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Therapy in Practice

Vardenafil for the treatment of erectile
dysfunction

Davide Arcaniolo*, Ciro Imbimbo, Marco Grillo & Ferdinando Fusco

Practice Points

B Oral therapy with phosphodiesterase-5 (PDE-5) inhibitors represents the first-line therapy

for erectile dysfunction.

B Vardenafil is effective starting from 30 min after administration, and its efficacy extends

up to at least 8 h after administration.
B Vardenafil's effectiveness is reduced by heavy, fatty meals.

B The recommended starting dose is 10 mg, which could be modified according to the

patient’s response and side effects.
B |n patients with a mild liver impairment, the starting dose should be 5 mg.

B Vardenafil is effective in treating difficult patients (e.g., diabetic, hypertensive or radical

prostatectomy patients).

B Daily chronic administration of vardenafil seems to be no better than on-demand

administration.

B Orodispersible vardenafil formulation is as effective and safe as the film-coated tablet.

Vardenafil is a highly selective phosphodiesterase-5 (PDE-5) inhibitor
approved for the treatment of erectile dysfunction. PDE-5 inhibition determines the increase
in intracellular cGMP in the corpora cavernosa that, in response to sexual stimuli, results in
enhanced erections. It has been found to be effective in a high percentage of patients and a
broad spectrum of underlying conditions. In particular, a high percentage of men suffering from
diabetes, hypertension, patients with cardiovascular risk factors and cardiovascular disease,
as well as patients with spinal cord injury or depressive disorders, were found to respond
to vardenafil treatment. An improvement in sexual function seems to contribute to quality of
life and improve satisfaction in couples. The drug’'s overall tolerability and safety profile is
acceptable, with headaches, flushing, rhinitis and dyspepsia being the major reported side

Urology Department University 'Federico II', Via Sergio Pansini, 5 — 80131, Naples, Italy FUtu re .0,'0. fsg
*Author for correspondence: Tel.: +39 081 7462611; Fax: +39 081 5452959; davide_arcaniolo@yahoo.it Med ICINne part of

10.2217/CPR.11.131 © 2012 Future Medicine Ltd Clin. Pract. (2012) 9(1), 39-48 ISSN 2044-9038 39



Therapy in Practice | Arcaniolo, Imbimbo, Grillo & Fusco

40

effects. Of particular importance, its tolerability and safety in cardiovascular patients seems

to be adequate with no significant increase in cardiovascular events that could be directly

attributed to the pharmacologic agent.

Phosphodiesterase-5 (PDE-5) inhibitors are effec-
tive drugs for treatment of erectile dysfunction
(ED) in most patients [1]. Current guidelines rec-
ommend the use of PDE-5 inhibitors (vardenafil,
sildenafil and tadalafil) as a first-line therapy for
ED stemming from varying etiologies and severi-
ties [2]. Vardenafil (Levitra, Bayer Healthcare) is
a selective PDE-5 inhibitor that has been com-
mercially available since March 2003, and is
characterized by a rapid onset of action, increased
duration of erection, high rates of first-dose suc-
cess and reliable efficacy that can be maintained
with continued use.

The aim of the present paper is to review clini-
cal evidence supporting the use of vardenafil for
treatment of ED with the intent of providing
a practical guide for the daily management of
patients suffering from erectile impairment.

Isoform 5 of the PDE enzyme catalyzes the
hydrolysis of cGMP and regulates its intra-
cellular inactivation. cGMP is produced by the
guanylate cyclase enzyme, which is localized in
the smooth muscle cells and is activated by nitric
oxide. Cytosolic cGMP acts as a second messen-
ger to activate a pattern of protein kinases and ion
channels. In smooth muscle cells, the decreased
concentration of intracellular calcium causes
relaxation and reduced muscular tone. In this
way, the pharmacological inhibition of PDE-5
increases cGMP levels and induces smooth
muscle relaxation. Isoform 5 of PDE is present
in the corpora cavernosa of the penis within the
vascular and trabecular smooth muscles and in
the platelets (34]. The pharmacological inhibi-
tion of PDE-5 enhances penile erection and has
a direct effect on pulmonary pressure. Recently,
we have demonstrated that acute administration
of vardenafil in healthy volunteers determined
a twofold increase in platelet cGMP and that
following chronic administration of a low dose
of vardenafil in patients with ED, there is an
enduring enhancement of platelet cGMP levels.
A ¢GMP increase displayed a significant corre-
lation with the RigiScan test after video sexual
stimulation and was not sensitive to a placebo
effect. Therefore, platelet cGMP can provide
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information on the activity and duration of
PDE-5 inhibition and could be used as a useful
tool in future ED clinical studies [3].

