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In the aging male, erectile dysfunction (ED) and lower urinary tract symptoms (LUTS) are 
common conditions that have been shown to be related. As life expectancy increases, 
treatments that target both ED and LUTS will prove increasingly valuable over the coming 
years. Phosphodiesterase type 5 (PDE5) inhibitors are used primarily to treat ED. Recently, 
studies have shown that improvements in LUTS are also seen with PDE5 inhibitor 
treatment. In particular, the PDE5 inhibitor tadalafil may be beneficial owing to its unique 
long-acting pharmacokinetic properties. We review the current literature to provide an 
insight into how tadalafil could provide symptomatic relief from ED and LUTS.
Lower urinary tract symptoms & benign 
prostatic hyperplasia.
Benign prostatic hyperplasia (BPH) is one of the
most common conditions affecting men, having
a major impact on the health of aging men and,
as a consequence, upon health economics [1].
Numerous post-mortem histological studies into
the prevalence of the disease have concluded that
the prevalence of BPH increases with age [2],
with BPH not being identified in men younger
than 30 years of age. In these studies, in men
aged 21–30 years, the normal prostate was
20 ± 6 g in weight, and this weight remained
unchanged with increasing age unless BPH
developed. In the fourth decade of life, BPH was
found in 8% of specimens, and by the sixth dec-
ade of life, histological BPH was identifiable in
50% of males. 

The most important determinant of this dis-
ease, however, is a measure of the symptoms that
patients experience, termed lower urinary tract
symptoms (LUTS). These include increased uri-
nary frequency, urgency, hesitancy, incomplete
emptying and a weak urinary stream [3]. In a series
of clinical studies of 2113 men aged 40–79 years
who were randomly selected from Olmstead
county (MN, USA) [4], the prevalence of LUTS
and the relationship to prostatic size, and other
measures of lower urinary tract function, were
measured [5]. In this population, the point preva-
lence (the proportion of men within this popula-
tion with a set of symptoms measured at a point in
time) of moderate to severe LUTS showed a clear
correlation with age, such that the prevalence rose
from 13% in men aged 40–49 years up to 28% in
those aged 70–79 years [6]. Correlation with pros-
tatic size as assessed by transrectal ultrasonography
showed that the odds ratio of having moderate to

severe LUTS was 3.4 in prostates greater than
50 g, compared with men with prostates less than
50 g. There was also evidence of deterioration in
other measures of lower urinary tract function. For
example, as age increased, the mean urinary flow
rate decreased from approximately 20.5 ml/s for
men aged 40–44 years to 11.5 ml/s for men aged
75–79 years at a rate of approximately 2 ml/s for
each decade.

This cohort of men was followed longitudi-
nally for a number a years. Prostate volumes
increased by 1.9%/year [7] and the average
increase in International Prostate Symptom Score
(IPSS) was 0.18 points/year [8]. Men in their fif-
ties had increases in IPSS of 0.05 points/year and
men in their seventies had increases of 0.44
points/year. Age and prostate size are therefore
risk factors for symptomatic BPH. LUTS in the
aging male population is a significant problem
that is worthy of focused attention.

The medical treatment of LUTS at present
includes 5-α-reductase inhibitors to reduce pros-
tate size to influence the obstructive component
of bladder outflow obstruction. The smooth
muscle tone of the bladder neck, prostate and
urethra can be reduced by α-adrenergic receptor
antagonists, thus reducing the dynamic compo-
nent of bladder outflow obstruction. These two
drug classes in monotherapy or in combination
have been shown to provide symptomatic benefit
to patients with LUTS [9]. Until recently, no
other drug class has shown similar benefits.

Relationship of erectile dysfunction & 
lower urinary tract symptoms
Erectile dysfunction (ED) is also a problematic
condition of the aging male. In the Massachusetts
Male Aging Study, 52% of men aged 40–70 years
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had some degree of ED, rising from 39% of men
aged 40 years to 67% of men aged 70 years [10].
This relationship with age is confirmed in other
epidemiological studies of ED. In a cross-sectional
study of 2476 men aged 25–70 years [11], the
prevalence of ED was 18.9%, rising from 8.5% of
men aged 25–39 years to 48% of men aged 60–70
years. These and other studies demonstrated that
risk factors for ED include cardiovascular condi-
tions such as diabetes, hypertension and heart dis-
ease. However, in addition, there is commonly an
association with LUTS, as was demonstrated in
the latter study. In this study, the age-adjusted
odds ratio for ED in men with LUTS was 2.67
compared with men without LUTS. Age-adjusted
odds ratios for diabetes and hypertension were
lower (1.98 and 1.72, respectively). This associa-
tion between ED and LUTS has been demon-
strated in several other studies in men from several
different countries and regions [12–15]. 

