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Abstract

Objective: To evaluate the efficacy and safety of tadalafil
monotherapy for lower urinary tract symptoms secondary to
benign prostatic hyperplasia (LUTS/BPH). Methods: A com-
prehensive search was done to identify randomized con-
trolled trials comparing the efficacy and safety of tadalafil for
LUTS/BPH with placebos. Meta-analytical techniques were
applied to evaluate the differences in the study results. Re-
sults: Eight studies were identified and analyzed. Compared
with placebo, tadalafil was associated with significant im-
provements in the International Prostate Symptom Score
(IPSS) (mean difference = -2.19, p < 0.00001) and the Inter-
national Index of Erectile Function (IIEF) score (mean differ-
ence = +4.66, p < 0.00001), despite the concomitant pres-
ence of erectile dysfunction. Significant differences were
alsoobservedin the IPSSirritative and obstructive subscores,
IPSS quality of life index and BPH impact index. After pooling
four doses (2.5, 5, 10 and 20 mg), tadalafil failed to produce
a significant outcome in maximal urinary flow rate (Quay)
(mean difference =+0.26 ml/s, p = 0.14), but 5 mg of tadalafil

significantly improved Q,x (mean difference = +0.63 ml/s,
p = 0.04). No significant difference was detected in the inci-
dence of serious adverse events (risk ratio = 1.00, p = 1.00)
after tadalafil treatment. Conclusions: Tadalafil showed
good efficacy and safety for improving LUTS and erectile
dysfunction in men with BPH, and 5 mg of tadalafil signifi-
cantly improved Qay. Copyright © 2013 S. Karger AG, Basel

Introduction

Benign prostatic hyperplasia (BPH) is highly prevalent
in elderly men and often results in lower urinary tract
symptoms (LUTS), including urinary frequency, urgen-
cy, nocturia, intermittency, straining, incomplete empty-
ing, and a weak urinary stream. LUTS secondary to BPH
(LUTS/BPH) increases with age and negatively impacts
patients’ quality of life [1]. In addition to surgical inter-
ventions, the current standard treatments for LUTS/BPH
consist of al-adrenergic blockers, 5a-reductase inhibi-
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tors and phytotherapies (used alone or in combination).
Although efficacious, these therapies have the potential
for side effects related to sexual dysfunction [2, 3].

Erectile dysfunction (ED) is a highly prevalent comor-
bidity in men with LUTS/BPH. The links between ED
and LUTS/BPH have been identified in the Multination-
al Survey of the Aging Male [4] and in several epidemio-
logic studies [5], suggesting that the two diseases may
share a common pathophysiology. The underlying mech-
anism for the relationship between LUTS and ED is still
poorly understood, but common links such as RhoA/
Rho-kinase signaling, overactivity of the autonomic sys-
tem, pelvic ischemia and the nitric oxide/cyclic guanosine
monophosphate (NO/cGMP) pathway have been consid-
ered to be potential targets for phosphodiesterase type 5
inhibitors (PDE5-Is) [6-9].

PDE5-Is, including sildenafil (Viagra), vardenafil
(Levitra) and tadalafil (Cialis), are widely approved for
treating ED. Compared with the other PDE5-Is, tadalafil
is unique in its longest half-life amounting to 17.5 h, with
drug efficacy potentially lasting up to 36 h. No untoward
concern of increased morbidity has been reported with its
long half-life. Tadalafil is also unique in its higher selec-
tivity for PDE11 compared to sildenafil or vardenafil;
PDE11 is known to mainly present in the human prostate,
testes and skeletal muscles, but its function is unclear. The
special characteristics of tadalafil are, to a large part, at-
tributed to its significantly different chemical structure
compared with the other agents [10, 11]. Recently, sig-
nificant improvements in LUTS/BPH have been yielded
by several clinical studies on PDE5-Is. Although the pre-
cise mechanism for ameliorating LUTS with PDE5-Is re-
mains unclear, the proposed contributors include relax-
ing smooth muscle cells in the urogenital tract via the
NO/cGMP/PDE5 pathway [6, 9].