Vardenafil is highly selective for PDE-5.
According to the review article by Gresser et al.
a concentration of 0.14 nmol/l vardenafil is
sufficient for 50% inhibition of PDE-5 activ-
ity (4]. In studies by Saenz de Tejada ez al., the
IC,, of vardenafil was 0.7 nmol/l for PDE-5,
11 nmol/l for PDE-6 and 180 nmol/I for PDE-11
(6]. Vardenafil has a 40-fold higher affinity for
PDE-5 over sildenafil, but this difference does
not show a correlation in terms of clinical efficacy
(7. Upon oral administration, vardenafil is rap-
idly absorbed with maximum vardenafil plasma
concentrations (C_ ) achieved within 0.5-2 h.
Measurable amounts of vardenafil were found as
early as 8 min after oral intake in some cases and
after 15 min in most of the patients, especially if
taken at the 20 mg dose.

The half-life of vardenafil and its active
metabolite is approximately 4.5 h (compared
with the half-life of sildenafil, which is 4 h, and
the tadalafil halflife, which is 17.5 h). Mild renal
impairment did not alter the pharmacokinet-
ics of vardenafil. The drug is metabolized pre-
dominantly by the hepatic reduction—oxidation
enzyme cytochrome P450 (CYP) 3A4, and, to
a lesser extent, the CYP3A5 and CYP2C9 iso-
forms. The major desethylated metabolite (M-1)
has PDE-5 selectivity similar to that of vardenafil
and accounts for approximately 7% of the total
pharmacological activity of vardenafil. In patients
with hepatic insufficiency, peak plasma concen-
tration and bioavailability (AUC) may increase
significantly. As a consequence, a lower starting
dose (5 mg) is recommended in patients with
moderate hepatic impairment (8].

Since 2011, a new orodispersible tablet (ODT)
formulation for vardenafil has been available on
the market. Vardenafil 10 mg ODT is rapidly
absorbed after oral administration without water.
The pharmacokinetic profile is comparable to
the vardenafil film-coated tablet, except that the
ODT exhibited significantly greater bioavailabil-
ity. This was demonstrated by 21-44% higher
AUC values for the vardenafil ODT compared
with the vardenafil film-coated tablet 10 mg
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formulation. This difference in bioavailability is
most likely related to drug absorption through
the lingual and buccal mucosa. Drugs absorbed
via the oral mucosa enter the systemic circula-
tion directly and thereby avoid the first-pass
metabolism that occurs when the tablet is swal-
lowed. Food ingestion does not have any inhibi-
tory effect on the pharmacokinetics of vardenafil
ODT. Multiple-dose administration of varde-
nafil ODT demonstrated time-linear pharmaco-
kinetics for vardenafil and no drug accumulation
with daily use [9].

To date, clinical efficacy of vardenafil for the
treatment of ED has been tested in many pub-
lished clinical trials [2]. Its efficacy was first tested
and documented on a conscious rabbit model
that had similarly been used for investigations
on sildenafil [10]. After initial dose-finding stud-
ies, the first study was conducted and vardenafil
5, 10 or 20 mg was administered to 601 men
with mild-to-severe ED. Efficacy was evaluated
using the International Index of Erectile Function
(IIEF). Primary end points (vaginal penetration
and maintenance of erection) were improved in
all dosage groups compared with placebo. In
the 20 mg group, 80% of the patients reported
improved erections compared with 30% in the
placebo group [11].

