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Abstract: A strong and independent association between lower urinary tract symptoms sug-

gestive of benign prostatic hyperplasia (LUTS/BPH) and erectile dysfunction (ED) has been 

widely evidenced in several clinical epidemiologic studies. Preclinical animal models have 

provided a great deal of information on potential common pathogenic mechanisms underlying 

these two clinical identities. Although the efficacy of the most commonly used treatments for 

LUTS/BPH is well defined, the negative impact of these treatments on sexual function – in 

particular, on ED – has triggered the search for new treatment options. In this regard, a new 

role for phosphodiesterase type 5 inhibitors in the treatment of LUTS/BPH and ED has been 

claimed. Tadalafil is one of the most extensively investigated phosphodiesterase type 5 inhibitors 

for this new indication. All evidence reported to date suggests that tadalafil 5 mg once daily is 

a safe and effective treatment option for both LUTS/BPH and ED.
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Introduction
During the last decade, several preclinical and clinical studies have been initiated 

to investigate the links between lower urinary tract symptoms suggestive of benign 

prostatic hyperplasia (LUTS/BPH) and erectile dysfunction (ED).1 The reported evi-

dence is based on single and multicenter trials from general and/or uro-/andrological 

populations; however, trial outcomes have been controversial.

Although the efficacy of all currently available treatments for LUTS/BPH is well 

defined, the negative impact of all therapies on erectile function (EF) is still under 

evaluation. Lifestyle modifications and phytotherapies have no or minimal impact 

on sexual function but these are also less effective on lower urinary tract symptoms 

(LUTS). In contrast, α-blockers, 5α-reductase inhibitors, and prostatic surgery, 

although associated with a strong improvement in LUTS, are usually associated with 

worsening sexual function.1

Several clinical trials have extensively reported on the efficacy and safety of 

chronic treatment with phosphodiesterase type 5 inhibitors (PDE5-Is) – either alone or 

in combination with conventional therapies – in ameliorating LUTS in men with or 

without ED.2

The aims of the present review were to analyze the links between LUTS/BPH and 

ED, examine the efficacy and safety of current treatment options for LUTS/BPH, and 

summarize the literature concerning the use of tadalafil for the treatment of LUTS/

BPH, including randomized controlled trials (RCTs) and systematic and nonsystematic 

reviews of this topic.
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The emerging links between  
LUTS and ED in aging men
Epidemiologic data
Many authors have analyzed the association between LUTS/

BPH and ED in aging men.3 The strong and independent 

relationship between LUTS and ED has been shown in sev-

eral epidemiologic trials. The positive association of LUTS 

severity with clinically relevant ED – independent of well-

known causes of ED such as age, diabetes, medications, or 

coronary artery disease – has strongly suggested a common 

pathogenetic mechanism.

The National Health and Social Life Survey suggested 

that LUTS are a significant risk factor for ED, with an odds 

ratio (OR) of 3.13 in 1410 men aged 18–59 years.4 In the 

Krimpen study, which included men aged 50–78 years, 

the prevalence of severe ED was tenfold higher in men 

aged 70–78 years than in those aged 50–54 years. Logistic 

regression showed that, regardless of age, severe LUTS 

were strongly associated with ED (OR 7.5; compared with 

no LUTS).5 The Asian Survey of Aging Males, a study on 

1155 men aged 50–80 years, demonstrated that males with 

severe LUTS were three times more likely to have ED than 

those without LUTS (OR 3.17).6 In recent times, the Boston 

Area Community Health Survey investigated 5506 men aged 

30–80 years and suggested that the relationship between 

LUTS and ED is primarily due to symptoms of prostatitis, 

incontinence, and nocturia (OR for ED: 1.86, 1.73, and 0.76 

for prostatitis, incontinence, and nocturia respectively).7 In 

this study, only age . 60 years, diabetes, and low socioeco-

nomic status were more relevant than LUTS as predictive 

factors for ED.

In a study of 1420 men with LUTS, although age has 

been shown to be the most important predictor of sexual 

function, benign prostatic hyperplasia (BPH)-related 

symptoms (according to the Benign Prostatic Hyperplasia 

Impact Index [BII]), as well as general quality of life (QOL) 

were also predictive for sexual dysfunction, including ED. 

In contrast, uroflowmetry parameters or post-void residual 

(PVR) urine volume were not associated with sexual dys-

function.8 In a representative population sample of 4489 

German men aged 30–80 years (Cologne Male Survey11), 

the overall prevalence of ED was 19.2%, ranging from 2% 

in men in their 40’s to 53% in men in their 80s; the preva-

lence of LUTS was 72.2% in men with ED, compared with 

37.7% in those without ED. The Multinational Survey of 

the Aging Male (MSAM-7) investigated 12,815 men aged 

50–80 years and demonstrated an ED prevalence of 43.0%, 

65.8%, and 82.5% in men with mild, moderate, and severe 

LUTS, respectively; severe LUTS resulted in an OR of 7.67 

for ED.9 The Epidemiology of LUTS survey of 11,834 men 

with a mean age of 56 years showed that men with LUTS 

had more severe ED; additionally, urgency with fear of uri-

nary leakage and leakage during sexual activity were also 

positively associated with ED.10

In a recent comprehensive review that summarized data 

obtained in 20 community- and clinical-based studies of 

71,322 men, a positive correlation between LUTS and ED 

was demonstrated, with the overall ORs ranging from 1.4 

to 9.74.11

Taken together, this evidence implies that both LUTS/

BPH and ED are associated with aging, but that the association 

between severity of LUTS/BPH and ED is independent of age. 

Alterations in mechanisms associated with metabolic syndrome 

and cardiovascular disorders are crucial to understanding the 

pathways and underlying links between these symptoms.