The mechanisms by which these symptom
complexes are associated are as yet unclear, but
there is evidence that the association is inde-
pendent of age. In the Multi-National Survey of
the Ageing Male-7 study (MASM-7) [13], men
aged 50–80 years in the USA and six European
countries were surveyed regarding their LUTS
and ED using validated symptom scores. A total
of 12,815 returned surveys were evaluated. A
strong relationship between ED and increasing
severity of LUTS (odds ratio 8.9 for severe versus
mild LUTS) was reported and was independent
of diabetes, hypertension, cardiac disease, hyper-
cholesterolemia, geography and age. Biological
plausibility for this causal relationship has been
well described in a recent review article [16].
Currently, four theories exist: 

• Nitric oxide synthase (NOS)/NO theory

• Autonomic hyperactivity and metabolic syn-
drome hypothesis

• Rho-kinase activation/endothelin pathway

• Pelvic atheroscelorosis

The NOS/NO theory is currently gathering
growing interest as agents already in clinical use
for ED act by modifying this pathway. Given
that both ED and LUTS are so common in
aging men, and also given that life expectancy is
increasing, treatments that target both these
symptoms will prove increasingly valuable over
the coming years. Inhibitors of the enzyme phos-
phodiesterase type 5 (PDE5) have been used for
several years to treat ED, but in recent years
there has been the suggestion that they may also
be valuable in the treatment of LUTS. 

In 1998, Goldstein and colleagues published
the effects of sildenafil (Viagra®) in the treat-
ment of ED [17], demonstrating efficacy and
safety when taken, on demand, 1 h before
planned sexual activity. Currently, three highly
efficacious and safe PDE5 inhibitors are availa-
ble to clinicians to treat ED. These are sildenafil,
vardenafil (Levitra®) and tadalafil (Cialis®). We
review the current literature to provide an insight
into how tadalafil could provide symptomatic
relief from ED and LUTS.

Basic science
Pharmacology of PDE5 inhibitors in penile 
smooth muscle
Penile erection is caused by the relaxation of
penile vascular smooth muscle, leading to an
accumulation of blood within cavernosal tissue
[18,19]. Smooth muscle tone in the corpus caver-
nosum of the penis is influenced by the
NO–cyclic GMP (cGMP) signaling pathway
[20,21]. Sexual stimulation leads to NO release
from parasympathetic nonadrenergic, nonchol-
inergic (NANC) neurons in the penis and from
the endothelial cells lining the penile vasculature
[22–25]. Upon entry to the smooth muscle cell,
NO stimulates the enzyme guanylate cyclase to
convert GTP to cGMP, which in turns acts as a
second messenger to relax the smooth muscle
cell. PDE5 is a critical component that modu-
lates levels of intracellular cGMP by hydrolyzing
cGMP to GMP [26]. Inhibitors of PDE5 main-
tain intracellular levels of cGMP, thus enhancing
the NO-mediated response of corpus caverno-
sum to sexual stimulation (Figure 1). PDE5
inhibitors therefore augment the maintenance
of penile erection.

Pharmacology of PDE5 inhibitors in the 
lower urinary tract
While the pharmacology of the PDE5 inhibitors
in penile tissue is well understood, the possible
effects on LUTS, bladder outflow obstruction
(BOO) and/or benign prostatic hyperplasia
(BPH) depend on the expression of the compo-
nents of the NO–cGMP signaling pathway
within the lower urinary tract. At present, there
are only limited data in this area.

Werkström and colleagues demonstrated the
presence of PDE5, cGMP and a downstream
effector of muscle contraction, c-GMP-depend-
ent protein kinase 1 (PGK1), within both human
and animal urethral tissue [27]. While there was
immunoreactivity to cGMP, PKG1 and PDE5 in
both human female urethra and pig urethra,
Therapy (2008)  5(3) future science groupfuture science group
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there was much stronger immunoreactivity for
PDE5 in human tissue. PDE5 inhibitors, includ-
ing tadalafil, resulted in relaxation of urethral
smooth muscle strips, and the administration of
PDE5 inhibitors also resulted in increased levels
of cGMP.