Since this first study, many trials have been
conducted to confirm the efficacy and safety of
vardenafil taken on demand for the treatment of
ED. The main postmarketing vardenafil studies
are summarized in Table 1.

In a double-blind, randomized study, Stief
et al. demonstrated the long-term efficacy and
tolerability of vardenafil. Five-hundred and fifty-
six men with ED were treated with vardenafil 10
or 20 mg for 2 years. Improvement in their IIEF
and Sexual Encounter Profile (SEP) scores was
observed over the entire treatment period [12].

In a recent multicentric, prospective, double-
blind study, 358 patients suffering from ED were
randomized to receive vardenafil 10 mg or placebo
for 12 weeks. Vardenafil significantly improved
the IIEF and SEP scores when compared with
placebo. Furthermore, positive Global Assesment
Questionnaire (GAQ) responses were reported in
82.6% of patients treated with vardenafil versus
24.3% of placebo patients. The drug was gener-
ally well tolerated and its most common adverse
effects were flushing and headache [13].
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In 2009, the ENDURANCE study demon-
strated that the PDE-5 inhibitor vardenafil, taken
on demand at a 10 mg dose prolonged erection
in men with ED, when compared with placebo
treatment. Duration of erection, timed with a
stopwatch, was defined as the time of erection per-
ceived hard enough for penetration until its with-
drawal from the partner’s vagina. This was the
first study where a stopwatch assessment tool was
used to measure erection duration time leading
to successful intercourse as a primary successful
end point following PDE-5 inhibitor therapy [14].

Vardenafil treatment is also associated with
significant patient satisfaction. In a random-
ized, double-blind, placebo-controlled study,
Ralph ez al. recruited 611 men with ED. Patients
were randomized between vardenafil and pla-
cebo. After 18 weeks, the mean of improvement
score in the IIEF-EF group compared with the
baseline was 12.70 in the vardenafil group and
1.69 in the placebo group. This significant dif-
ference was observed starting from the fourth
week of therapy. Significant improvements were
also noted in Erectile Dysfunction Inventory
of Treatment Satisfaction (EDITS) and Centre
for Epidemiological Studies Short Depression
Scale (CES-D) scores compared with placebo
(p < 0.001). The researchers concluded that ED
improvement with vardenafil treatment resulted
in greater overall satisfaction amongst the patients
and their partners [15]. More recently, a double-
blind, placebo-controlled trial assessed the effi-
cacy of vardenafil in men with ED and analyzed
the effects of treatment on their female partner’s
sexual quality of life. Men were randomized to
receive either vardenafil 10 mg or placebo, which
could be modified to 20 or 5 mg after 4 weeks.
Efficacy of treatment was measured by question 3
of the SEP questionnaire (SEP3) and the quality-
of-life domain of the modified Sexual Life Quality
Questionnaire. Vardenafil significantly improved
both erection maintenance and the female part-
ners’ sexual quality of life after 12 weeks of
treatment [16].

In 2008, Valiquette ez a/l. demonstrated that
most patients who respond initially to vardenafil
20 mg are likely to experience successful inter-
course on their subsequent attempts at a prob-
ability similar to their first-dose success. Results
of their multicenter, randomized, double-blind,
parallel-group, placebo-controlled trial (RELY-II
study) revealed that patients receiving a 20 mg
vardenafil dose had successful penetration (SEP2)
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and successful erection maintenance compared
with placebo over the 12-week study period [17].

In recent years, several investigations were
conducted on the efficacy of vardenafil on
special patient populations.

ED is highly prevalent in patients suffering
from diabetes mellitus. A multicenter random-
ized study on 452 patients with diabetes mel-
litus demonstrated improved rates of successful
penetration and intercourse at all baseline lev-
els of ED severity, and at each level of plasma
HbAIlc in both Type 1 and Type 2 diabetes
mellitus [18].

Recent investigations have emphasized that
vardenafil is highly effective in patients with
multiple cardiovascular risk factors, such as
diabetes mellitus, hyperlipidemia and hyper-
tension, across all efficacy measures evalu-
ated, regardless of race, age, weight or ED
etiology [19].

