ment of the included studies. Subgroup analysis was conducted

patients after treatment. All relevant published epidemiologic stud‐

based on study design (cohort and case–control studies), but mod‐

ies were systematically reviewed, and the data were combined to

erate heterogeneity was still detected both in cohort studies and

evaluate the associations. The present meta‐analysis showed PDE5‐

case–control studies. It is speculated that some studies included

Is exposure was not linked to an increased risk of prostate cancer.

in the pooled analysis did not control for the greatest number of

WU et al.
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F I G U R E 3 Forest plot showing pooled analyses and subgroup analyses for PDE5‐Is use and BCR of prostate cancer after treatment.
The squares and horizontal lines indicate the study‐specific relative risks and 95% confidence intervals. The diamonds represent the pooled
relative risk estimates with corresponding 95% confidence intervals

F I G U R E 4 Sensitivity analyses for the effect of PDE5‐Is use on the BCR of prostate cancer. The two ends of the dotted lines represent
the 95% confidence interval

8 of 9

|

WU et al.

REFERENCES

F I G U R E 5 Funnel plot of the publication bias for BCR of
prostate cancer analysis. Each dot represents a separate study for
the indicated association
potential confounders (Chavez et al., 2013; Leapman et al., 2016;
Machen et al., 2017), which may bias the estimate of each study
and may influence the heterogeneity. Third, the dose–response
analyses were not performed in this meta‐analysis because data
on PDE5‐Is dose and frequency were unavailable in some of the
included studies (Jenkins et al., 2016; Jo et al., 2016; Leapman et
al., 2016; Michl et al., 2015).
In summary, our meta‐analysis results indicate that PDE5‐Is
use does not influence the risk of prostate cancer, and BCR in
prostate cancer patients following RP or RT. Future studies with
large‐scale population and longer follow‐up are awaited to fully
elucidate the relation between PDE5‐Is use and prostate cancer
risk.

AC K N OW L E D G E M E N T S
The work was supported by Scientific Research Project of The
Fifth People’s Hospital of Shanghai, Fudan University (No.
2018WYZT05).

C O N FL I C T O F I N T E R E S T
All authors announced no conflict of interests.

AU T H O R C O N T R I B U T I O N S
Yougen Wu and Xiaofeng Qu searched literature, extracted data,
did the statistical analysis and drafted the manuscript. Yang Wang,
Yuting Gu and Ju Xia were responsible for the study selection.
Yougen Wu, Qingqing Qian and Yang Hong designed the study.

ORCID
Yougen Wu

http://orcid.org/0000-0002-1498-4085

Aversa, A., Bruzziches, R., Pili, M., & Spera, G. (2006). Phosphodiesterase
5 inhibitors in the treatment of erectile dysfunction. Current
Pharmaceutical Design, 12(27), 3467–3484.
Blount, M. A., Beasley, A., Zoraghi, R., Sekhar, K. R., Bessay, E. P.,
Francis, S. H., & Corbin, J. D. (2004). Binding of tritiated sildenafil,
tadalafil, or vardenafil to the phosphodiesterase‐5 catalytic site
displays potency, specificity, heterogeneity, and cGMP stimulation.
Molecular Pharmacology, 66(1), 144–152. https://doi.org/10.1124/
mol.66.1.144
Chavez, A. H., Scott, C. K., Hasan, R. M., & Jo, C. (2013). Incidence
rate of prostate cancer in men treated for erectile dysfunction with
phosphodiesterase type 5 inhibitors: Retrospective analysis. Asian
Journal of Andrology, 15(2), 246–248. https://doi.org/10.1038/
aja.2012.162
Cummings, P. (2009). The relative merits of risk ratios and odds ratios.
Archives of Pediatrics and Adolescent Medicine, 163(5), 438–445.
https://doi.org/10.1001/archpediatrics.2009.31
DerSimonian, R., & Laird, N. (2015). Meta‐analysis in clinical trials re‐
visited. Contemporary Clinical Trials, 45(Pt A), 139–145. https://doi.
org/10.1016/j.cct.2015.09.002
Egger, M., Davey, S. G., Schneider, M., & Minder, C. (1997). Bias in
meta‐analysis detected by a simple, graphical test. BMJ, 315(7109),
629–634.
Gallina, A., Bianchi, M., Gandaglia, G., Cucchiara, V., Suardi, N., Montorsi,
F., & Briganti, A. (2015). A Detailed analysis of the association be‐
tween postoperative phosphodiesterase type 5 inhibitor use and
the risk of biochemical recurrence after radical prostatectomy.
European Urology, 68(5), 750–753. https://doi.org/10.1016/j.
eururo.2015.02.002
Hernan, M. A. (2010). The hazards of hazard ratios. Epidemiology, 21(1),
13–15. https://doi.org/10.1097/EDE.0b013e3181c1ea43
Jamnagerwalla, J., Howard, L. E., Vidal, A. C., Moreira, D. M., Castro‐
Santamaria, R., Andriole, G. L., & Freedland, S. J. (2016). The asso‐
ciation between phosphodiesterase type 5 inhibitors and prostate
cancer: Results from the REDUCE study. Journal of Urology, 196(3),
715–720. https://doi.org/10.1016/j.juro.2016.03.172
Jenkins, L. C., Eastham, J. A., Laudone, V. P., Scardino, P. T., Nelson, C.
J., & Mulhall, J. P. (2016). MP86‐11 is there a relationship between
phosphodiesterase type 5 inhibitors (PDE5I) and prostate cancer
biochemical recurrence? Journal of Urology, 195(4), e1109–e1110.
https://doi.org/10.1016/j.juro.2016.02.2319
Jo, J. K., Kim, K., Lee, S. E., Lee, J. K., Byun, S. S., & Hong, S. K. (2016).
Phosphodiesterase type 5 inhibitor use following radical prosta‐
tectomy is not associated with an increased risk of biochemical re‐
currence. Annals of Surgical Oncology, 23(5), 1760–1767. https://doi.
org/10.1245/s10434-015-5059-1
Koie, T., Ohyama, C., Yamamoto, H., Imai, A., Hatakeyama, S., Yoneyama,
T., … Takai, Y. (2014). Both radical prostatectomy following treatment
with neoadjuvant LHRH agonist and estramustine and radiotherapy
following treatment with neoadjuvant hormonal therapy achieved
favorable oncological outcome in high‐risk prostate cancer: A pro‐
pensity‐score matching analysis. World Journal of Surgical Oncology,
12, 134. https://doi.org/10.1186/1477-7819-12-134
Kundu, S. D., Roehl, K. A., Eggener, S. E., Antenor, J. A., Han, M., &
Catalona, W. J. (2004). Potency, continence and complications in
3,477 consecutive radical retropubic prostatectomies. Journal of
Urology, 172(6 Pt 1), 2227–2231.
Leapman, M. S., Cowan, J. E., Nguyen, H. G., Porten, S. P., Cooperberg,
M. R., & Carroll, P. (2016). Relationship of phosphodiesterase type
5 inhibitor to biochemical recurrence after definitive therapy for
prostate cancer. Journal of Clinical Oncology, 34(2_suppl), 119–119.
https://doi.org/10.1200/jco.2016.34.2_suppl.119