At the present time, only two systematic reviews with
meta-analyses using PDE5-Is in LUTS/BPH men are
available online (August 2012) [7, 8]. Because of the
dearth of randomized controlled trials (RCT's) examining
each PDE5-I agent, different PDE5-Is (sildenafil, varde-
nafil and tadalafil) have all been included in previous
meta-analyses. As reported, these agents had some differ-
ent pharmacological profiles and side effects [10, 11],
which might have affected the final conclusion. Regard-
ing the use of tadalafil alone, significant improvements in
LUTS/BPH or coexisting LUTS/BPH and ED have been
recently reported by increasing numbers of RCTs. There-
fore, conducting a meta-analysis of the current evidence
was necessary to determine the relative efficacy and safe-
ty of monotherapy with tadalafil for LUTS/BPH.

Tadalafil Monotherapy for LUTS/BPH

Materials and Methods

Search Strategy

To identify relevant studies up to August 2012, we searched
relevant electronic databases, including Medline, PubMed, Em-
base, the Cochrane Library database and the Web of Science. The
websites of the European Association of Urology and the Ameri-
can Urological Association were searched for supplementary in-
formation. Ovid and Google Scholar were also used to find full-text
articles. The search strategy included the following terms: tadalafil,
IC351, IC-351, Cialis, lower urinary tract symptoms, LUTS, pros-
tatic hyperplasia and BPH. No methodological search filters were
used and no date or language limits were applied. All citations of
eligible articles and pertinent review articles were manually
scanned to identify additional potentially relevant studies.

Study Selection

We performed this meta-analysis according to a prespecified
protocol, which was guided by the PRISMA Statement and the
Meta-analysis of Observational Studies in Epidemiology Consen-
sus Statement. The following inclusion selection criteria were set:
(1) the studies were RCTs; (2) the investigation was performed in
humans; (3) the subject of the study was monotherapy with
tadalafil for LUTS/BPH; (4) the control group received placebo
alone; (5) the measured outcomes included at least one of the fol-
lowing: International Prostate Symptom Score (IPSS), Interna-
tional Index of Erectile Function (IIEF) score and maximal uri-
nary flow rate (Qp,y). Studies were excluded if (1) they were not
double-blinded, (2) the placebo was not identical in appearance
or contained active drugs or (3) they were repetitive reports. We
did not consider case reports, comments, meeting abstracts, let-
ters to the editor, reviews or animal research. Only randomized
double-blinded, placebo-controlled trials that evaluated the effi-
cacy and safety of monotherapy with tadalafil for LUTS/BPH ver-
sus placebo were included. Two reviewers (Y.D. and L.H.) inde-
pendently evaluated the literature that met the inclusion criteria
and disagreements were resolved by consensus with a third re-
viewer who was blinded to the authors, journals and study source
institutions.

Data Extraction

To assess the efficacy of tadalafil, the changes in IPSS, IIEF
score and Q,.x from baseline to the endpoint after the tadalafil
monotherapy were extracted as our primary outcomes. Our sec-
ondary outcomes were changes in the IPSS irritative and obstruc-
tive subscores, IPSS quality of life index (IPSS-QoL) and BPH im-
pact index (BII). To assess the safety of tadalafil, all reported ad-
verse events (AEs) in the selected trials were extracted, but only
those reported in at least two papers were meta-analyzed.

The relevant data were extracted by two reviewers using a stan-
dard form to collect data. Another reviewer (C.H.) independently
confirmed the accuracy of all the abstracted data. For studies with
more than two interventions, each type of intervention with
tadalafil versus placebo was extracted. When the necessary data
were not shown in the article, we contacted the authors directly to
obtain the original data, if possible.