Vardenafil was also tested in patients who
underwent nerve-sparing radical prostatec-
tomy. In a randomized, double-blind, placebo-
controlled trial conducted in 58 centers in the
USA and Canada; 444 men who had recently
undergone nerve-sparing radical retropubic
prostatectomy were randomized to receive
either placebo (145), 10 mg vardenafil (146)
or 20 mg vardenafil (149) on demand. Results
for both the 10 and 20 mg vardenafil recipients
in improved IIEF domain for intercourse satis-
faction, orgasmic function and overall satisfac-
tion with sexual experience were significantly
superior to the placebo group (p < 0.001).
Patients treated with vardenafil showed sig-
nificant improvement of erection hardness
compared with patients treated with placebo
(p < 0.0001). Headache, vasodilatation and
rhinitis were the more frequent side effects, but
in general treatment was fairly well tolerated
(20]. The REINVENT study investigated the
possible daily administration of vardenafil for
penile rehabilitation after nerve-sparing radical
prostatectomy. This randomized, double-blind,
double-dummy, multicenter, parallel group
study involved 87 centers all over the world.
A total of 628 men, aged 18-64 years, were
randomized to receive either 9 months of treat-
ment with 10 mg nightly of vardenafil (which
could be decreased to 5 mg if required) plus on-
demand placebo, 9 months of treatment with
flexible-dose (starting at 10 mg with the option
to titrate to 5 or 20 mg), on-demand vardenafil

Clin. Pract. (2012) 9(1)

plus nightly placebo, or 9 months of treatment
with nightly placebo plus on-demand placebo.
After a 2-month washout period, an open
label extension for 2 months with vardenafil
on demand was carried out. Results of this
study showed that on-demand use of varde-
nafil determined a significant improvement
in IIEF-EF scores compared with placebo. In
addition, the IIEF-EF scores and SEP3 success
rates were higher for the vardenafil on-demand
group compared with the nightly group. This
data clearly shows that nightly dosing with var-
denafil did not produce any benefits over the
on-demand therapy [21].

Renal transplantation can represent a risk
factor for developing ED [22]. Therapy with
vardenafil seems to be able to restore erec-
tile function in renal transplant recipients. A
Turkish study demonstrated that treatment
with vardenafil for 4 weeks can improve IIEF
scores without impairing renal-function tests
and without affecting the dosage of immu-
nosuppressive drugs. The most common side
effects observed were flushing, palpitation,
headache and dyspepsia [23].

The Real-Life Safety and Efficacy of var-
denafil (REALISE) study conducted on a
wide population of men with ED and pub-
lished in 2010 confirmed the above findings.
In this international, open-label, prospective,
noncomparative and noninterventional study
73,946 patients with ED aged 18 years or
older were enrolled in order to determine var-
denafil’s efficacy and safety in a real-life set-
ting. Many patients in this group presented
comorbidities, such as hypertension, diabetes,
lipid metabolism disorder or cardiovascular
disorders. Improvements in erectile function
were observed in a high percentage of patients
regardless of either baseline ED severity (mild,
97.0%; moderate, 96.2%; severe, 85.5%) or
the presence of hypertension (93.6%), diabetes
(92.6%), lipid metabolism disorder (94.7%) or
cardiovascular disorders (93.3%). Most of the
patients in the study (>90%) reported a high
satisfaction level with vardenafil efficacy and
expressed their willingness to continue varde-
nafil use after the end of the study period. The
incidence of adverse events was low and 97.0%
of patients were satisfied with vardenafil’s tol-
erability [24]. More recently, Eardley ez al.
reviewed data on 4326 patients suffering from
ED treated with vardenafil. Their findings

future science group



Vardenafil for the treatment of erectile dysfunction Therapy in Practice

confirmed that vardenafil is effective and safe
in patients with ED and underlying condi-
tions, such as diabetes, hypertension, dyslip-
idemia or metabolic syndrome, irrespective of
level of glycemic control or use of concomitant
medications [25].

First data on the efficacy and safety of the
new orodispersible vardenafil formulation is
now available.