PGK1 expression has also been demonstrated
in human prostate tissue by immunohisto-
chemistry and western blot analysis [28]. Donor
tissue was sourced from patients undergoing
radical surgery for prostate cancer. PGK1 was
shown to be co-localized with cGMP, suggest-
ing a role for the NO–cGMP pathway in
human prostate.

Ückert described PDE5 expression in normal
human prostate obtained from patients under-
going radical surgery for localized prostate can-
cer [29]. The PDE5 inhibitor sildenafil caused
relaxation of prostate smooth muscle strips. 

Studies of prostate smooth muscle cells in cul-
ture suggest that PDE5 inhibitors may also
inhibit cell proliferation. BPH is characterized by
excessive stromal cell proliferation [30]. Adolfsson
and colleagues demonstrated concentration-
dependent sildenafil inhibition of lysophospha-
tidic acid-stimulated DNA replication [31], as
measured by showing changes in the incorporation

of thymidine in human-cultured prostate stromal
cells. Guh et al. showed that the NO donor
sodium nitroprusside also inhibited the prolifera-
tion of human prostate stromal cells in culture
[32]. Finally, a recent key paper confirmed the
antiproliferative and muscle-relaxant effects of
PDE5 inhibitors in rat prostate muscle strips and
in human prostate stromal cells [33]. Sildenafil,
vardenafil and tadalafil all reduced the contrac-
tion of rat prostate muscle strips in a concentra-
tion-dependent manner and also significantly
attenuated serum-induced human prostate
stromal cell proliferation.

LUTS can also be a result of bladder dysfunc-
tion either in isolation or in association with
BPH. PDE5 expression has been shown in
human bladder [34], but inhibition of PDE5 has
been shown not to affect bladder muscle function
in animal and human detrusor muscle [35,36].

Pharmacokinetics of tadalafil
Tadalafil is a potent and reversible inhibitor of
PDE5 [37]. It is selective for PDE5 compared with
the other ten isoforms of PDE. At high concentra-
tions there is some inhibition of PDE11, although
the physiological function of PDE11 is, as yet,
unclear. Tadalafil has pharmacokinetic properties

Figure 1. Pharmacology of PDE5 in the cavernosal smooth muscle cell.
 

NO from NANC nerves and NOS within endothelial cells causes stimulation of guanylate cyclase. Active 
cGMP causes a decrease in intracellular calcium and subsequent smooth muscle relaxation. Hydrolysis of 
cGMP to inactive GMP is facilitated by PDE5. 
NANC: Nonadrenergic, noncholinergic; NOS: Nitric oxide synthase; PDE5: Phosphodiesterase type 5.
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Box 1. The SEP diary

• SEP 1: Were you able
• SEP 2: Were you able
• SEP 3: Did your erecti

complete intercourse?
• SEP 4: Were you satis
• SEP 5: Were you satis

The SEP diary records the re
recorded then subsequent 
SEP: Sexual Encounter Prof
unlike other PDE5 inhibitors in clinical use [38].
At the highest recommended dose taken orally
(20 mg), the maximum plasma concentration was
reached after 2 h, with a half-life of 17.5 h. Bio-
availability was unaffected by food, BMI, age,
gender or smoking. Patients with diabetes or
hepatic impairment tolerated a 10 mg oral dose
with no clinically significant changes in tadalafil
pharmacokinetics. Patients with end-stage renal
failure showed serum levels of the major metabo-
lite, methylcatechol glucuronide, three-times
higher than healthy patients [39].

Clinical effects of tadalafil in men with 
erectile dysfunction
Efficacy
The efficacy and safety of on-demand tadalafil
were first described by Padma-Nathan and col-
leagues in a multicenter, double-blind, placebo-
controlled study [40]. A total of 179 men with at
least a 3-month history of ED were randomized to
receive placebo or tadalafil 2, 5, 10 and 25 mg.
Each patient group was well matched for age, eth-
nicity and weight. Severity of ED was assessed at
baseline using the International Index of Erectile
Function (IIEF) [41]. This is a validated symptom
scoring system that summarizes recent sexual
encounters. It has been adopted as the ‘gold stand-
ard’ measure for assessing efficacy in clinical trials
of ED [42,43]. Average IIEF scores were equal
across all groups. At randomization, patients were
also given sexual encounter diaries (or Sexual
Encounter Profiles [SEP]), a five-question survey
assessing individual sexual encounters (Box 1).
Patients were then instructed to take one dose ‘on
demand’ when intercourse was planned at a maxi-
mum frequency of once daily over 21 days, but no
more than 14 doses. Repeat IIEF scores were
obtained and SEP diaries collected at 7 days into
treatment and at the end of the treatment period.

