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Prostate cancer (PCa) is the most common solid neoplasm diagnosed in developed countries. Nerve-sparing
radical prostatectomy (NS-RP) has been widely accepted as the best choice treatment for localised PCa.
However, erectile dysfunction (ED) and urinary incontinence are commonly observed after NS-RP. Using
meta-analysis, we examined if phosphodiesterase type 5 inhibitors (PDE5-Is) could improve the symptoms
of ED in patients undergoing NS-RP. This review contained seven randomised placebo-controlled trials
with a total of 2,655 male patients. Patients in PDE5-Is group showed significant improvement in the
International Index of Erectile Function-Erectile Function domain score (IIEF-EF), Global Assessment
Questionnaire (GAQ), Sexual Encounter Profile question 2 (SEP-2) and SEP-3. Although the incidence of
treatment-emergent adverse events (TEAEs) were high in both groups (56.44% vs. 40.63%), the safety profile
were acceptable, with low incidence of discontinuation rate due to adverse events. Therefore, PDE5-Is are
recommended for the treatment of post-NS-RP ED. Patients should be informed of possible adverse events.

P
rostate cancer (PCa) is the most common solid neoplasm diagnosed in developed countries. In 2014, the
epidemiological data from United States revealed a high incidence of PCa in men. PCa alone will account for
approximately 27% (233,000) of the newly diagnosed cancers1. For patients with clinically localised PCa,

radical prostatectomy (RP), particularly nerve-sparing radical prostatectomy (NS-RP), is the best choice treat-
ment, with a life expectancy of $10 years2. However, despite the advancement in NS-RP, erectile dysfunction
(ED) and urinary incontinence are still commonly encountered in these patients3.

Intracorporeal injections of alprostadil and vacuum pump therapy have been widely accepted by clinicians for
treating post-NS-RP ED4,5. However, these therapies are ineffective and often present complications.
Phosphodiesterase type 5 inhibitors (PDE5-Is) are the first line therapy for ED in general population6.
Although less effective than in the general population, PDE5-Is appears to be effective in the patients with
post-NS-RP ED7,8. Recently, several studies were conducted to identify whether PDE5-Is could be of benefit to
patients suffering from post-NS-RP ED. In the present work, we performed a meta-analysis of the reported data
from clinical trials to determine if post-NS-RP ED could be ameliorated with the help of PDE5-Is.

Results
Initially, 67 articles were identified from the databases and 4 additional reports were collected manually. After the
elimination of the duplicates, 57 records remained, of which 39 were excluded after reading the title and abstract
and 10 were excluded after reading the full-text. Finally, data from the 7 RCTs9–15 were subjected to meta-analysis.
Figure 1 shows the flow chart of the evidence acquisition. Overall, 2,655 male patients with a history of NS-RP
were randomly selected to receive PDE5-Is (N 5 1770) or placebo (N 5 885). All patients underwent NS-RP for
PCa before randomization and PDE5-Is were administered to those patients who developed ED after NS-RP.
Among the seven RCTs, patients in three9,11,12 were treated with vardenafil and patients in two10,15 were randomly
selected to receive tadalafil. Sildenafil and avanafil were used in Padma-Nathan’s13 and Mulhall’s study14, respect-
ively. Table 1 shows the main characteristics of the studies. The Cochrane risk of bias tool was used to analyse all
trials. Although ‘unclear risk of biases’ were allocated to the allocation concealment in all studies, ‘high risk of

OPEN

SUBJECT AREAS:
ERECTILE DYSFUNCTION

DRUG THERAPY

Received
9 April 2014

Accepted
7 July 2014

Published
23 July 2014

Correspondence and
requests for materials

should be addressed to
P.H. (hanpingwch@

sina.com)

* These authors
contributed equally to

this work.

