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Background: A once-daily dosing regimen with a phosphodiesterase type 5 inhibitor is needed for
the treatment of erectile dysfunction (ED), in part because of the behavioral complexities associated
with sexual intimacy. Many patients prefer spontaneous rather than scheduled sexual activities or
they anticipate frequent sexual encounters. The pharmacokinetic profiles of udenafil with a time of
maximal concentration of 1.0-1.5h and a terminal half-life of 11-13 h make udenafil a good
candidate for once-daily dosing.

Objective: To evaluate the efficacy and safety of once-daily dosing of udenafil in the treatment of ED.
Design, setting, and participants: This multicenter randomized double-blind, placebo-controlled,
fix-dosed clinical trial involved 237 patients with ED. The subjects, who were treated with placebo or
udenafil (25 mg, 50 mg, or 75 mg) once daily for 12 wk, were asked to complete the International
Index of Erectile Function (IIEF), the Sexual Encounter Profile (SEP) diary, and the Global Assessment
Questionnaire (GAQ) during the study.

Measurements: The primary outcome parameter was the change from baseline for the IIEF erectile
function domain (EFD) score. The secondary outcome parameters were SEP questions 2 and 3, the
shift to normal rate (EFD >26), and the response to the GAQ.

Results and limitations: Compared with placebo, patients who took 50 mg or 75 mg of udenafil had a
significantly improved IIEF-EFD score. Similar results were observed in comparing questions 2 and 3
in the SEP diary and the GAQ. Flushing was the most common treatment-related adverse event,
which was transient and mild to moderate in severity.

Conclusions: Udenafil significantly improved erectile function among ED patients when adminis-
tered in doses of 50 mg or 75 mg once daily for 12 wk. Daily administration of udenafil (50 mg) may
be another treatment option for ED.

© 2011 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Phosphodiesterase type 5 inhibitors (PDE5-Is) are currently
the first-line oral therapy for patients complaining of
erectile dysfunction (ED) of any type or etiology [1].
However, on-demand treatment of ED with PDE5-Is can
eliminate spontaneity from sexual activity and be burden-
some for patients and their partners [2]. Once-daily dosing
of a PDE5-I is an alternative for couples who prefer
spontaneous rather than scheduled sexual activities or for
those who anticipate frequent sexual encounters.

Recent clinical tests have shown that daily dosing of
PDE5-Is results in a higher ED treatment effect at a
comparatively lower dose than on-demand dosing [3-5].
Long-term administration of PDE5-Is is known to inhibit
declining of vascular endothelial cell function, thus
accelerating vascular relaxation [6]. Such effects have been
reported in human subjects administered sildenafil or
vardenafil [7,8]. Thus daily dosing of PDE5-Is may be an
ideal treatment for ED.

Udenafil (Zydena; Dong-A, Seoul, Korea) is a selective
PDE5-I that was recently developed for the treatment of ED.
Based on clinical kinetics data of phase 1 trials involving
healthy male subjects, udenafil is rapidly absorbed, reach-
ing peak plasma concentrations at 0.8-1.3 h, then declining
monoexponentially with a terminal half-life (T; ;) between
7.3 and 12.1 h in the single-dose group [9-11]. Time of
maximal concentration (T,ax) of udenafil is similar to that
of sildenafil (0.8 h) or vardenafil (0.7 h) and shorter than
tadalafil (2 h), implying that the onset of the efficacy would
be as fast as that of sildenafil or vardenafil [12]. In a
multiple-dose study, the concentration-time profiles on day
7 were comparable with the concentration-time profiles on
day 1. The pharmacokinetic parameters showed similar
individual values for maximal drug concentration, Tyax,
area under the curve from time O h to infinity, and renal
clearance between days 1 and 7 [13]. In various animal
models, it has also been confirmed that PDE5 inhibition by
udenafil significantly inhibits the decline of vascular
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endothelial cell function and inhibits the decrease in
endothelial cell and smooth muscle content when admin-
istered daily for an extended period of time [14-16]. Given
this background, an investigative clinical trial was per-
formed to evaluate the efficacy and safety of a once-daily
low dose of udenafil in the treatment of ED and to
determine the optimal clinical dose and dosing schedule.

2. Materials and methods
2.1. Study design

This multicenter, randomized, double-blind, placebo-controlled, fix-
dosed study was conducted at 10 centers located in Korea, according to
the guidelines of the Good Clinical Practice and International Conference
on Harmonization and adhering to the ethical principles of the
Declaration of Helsinki. The patients were recruited prospectively and
consecutively. Written informed consent was obtained from each
patient before study entry.

The duration of the study was 16 wk and consisted of an initial 4-wk
run-in period without medications followed by a 12-wk treatment
period. One follow-up telephone call was scheduled 6-7 d after the
treatment period to assure safety (Fig. 1). Patients were assigned
randomly to receive placebo or udenafil (25 mg, 50 mg, or 75 mg once-
daily dosing [lower doses compared with the 100 mg or 200 mg on-
demand doses]) with an interval of 24 h [9,13].