Common pathways linking  
LUTS/BPH and ED
The pathophysiology of LUTS/BPH and ED is complex and 

likely to be multifactorial involving numerous mechanisms 

affecting the entire lower urinary tract (LUT). The major 

mechanisms determining LUTS have been extensively 

reviewed elsewhere.12 Briefly, these are: reduced nitric oxide 

(NO)/cyclic guanosine monophosphate (cGMP) mainly in the 

prostate, urethra, and bladder but also in the pelvic neuronal 

and vascular bed; increased RhoA kinase pathway activity; 

increased autonomic nerve activity; and pelvic hypoxygen-

ation and ischemia.

The altered balance between relaxation (reduced NO/

cGMP-signaling) and contraction (increased RhoA/Rho 

kinase activity) in the penile smooth muscle compartment, 

as well as penile hypoxygenation/ischemia, are pathogenic 

factors underlying ED. Essentially, in animal models of ED 

associated with cardiovascular diseases – including hyper-

tension, diabetes, and metabolic syndrome or neurogenic 

ED15–17 – the concomitant impairment of smooth muscle 

relaxation and reduced oxygenation were documented.

In humans, phosphodiesterase type 5 (PDE5) is expressed 

in the whole of the LUT, including the urethra, prostate, and 

bladder – all potential targets of PDE5-Is.13–16 In all these organs, 

PDE5 was prominently localized in the stroma and in the vas-

cular bed (endothelial and smooth muscle cells), suggesting a 

possible action of PDE5-I either on smooth muscle contraction 

and/or blood flow. Animal models have provided a great deal 

of information on the possible mechanisms of action of PDE5-

Is, including the effects of tadalafil on LUT. Chronic pelvic 
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 ischemia was one of the main determinants of the functional and 

morphological changes observed in both bladder and prostate 

in the spontaneous hypertensive rat model.16,23

Chronic treatment with tadalafil or other PDE5-I in the 

spontaneous hypertensive rat was able to counteract all these 

LUT alterations, most likely through an increased blood per-

fusion and LUT oxygenation.15,16 A similar effect of tadalafil 

concerning increasing tissue perfusion and oxygenation has 

also been described in an animal model of severe neurogenic 

ED; chronic treatment with tadalafil after bilateral cavernous 

nerve neurotomy in the rat normalized penile oxygenation 

as well as smooth muscle content. One of the best described 

mechanisms of action of PDE5-Is with regard to inducing 

vasodilatation and increasing blood flow is smooth muscle 

cell relaxation of the LUT mediated by NO/cGMP.15,16 In 

addition, modulation of autonomic nervous system overactiv-

ity and bladder/prostate afferent nerve activity by PDE5-Is 

has also been suggested.12,19,20

Recently, it was documented that tadalafil enhances 

prostate and bladder neck relaxation through the inhibi-

tion of neurogenic contractions.18 Accordingly, it has 

been demonstrated that PDE5-Is induce a cGMP/protein 

kinase G-mediated inhibition of the contractile RhoA/Rho-

associated protein kinase signaling in the bladder,19 which 

also suggests a crucial role of PDE5-Is in ameliorating the 

dynamic/functional component of LUTS/BPH pathogenesis. 

These preclinical hypotheses have been confirmed by clinical 

evidence with PDE5-Is in spinal cord injured men investi-

gated by urodynamics20 and in men under sexual rehabilita-

tion for post-prostatectomy ED.21

A specific action of tadalafil in counteracting the patho-

genic factors mainly related to the static component of LUTS 

(ie, prostate enlargement and urethral compression) has been 

demonstrated as well.18 We recently reported, for the first 

time, a specific action of tadalafil on the prostatic chronic 

inflammatory process, the third recognized pathogenetic 

component of LUTS/BPH.22,23,28

Although primarily characterized by increased prolifera-

tion of both fibroblastic stromal and epithelial cells, intrapro-

static chronic inflammation has also been documented to play 

a causative role in LUTS/BPH. From a pathophysiological 

standpoint, an autocrine/paracrine proinflammatory loop 

between chronically activated T cells and stromal cells seems 

to be the key determinant factor in BPH development and 

progression.24

The prostate of the adult male rabbit fed a high fat 

diet (HFD) developed severe histological inflamma-

tion coupled with stromal derangement and hypoxia.25–30 

HFD-induced Metabolic Sydrome (MetS)-like features 

were associated with marked histological alterations of the 

prostate gland, characterized by severe inflammation coupled 

with stromal derangement and hypoxia. Interestingly, the 

HFD prostate showed also a marked increased expression 

of PDE5, suggesting that prostate in MetS condition could 

be the optimal target for PDE5-Is. PDE5 expression in the 

prostate was also strongly and positively associated with the 

expression of several inflammatory, myofibroblast activation, 

and hypoxia-related markers.28

Chronic use of a PDE5-I (12-week treatment with tadalafil) 

reduced the expression of inflammatory, pro-fibrotic, and myo-

fibroblast activation markers in the prostate.28 Consistent with 

these data, it has previously been reported that tadalafil strongly 

attenuated tumor growth factor beta 1-induced fibroblast-to-

myofibroblast trans-differentiation in primary human prostate 

stromal cells.31 Short-term treatment (1 week) with tadalafil was 

also able to significantly blunt HFD-related prostatic alterations, 

mainly reducing the inflammatory process. A significant reduc-

tion in interleukin 8, tumor necrosis factor alpha, and genes 

related to tissue remodeling was observed.28 Interleukin 8 is 

considered as a reliable surrogate marker of prostatic inflam-

matory diseases,32 linking chronic inflammation to prostatic 

enlargement. In particular, an increase in subtype-1 T-helper 

cells (Th1) is crucial in loss of self-tolerance and autoimmune-

tissue remodeling with hyperplastic overgrowth. Interestingly, 

we found that Th1 was absent from healthy rabbit prostate but 

was significantly induced by an HFD.23,27

Remarkably, both acute and chronic treatment with tadala-

fil dramatically reduced Th1 immune response in the prostates 

of animal subject on HFDs, further indicating the inhibitory 

action of PDE5-Is on the inflammatory processes affecting the 

prostate during metabolic derangements. Therefore, animal 

models demonstrated that both chronic and acute tadalafil 

administration were effective in reducing the HFD-related 

prostatic alterations, mainly attenuating chronic inflammatory 

and pro-fibrotic processes.28 Other positive effects of tadalafil 

on LUT oxygenation have also been reported.16

In conclusion, these experimental findings in animals and 

studies in humans add new insights into the understanding of 

the mechanism of action of PDE5-Is, and in particular of tada-

lafil, in alleviating LUTS (even in MetS patients). Study results 

strongly support the multiple potentiality of this drug class.