Statistical Analysis
We evaluated the methodological quality of all the included tri-
als with the Jadad score [12], and all statistical analyses were per-
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209
Potentially relevant references screened

179
Excluded according to titles/abstracts:
_ | Duplicates = 27
”| Meeting abstract = 30
Reviews/letters/comments = 41
Other non-relevant articles = 81

v

30
Studies for more detailed evaluation

Y

21
Excluded after full-text review because:
Non-randomized design = 1
”1 No placebo group = 3
No monotherapy with tadalafil = 6
No studies of intervention or outcome of interest = 11

Articles included in this meta-analysis
with 2,913 patients
(1,871 tadalafil and 1,042 placebo)

9

Fig. 1. Flow of included studies.

formed using Review Manager Version 5.0 (The Cochrane Col-
laboration, Oxford, UK). Publication bias was evaluated using a
funnel plot, and the presence of heterogeneity among trials was
assessed using x> and I? statistics (I? value: £50% = low heteroge-
neity; >50% to <75% = moderate heterogeneity; >75% = high het-
erogeneity). In the case of a lack of heterogeneity, a fixed-effects
model was used to estimate the pooled effect on the outcomes.
However, when the heterogeneity was moderate or high, a ran-
dom-effects model was used. The estimated effect measures were
the mean difference for continuous data (e.g. the changes in the
IPSS) and risk ratio for dichotomous data (e.g. AEs), and both were
reported with 95% confidence intervals. Furthermore, for a more
accurate analysis, a subgroup analysis was performed for some
conditions.

Results

Flow of Included Studies and Study Characteristics

By using the search key terms listed earlier, 209 poten-
tially relevant articles were identified. Finally, eight stud-
ies (from nine publications) [13-21] that enrolled 2,913
patients (1,871 tadalafil and 1,042 placebo) were included
in the present meta-analysis. The process for the selection
of relevant trials was performed as shown in figure 1. The
eight studies were published from 2007 to 2012. The char-
acteristics and their quality are presented in table 1.
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Efficacy: Primary Outcomes

Eight studies [13-21] evaluated the change in IPSS,
and five studies [13-15, 19, 20] evaluated the change in
the ITEF score from baseline to the endpoint for tadalafil.
According to the participants who reported having ED at
baseline, the two analyses were divided into two sub-
groups: group BPH (patients with BPH) and group
BPH&ED (patients with comorbid BPH and ED). In the
subgroup analyses, tadalafil was associated with signifi-
cant IPSS improvements in both group BPH (2,267 pa-
tients, -2.35 [-2.83 to -1.88], p < 0.00001) and group
BPH&ED (1,304 patients, —-1.89 [-2.55 to -1.24], p <
0.00001). Tadalafil also remarkably improved the IIEF
scores in group BPH (1,226 patients, +4.93 [3.74 to 6.13],
p < 0.00001) and group BPH&ED (1,314 patients, +4.55
[3.79 to 5.32], p < 0.00001). Combining the results, with-
out heterogeneity (I* = 0%), tadalafil was superior to pla-
cebo for significantly ameliorating IPSS (-2.19 [-2.58 to
-1.81], p <0.00001; fig. 2) and the IIEF score (+4.66 [4.02
to 5.31], p < 0.00001; fig. 3).

The change in Qy,,,x from baseline was investigated in
six studies [13, 16-19, 21] including 2,188 patients with
BPH. Pooling all four doses (2.5, 5, 10 and 20 mg) showed
that there was a non-significant difference in Q. for
tadalafil versus placebo (+0.26 ml/s [-0.09 to 0.61], p =
0.14; fig. 4a). However, pooling only the data for tadalafil
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at a dose of 5 mg (the dose most commonly tested for
LUTS/BPH in four studies [17-19, 21] including 1,147
patients with BPH) showed a significant improvement in
Qumax (+0.63 ml/s [0.03 to 1.22], p = 0.04; fig. 4b) as com-
pared with placebo.

Efficacy: Secondary Outcomes

Improvements in the IPSS irritative and obstructive
subscores were reported in six studies [13, 14, 16, 18-20]
including 2,267 patients with BPH. For the changes in the
IPSS-QoL and BII, the data were derived from five [13,
14, 16, 18, 20] and four [13, 14, 16, 20] studies that in-
cluded 2,094 and 1,747 patients with BPH, respectively.
Heterogeneity was not observed (I> = 0%). The data were
pooled for the calculations and computed for the com-
bined analyses. Using the fixed-effect models, tadalafil
significantly ameliorated IPSS irritative subscore (-0.86
[-1.09 to -0.64], p < 0.00001), IPSS obstructive subscore
(-1.47 [-1.78 to ~1.16], p < 0.00001), IPSS-QoL (-0.35
[-0.45 to -0.24], p < 0.00001) and BII (-0.49 [-0.72 to
-0.27], p < 0.0001) compared with placebo.