2.2. Subjects

The main inclusion criteria were men with ED, as defined by the National
Institutes of Health Consensus Development Panel on Impotence [17],
for at least 6 mo; men who preferred spontaneous rather than scheduled
sexual activities or who anticipated frequent sexual encounters; and
who were >20 yr of age, in a stable heterosexual relationship for at least
6 mo, and making at least four attempts at sexual intercourse on four
separate days during the run-in period, of which at least 50% of the
attempts were unsuccessful.

Men with the following conditions were excluded: penile anatomic
defects; spinal cord injuries; prior radical prostatectomy or radical pelvic
surgery; hyperprolactinemia; low level of total testosterone; poorly
controlled diabetes (glycosylated hemoglobin >12%) or proliferative

(N = 239)
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Fig. 1 - Study design and data collection schedule.
P/S call = postsurvey call.
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N = 261
Patients screened

N =22

Screening failures

Elevated prolactin or low testosterone (7)
Previous other ED therapies within 2 weeks
prior to entering into this study (5)
Non-eligible determined by screening tests (3)
Consent disagreement (2)

Lost to follow-up (2)

Uncontrolled DM (1)

Need for antiandrogens (1)

Participated in a clinical drug study within the
30 days prior to entering this study (1)

N =239
Patients enrolled and randomized

N=2
Consent disagreement

N = 237
ITT
N =59 N =59 N =60 N =59
Placebo Udenafil 25 mg Udenafil 50 mg Udenafil 75 mg
N =55 N=4 N =59 N =57 N=3 N =59
Completed Withdrawn Completed Completed Withdrawn Completed
|
Prohibited medication (1) Due to AEs (2)
Due to AEs (1) Lack of efficacy (1)
Lack of efficacy (1)
Less than 50% failure (1)

Fig. 2 - Disposition of subjects during the study.
AEs = adverse events; DM = diabetes mellitus; ED = erectile dysfunction; ITT = intention to treat.
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diabetic retinopathy; major uncontrolled psychiatric disorder; history of
active peptic ulcer disease within 1 yr of screening; history of major
hematologic, renal, or hepatic abnormalities; recent (within the previous
6 mo) history of cardiovascular disease, stroke, myocardial infarction,
cardiac failure, unstable angina, or a life-threatening arrhythmia; or
history of alcoholism or substance abuse. Patients were also ineligible if
they were receiving regular treatment with nitrates, anticoagulants
(except for aspirin), androgens, antiandrogens, or trazodone. The use of
erythromycin, cimetidine, ketoconazole, indinavir, or grapefruit juice
was avoided. Prior use of other PDE5-Is was allowed, but patients who
had not responded to other PDE5-Is were excluded from this study.

2.3. Primary efficacy outcome variable

Changes from baseline of the International Index of Erectile Function-
erectile function domain (IIEF-EFD) scores in total or subgroups of
patients, classified according to severity of ED or comorbidities, were
assessed respectively [18-20].

24. Secondary efficacy outcome variable

The secondary efficacy variables included the patient responses to
Sexual Encounter Profile (SEP) question 2 (“Were you able to insert your
penis into your partner’s vagina?”) and question 3 (“Did your erection
last long enough for you to complete intercourse with ejaculation?”),
which were assessed after each attempt at intercourse with udenafil or
placebo therapy. The patient responses to the Global Assessment
Question (GAQ), “Has the treatment you have been taking during the
study improved your erections?” were also assessed after 12 wk of
treatment. The percentage of patients exhibiting a “shift to normal”
(IIEF-EFD score >26) was analyzed.

2.5. Adverse events and safety

All adverse events were monitored and recorded. For each adverse event,
the investigator assessed the seriousness, intensity (mild, moderate, or
severe), and relationship to the study drug (definitely, probably,
possibly, probably not, definitely not, or impossible to evaluate). Vital
signs were evaluated at each visit, and clinical laboratory parameters
and 12-lead electrocardiograms (ECGs) were evaluated at the first, third,
and fifth visits.

2.6. Statistical analyses

A statistically and clinically significant difference in EFD between the
placebo and udenafil group was set at 5, and the standard deviation was
set at 7.0. The number of subjects was determined assuming an o of 0.10
and a power of 90%. Considering an average dropout rate of 10%, 208
patients (52 patients per group) were required.

All efficacy analyses were performed using the data from the
intention-to-treat population, which included all of the randomized
patients who had received at least one dose of the study drug and at least
one valid postbaseline evaluation. The response rate of the GAQ and the
percentage of shift to normal patients were assessed by a chi-square test.
Other efficacy variables were analyzed using analysis of covariance with
severity of ED as a covariate.