Tadalafil 5 and 10 mg caused significant
increases in IIEF questions 3 and 4, erectile func-
tion domain scores and SEP questions 3 and 4

over placebo (Table 1). Tadalafil 2 mg caused varia-
ble increases and 25 mg caused no further
increases compared with 10 mg tadalafil. Thus,
this initial study of tadalafil 5- and 10-mg on
demand caused significant proportions of patients
with ED to be able to have successful intercourse.

In a subsequent integrated analysis of 11 rand-
omized, double-blind, placebo-controlled, paral-
lel-arm trials [44], statistically significant changes
from baseline to endpoint measures over placebo
were seen in patients taking tadalafil 10 and
20 mg (Table 2). Tadalafil is efficacious at both 10
and 20 mg for almost all patients, and its effects
can last from 30 min up to 36 h [45,46]. 

Safety & adverse effects of tadalafil
PDE5 inhibitors are well tolerated. In the previ-
ously described integrated analysis of 11 rand-
omized, double-blind, placebo-controlled studies
[44], only 1.3, 1.6 and 3.2% of patients taking pla-
cebo, tadalafil 10 mg, and tadalafil 20 mg, respec-
tively, discontinued medication during the study.
The most common adverse events were headache,
dyspepsia and back pain, while nasopharyngitis,
myalgia, flushing, nasal congestion and pain in a
limb were seen less frequently. These effects prob-
ably reflect the presence of PDE5 in other tissues
[47]. The occasional visual disturbances (not
including nonarteritic anterior ischaemic optic
neuropathy [NAOIN]) seen with sildenafil are
not seen with tadalafil, reflecting the minor inhi-
bition of PDE6 (involved in visual perception in
the retina) that is seen at high doses with sildenafil
[48]. This inhibition is not seen with tadalafil.
NAOIN is rare and associated with all three
PDE5 inhibitors in case reports, but its causal
relationship has yet to be established [49].

As discussed earlier, PDE5 inhibitors augment
the NO–cGMP pathway. Nitrates, such as nitro-
glycerin, isosorbide mononitrate and isosorbide
dinitrate, are used to treat angina by vasodilata-
tion of coronary artery smooth muscle, and they
also increase intracellular cGMP. As a result, when
taken in combination, PDE5 inhibitors and
nitrates can cause symptomatic hypotension [50].
Consequently, the use of PDE5 inhibitors is
contraindicated in men taking organic nitrate
medications. According to the Princeton II con-
sensus [51], it has been recommended that if a
patient has taken a short-acting PDE5 inhibitor
(sildenafil or vardenafil), nitrates can be restarted
24 h after the last PDE5 dose [52]. As tadalafil is a
long half-life agent, a study suggests that at least
48 h should elapse between the last tadalafil dose
and readministration of a nitrate [53].

 questions.

 to achieve some erection?
 to insert your penis into your partner’s vagina?
on last long enough to successfully 

fied with the hardness of your erection?
fied overall with this sexual experience?

sponses to the above questions. If any ‘No’ responses were 
questions were analyzed as ‘No’ responses.
ile.
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Table 1. Effect of ta

IIEF question 3

Change

IIEF question 4

Change

IIEF EFD

Change

SEP 3 and 4

IIEF scores are mean ± stan
percentage of patients ans
*p ≤ 0.005 versus placebo, 
‡p ≤ 0.0005 versus placebo
§p ≤ 0.05 versus placebo, b
¶p ≤ 0.01 versus placebo.
#p ≤ 0.005 versus placebo.
**p ≤ 0.0002 versus placebo
IIEF: International Index of
Data taken from [40].

Table 2. Effect of ta

IIEF EFD 

Change

SEP 3

Change

 Pairwise comparisons betw
IIEF EFD: International Inde
Data taken from [44].
Tadalafil in the treatment of ED after 
localized prostate cancer treatment
Radical retropubic prostatectomy (RRP) and rad-
ical external-beam radiotherapy (REBR) are treat-
ments for localized carcinoma of the prostate.
Each can cause post-treatment ED in men whose
erections were normal previously. In surgical cases,
this effect is likely to be caused by cavernosal nerve
neuropraxia and smooth muscle hypoxia, despite
nerve-sparing prostatectomy techniques. 