Safety

In studies comparing the safety of tadalafil versus pla-
cebo, 295 of 2,338 AEs (12.6%) were reported in men
treated with tadalafil compared with 56 of 1,157 AEs
(4.8%) in men treated with placebo. Table 2 lists the AEs
that were reported in at least two trials. The data were
pooled for the calculations. The most commonly reported
AE was headache, followed by dyspepsia, back pain, na-
sopharyngitis and gastroesophageal reflux disease. The
incidence of discontinuations due to AEs was 3.6% (84)
for tadalafil and 1.6% (18) for placebo. In addition, seri-
ous AEs were reported in 1.7% (32 patients) for tadalafil
and 1.0% (11 patients) for placebo. Combining the re-
sults, the meta-analysis indicated that dyspepsia had the
highest risk of occurrence after tadalafil administration
versus placebo. In addition, there was no significant dif-
ference in the incidence of serious AEs between tadalafil
and placebo using the fixed-effects model (table 2).

Discussion

As shown in our meta-analysis, tadalafil was superior
to placebo for relieving LUTS/BPH and ED, as measured
by IPSS (total, irritative and obstructive subscores and
IPSS-QoL), BII and the IIEF score. The improvements
appear to be clinically meaningful and are quite similar
across the different doses of tadalafil. Although pooling

Tadalafil Monotherapy for LUTS/BPH
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Study Year  Tadalafil Placebo Weight Mean difference Mean difference
or subgroup 1V, fixed, 95% CI 1V, fixed, 95% CI
mean SD total  mean SD total

IPSS in BPH

McVary [13] 2007 -3.8 583 136 -1.7 5.87 138 7.8% -2.10 (-3.49, -0.71) E—

Roehrborn [14] 2008 -4.87 713 212 -227 71 210 8.1% —-2.60 (-3.96, -1.24) —_—

Roehrborn [14] 2008 517 7.2 216 -227 71 210 8.1% -2.90 (-4.26, -1.54) E—

Roehrborn [14] 2008 -3.88 7.21 208 -227 71 210 7.9% -1.61 (-2.98, -0.24)

Roehrborn [14] 2008 -521 721 208 -227 71 210 7.9% -2.94 (-4.31, -1.57) E—

Dmochowski [16] 2010 -9.2 6.9 82 =51 7 89 3.4% -4.10 (-6.18, -2.02)

Porst [19] 2011 58 4.24 50 -4.2 4.24 50 5.4% -1.60 (-3.26, 0.06) ——

Kim [18] 2011 -56 6 161 -3.6 6 164 87%  —2.00 (-3.30,-0.70) ——

Oelke [21] 2012 -6.3 6.5 171 -4.2 6.6 172 7.7% -2.10 (-3.49,-0.71) —_—

Subtotal (95% CI) 1,444 1,453 65.0% —-2.35 (-2.83,-1.88) ¢

Heterogeneity: x? = 6.60, d.f. = 8 (p = 0.58), I = 0%

Test for overall effect: Z = 9.64 (p < 0.00001)

IPSS in BPH&ED

McVary [13] 2007 44 6.26 80 -1.8 6.02 74 4.0% —-2.60 (-4.54, -0.66)

Porst [15] 2009 4.7 839 110 -2.1 8.5 113 3.0% -2.60 (-4.82, -0.38)

Porst [15] 2009 4.7 854 114 -2.1 8.5 113 3.0% -2.60 (-4.82, -0.38)