The POTENT I study was conducted on
409 men suffering from ED who were enrolled
in 40 centers across Europe and South Africa
and demonstrated that on-demand vardenafil
10 mg ODT was better than placebo in improv-
ing SEP2, SEP3, GAQ question and IIEF after
a 12-week treatment period. The study proved
that the adverse effects were the same with the
film-coated tablet formulation [26].

Findings from the multicentric POTENT II
study confirmed the results of POTENT I. In
this double-blind, placebo-controlled, multi-
center study, 473 men were enrolled in 35 dif-
ferent centers in Australia, Canada, Mexico
and the USA. Primary and secondary efficacy
was measured by IIEF, SEP2 and SEP3, and
vardenafil 10 mg ODT was shown to be supe-
rior to placebo for all primary and secondary
efficacy variables. The vardenafil ODT was

generally well tolerated [27).

Oral therapy with PDE-5 inhibitors is the
first-line therapy for ED. Vardenafil is effective
starting from 30 min after administration and
is available in 5, 10 and 20 mg doses. The effec-
tiveness of the drug is reduced by heavy, facty
meals. According to EAU guidelines, the rec-
ommended starting dose is 10 mg and should
be modified in accordance with the patient’s
response and side effects [2].

It has been widely demonstrated that var-
denafil is effective in improving erections in
difficult-to-treat subgroups [23].

A total of 72% of the diabetic patients ina
study by Goldstein ez al. reported improved
erections (i.e., improved GAQ) compared with
13% of patients taking placebo and the final
ITEF-EF score was 19 compared with 12.6 for
the placebo group [18]. A recently reported
Japanese study proved that vardenafil 20 mg
seemed to be more efficacious in men with dia-
betes over 10 mg in a comparable safety profile
of both dosages [29]. Based upon our experience
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in patients with severe ED and organic etiology
or in the presence of comorbidity, vardenafil
should be administered on demand at a start-
ing dose of 20 mg. Conversely, Reffelmann
et al. recommend that in patients with mod-
erate hepatic impairment and those who are
elderly (>65 years old) the starting dose should
be 5 mg 8].

To date no data have shown the superior
effects of chronic daily administration of
vardenafil compared with administration on
demand. The RESTORE study compared
once-daily vardenafil 10 mg plus on-demand
placebo for 12 or 24 weeks and once-daily
placebo plus on-demand vardenafil 10 mg
for 24 weeks. The study findings showed that
once-daily vardenafil did not produce greater
sustained effects on erectile function than
on-demand therapy [30].

The prescribing information for vardenafil
recommends that a dose be taken approximately
1 h before sexual intercourse [31]. Montorsi
et al. suggested that patients using vardenafil
for the first time should be advised to engage
in sexual activity approximately 1 h after inges-
tion of the pill, but vardenafil responders can
shorten the time of initiation of sexual activity
after taking the drug if they have the desire to
do so [32]. Data from a randomized, double-
blind, placebo-controlled study demonstrated
that vardenafil, when taken by men with ED
8 h before intercourse, showed statistically
significant improvements in SEP3 and SEP2,
GAQ, IIEF-EF domain score, GCQ and EQS,
compared with placebo. The findings of this
study showed that the efficacy of vardenafil
extends up to at least 8 h after dose administra-
tion, which allows couples to engage in sexual
activities within this extended time frame [33].

Market research revealed the demand for
a more convenient method of using varde-
nafil, and in general, ODT formulations offer
improved convenience. Patient preference
studies of ODT versus film-coated tablet for-
mulations have shown that the orodispersible
formulation is preferred by the majority of
subjects 34]. The new ODT formulation can
guarantee efficacy and ease of administration,
convenience and overall compatibility with a
'natural’ sexual experience, which are impor-
tant considerations that govern whether a par-
ticular therapy is suitable for a patient and his
partner [35]. The ODT vardenafil provides an
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attractive option for long-term ED therapy for
most patients suffering from ED irrespective of
their age and underlying conditions.