Active treatments for LUTS/BPH 
and their impact on sexual function
Act ive  t rea tments  inc lude  phyto therapy,  con-

ventional medical therapies, and surgical procedures 

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

101

Tadalafil for benign prostatic hyperplasia and erectile dysfunction

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Research and Reports in Urology 2013:5

(minimally invasive or invasive).33 The more invasive the 

treatment, the greater the occurrence of adverse events (AEs). 

Consequently, while invasive surgery (eg, transurethral resec-

tion of the prostate [TURP]) can sufficiently and quickly 

decrease symptoms or signs of BPH, it is also associated with 

well-defined severe AEs, such as bleeding, the need for blood 

transfusions, transurethral resection syndrome, urinary incon-

tinence, and ED. Therefore, it is crucial that any treatment for 

LUTS/BPH relieves the LUTS without producing major or 

troublesome AEs. Both medical and surgical treatments can 

have problematic side effects, including a remarkable wors-

ening of sexual function, but these particular AEs appear in 

different treatment modalities with different probabilities.1

The efficacy of the various treatments and any sexual 

dysfunction/ED side effects they might produce have 

been well documented for the various treatment options of 

LUTS/BPH.

Phytotherapy
The evidence of phytotherapy for LUTS/BPH has strikingly 

increased during the last two decades. Plant extracts contain 

a large variety of chemical components, including phytoster-

ols, plant oils, fatty acids, and phytoestrogens, which have 

various biochemical effects – including anti-inflammatory, 

antioxidant, and inhibitory – on 5α-reductase. In the TransEu-

ropean Research Into the Use of Management Policies for 

LUTS suggestive of BPH in Primary Healthcare (TRIUMPH) 

study, Serenoa repens and Pygeum africanum, the most used 

phytotherapeutic agents, both produced an equally significant 

improvement in LUTS in 43% of patients, giving a mean 

change of 3 International Prostate Symptom Score (IPSS) 

points but were less effective than α-blockers or 5α-reductase 

inhibitors (5ARIs).34 However, only mild and infrequent 

AEs, with particular concern regarding the impact on sexual 

function, (decreased libido) or gastrointestinal function, 

have been reported. In a trial with 811 LUTS/BPH patients, 

the incidence of ejaculatory dysfunction was reported to be 

significantly lower with Serenoa repens than with tamsulosin 

(0.6% vs 4.2% respectively).35 In another study on 2511 men, 

an increase in sexual dysfunction, evaluated using the Male 

Sexual Function-4 questionnaire, was reported with tamsu-

losin (+0.3) and finasteride (+0.8), while a slight improvement 

with Serenoa repens (−0.2) was documented.36

Medical therapies
Medical therapies for LUTS/BPH mainly include α-blockers 

and 5ARIs, alone or in combination, with well-established 

efficacy and AE profiles.1 In the TRIUMPH study, which 

recorded the treatment and outcomes of 2351 newly pre-

senting LUTS/BPH patients in six European countries over 

3 years, the use of α-blockers alone resulted in the most effec-

tive monotherapy, with a mean reduction of 6.3 IPSS points. 

In contrast, 5ARIs reduced LUTS by only 4.1 IPSS points. 

However, a statistically significant advantage resulted when 

using the combination therapy of tamsulosin plus finasteride, 

which resulted in a decrease of 8.1 IPSS points.34

Despite the fact that some α-blockers (eg, alfuzosin) 

improved EF in some trials, ejaculatory dysfunction was 

usually reported in these trials, occurring in 2%–14% of 

patients.37 Further, several sexual AEs have been reported 

to result from treatment with 5ARIs, including impaired 

sexual desire or loss of libido in 2%–10% of patients, ED 

in 3%–16%, and ejaculatory dysfunction in 0%–8%.38 The 

Combination of Avodart and Tamsulosin (CombAT) study 

evaluated tamsulosin and dutasteride combination therapy in 

4844 men with signs and symptoms of BPH; after 24 months, 

the rate of ED was 3.8% with tamsulosin, 6.0% with dutas-

teride, and 7.4% with combination therapy.39

Minimally invasive procedures
In recent years, a number of minimally invasive therapies 

for LUTS/BPH have been developed and refined, includ-

ing transurethral needle ablation (TUNA), transurethral 

microwave thermotherapy, and interstitial laser coagulation. 

Although these procedures are less effective at relieving LUTS/

BPH than conventional surgical treatments (eg, TURP) – with 

a mean 10.2 and 9.1 IPSS point reduction at 1 year for transure-

thral microwave thermotherapy and TUNA, respectively40 – 

AEs such as bleeding, ED, or ejaculatory dysfunction occur at 

a lower frequency. Consequently, their attractiveness for both 

patients and physicians is increasing. In a systematic review 

and meta-analysis of TUNA in symptomatic BPH patients, 

ED was reported in only 0.3% of men, retrograde ejaculation 

in 0.2%, and loss of ejaculation in 0.08% 41

Conventional and new surgical treatments
If treatment with drugs proves insufficient, the surgical gold 

standard for moderate to severe LUTS/BPH in patients with 

prostate volumes of less than 80–100 mL is TURP, which has 

replaced open prostatectomy (OP).42 Alternatively, for men 

with a prostate volume of #30 mL, transurethral incision 

of the prostate or bladder neck incision may be undertaken. 