Porst [15] 2009 -3.6 831 108 -2.1 8.5 113 3.0% -1.50 (-3.72,0.72) R

Porst [15] 2009 4.2 854 114 -2.1 8.5 113 3.0% -2.10 (-4.32,0.12) R

Egerdie [20] 2012 -6.1 574 206 -3.8 6.96 194 9.5% -2.30 (-3.55, -1.05) —

Egerdie [20] 2012 46 553 191 -3.8 6.96 194 9.5% -0.80 (-2.05, 0.45) —

Subtotal (95% CI) 923 914 35.0% -1.89 (-2.55, -1.24) <&

Heterogeneity: x? = 4.77,d.f. = 6 (p = 0.57), > = 0%

Test for overall effect: Z = 5.69 (p < 0.00001)

Total (95% CI) 2,367 2,367 100.0%  —2.19 (-2.58,-1.81) ¢

Heterogeneity: x? = 12.61, d.f. = 15 (p = 0.63), I> = 0% — —

Test for overall effect: Z = 11.14 (p < 0.00001) -4 -2 0 2 4

Test for subgroup differences: x? = 1.25, d.f. = 1 (p = 0.26), > = 19.7% Favors Favors
tadalafil placebo

Fig. 2. Forest plot of change in IPSS from baseline to endpoint.

the doses at 2.5, 5, 10 and 20 mg failed to result in a re-
markable improvement in Q,.x in patients with BPH,
pooling only the data for 5 mg of tadalafil significantly
increased Qu.y. This outcome provides evidence sup-
porting the dose-dependent efficacy of tadalafil, and 5 mg
may be the optimum dose for treating LUTS/BPH.
Recently, a RCT [21] evaluating tadalafil and tamsulo-
sin (an a-blocker) for LUTS/BPH suggested that mono-
therapy with tadalafil or tamsulosin resulted in a signifi-
cant and numerically similar improvement in IPSS versus
placebo. However, only tadalafil significantly improved
the ITEF score; tamsulosin did not. A similar outcome was
also reported in a small pilot study of Korean men with
LUTS/BPH [18]. In our meta-analysis, tadalafil signifi-
cantly reduced the IPSS with a mean change of -4.61. Ac-
cording to the American Urological Association guide-
line of a 3-point improvement in IPSS from baseline, the

14 Urol Int 2013;91:10-18

DO 10.1159/000351405

4.61-point improvement is clinically relevant for symp-
tomatic men and is perceived by patients [3]. This result
also demonstrates that the IPSS reduction caused by
tadalafil is comparable with that caused by a-blockers
[22]. In addition, a significant improvement in the IIEF
score was associated with tadalafil. Thus, tadalafil may be
the optimum treatment for men suffering from LUTS co-
morbid with BPH and ED.

Broderick et al. [23] compared the efficacy of tadalafil
in BPH patients with and without ED and reported that
the relief in LUTS caused by tadalafil was not influenced
by ED. This finding revealed that the mechanism in-
volved in LUTS/BPH in men with ED may not differ from
that in men without ED. In our subgroup analyses, the
mean change observed with tadalafil in IPSS in men with
ED (mean change -1.89) or without ED (mean change
-2.35) was similar to that of the overall population (mean

Dong/Hao/Shi/Wang/Zhang/Han
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Study Year  Tadalafil Placebo Weight Mean difference Mean difference
or subgroup 1V, fixed, 95% CI 1V, fixed, 95% CI
mean  SD total mean  SD total

IIEF in BPH

Roehrborn [14] 2008 8.34 1457 208 2.2 14.93 210 52% 6.14 (3.31,8.97)

Roehrborn [14] 2008 7.98 14.7 216 2.2 14.93 210 52%  5.78 (2.97, 8.59)

Roehrborn [14] 2008 5.59 1457 208 2.2 14.93 210 52%  3.39(0.56, 6.22) _—

Roehrborn [14] 2008 6.97 1471 212 2.2 14.93 210 52%  4.77 (1.94, 7.60) _—

Porst [19] 2011 6.7 7.5 88 2 7.52 84 82%  4.70 (245, 6.95) —

Subtotal (95% CI) 932 924 29.1%  4.93 (3.74, 6.13) <&

Heterogeneity: x? = 2.25, d.f. = 4 (p = 0.69), I? = 0%

Test for overall effect: Z = 8.08 (p < 0.00001)