For safety analysis, 90% confidence intervals were used in listing the
number of adverse events that occurred and the rate of patients who
experienced adverse events. An intergroup comparison was also
performed using a chi-square test or Fisher exact test.

3. Results
3.1. Subjects

A total of 237 patients who received at least one dose of
double-blind treatment and had adequate data for evalua-
tion were eligible for the safety and efficacy population (59,
59, 60, and 59 patients for placebo and udenafil [25 mg,
50 mg, and 75 mg], respectively; Fig. 2). Table 1 shows the
demographic data and baseline characteristics of each
group. A total of 79.9% of the patients had previous PDE5-I
use before entering the study.

3.2 Primary efficacy outcome variable

In the analysis of total patients, the changes of IIEF-EFD
score in udenafil groups (50 mg and 75 mg) were signifi-
cantly greater than the placebo group (p < 0.01; Fig. 3). No
significant difference existed in the udenafil (25 mg) versus
placebo groups.

Table 1 - Demographic and erectile dysfunction characteristics of study subjects

Placebo (n =60) Udenafil
25 mg (n=59) 50 mg (n = 60) 75 mg (n = 60)

Age, yr 55.13 +9.50 59.71 £ 7.01° 57.62 + 7.96 56.20 + 7.51
Height, cm 168.98 + 6.19 169.93 + 6.26 169.73 £ 5.35 169.20 + 5.11
Weight, kg 72.52 +£9.83 70.54 + 7.85 72.10 + 891 71.11 +£8.32
Etiology: n (%)

Organic 31 (51.7) 36 (61.0) 32 (53.3) 30 (50.0)

Psychogenic 4 (6.7) 0 (0.0) 1(1.7) 0 (0.0)

Mixed 25 (41.7) 23 (39.0) 27 (45.0) 30 (50.0)
Severity (EFD score): n (%)

Severe (<11) 7 (11.7) 15 (25.4) 10 (16.7) 5(8.3)

Moderate (11-16) 25 (41.7) 20 (33.9) 22 (36.7) 38 (63.3)

Mild to moderate(17-21) 24 (40.0) 19 (32.2) 19 (31.7) 14 (23.3)

Mild (22-25) 4(6.7) 5 (8.5) 9 (15.0) 3 (5.0)
Prior PDE5-I users: n (%) 43 (71.7) 46 (78.0) 49 (81.7) 53 (88.3)

EFD = erectile function domain; PDE5-I = phosphodiesterase type 5 inhibitor.

Values are mean plus or minus standard deviation; p values were calculated using chi-square or Fisher exact tests for comparison of subject numbers and

analysis of variance for comparison of mean values.
" p<0.05.
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Fig. 3 - Mean changes from baseline to end point at 12 wk for
International Index of Erectile Function-erectile function domain (IIEF-
EFD) scores (*p < 0.01 vs placebo).

In the analysis of subgroups, udenafil (75 mg) showed
higher efficacy in all subgroups except the mild and mild-
to-moderate subgroups. Udenafil (50 mg) presented higher
efficacy in the mild-to-moderate and hypertension sub-
groups (p < 0.01; Table 2).

3.3. Secondary efficacy outcome variables

The changes from baseline in each domain of the IIEF in
udenafil (50 mg and 75 mg) groups showed significant
changes with the exception of orgasmic function. In the case
of the sexual desire domain, all udenafil groups had a
significant difference compared with the placebo
(p < 0.001; Fig. 4).

In comparing the rate of response to SEP question 2,
patients treated with 50 mg and 75 mg of udenafil had
significantly greater improvement than placebo-treated
patients. With respect to the rate of response to SEP
question 3, the proportion of “yes” responses to the GAQ,
and the percentage of patients achieving normal EFD scores

(>26), all of the patients in the udenafil groups had a
significant difference compared with the patients in the
placebo group (p < 0.001; Table 3).

34. Adverse events and safety

In general, udenafil was well tolerated. Most adverse events
were mild or moderate in severity. The most commonly
reported treatment-related adverse event was flushing
(Table 4). There was no significant difference between the
udenafil and placebo groups. No clinically significant
changes in laboratory tests, ECGs, or blood pressure were
observed in the udenafil groups.

4. Discussion

For many years, oral PDE5-Is have been prescribed as an on-
demand regimen for treating ED. Several studies have
reported on the efficacy and safety of such a regimen, with
an overall efficacy rate of 60-70% [21]. However, many
patients complain of a lack of spontaneity and natural
sexual function with on-demand regimens [22]. Planning
sexual activity might be anxiety provoking for the man, his
partner, and their relationship, causing the sexual encoun-
ter to become a stressful event. In 2007, the European
Medicines Agency approved low-dose tadalafil to be used as
once-daily therapy for ED [23]. Daily dosing or chronic
administration of a PDE5-I provides a treatment alternative
to on-demand PDE5-Is and more closely approximates
natural sexual function [4].