A retrospective meta-analysis of 3304 men treated by con-

ventional surgical therapies reported retrograde ejaculation 

in 6%–80% of patients after OP, 70% after TURP, and 39% 

after transurethral incision of the prostate. ED was reported 
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in 13% of patients after TURP and in 11% after OP.43 The 

newest treatments for signs or symptoms of BPH are hol-

mium laser enucleation of the prostate and photoselective 

vaporization of the prostate; fewer AEs (eg, bleeding or blood 

transfusions) have been reported for both procedures than 

for conventional surgery, but their impact on sexual function 

was almost the same.44

Although the efficacy and AE profiles of all currently 

available treatment options for LUTS/BPH have been well 

investigated and defined, outcomes are sometimes unsatisfac-

tory for patients and partners, mainly due to the postopera-

tive AEs – above all, those affecting sexual function. These 

treatment-related disadvantages have triggered the search for 

new treatment options for effective relief of LUTS that result 

in very few or no sexual or other AEs. PDE5-I treatment (eg, 

with tadalafil [Cialis™, Eli-Lilly, Indianapolis, IN, USA]) 

seems to combine the efficacy of drugs (α-blockers) and can 

maintain or even improve sexual function.

Clinical evidence for tadalafil  
for LUTS/BPH
In 2007, McVary et al45 evaluated for the first time the efficacy 

and safety of tadalafil for the treatment of LUTS/BPH in men 

with or without ED. A total of 479 patients were screened and, 

after a 4-week washout and 4-week placebo run-in period, 281 

were randomly assigned to a 6-week treatment with once-daily 

placebo or tadalafil 5 mg. After 6 weeks, the remaining 261 

patients were assigned to continue with placebo for another 6 

weeks (a total of 12 weeks of once-daily placebo treatment) 

or to dose escalate tadalafil to 20 mg once daily. Of 143 

placebo-assigned patients, 121 (84.6%) were sexually active, 

84 (59.2%) had no ED, and 76 (53.1%) were sexually active 

despite ED, while, of 138 men treated with 5 or 20 mg tadala-

fil, 107 (77.5%) were sexually active, 99 (71.7%) had normal 

sexual function, and 80 (58.0%) were sexually active despite 

ED. Patients were evaluated for LUTS using the IPSS (includ-

ing the IPSS-QOL question) and BII questionnaires. Maximum 

urinary flow rate (Q
max

) and average urinary flow rate (Q
ave

) 

of free uroflowmetry were recorded, post-void residual urine 

(PVR) was measured by ultrasound after uroflowmetry, and 

sexual function was studied by using the erectile function (EF) 

domain of the International Index of Erectile Function (IIEF) 

questionnaire (questions 1 to 5 and 15).

In McVary et al’s study,45 tadalafil significantly improved 

LUTS at week 6 (mean IPSS change from baseline for 5 mg 

tadalafil was −2.8 compared with −1.2 for placebo) but 

improvement of LUTS was even better at week 12 with dose 

escalated tadalafil (5/20 mg tadalafil −3.8 vs placebo −1.7). 

BII changes observed were −0.7 for tadalafil 5 mg versus −0.4 

for placebo at week 6 and −1.3 for tadalafil versus −0.6 for 

placebo at week 12. No significant changes of uroflowmetry 

parameters were observed after week 12 between placebo 

and tadalafil: Q
max

 2.3 mL/s versus 2.7 mL/s (P = 0.81); 

Q
ave

 1.1 mL/s versus 0.9 mL/s (P = 0.79). Additionally, 

there was no change of PVR between the groups: −1.2 mL 

versus −2.5 mL (P = 0.57). As expected, sexual activity, as 

measured by the IIEF questionnaire, significantly improved 

only with tadalafil (+8.4) compared with placebo (+1.6; 

P , 0.001) after week 12. Also in this study, the authors 

were the first to evaluate the safety profile for PDE5-Is in 

patients with LUTS/BPH. The most commonly reported AEs 

(.2%) were dyspepsia, back pain, headache, nasopharyngi-

tis, and upper respiratory tract infection (each AE occurred 

in #5.1%). As expected, erections improved after 12 weeks 

with 5/20 mg tadalafil in 5.1%. Thus, in this study, McVary 

et al demonstrated for the first time that tadalafil is an effec-

tive and safe treatment for LUTS/BPH; patients achieved an 

effective LUTS response without significant AEs but with 

improvement of concomitant ED.

In 2008, Roehrborn et al46 published their report on a 

randomized, double-blind, placebo-controlled, 12-week study 

performed in ten countries and 92 centers in order to evalu-

ate the optimal dose of tadalafil for the treatment of LUTS/

BPH. The authors included 1813 LUTS/BPH patients aged 

45 years or older. After a 4-week washout and 4-week placebo 

run-in period, the study population was equally divided into 

five treatment arms: either (1) placebo or tadalafil (2) 2.5 mg, 

(3) 5 mg, (4) 10 mg, or (5) 20 mg once daily. Patients were 

assessed at baseline and at weeks 4, 8, and 12. At week 12, 

patients’ IPSS had significantly improved for all tadalafil 

doses compared with placebo. However, the best IPSS/QOL/

AE ratios were obtained with tadalafil 5 mg. Compared with 

placebo (decrease of 2.3 IPSS points), improvement of IPSS 

was 3.9 for tadalafil 2.5 mg (P , 0.015), 4.9 for tadalafil 

5 mg (P , 0.001), 5.2 for tadalafil 10 mg (P , 0.001), 

and 5.2 for tadalafil 20 mg (P , 0.001). In terms of safety 

profile, back pain, myalgia, and headache were more fre-

quent at higher tadalafil doses. AEs reported in the placebo 

arm versus 2.5/5/10/20 mg tadalafil arms were: six (2.8%) 

versus five, six (2.8%), eleven (5.1%), and seven (3.3%) 

for headache; zero versus two (1.0%), ten (4.7), six (2.8%), 

and ten (4.8%) for dyspepsia; and one (0.5%) versus three 

(1.4%), two (0.9%), ten (4.6%), and twelve (5.7%) for back 

pain. AEs led to study discontinuation for 2.4% of placebo-

treated men versus 1.9%, 5.7%, 5.1%, and 6.7%, respectively, 

of 2.5/5/10/20 mg tadalafil-treated males. Thus, this study 
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determined that tadalafil 5 mg once daily is the best dos-

age for the treatment of LUTS/BPH, providing an effective 

response to LUTS, with a minimal occurrence of AEs and 

rate of discontinuation.