IIEF in BPH&ED

McVary [13] 2007 7.7 7.95 78 14 8.6 74 6.0%  6.30 (3.66, 8.94) —_—

Porst [15] 2009 8.2 10.72 115 2 10.68 114 54%  6.20 (3.43, 8.97) —_—

Porst [15] 2009 79 10.95 120 2 10.68 114 54%  5.90 (3.13, 8.67) _—

Porst [15] 2009 54 10.63 113 2 10.68 114 54%  3.40 (0.63, 6.17) Em—

Porst [15] 2009 6.8 10.82 117 2 10.68 114 54%  4.80 (2.03,7.57)

Egerdie [20] 2012 5.2 6.89 190 1.8 6.89 190 21.7% 340 (2.01,4.79) —-—

Egerdie [20] 2012 65 7.12 203 1.8 6.89 190 21.7%  4.70 (3.31, 6.09) —a—

Subtotal (95% CI) 936 910 70.9%  4.55(3.79, 5.32) L 2

Heterogeneity: x? = 7.35, d.f. = 6 (p = 0.29), I = 18%

Test for overall effect: Z = 11.66 (p < 0.00001)

Total (95% CI) 1,868 1,834 100.0%  4.66 (4.02, 5.31) ¢

Heterogeneity: x? = 9.87, d.f. = 11 (p = 0.54), I = 0% | | | |

Test for overall effect: Z = 14.17 (p < 0.00001) -10 -5 0 5 10

Test for subgroup differences: x? = 0.27, d.f. = 1 (p = 0.60), I = 0% Favors Favors
placebo tadalafil

Fig. 3. Forest plot of change in ITEF score from baseline to endpoint.

change -2.19). Our result provides evidence supporting
the above-mentioned conclusion and suggests that once
daily tadalafil has a beneficial effect on IPSS, regardless of
whether the patient has ED. Additionally, more signifi-
cant improvements were found in the men without ED,
indicating that the effect on LUTS was not predominant-
ly mediated through its effect on ED.

The insignificant increase in Qy.x for all doses sug-
gested that tadalafil can exert its clinical activity differ-
ently compared to the traditional BPH treatment with
a-blockers. PDE5-Is act mainly to relieve the dynamic
and static obstruction of the prostate with a direct relax-
ation of the bladder [8]. Several in vitro studies have re-
ported smooth muscle relaxation in the human bladder
neck and prostate in the presence of PDE5-Is [24, 25], and
relaxation of the bladder neck and decreases in detrusor
muscle overactivity have been detected in animal [26] and
human studies [27]. Theoretically, the relaxation of the
prostate and bladder neck after PDE5-I treatment could
increase urinary flow; however, the concomitant relax-

Tadalafil Monotherapy for LUTS/BPH

ation of the detrusor muscle counteracts this effect, there-
by preventing the observation of a final improvement in
Qumax [27]. However, in a urodynamic study, tadalafil at a
higher dose (20 mg once daily) had no adverse effect on
the bladder outlet obstruction index in men with LUTS/
BPH [16]. Therefore, whether these theories and findings
translate into the observed numeric Q. improvement
observed with tadalafil remains unclear. Further basic
studies are needed to determine the exact mechanisms
involved in this field.

Different classes and doses of PDE5-Is may potential-
ly affect the final results. Currently, no RCT has directly
compared the efficacy of different classes of PDE5-Is, but
the efficacy and safety of different tadalafil doses have
been examined by several RCTs. In a dose-finding study,
5 mg tadalafil was approved to provide a positive risk-
benefit profile compared with other doses for 12 weeks
[14]. In another long-term, dose-range study, the data
suggested that over 12 months, 5 mg was the most effec-
tive and safest dose [28]. In a 12-week study, Kang et al.
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2.07 (p = 0.04)