Tadalafil improves erectile function in patients
who have had both nerve-sparing RRP [54] and
REBR [55], although the benefits in the surgical
group are less marked than are usually seen in the
broad population of men with ED. This probably
reflects the loss of the innervation of the penile
smooth muscle with the associated reduction in
neuronal NO release. Montorsi and colleagues
studied patients with ED 12–48 months follow-
ing nerve-sparing RRP [54]. In a double-blind,
randomized, placebo-controlled study, they

showed that patients’ erectile function signifi-
cantly improved with tadalafil compared with pla-
cebo. This benefit was maximized in a subgroup
of patients who had some spontaneous tumes-
cence postoperatively. Incrocci and colleagues
studied patients with ED 12–96 months after
REBR [55]. Patients were randomized to receive
tadalafil or placebo, and a statistically significant
improvement in erectile function was seen in
tadalafil-treated patients compared with placebo.

Treatment of erectile dysfunction in 
‘difficult-to-treat’ patients
The treatment of ED in patient populations
such as patients with diabetes mellitus, severe
vascular disease or severe neurological disease
with PDE5 inhibitors has been shown to be less
successful [56]. For example, there is evidence that
in men with diabetes, tadalafil has reduced effi-
cacy [57]. Possible explanations could involve
decreased expression or activity of neuronal or

dalafil on responses to IIEF and SEP. 

Placebo 
(n = 35)

Tadalafil 2 mg 
(n = 35)

Tadalafil 5 mg 
(n = 37)

Tadalafil 10 mg 
(n = 36)

Tadalafil 25 mg 
(n = 36)

2.5 ± 0.3 3.5 ± 0.3 4.2 ± 0.2 4.1 ± 0.2 4.2 ± 0.2

-0.3 ± 0.2 0.6 ± 0.2* 1.2 ± 0.2‡ 1.0 ± 0.2‡ 1.3 ± 0.2‡

2.4 ± 0.2 3.1 ± 0.3 3.7 ± 0.2 4.0 ± 0.2 4.0 ± 0.2

0.2 ± 0.2 0.8 ± 0.2 1.4 ± 0.2‡ 1.7 ± 0.2‡ 1.7 ± 0.2‡

14.7 ± 1.2 19.3 ± 1.5 22.9 ± 1.0 23.6 ± 1.1 24.2 ±1.2

1.0 ± 0.9 4.1 ± 1.1§ 7.3 ± 1.0‡ 7.8 ± 1.2‡ 9.4 ± 1.2‡

26.6% 45.7% 61.7%¶ 69.8%# 70.2%**

dard error at the end of treatment. Change represents the change in scores from baseline. SEP 3 and 4 represents the 
wering yes up to question 4 of SEP diaries.

based on comparison of the least-squared means.

, based on comparison of the least-squared means.

ased on comparison of the least-squared means.

. 
 Erectile Function; EFD: Erectile Function Domain Score; SEP: Sexual Encounter Profile.

dalafil on responses to IIEF and SEP in an integrated analysis of 11 separate studies.

Placebo Tadalafil 10 mg Tadalafil 20 mg

15.3 (n = 616) 21.1 (n = 309) 23.2 (n = 1111)

0.9 6.5 (p < 0.001) 8.6 (p < 0.001)

31% (n = 625) 58% (n = 311) 68% (n = 1119)

8% 34% (p < 0.001) 46% (p < 0.001)

een placebo and each treatment were adjusted by the method of Bonferroni.
x of Erectile Function Erectile Function Domain Score; SEP: Sexual Encounter Profile.
359www.futuremedicine.com
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endothelial NOS, impaired NO release or NO
destruction precluding sufficient cGMP forma-
tion [56]. Clinical trials involving men with dia-
betes and ED nevertheless show significant
proportions of men achieving successful inter-
course with tadalafil and other PDE5 inhibitors
[58–60]. A large, open-label, multicenter trial of
patients with ED treated with tadalafil 20 mg
showed that patients with two or more co-mor-
bid conditions, such as diabetes, cardiovascular
disease and hyperlipidemia, also had signifi-
cantly increased end points, such as IIEF-EF
domain scores and the mean percentage of
positive responses to SEP3 from baseline [61].

Clinical effects of PDE5 inhibitors on 
lower urinary tract symptoms
Sildenafil
Sildenafil treatment of men with ED was first
noted to improve LUTS in the men attending
an andrology outpatient clinic [62]. In this
small, nonrandomized study, patients were
instructed to take sildenafil on demand prior to
intercourse. With 3 months of optimal-dose
sildenafil, LUTS (as assessed by the IPSS)
improved significantly compared with baseline. 