SCIENTIFIC REPORTS | 4 : 5801 | DOI: 10.1038/srep05801 1

mailto:hanpingwch@sina.com
mailto:hanpingwch@sina.com


biases’ were allocated to the incomplete outcome data in two studies,
and the selective reporting was considered as ‘high risk of bias’ in two
studies, the overall quality of the included studies were high. Figure 2
shows the authors’ judgments on each of the risk of bias domain for
each study.

Efficacy Assessments. IIEF. Nearly all of the studies reported IIEF-
Erectile Function domain (IIEF-EF). However, only three
studies9,10,15 reported data in mean 6 SD, and data from these
three trials were extracted for meta-analysis. Of these three trials,
one9 used vardenafil and the remaining two studies10,15 administered
tadalafil. Our pooled analysis of IIEF-EF showed that erectile
function of patients in PDE5-Is group improved significantly when
compared with that of the patients in the placebo group (Figure 3:
MD 5 4.35; 95% CI, 3.42–5.29; P , 0.00001).

GAQ. Data corresponding to the responses to the Global Assessment
Question in three studies9,10,14, which enrolled a total 1041 patients,
was extracted. Vardenafil, tadalafil and avanafil were used in
Brock’s9, Montorsi’s10 and Mulhall’s study14, respectively. Pooled
analysis revealed that when compared to the placebo group, signifi-
cantly higher proportion of patients in PDE5-Is group responded
positively to the treatment. The overall RR was 3.50 (95% CI, 2.31–
5.31; P , 0.00001, Figure 4).

SEP2 and SEP3. Data from two9,10 and three studies9,10,15 reported in
mean 6 SD could be extracted to perform a forest plot for SEP2 and
SEP3, respectively. Two classes of PDE5-Is (vardenafil and tadalafil)
were included in these trials. Forest plot shown in Figure 5 indicated
that the use of PDE5-Is was associated with a significantly greater
change in SEP2 than when placebo was used. The overall MD was
21.49 (95% CI, 16.36–26.63; P , 0.00001, Figure 5). Similarly, forest
plot in Figure 6 also revealed a significant greater change in SEP3 in
the PDE5-Is group than in the placebo group. The overall MD for
SEP3 was 17.01 (95% CI, 8.46–25.56; P , 0.0001, Figure 6).

Safety Assessments. TEAEs and Discontinuation rate. Overall, the
incidence of TEAEs in PDE5-Is and placebo groups were 56.44% and

Figure 1 | Study selection process.
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40.63%, respectively. The most frequently reported adverse events
were headache, flushing, dyspepsia and rhinitis, all of which were
mild. The Forest plot showed that TEAEs in PDE5-Is group were
significantly more than that in the placebo group. As shown in
Figure 7, the overall RR was 1.42 (95% CI, 1.21–1.65; P , 0.0001).
Discontinuation rate was reported in nearly all included studies. The
overall discontinuation date in PDE5-Is and placebo groups were
5.29% and 2.84%, respectively. Although both groups had a low
discontinuation rate related to adverse events, the pooled analysis
showed that the reported discontinuation was significantly more in

PDE5-Is group than in the placebo group. The overall RR for
discontinuation rate was 1.87 (95% CI, 1.16–2.99; P 5 0.01, Figure 8).

Discussion
Radical prostatectomy is commonly used to treat localised PCa. The
incidence of ED and urinary incontinence in patients undergoing
NS-RP is high. Intracorporeal alprostadil injections and vacuum-
pump therapy have been suggested for the rehabilitation of patients
with post-RP ED. However, these therapies are of poor efficacy and
present complications.

In mammals, more than 10 phosphodiesterase (PDE) families
have been identified. PDE5, which limits the action of nitric oxide-
cyclic guanosine monophosphate (cGMP) pathway by degrading
cGMP, is the predominant phosphodiesterase expressed in male
corpus cavernosum16. PDE5-Is enhances erectile function by pre-
venting the degradation of cGMP17. Accordingly, PDE5-Is such as
tadalafil, sildenafil, vardenafil, have been successfully used to treat
male ED. To date, a large number of studies have been conducted to
assess the efficacy and safety of using PDE5-Is to treat ED in general
populations. A meta-analysis by Yuan18 showed that PDE5-Is are
well tolerated and are more effective than placebo for treating ED
in general populations. However, the effectiveness and safety of using
PDE5-Is in PCa patients after NS-RP remain unclear.