Also in 2008, Bechara et al47 considered combination 

therapy of tadalafil with an α-blocker for the treatment of 

LUTS/BPH for the first time and compared tamsulosin 0.4 mg 

with tamsulosin 0.4 mg plus tadalafil 20 mg once daily. They 

enrolled 30 men with LUTS/BPH of at least 6 months in a 

randomized, double-blind, crossover study. Patients were 

treated with monotherapy or combination therapy for 45 days 

and then switched to the other treatment mode for another 

45 days. The authors found a significant improvement in IPSS 

(tamsulosin −6.7 vs tadalafil/tamsulosin −9.2; P , 0.05) and 

for the QOL question in the IPSS questionnaire (IPSS-QOL) 

(P , 0.001) with both treatment modalities compared with 

baseline but differences were greater with combination 

therapy. In terms of Q
max

 and PVR, there was a significant 

improvement from baseline with both treatment regimens 

(P , 0.001) but no significant differences between tamsulosin 

alone versus tamsulosin plus tadalafil 20 mg (P . 0.05). 

Improvement in IIEF score was significant with tamsulosin 

plus tadalafil (P , 0.001) but not with tamsulosin alone 

(P . 0.05). In this study, therefore, the authors demonstrated 

for the very first time that combination therapy is more effica-

cious when adding a PDE5-I (tadalafil) to standard treatment 

(tamsulosin) than α-blocker monotherapy.

In 2009, Liguori et al48 considered the combination 

of tadalafil 20 mg with alfuzosin 10 mg for the treatment 

of LUTS/BPH and ED. The authors enrolled 66 men who 

were randomized to either alfuzosin 10 mg once daily 

(22 patients), tadalafil 20 mg on alternate days (21 patients), 

or a combination of both (23 patients) and assessed treat-

ment outcomes at baseline and at week 12. They did not 

find a significant IPSS improvement for tadalafil alone 

(−8.4%, P not significant) but demonstrated a significant 

reduction in IPSS for alfuzosin monotherapy (−27.2%, 

P , 0.003) and combination therapy (−41.6%, P , 0.001). 

As such, Liguori et al confirmed the improved efficacy of 

improving LUTS/BPH (according to IPSS) with combina-

tion therapy (α-blockers plus a PDE5-I) compared with 

monotherapy (α-blocker or PDE5-I). Furthermore, the 

authors found an increased efficacy for EF and uroflowm-

etry parameters when using the combination therapy: IIEF 

+37.6% (P , 0.001) and Q
max

 +29.6% (P , 0.001) versus 

α-blocker monotherapy (IIEF +15.0%, P = 0.026; Q
max

 

+21.7%, P = 0.006) or tadalafil monotherapy (IIEF +36.3%, 

P = 0.011; Q
max

 +9.5%, P = 0.044). At the end of the trial, 

15 AEs (55.5%) occurred in the combination therapy arm 

and five (18.5%) in the tamsulosin/placebo arm; headache 

was the most reported AE: two patients discontinued the 

study due to AEs. This trial confirmed the efficacy and safety 

of combination therapy, even when using another α-blocker 

(alfuzosin) compared with α-blocker monotherapy.

In 2009, Porst et al49 investigated a selected group of 

581 men with comorbid LUTS/BPH and ED who reported 

being sexually active. Mean age was 62 years and mean 

body mass index (BMI) was 28.3 kg/m2. The majority of 

patients (84.5%) had had LUTS/BPH for more than 1 year, 

and 50.4% had a LUTS/BPH history . 3 years. After 4-week 

washout period for patients taking BPH and/or ED drugs 

and 4-week placebo run-in period, patients were assigned 

to once-daily placebo or tadalafil 2.5, 5, 10, or 20 mg for 

12 weeks. At baseline, the majority of patients had moderate 

ED (IIEF score of between 11 and 16): 60.0% in the placebo 

group, 57.5% in the tadalafil 2.5 mg group, 57.3% in the 

tadalafil 5 mg group, 48.3% in the tadalafil 10 mg group, 

and 57.8% in the tadalafil 20 mg group. Improvement in 

IPSS from baseline to study end was significantly greater 

for all tadalafil doses versus placebo: −2.1 for placebo, −3.6 

for tadalafil 2.5 mg (P = 0.043), −4.2 for tadalafil 5 mg 

(P = 0.004), −4.7 for tadalafil 10 mg (P , 0.001), and −4.7 

for tadalafil 20 mg (P = , 0.001). Q
max

 was not significantly 

different for any tadalafil group versus placebo. In terms of 

sexual function in men with an IIEF score , 26 at baseline, 

normal EF (IIEF $ 26) was dose-dependently obtained for 

tadalafil-treated men: 21.2% with tadalafil 2.5 mg, 34.2% 

with tadalafil 5 mg, 42.5% with tadalafil 10 mg, and 40% 

for tadalafil 20 mg versus 14% for placebo-treated men. AEs 

occurring in $2% of tadalafil-treated patients were headache, 

dyspepsia, back pain, and myalgia. For the 2.5, 5, 10, and 

20 mg tadalafil groups, the discontinuation frequency due to 

AEs was 2.7%, 5.1%, 5%, and 5.2%, respectively. Thus, this 

dose-finding study confirmed the efficacy of tadalafil 5 mg 

once daily in ameliorating LUTS/BPH and corroborated the 

role of this daily treatment in the concomitant improvement 

of EF in LUTS/BPH men with or without ED.