In a more recent randomized, double-blind,
placebo-controlled trial, sildenafil improved
both ED and urinary symptoms in men with
concomitant ED and LUTS [63]. Men were
included in this study if they had IPSS scores
greater than 12 and EF domain of the IIEF
scores less than 25. A total of 369 men from 41
centers across the USA were randomized to take
either placebo or sildenafil. A 50-mg dose of
study medication (placebo or sildenafil) was
used every night for 30 min to 1 h prior to sex-
ual activity for 2 weeks to ensure at least one
daily dose. Dose escalation to 100 mg was
offered and, if not tolerated, patients could
choose to return to the 50 mg dose. A further
10 weeks of study medication was given. At the
end of the treatment period, a significant
increase in EF domain scores (i.e., an improve-
ment in erectile function) was seen associated
with a significant decrease in overall IPSS scores
(i.e., an improvement in urinary symptoms).
Sildenafil resulted in a decrease of 6.3 points
(95% confidence interval (CI): 8.1–4.6) com-
pared with a decrease of 1.9 (95% CI: 3.7–0.2)
with placebo. It is of note that dynamic meas-
ures of prostatic bladder outflow obstruction,
such a urinary flow rate, were unaffected by
sildenafil treatment.

Vardenafil
A double-blind, placebo-controlled, randomized
trial in men with LUTS is about to be published
evaluating the effects of vardenafil [64]. Men with
IPSS scores greater or equal to 13 were included.
Vardenafil 10 mg twice-daily caused significant
decreases in IPSS scores by 5.9 points compared
with a decrease of 3.6 points with placebo. Var-
denafil did not influence urinary flow rate.
These data suggest the effect on IPSS scores is
likely to be a class effect.

Tadalafil
A double-blind, placebo-controlled, rand-
omized, multicenter trial in men with LUTS has
recently been published evaluating the effect of
tadalafil on LUTS in 479 men with LUTS sec-
ondary to BPH [65]. Men were included if they
had IPSS scores greater than 12 and a maximum
urinary flow rate (Qmax) between 4 and 15 ml/s
on a voided volume greater than 125 ml. There
was an extensive list of exclusion criteria, which
included any man who had diseases that might
affect lower urinary tract function, or prior sur-
gery or radiotherapy for lower tract diseases.
While men using 5-α-reductase inhibitors were
excluded, men using α-blockers, anticholiner-
gics, sympathomimetic medications, anti-
histamines, PDE5 inhibitors and herbal
preparations were included, but underwent a
4-week washout period. 

Patients were then given single-blind placebo
for 4 weeks to demonstrate treatment compli-
ance, following which they were randomized to
placebo (n = 143) or tadalafil 5 mg (n = 138) for
6 weeks. A total of 19 patients discontinued dur-
ing this period, ten in the placebo group and
nine in the tadalafil group. The tadalafil dose
was then escalated to 20 mg in the tadalafil
group. A total of 251 patients completed the
study, 126 in the placebo group and 125 in the
tadalafil group, with both groups evenly
matched for age, ethnicity, previous α-blocker
use, severity of LUTS and presence of ED. Out-
come measures included IPSS, urinary flow rates
and IIEF EF domain scores.

Statistically significant decreases were seen in
IPSS scores in patients receiving both 5-mg and
20-mg doses of tadalafil compared with placebo
by analysis of covariance (ANCOVA)
(p < 0.001), but not for IPSS-Quality-of-Life
scores or uroflowmetry measures. The least-
squares mean ± standard error of the mean
decreases from baseline to endpoint measures
Therapy (2008)  5(3) future science groupfuture science group
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were 1.7 ± 0.5 for the placebo group and
3.8 ± 0.5 for the tadalafil group. In a subgroup of
patients who were sexually active with ED (pla-
cebo group: 76; tadalafil group: 80), statistically
significant increases in IIEF EF domain scores
were also seen compared with placebo. No signif-
icant safety or tolerability issues were identified
in the study. The effects of PDE5 inhibitors on
IPSS are summarized in Table 3.