In this meta-analysis, we evaluated the erectile function by asses-
sing the IIEF-EF domain, GAQ, SEP2 and SEP3. Our systematic
review of the published data from seven RCTs indicated that com-
pared with placebo, the use of PDE5-Is yielded better results for all of
the indicators examined. To assess the safety of using PDE5-Is, we
evaluated both the TEAEs and the discontinuation rate. Although the
incidences of TEAEs in both groups were high (56.44% vs. 40.63%),
the main adverse events were mild in nature. The high incidence in
both groups might be explained by the subjective symptoms or the
sequela by surgery itself. Despite the high incidence of TEAEs, the
discontinuation rate due to AEs was low (5.29% vs. 2.84%). Overall,
the safety of using PDE5-Is for ED following NS-RP was acceptable
and the treatment was considered well tolerated.

All trials included in this meta-analysis were described as double-
blind, randomised controlled trials. We defined the intervention as
PDE5-Is alone vs. placebo for clearly describing the efficacy and
safety parameters. Thus, the study conducted by Pavlovich19 was
excluded since a placebo group could not be found. The quality of
the trials was assessed using the ‘Jadad score’ system and the
Cochrane risk bias tool. Although nearly all trials included in this
meta-analysis lacked a clear description of the allocation conceal-
ment, the methods were designed well and could be considered as of
high quality. Thus, the data from the trials included in our analysis
were reliable.

In this meta-analysis, we excluded one trial20 because it doesn’t
meet the inclusion criteria ‘reported least one of the following out-
come measures: IIEF-EF, GAQ, SEP-2, SEP-3, TEAEs and disconti-
nuation rate’. Although the patients in five studies10–13,15 had no
history of ED, the preoperative erectile function of patients in

Figure 2 | Risk of bias assessment for randomized controlled trials. 1

indicates low risk of bias, 2 indicates high risk of bias, and? indicates

unclear risk of bias.

Figure 3 | Fixed effect model of the mean differences (MDs) with 95% confidence intervals (CIs) of International Index of Erectile Function (IIEF).
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other9,14 studies were unclear. Therefore, the efficacy of PDE5-Is for
the treatment of ED associated with NS-RP appeared to be speculat-
ive. This might influence the results of a study investigating the
effectiveness of using PDE5-Is to treat ED in patients undergoing
NS-RP as well as in general populations (a history of ED before NS-
RP). All PCa patients underwent NSRP before randomization.
Patients in five studies10,12–15 underwent a bilateral NS-RP and
patients in two other studies9,11 underwent unilateral or bilateral
NS-RP. However, whether or not the efficacy and safety of using

PDE5-Is to treat ED reported following unilateral and bilateral NS-
RPs are similar is not clear.

Four different PDE5-Is, vardenafil, tadalafil, avanafil and sildena-
fil, were used in the trials. However, due to the lack of sufficient data,
the relative efficacies of these drugs could not be assessed. The treat-
ment strategy in four9–11,14 of the included trials was ‘on-demand’
(taking medication before sexual intercourse), two12,15 used both
‘on-demand’ and ‘once daily’ strategies, whereas the strategy in
one trial was ‘once daily’. Whether these strategies influenced the

Figure 4 | Random effect model of the risk ratios (RRs) with 95% confidence intervals (CIs) of Global Assessment Questionnaire (GAQ).

Figure 5 | Fixed effect model of the mean differences (MDs) with 95% confidence intervals (CIs) of Sexual Encounter Profile question 2 (SEP-2).

Figure 6 | Random effect model of the mean differences (MDs) with 95% confidence intervals (CIs) of Sexual Encounter Profile question 3 (SEP-3).