Favors placebo

Study Year Tadalafil Placebo Weight Mean difference Mean difference
or subgroup 1V, fixed, 95% CI 1V, fixed, 95% CI

mean SD total mean SD total
McVary [13] 2007 0.5 539 116 0.9 5.5 121 7.2% -0.40 (-1.79, 0.99) —
Roehrborn [14] 2008 158 558 216 124 579 210 119%  0.34 (-0.74, 1.42) —_— T
Roehrborn [14] 2008 141 562 208 124 579 210 116%  0.17 (-0.92, 1.26) e
Roehrborn [14] 2008 1.64 568 212 124 579 210 116%  0.40 (-0.69, 1.49) — T
Roehrborn [14] 2008 196 562 208 124 579 210 116%  0.72(-0.37,1.81) e —
Dmochowski [16] 2010 0.4 29 83 0.5 29 89 184% -0.10 (-0.97, 0.77) —
Porst [19] 2011 16 46 161 11 4.6 164 13.8%  0.50 (-0.50, 1.50) S e —
Kim [18] 2011 25 4.9 49 23 485 48 37%  0.20 (-1.74, 2.14)
Oelke [21] 2012 24 5.5 156 1.2 4.8 147 103%  1.20 (0.04, 2.36) —
Total (95% CI) 1,409 1,409 100.0%  0.34 (-0.03, 0.71) O
Heterogeneity: x? = 4.88, d.f. = 8 (p = 0.77), I = 0% . . . .
Test for overall effect: Z = 1.80 (p = 0.07) -2 -1 0 1 2

Favors placebo Favors tadalafil

b
Study Year Tadalafil Placebo Weight Mean difference Mean difference
or subgroup 1V, fixed, 95% CI 1V, fixed, 95% CI

mean SD total mean SD total
Roehrborn [14] 2008 1.64 568 212 124 579 210 294%  0.40 (-0.69, 1.49) —
Porst [19] 2011 16 46 161 11 4.6 164 35.2%  0.50 (-0.50, 1.50) —
Kim [18] 2011 25 4.9 49 23 485 48 9.3% 0.20 (-1.74, 2.14)
Oelke [21] 2012 24 5.5 156 12 4.8 147 26.1% 1.20 (0.04, 2.36) —
Total (95% CI) 578 569 100.0% 0.63 (0.03, 1.22) N
Heterogeneity: x? = 1.35,d.f. = 3 (p = 0.72), I = 0% ; ; ; ;
Test for overall effect: Z = -2 -1 0 1 2

Favors tadalafil

Fig. 4. a Forest plot of change in Q,,,, from baseline to endpoint with 4 doses (2.5, 5, 10 and 20 mg) tadalafil in patients with BPH.
b Forest plot of change in Q. from baseline to endpoint with tadalafil dosed at 5 mg in patients with BPH.

Table 2. Outcomes of the meta-analysis of AEs reported at least in two studies comparing the safety of monotherapy with tadalafil vs.

placebo
Side effect Number RR 95% CI p value Incidence
f studi

OF Studies tadalafil placebo
Headache 8 1.41 1.02-1.95 0.04 3.6% 2.6%
Dyspepsia 5 11.38 4.77-27.12 <0.00001 3.3% 0%
Back pain 6 2.95 1.80-4.82 <0.0001 2.9% 1.3%
Gastroesophageal reflux 2 7.40 1.98-27.67 0.003 1.7% 0%
Nasopharyngitis 5 1.56 0.95-2.56 0.08 2.4% 1.8%
Serious AEs 8 1.00 0.63-1.59 1.00 1.7% 1.0%

RR = Risk ratio; 95% CI = 95% confidence interval.
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[29] compared the improvements in LUTS by tadalafil at
20 mg and 5 mg once daily among 168 ED patients and
showed that the mean change in the IPSS was greater in
the 5 mg group (-4.8 £ 4.1) than in the 20 mg group (-2.3
+ 4.3). However, because of the limited numbers of pa-
tients receiving 5 mg of tadalafil in these RCTs, we are
unable to exclude the possibility that the lack of signifi-
cantimprovements in urinary flow rate may be attributed
to the small sample size, which may be unable to detect
small differences in the outcome. Unexpectedly, when we
pooled these data, 5 mg tadalafil showed a statistically sig-
nificant increase in Q. (p = 0.04). Among these RCTs
[17-19, 21], a numeric Q,,x improvement was typically
identified, but only Oelke et al. [21] reported a significant
outcome in Qax (+2.4 ml/s, p < 0.05) in men with a low-
er baseline obstruction (Qp,,x at baseline: 9.9 ml/s) com-
pared with the other studies (range for tadalafil at 5 mg =
9.8-11.7 ml/s). The baseline urinary flow rate appears to
determine the final result, and a lower baseline could al-
low more room for improvement, thereby increasing the
probability of observing an improvement in Q.