Current medical therapy for LUTS/BPH
includes α-blockade and 5-α-reductase inhibitors,
as discussed earlier. Comparison with the effect of
α-blockers on LUTS should therefore be manda-
tory (Table 4). Hence, in a study of men with LUTS
treated with the α-blocker alfuzosin or placebo,
the mean change in IPSS at 12 weeks was 3.6 for
alfuzosin 10 mg compared with 1.6 for placebo
[66], and a meta-analysis of 11 studies comparing
alfuzosin 10 mg with placebo showed decreases in
IPSS by 5.4 for treatment and 3.6 for placebo [67].
These decreases in IPSS by α-blockers are compa-
rable with decreases in IPSS by PDE5 inhibitors.

It is not clear at this time why an effect on
symptom scores was seen without parallel
improvements in urinary flow rate and other
measures of lower urinary tract function. 

What may a reduction in IPSS mean to
patients in real life? It has been shown that an
improvement in IPSS symptom scores influences
the risk of serious outcomes of BPH progression.
The Alf-One study was a 2-year, open-label, ‘real-
life’ study of patients with LUTS taking alfuzosin
in a general-practice setting [68]. Patients with an
IPSS that was stable or worsening at the end of the
study had a greater risk of acute urinary retention
than those who had an improvement, even with a
modest improvement [69]. Therefore, improve-
ments in IPSS mean that patients will not only see
improvements in symptoms, but also the preven-
tion of serious outcomes such as acute retention of
urine. Clearly, long-term efficacy studies need to
confirm PDE5 effects on BPH progression.

Given that there is an improvement in sexual
function with PDE5 inhibitors that is not seen
with α-blockers, and given the epidemiological

association between ED and LUTS, there
would appear to be a possible place for these
drugs in the treatment of LUTS in aging men.

Combination of PDE5 inhibitors & 
α-blockers
Given the differing mechanisms of action, it is
conceivable that PDE5 inhibitors taken in
combination with α-blockers could elicit a dual
effect enhancing symptom relief from LUTS. A
small, randomized, open-label, three-arm study
comparing sildenafil 25 mg, alfuzosin 10 mg
and both in combination has recently
addressed this question [70]. Significant
decreases from baseline in IPSS scores were
seen with 12 weeks of daily treatment in all
three arms of the trial, while combination treat-
ment greater enhanced decreases in IPSS than
either monotherapy. Although not placebo-
controlled, this study shows promising results
with no serious safety concerns.

Safety is paramount when combining treat-
ments. Both PDE5 inhibitors and α-blockers
can induce hypotension, and their co-adminis-
tration must be regarded with caution. Studies
have evaluated the combined effect of tadalafil
and α-blockers (Table 5) [71,72]. Clinically signifi-
cant decreases in blood pressure were seen with
doxazosin in combination with tadalafil [72].
Decreases in supine and standing blood pres-
sure persisted at 10 h and peaked at 2 h. Com-
bination of tadalafil 20 mg plus doxazosin 8 mg
caused 28% of patients’ standing systolic blood
pressure (SSBP) to decrease below 85 mmHg
and by a decrease of 30 mmHg. Doxazosin plus
placebo caused only 6% of patients to decrease
their SSBP to below 85 mmHg, and 12% of
patients to decrease their SSBP by 30 mmHg.
In all patients, the mean maximal post-baseline
decrease in SSBP was significantly greater after
doxazosin plus tadalafil than doxazosin plus
placebo, with a mean difference of 9.8 mmHg
(95% CI: 4.1–15.5). Serious adverse events
were recorded in two patients: an episode of
dizziness and an episode of vertigo.

Table 3. The effect of PDE5 inhibitors on IPSS scores in patients with lower urinary 
tract symptoms.

Sildenafil 
50–100 mg o.d.

Vardenafil 
10 mg b.d.

Tadalafil 
20 mg o.d.

Treatment IPSS change -6.3 -5.9 -3.8 ± 0.5

Placebo IPSS change -1.9 -3.6 -1.7 ± 0.5

Clearly significant improvements in IPSS over placebo are a class effect.
b.d.: Twice daily; IPSS: International Prostate Symptom Score; o.d.: Once daily; PDE5: Phosphodiesterase type 5.
361www.futuremedicine.com



DRUG EVALUATION – Myatt & Eardley 

362

Table 4. Comparison
and in a meta-analy

Treatment IPSS change

Placebo IPSS change

Comparable improvement
IPSS: International Prostate
Data taken from [65–67].

Table 5. The mean m
normotensive men 
three α-blockers.