Also in 2009, for the first time, Roehrborn et al50 specifi-

cally evaluated uroflowmetry data in LUTS/BPH patients 

treated with tadalafil once daily. After a 4-week placebo 

run-in period, they enrolled 1058 LUTS/BPH patients and 

randomly allocated these men to receive once-daily treatment 

with placebo or tadalafil (2.5, 5, 10, or 20 mg) for 12 weeks. 

Uroflowmetry variables were stratified by age, Q
max

, LUTS 

severity, prostate size, previous α-blocker use, and sexual 

activity, including ED history. The authors demonstrated that 
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tadalafil was able to induce a dose-dependent increase in Q
max

, 

although not one that was significantly different from placebo 

(1.4 mL/s [+15%] for tadalafil 2.5 mg, 2.0 mL/s [+22%] for 

tadalafil 20 mg, and 1.2 mL/s [+12%] for placebo). Moreover, 

age, Q
max

 severity at baseline, ED history, sexual activity, and 

previous treatment with α-blockers were determinants for 

the change in Q
max

 across all tadalafil and placebo treatment 

groups. In tadalafil 2.5, 5, 10, or 20 mg once daily groups, 

there were study discontinuations due to AEs in 1.9%, 5.7%, 

5,1% and 6.7%, respectively. Once again, the lack of a sig-

nificant Q
max

 improvement was documented in this trial; this 

finding has since been confirmed by sub-analyses of other 

tadalafil trials.2

In 2010, Dmochowski et al51 conducted a multicenter, 

randomized, double-blind, placebo-controlled, 12-week trial 

comparing once-daily tadalafil 20 mg with placebo in LUTS/

BPH men with or without bladder outlet obstruction. Invasive 

computer-urodynamic evaluation, free uroflowmetry, and 

IPSS were assessed in this study. However, men with severe 

bladder outlet obstruction were not included in this study. In 

101 placebo-treated patients (mean age 59 years and BMI 

29.4 kg/m2), mean Q
max

 was 13.3 ± 7.4 mL/s and mean PVR 

59.3 ± 60.9 mL, while the 99 tadalafil-treated patients (mean 

age 58.2 years and BMI 29.5 kg/m2) had a mean Q
max

 of 

15.4 ± 11.1 mL/s and a mean PVR of 45.7 ± 49.6 mL. The 

differences of Q
max

 and Q
ave

 between men treated with tadalafil 

20 mg versus placebo were not statistically significant for 

free uroflowmetry (mean difference of change from baseline 

tadalafil vs placebo: Q
max

 −0.6 mL/s and Q
ave

 +1 mL/s) or 

pressure flow study (Q
max

 −0.1 mL/s and Q
ave

 +0.1 mL/s). The 

incidence of AEs was higher in the tadalafil group (55.6%) 

than in the placebo group (27.7%), but discontinuations due 

to AEs were low in both groups (tadalafil 2.0% vs placebo 

1.0%). In this safety study using a high dosage of tadalafil 

(20 mg for 12 weeks), Dmochowski et al suggested that 

once-daily administration of tadalafil should not worsen 

urodynamic parameters in men with LUTS/BPH.

In 2011, Porst et al52 evaluated the efficacy and safety of 

once-daily tadalafil 5 mg for the treatment of LUTS/BPH 

in an international, randomized, double-blind, placebo-

controlled, 12-week trial. The authors screened 442 men 

and, after 4-week washout period and 4-week placebo run-in 

period, randomized 325 patients to receive placebo or tadalafil 

5 mg once daily. From baseline to endpoint, tadalafil signifi-

cantly improved IPSS in comparison to placebo (−5.6 vs −3.6, 

P = 0.004). There was a significant reduction in IPSS already 

at week 4 (tadalafil 5 mg −5.3 vs placebo −3.5, P = 0.003) 

and after week 12. Likewise, the BII score had already sig-

nificantly improved at week 4 (tadalafil 5 mg −1.8 vs placebo 

−1.2, P = 0.029) and continued to improve until week 12 

(tadalafil 5 mg −1.8 vs placebo −1.3, P = 0.057). As in other 

studies, Porst et al found a remarkable improvement in IIEF in 

sexually active men with ED who were treated with tadalafil 

5 mg versus placebo (+6.7 vs +2.0, P , 0.001) at week 12. 

The incidence rate of at least one AE was 22% and 26.1%, 

and one (0.6%) and six (3.7%) patients discontinued due to 

AEs in the placebo and tadalafil 5 mg groups, respectively. 

As such, this study demonstrated that the clinical efficacy 

of tadalafil 5 mg once daily in treatment of LUTS/BPH is 

already detectable after 4 weeks.

In 2011, Donatucci et al53 evaluated the long-term effi-

cacy and safety of tadalafil for LUTS/BPH. They enrolled 

427 men who had been investigated in a 12-week, placebo-

controlled, dose-finding study with once-daily tadalafil (2.5, 

5, 10, or 20 mg) or placebo46 and continued treatment in the 

open-label extension study with tadalafil 5 mg for 52 weeks. 

Independent of the dosage used in the 12-week dose-finding 

period, at endpoint, there was an improvement of −5.0 ± 6.7 

points in IPSS and of 5.9 ± 7.6 points in IIEF score. After 

1 year, compared with at week 12, a further improvement in 

total IPSS and storage and voiding sub-scores was reported 

(−0.9 ± 5.7, −0.3 ± 2.6, and −0.6 ± 3.6, respectively). The 

most common AEs ($2%) were dyspepsia, gastroesophageal 

reflux disease, back pain, headache, sinusitis, hypertension, 

and cough. A total of 22 men (5.2%) discontinued the study 

due to AEs. Thus, this long-term study showed that tadalafil 

5 mg once daily is well tolerated during a treatment period 

of 1 year and that the drug maintains or even improves stor-

age and voiding symptoms, but the cost-effectiveness of the 

long-term chronic use of tadalafil was not evaluated.