|

WU et al.

Loeb, S., Folkvaljon, Y., Robinson, D., Schlomm, T., Garmo, H., & Stattin,
P. (2016). Phosphodiesterase type 5 inhibitor use and disease re‐
currence after prostate cancer treatment. European Urology, 70(5),
824–828. https://doi.org/10.1016/j.eururo.2015.12.013
Loeb, S., Ventimiglia, E., Salonia, A., Folkvaljon, Y., & Stattin, P. (2017).
Meta‐analysis of the association between phosphodiesterase inhib‐
itors (PDE5Is) and risk of melanoma. Journal of the National Cancer
Institute, 109(8), djx086.
Machen, G. L., Rajab, M. H., Pruszynski, J., & Coffield, K. S. (2017).
Phosphodiesterase type 5 inhibitors usage and prostate cancer: A
match‐paired analysis. Translational Andrology and Urology, 6(5), 879–
882. https://doi.org/10.21037/tau.2017.06.02
Mantel, N., & Haenszel, W. (1959). Statistical aspects of the analysis of
data from retrospective studies of disease. Journal of the National
Cancer Institute, 22(4), 719–748.
Michl, U., Molfenter, F., Graefen, M., Tennstedt, P., Ahyai, S., Beyer, B.,
… Tilki, D. (2015). Use of phosphodiesterase type 5 inhibitors may
adversely impact biochemical recurrence after radical prostatec‐
tomy. Journal of Urology, 193(2), 479–483. https://doi.org/10.1016/j.
juro.2014.08.111
Mottet, N., Bellmunt, J., Bolla, M., Briers, E., Cumberbatch, M. G.,
DeSantis, M., … Cornford, P. (2017). EAU‐ESTRO‐SIOG guidelines
on prostate cancer. Part 1: Screening, diagnosis, and local treatment
with curative intent. European Urology, 71(4), 618–629. https://doi.
org/10.1016/j.eururo.2016.08.003
Moul, J. W. (2003). Biochemical recurrence of prostate cancer. Current
Problems in Cancer, 27(5), 243–272. https://doi.org/10.1016/
S0147-0272(03)00032-1

9 of 9

Ravipati, G., McClung, J. A., Aronow, W. S., Peterson, S. J., &
Frishman, W. H. (2007). Type 5 phosphodiesterase inhibitors in
the treatment of erectile dysfunction and cardiovascular disease.
Cardiology in Review, 15(2), 76–86. https://doi.org/10.1097/01.
crd.0000233904.77128.49
US Food and Drug Administration. (January–March 2016). FDA Adverse
Events Reporting System (FAERS). Retrieved from https://www.
fda.gov/Drugs/GuidanceComplianceRegulator yInformation/
Surveillance/AdverseDrugEffects/ucm509478.html.
Wang, J., Shen, Y., Xue, Y., Liao, L., Thapa, S., & Ji, K. (2017). Relation
of phosphodiesterase type 5 inhibitors and malignant melanoma:
A meta‐analysis and systematic review. Oncotarget, 8(28), 46461–
46467. https://doi.org/10.18632/oncotarget.17518
Wespes, E., Amar, E., Hatzichristou, D., Hatzimouratidis, K., Montorsi,
F., Pryor, J., & Vardi, Y. (2006). EAU Guidelines on erectile dys‐
function: An update. European Urology, 49(5), 806–815. https://doi.
org/10.1016/j.eururo.2006.01.028

How to cite this article: Wu Y, Qu X, Wang Y, et al. Effect of
phosphodiesterase type 5 inhibitors on prostate cancer risk
and biochemical recurrence after prostate cancer treatment:
A systematic review and meta‐analysis. Andrologia.
2018;e13198. https://doi.org/10.1111/and.13198