Gacci et al. [8] reported that the degree of improve-
ment in IPSS after PDE5-I treatment depended on the
baseline characteristics of the patients, such as age, body
mass index (BMI) and the baseline IPSS, indicating that
young men with alow BMI and severe urinary symptoms
(as measured by IPSS) are the best candidates for PDE5-I
therapy. Aging and obesity appear to be associated with a
testosterone decline, which can decrease the main target
(PDES) of PDE5-I in the bladder. Furthermore, defining
a clear role for the baseline characteristics in the increase
of Quay after PDE5-I treatment is strongly desirable.

Our meta-analysis showed a remarkable incidence of
AEs with tadalafil. In contrast to the other PDE5-Is, flush-
ing was not generally observed as an AE with the use of
tadalafil. The inhibitory activity of tadalafil towards
PDEI11 has been speculated to be responsible for this side
effect [25]. The results for the AEs are similar to those in
previous long-term studies of once daily tadalafil treat-
ment for LUTS/BPH [28] and ED [30]. The AEs were mild
or moderate in severity and were transient. Serious AEs
were reported in 1.23% of patients but did not show a sig-
nificant difference between the tadalafil and placebo
groups. Additionally, there was no clear pattern of differ-
ences in the incidence of AEs in men with or without ED,
except for dyspepsia, which seemed to be more frequent
in men without ED (risk ratio = 14.25) than in those with
ED (risk ratio = 6.41) in the tadalafil group, as reported by
Broderick et al. [23]. Overall, tadalafil is a safe treatment
for patients with BPH or with comorbid BPH and ED.

Tadalafil Monotherapy for LUTS/BPH

Several potential limitations should be considered in
our meta-analysis. First, only four RCTs with a limited
number of patients assessing the efficacy of 5 mg tadalafil
were included, and these insufficient data may thus af-
fect the final conclusion, particularly with respect to the
improvement in Q.. Therefore, more RCTs testing ta-
dalafil at this dose are needed, which will help draw a firm
conclusion and establish an optimal dose for treatment.
Second, we did not have access to the patient characteris-
tics at baseline to determine whether the potential risk
factors (age, BMI and other baseline parameters) could
influence the results of the treatment. Third, the inclusion
of a trial with a small sample size [18] or without a run-in
period before the study [28] may affect the outcome as-
sessment. Additionally, long-term efficacy and safety
should be addressed by additional RCTs. Finally, the cost-
effectiveness of daily treatment with tadalafil should be
evaluated, but no relevant studies are available. There-
fore, further large-scale, high-quality RCTs are strongly
desirable to ascertain the safety, efficacy and cost-effec-
tiveness of once daily tadalafil in treating LUTS.

Conclusions

Tadalafil was shown to be significantly effective for
improving LUTS/BPH, as measured by IPSS, the IIEF
score, IPSS irritative and obstructive subscores, IPSS-
QoL and BII. Significant improvements in IPSS and the
IIEF score were also observed in patients with comorbid
BPH and ED. When pooling all different doses of tadalafil,
there was a numerical but insignificant improvement in
Qmax Whereas pooling only the 5 mg dose showed a sig-
nificant improvement in Q. Additionally, AEs were
transient and serious AEs were few, which demonstrated
that tadalafil was well tolerated. Therefore, as a first-line
treatment for ED, tadalafil can be considered as the opti-
mum treatment for LUTS in patients with comorbid BPH
and ED. Further high-quality studies are desirable to eval-
uate the optimal dose, relationship between the outcomes
and characteristics of patients, long-term outcomes and
overall cost-effectiveness of once daily tadalafil in treating
LUTS/BPH.
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