In 2012, Oelke et al54 evaluated for the first time tadalafil 

5 mg and tamsulosin 0.4 mg once daily for the treatment of 

LUTS/BPH in an international, placebo-controlled, randomized, 

double-blind, 12-week trial comparing separately and indepen-

dently these two drugs with placebo. Following screening and 

washout, if needed, and a 4-week placebo run-in, they evaluated 

511 men who were randomly assigned to placebo (n = 172), 

tadalafil 5 mg (n = 171), or tamsulosin 0.4 mg (n = 168). 

Compared with placebo, there was a significant decrease in 

IPSS of 1.5 points after only 1 week of treatment with tadalafil 

or tamsulosin (P , 0.01). After 12 weeks, decrease in IPSS 

with tadalafil (2.1 points, P = 0.001) was even more pronounced 

than with tamsulosin (1.5, P = 0.023) compared with placebo. 

Additionally, BII score had significantly improved at week 4 with 

tadalafil (−0.8; P , 0.001) and tamsulosin (−0.9; P , 0.001) 

and at week 12 (tadalafil −0.8, P = 0.003; tamsulosin −0.6, 
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P = 0.026) compared with placebo. QOL (IPSS-QOL), treat-

ment satisfaction (Treatment Satisfaction Scale), and Patient 

or Physician Global Impression of Improvement scores only 

improved for tadalafil, not for placebo or tamsulosin. Improve-

ment in IIEF score was once more documented for tadalafil 

(4.0, P , 0.001) but not for tamsulosin (−0.4, P = 0.699) 

compared with placebo. The patient discontinuation rate due to 

AEs was 1.2% for placebo, 1.2% for tadalafil 5 mg, and 0.6% 

for tamsulosin 0.4 mg. The unexpected outcome of this study 

was the significant improvement of uroflowmetry parameters. 

Q
max

 and Q
ave

 similarly increased with both tadalafil (2.4 mL/s, 

P = 0.009 and 1.6 mL/s, P = 0.002, respectively) and tamsulosin 

(2.2 mL/s, P = 0.014 and 1.3 mL/s, P = 0.023, respectively) at 

week 12. In this trial, therefore, Oelke et al54 demonstrated a 

significant and clinically meaningful improvement in LUTS/

BPH with tadalafil 5 mg once daily, which was similar to that 

attained by tamsulosin 0.4 mg once daily after only 1 week, 

a further improvement in LUTS/BPH after 12 weeks, improve-

ment of QOL and treatment satisfaction parameters only with 

tadalafil, and an unexpected but remarkable improvement of 

urinary flow rates at week 12.

Also in 2012, Regadas et al55 evaluated for the first time 

the effects on free uroflowmetry of treating patients with 

LUTS/BPH for 30 days with tamsulosin 0.4 mg with or with-

out tadalafil 5 mg in a cohort of 40 men with bladder outlet 

obstruction (mean ± standard deviation: Q
max

 6.2 mL/s ± 2.6 

for α-blockers alone and 7.4 mL/s ± 2.6 for an α-blocker plus 

tadalafil). Patients were equally randomized into two treatment 

arms: once-daily tamsulosin 0.4 mg plus tadalafil 5 mg or 

tamsulosin 0.4 mg plus placebo. The study design included an 

urodynamic study based on the recommendations of the Inter-

national Continence Society. Detrusor pressure at maximum 

flow was significantly reduced with tamsulosin plus tadalafil 

compared with tamsulosin alone (13 ± 17.0 vs −1.2 ± 14.35, 

P = 0.03). Moreover, Q
max

 increased in both treatment groups 

(1.0 ± 2.4 mL/s with tamsulosin + tadalafil and 1.4 ± 2.4 mL/s 

with tamsulosin + placebo), but differences were not signifi-

cantly different (P = 0.65). Finally, LUTS/BPH decreased sig-

nificantly in both the tadalafil plus tamsulosin and tamsulosin 

plus placebo groups (−9.75 vs −6.0 IPSS points, P = 0.01). 

No significant AEs led to discontinuation in the tadalafil plus 

tamsulosin group. This is the first trial – based on a computer-

urodynamic study – to have demonstrated that tadalafil reduces 

detrusor pressure at maximum flow and improves LUTS/BPH 

without significantly changing Q
max

.

Again in 2012, Yokoyama et al56 directly compared 

tadalafil with tamsulosin 0.2 mg in the first study to do so. 

The authors enrolled 612 men aged $ 45 years who had a 

history of LUTS/BPH for at least 6 months, a total IPSS 

$ 13, Q
max

 4–15 mL/s, and a prostate volume . 20 mL. 

After a 2-week washout period and 4-week placebo lead-

in period, they randomized patients into four groups and 

treated patients with once-daily placebo, tadalafil 2.5 mg, 

tadalafil 5 mg, or tamsulosin 0.2 mg for 12 weeks. From 

baseline to endpoint, LUTS/BPH significantly decreased 

by 4.8 IPSS points with tadalafil 2.5 mg (P = 0.003), 

4.7 points with tadalafil 5 mg (P = 0.004), and 5.5 points 

with tamsulosin 0.2 mg compared with 3.0 IPSS points with 

placebo. They observed that a relevant decrease in total IPSS 

(P , 0.05) was reached after 2 weeks of once-daily tadalafil 

5 mg treatment but only after 8 weeks for tadalafil 2.5 mg 

treatment. Q
max

 improvements were not significant with 

once-daily tadalafil or tamsulosin in this study. In terms of 

safety profile, the rate of discontinuation from each group 

due to AEs was 0.6% from the placebo group, 3.3% from 

the tadalafil 2.5 mg group, 4.5% from the tadalafil 5.0 mg 

group, and 1.3% from the tamsulosin group. In this study 

the authors demonstrated that tadalafil did not significantly 

modify prostate-specific antigen concentration during the 

12-week treatment period (baseline to 12 weeks: 1.7 vs 

1.8 ng/mL, P = 0.083).