Mean difference vs plac
Tadalafil 20 mg plus tamsulosin 0.4 mg did not
significantly decrease SSBP. The mean difference
in maximal post-baseline decreases in SSBP
between tadalafil plus tamsulosin and placebo plus
tamsulosin was 2.3 mmHg (95% CI: -4.1–8.7).
Tadalafil 20 mg plus alfuzosin 10 mg again did
not significantly decrease SSBP [71]. The mean dif-
ference in maximal post-baseline decreases in
SSBP between tadalafil plus alfuzosin and placebo
plus alfuzosin was 4.4 mmHg. These studies are
small and have been carried out in healthy, normo-
tensive men. Long-term, placebo-controlled effi-
cacy and safety studies of these combinations in
populations of men with LUTS need to be
performed to fully evaluate their role in treatment.

Future PDE5 inhibitors
Several PDE5 inhibitors are in development,
and data so far show similar efficacy rates for
the treatment of ED. Avanafil [73–76] and
SK3530 [77] both show similar pharmacokinet-
ics, efficacy and safety to the short-acting
PDE5 inhibitors sildenafil and vardenafil, while
udenafil [78,79] has a longer half-life of approxi-
mately 10 h. SLx-2101 is a PDE5 inhibitor
with a unique property. It is metabolized to
SLx-2081, which continues to be active, giving
an increased half-life similar to tadalafil. In an
animal model, therapeutic levels were seen for
longer than 24 h [80]. A double-blind, rand-
omized, dosing study in healthy male volun-
teers showed peak plasma levels at 1 h for
SLx-2101 and 2.8 h for SLx-2081, with half-
lives of 8–13 h and 9–14 h, respectively [81]. No
clinical trial to date has been published to show
the effects of SLx-2101 in patients with ED.

Conclusion
Tadalafil has a significantly longer half life than
other PDE5 inhibitors, and is well suited to
once-daily administration. Indeed, it has recently
been licensed in Europe for daily dosing in the
treatment of ED, where it has good efficacy and
tolerability at a dose of 5 mg/day [82].

In the treatment of BPH/LUTS, a number of
end points are relevant, namely symptoms,
quality of life, urodynamic parameters and pro-
gression. At present, while we understand the
effects of α-blockers and 5-α-reductase inhibi-
tors upon all these end points [9], we only have
limited data relating to the PDE5 inhibitors.
Promising early data have shown that tadalafil
improves symptoms from BPH (LUTS), and
this is almost certainly a class effect. No effects
on measures such as peak urinary flow rate are
seen with any PDE5 inhibitor. 

Preclinical data suggests that the effects of
PDE5 inhibitors may simply be the
NO–cGMP pathway causing relaxation of pro-
static smooth muscle. The antiproliferative
effects of PDE5 inhibitors may become a more
important effect if long-term PDE5 inhibitor
use can be shown to reduce the risk of clinical
progression of BPH. PDE5 inhibitors may
influence LUTS through a yet unrecognised
pathway; however, it seems unlikely to be an
effect on bladder muscle function. 

Further research is needed to clarify the place
of PDE5 inhibitors in general, and tadalafil in
particular, in the treatment of LUTS, and to
clarify whether combination with currently
available drugs such as α-blockers provides any
advantage for patients with LUTS.

 of the effects of tadalafil 20 mg versus the α-blocker alfuzosin 10 mg in a single study 
sis on IPSS scores in patients with lower urinary tract symptoms.

Tadalafil 20 mg Alfuzosin 10 mg Alfuzosin 10 mg (MA)

-3.8 ± 0.5 -3.6 -5.4

-1.7 ± 0.5 -1.6 -3.6

s in IPSS are clearly shown.
 Symptom Score; MA: Meta-analysis.

aximal post-baseline decrease in standing systolic blood pressure in healthy, 
treated with tadalafil and three different α-blockers versus placebo and the same 

Tadalafil 20 mg plus 
doxazosin 8 mg

Tadalafil 20 mg plus 
tamsulosin 0.4 mg

Tadalafil 20 mg plus 
alfuzosin 10 mg 

ebo 9.8 mmHg
95% CI: 4.1–15.5

2.3 mmHg
95% CI: -4.1–8.7

4.4 mmHg
(not significant)
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Executive summary

• Tadalafil is a phospho

• Tadalafil effectively tre
up to 36 h.

• Although still effectiv
prostatectomy when 

• Tadalafil is well tolera

• Tadalafil is contraindic
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flow rates.

• Tadalafil is safe to tak
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e, the efficacy of tadalafil is reduced in men with diabetes and men who have undergone radical 
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proves lower urinary tract symptoms in men with benign prostatic hyperplasia, but not peak urinary 
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