Figure 7 | Random effect model of the risk ratios (RRs) with 95% confidence intervals (CIs) of treatment-emergent adverse events (TEAEs).
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safety and efficacy is not known. The treatment period in the trials
included in this analysis varied from 12 weeks to 9 months. However,
an effective treatment period could not be assessed. It is likely that the
12-week treatment is too short to achieve optimal results.

In summary, our results showed that PDE5-Is significantly
improved the erectile function in patients with post-NS-RP ED.
Although adverse events commonly occurred in patients, the low
discontinuation rate revealed that the safety profile was acceptable.
Therefore, PDE5-Is are recommended for the treatment of post-NS-
RP ED. Patients should be informed of the possible adverse events.

Methods
Design and search strategy. All randomised controlled trials (RCTs) related to the
use of PDE5-Is to treat post-NS-RP ED were identified for this meta-analysis.
Literature search was performed in March 2014 and no language and geographic
region restriction were applied. The PubMed, EMBASE and Cochrane Central
Register of Controlled trials databases were searched. Additional articles and abstracts
were manually retrieved after scrutinizing the reference list. The search terms
included ‘Phosphodiesterase type 5 inhibitors/PDE5-Is’, ‘erectile dysfunction/ED’
and ‘nerve-sparing radical prostatectomy/NS-RP’. The literature search was
performed by Li J and Shi Q.

Study selection and data extraction. All studies were independently evaluated by
two reviewers (Li J and Shi Q). The inclusion criteria were, (1) all male patients had
undergone an NS-RP for PCa, (2) the patients had ED after NS-RP, (3) the patients
were treated with PDE5-Is without any other medication, (4) the treatment
intervention was PDE5-Is alone versus placebo and (5) the trials reported least one of
the following outcome measures: IIEF-EF, Global Assessment Questionnaire (GAQ),
Sexual Encounter Profile question 2 (SEP-2), SEP-3, treatment-emergent adverse
events (TEAEs) and discontinuation rate. Animal experiments, quasi-RCTs and
Non-RCTs were excluded. Patients diagnosed with co-morbidities, particularly
diabetes were also excluded.

Data from the included studies were extracted by two reviewers and cross-checked.
Any disagreements were reconciled by discussion or by a third person. The following
information was collected from the reports of original trials: first author, study design,
number of participants, treatment strategy and duration, surgery mode and outcome
measures. The primary outcomes were IIEF-EF and GAQ and the secondary out-
comes included SEP-2, SEP-3, TEAEs and discontinuation rate.

Quality assessment and statistical analysis. As described previously21,22, both the
Jadad scoring system and the Cochrane risk bias tool were used to assess the quality of
all included trials. Briefly, Jadad scores of 0–5 points were allocated to each trial and
seven different quality parameters were used to assess each bias. Trial with a score of 3
points or more in Jadad scoring system was considered as a high-quality trial. For
Cochrane risk bias tool, low, unclear, or high risk of bias for each item was used to
describe the bias. All included trials were assessed independently by two reviewers (Li
J and Shi Q).

Statistical analysis was performed using the Review Manager, version 5.1.0
(Cochrane Collaboration, Oxford, UK). The statistical heterogeneity between studies
was assessed using the Mantel–Haenszel chi-square test and the I2 statistic.
Heterogeneity was acceptable if the I2 value was less than 50% and the P value was
more than 0.10. In the absence of an evidence for heterogeneity, a fixed-effect model
was applied for calculations. Otherwise, a random-effect model was used. The Risk
Ratio (RR) and the Mean Difference (MD) were used to evaluate the dichotomous
data and continuous data, respectively. All results were reported with 95% confidence
intervals (CIs) and a P value less than 0.05 was considered statistically significant. For

reporting the standard error of the mean (SEM), we calculated the standard deviation
(SD) by multiplying SEM by the square root of N (N is the number of subjects).
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