Safety/tolerability and efficacy  
of tadalafil in systematic reviews 
and meta-analyses of men  
with LUTS/BPH
Safety
All PDE5-Is included in the systematic review authored by 

Liu et al57 showed a good safety profile with a relative risk of 

AEs from tadalafil similar to those reported with vardenafil or 

sildenafil (2.27 vs 1.86 vs 1.22, respectively). Moreover, the 

occurrence of serious AEs was rare for all PDE5-Is (1.1%, 

1.85%, and 1.05% for the tadalafil, vardenafil, and sildenafil 

subgroups, respectively).

Martínez-Salamanca et al58 confirmed that tadalafil has a 

favorable tolerability profile, with most of the AEs being mild 

to moderate in severity. Moreover, discontinuation rates due 

to AEs were very low for tadalafil and comparable to those 

reported for placebo (2.0% vs 1.0%). Headache, dyspepsia, 

back pain, gastroesophageal reflux, sinusitis, and myalgia 

were the most frequently reported AEs in clinical trials 

(11.1%, 10.2%, 11.1%, 3.0%, 0.3%, and 5.7%, respectively; 

Table 1). These same AEs were reported in the previously 

published PDE5-I meta-analysis, however, the probability of 

an AE was higher in the latter report.2 The overall incidence 
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of AEs reported in the present review on tadalafil versus 

placebo was very similar to that reported by Gacci et al2 in 

the systematic review of all PDE5-Is versus placebo: 16.0% 

versus 6.0%.

Efficacy
Liu et al57 included in their systematic review three stud-

ies (six RCTs) of tadalafil versus placebo, demonstrating a 

mean difference in IPSS change from baseline of 2.57 (95% 

confidence interval [CI] 3.15–1.98) and in IIEF-EF score of 

5.34 (95% CI 4.11–6.57) in favor of tadalafil. In the same 

review, the meta-analysis of mean difference in Q
max

 and PVR 

were not statistically significant: 0.20 (95% CI 0.24–0.64, 

P = 0.38) and 0.47 (95% CI 5.17–6.10, P = 0.87), respec-

tively. In this review, the authors emphasized that there is no 

significant correlation between LUTS/BPH improvement 

(change in IPSS) and recovery of sexual activity (change in 

IIEF-EF score) and that the efficacy of tadalafil on LUTS/

BPH in men without ED demonstrates a direct activity of 

tadalafil on the LUT; in particular, the overall improvement 

of IPSS in men with ED overlapped the improvement in 

IPSS in men without ED (IPSS mean difference −2.57 vs 

−2.60, respectively).

In 2011, in a nonsystematic descriptive review including 

data from 1088 men treated with tadalafil compared with 444 

treated with placebo, Martínez-Salamanca et al58 confirmed 

that tadalafil significantly improves LUTS/BPH compared 

with placebo (mean IPSS difference between treatments +4.2, 

P , 0.001). The overall decrease in IPSS was comparable 

with that reported in previous α-blocker studies. In the sub-

group of sexually active men (55%), a significant improve-

ment in EF was also reported (IIEF-EF domain scores +7.15 

with tadalafil vs +2.38 with placebo, P = 0.001). Finally, none 

of the studies included in this review showed a significant 

effect of tadalafil on uroflowmetry variables.

The latest systematic review with meta-analysis by 

Gacci et al2 included four RCTs on tadalafil versus placebo 

(1360 vs 568 patients) and two RCTs on tadalafil plus 

α-blocker versus α-blocker alone (34 vs 32 patients). The 

overall outcomes in terms of efficacy as measured by IPSS, 

IIEF, and Q
max

 were very similar to those reported for other 

PDE5-Is selected for the review (Figure 1). In particular, the 

most remarkable improvement in LUTS/BPH with tadalafil 

alone was obtained by Roehrborn et al’s study46 (mean dif-

ference in change from baseline compared with placebo: 

IPSS −3.7, CI −5.5 to −1.8), while the maximum improvement 

in LUTS/BPH achieved tadalafil and α-blocker combined 
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Figure 1 Weighted mean differences (with 95% confidence interval) of International Prostate Symptom Score (IPSS) (A) and International Index of Erectile Function-Erectile 
Function (IIEF-EF) score (B) for the studies on tadalafil versus placebo.
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therapy compared with α-blocker alone was reported by 

Bechara et al47 (IPSS −2.5, CI −5.7 to +0.7). Excellent results 

were obtained either with tadalafil alone or in combination 

with α-blockers with regard to EF (IIEF +6.8, CI 4.3–9.2 

and IIEF +6.3, CI 0.9–11.7, respectively).45,47 Combination 

therapy with tadalafil and an α-blocker achieved a statistically 

significant – albeit clinically negligible – improvement of Q
max

 

(+0.9 and +1.0 mL/s respectively).47,48 Moreover, Gacci et al’s2 

meta-analysis demonstrated that younger men with lower BMI 

and more severe LUTS/BPH are the best candidates (target 

patients) for PDE5-I treatment when improvement of LUTS/

BPH is intended.

Conclusion
Many preclinical and clinical studies emphasize the close 

link between LUTS/BPH and ED. The majority of active 

treatments for LUTS/BPH have a negative impact on EF.

The remarkable improvement of both LUTS/BPH and 

ED with tadalafil 5 mg once daily suggests a leading role for 

this PDE5-I treatment for men with comorbid BPH and ED. 

PDE5-I treatment is associated with a low rate of AEs and 

any AEs that do occur tend to be of low severity.

Further studies are needed to better understand the 

mechanisms of action of PDE5 or PDE5-Is, analyze the 

correct time for treatment, the cost-effectiveness of treat-

ment, and to better define the long-term safety and efficacy 

of once-daily use of tadalafil 5 mg for men with LUTS/BPH 

with or without ED.
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