In recent years, other possible clinical indi-
cations for vardenafil have been proposed and
some preliminary studies have been conducted.
Stief ez al. tested the efficacy and safety of var-
denafil 10 mg twice daily versus placebo in men
with lower urinary tracts symptoms (LUTS)
secondary to benign prostatic hyperplasia aged
46-64 years old [36]. Only patients with an
International Prostate Symptom Score (IPSS)
of at least 12 were enrolled in this randomized,
double-blind trial. After 8 weeks of treatment
there was a significant improvement in the IPSS
total score (-5.9 and -3.6, respectively) and in
both the irritative and obstructive subscores in
the vardenafil group compared with placebo.
No significant changes were observed in Q__
and postvoidal residual urine. Vardenafil was
generally well tolerated in men with LUTS,
and the adverse events profile was consistent
with those previously reported for other PDE-5
inhibitors [36].

Vardenafil has also been investigated for its
capacity to delay ejaculation. Aversa ez al. have
demonstrated that vardenafil 10 mg, taken
on demand, increased intravaginal ejacula-
tory latency time and reduced postejaculatory
refractory time in men suffering with lifelong
premature ejaculation. In addition, patients
reported improvements in confidence, percep-
tion of ejaculatory control and overall sexual
satisfaction after drug intake [377. Mathers
et al. showed that the increased intravaginal
ejaculatory latency time due to vardenafil is
comparable to that observed for sertraline [38].

Furthermore, Al-Aown ez a/. have demon-
strated on an experimental in vitro porcine
model that vardenafil is able to determine
ureteral relaxation resulting in a reduction of
both rate and tension of the ureteral contraction
(39]. Nevertheless, the observed effect was not
concentration-dependent and internal controls
were not used. Therefore, results of this study
should be taken with caution.

Further studies are needed to evaluate if var-
denafil and other PDE-5 inhibitors could be
proposed for treatment of LUTS, premature
ejaculation and urolithiasis.

Regarding the safety of vardenafil formu-
lation, most clinical investigations using var-
denafil emphasized the good tolerability and

Clin. Pract. (2012) 9(1)

safety profile of vardenafil. The primary eval-
uation of the safety of vardenafil was derived
from seven placebo-controlled trials. A total
of 4374 patients were evaluated and of these
2660 patients received vardenafil. In these stud-
ies, 50.4% of patients reported adverse events
(AEs). The incidence rates of treatment-emer-
gent AEs in the vardenafil treatment group
were greater than in the placebo group. AEs
that occurred at least twice as often on varde-
nafil than on placebo were headache, flushing,
rhinitis—sinusitis and dyspepsia. Data from
fixed-dose trials indicated that all AEs were
more frequent at higher doses [40].

Almost all side effects of vardenafil are
related to its vasodilation activity. The main
AEs reported (>2%) in randomized trials with
vardenafil were headaches (15%), flushing
(11%), rhinitis (9%), dyspepsia (4%), sinus-
itis (3%), flu symptoms (3%), dizziness (2%),
increase in serum creatine kinase (2%) and
nausea (2%). Back pain was reported in 2%
of the patients taking vardenafil versus 1.7%
of the placebo patients [29]. With regard to car-
diovascular safety, in a retrospective analysis
of five randomized trials there was no increase
in the risk of a cardiovascular event under the
influence of vardenafil [41].

Vardenafil has proven to be an effective and
safe drug for the treatment of ED at a dose
of both 10 and 20 mg, regardless of ED etiol-
ogy and severity. Dose selection and the time
between drug administration and the start of
sexual activity should be customized for each
patient. In addition, many studies have con-
firmed the effectiveness of vardenafil in treating
special patient populations, such as diabetics,
renal transplantation recipients, patients with
multiple cardiovascular risk factors and patients
who had undergone radical prostatectomy. In
such subgroups, on-demand administration of
20 mg vardenafil seems to be the first therapeu-
tic choice. No differences have been detected
between on-demand and chronic administra-
tion of vardenafil, giving the clinician the pos-
sibility to choose the preferred administration
schedule. The introduction of a new orodis-
persible formulation can provide efficacy and
ease of administration ensuring the couple a
more natural sexual experience. The new var-
denafil ODT could represent an extremely
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valuable alternative for long-term ED therapy
for patients suffering from ED irrespective of
their age and underlying conditions.
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