Tadalafil (5 mg) is the only drug currently approved for
daily administration in the treatment of ED. The favorable
pharmacokinetic profile of tadalafil (5 mg) achieves steady-
state concentrations similar to the steady-state concentra-
tions obtained with tadalafil (20 mg twice per week) and
avoids the risk of over- and underexposure [24].

Udenafil is a pyrazolopyrimidinone derivative with a
molecular weight of 516.66. The pharmacokinetic profile of
udenafil includes a time of maximal concentration of
1.0-1.5h and a Ty, of 11-13 h, which confers unique

Table 2 - Changes of International Index of Erectile Function-erectile function domain scores in the subgroups

Placebo

Severe (EFD < 11)

Moderate (11 < EFD < 16)
Mild to moderate (17 < EFD < 21)
Mild (12 < EFD < 25)

Hypertension
No hypertension
Diabetes

No diabetes

314+ 456 (n=7)
4.04+435 (n=24)
3.63 + 4.44 (n=24)
1.75 + 3.40 (n = 4)
226+ 4 (n=23)
447 + 43 (n=36)
34501 (n=18)
3.88 +3.98 (n=41)

Udenafil p value®
25 mg 50 mg 75 mg

8.40 + 8.59 (n=15) 10.60 + 833 (n=10) 17.60 £ 4.72 (n=5) 0.0201*
6.30 £ 6.16 (n=20) 5.41 +7.08 (n=22) 9.24 £5.67 (n=37) 0.006¢
479 £4.79 (n=19) 7.47 £ 3.01* (n=19) 5.86 + 3.46 (n=14) 0.0231*
0.80 +8.70 (n=5) 2.89 +3.55 (n=9) 0.67 +£2.31 (n=3) 0.6348
5.69 + 6.77 (n =26) 6.26 + 6.09* (n=31) 9.5 + 6.6* (n=24) 0.0012*
579 +7.22 (n=33) 6.86 + 6.41 (n=29) 8.17 £ 5.69* (n = 35) 0.066'
1.71 £ 6.48 (n=17) 6.6 + 5.3 (n = 20) 7.56 + 6.42* (n=16) 0.0105*
7.38 + 6.54* (n=42) 6.53 + 6.67 (n = 40) 9.14 + 5.93* (n=43) 0.0009*

EFD = erectile function domain.

Values are mean plus or minus standard deviation.

" p<0.01, in comparison with placebo by multiple comparison.

2 Analysis of variance for intergroup.

f p<o.l.
+ p<0.05.
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Table 3 - Changes of secondary efficacy outcome variables after 12 wk

Placebo (n=59) Udenafil
25 mg (n=59) 50 mg (n = 60) 75 mg (n =59)
SEP Q2, % 11.95 22.10 27.9° 39.11
SEP Q3, % 23.46 42,09 51.41° 73.5"
GAQ, % 35.60 69.5" 75 88.1"
Shift to normal rate (EFD >26), % 13.60 30.5° 40° 441"

SEP = sexual encounter profile; Q = question; GAQ = Global Assessment Question; EFD = erectile function domain.
Values are changes of percentage of positive responses from baseline after 12 wk; p values were calculated using chi-square or Fisher exact tests for comparison

of subject numbers and analysis of variance for comparison of mean values.

" p<0.001.

Table 4 - Incidence of drug-related adverse events

Medical DRA preferred term (%) Placebo (n =59) Udenafil

25 mg (n=59) 50 mg (n = 60) 75 mg (n =59)
Flushing 1(1.7) 1(1.7) 5 (8.3) 4 (6.8)
Headache - - 1(1.7) 2 (34)
Vision blurred - 1(1.7) - -
Nausea - - 1(1.7) -
Musculoskeletal stiffness 1(1.7) - - -
Conjunctival hyperemia - 1(1.7) - -
Nasal congestion - - - 1(1.7)
Erythema 1(1.7) - - -
Pruritus 1(1.7) - - -
Urticaria - - 1(1.7)
No. of patients who had experienced at least 1 ADR 2 (3.4) 2 (3.4) 6 (10.0) 6(10.2)

DRA = drug-related adverse; ADR = adverse drug reaction.

clinical properties (relatively rapid onset and a long
duration of action) [9]. There are also small but well-
established differences in selectivity of PDE enzymes.
Whereas sildenafil has low PDE1 selectivity (selectivity
ratio: 41), associated with vasodilation, flushing, and
tachycardia, udenafil displayed higher selectivity (selectiv-
ity ratio: 1262) than sildenafil. In addition, with regard to
PDE11, udenafil (selectivity ratio: 96) displayed much
higher selectivity than tadalafil (selectivity ratio: 7.1) [25].
Although its function is not yet clear, PDE11 is widely

distributed in skeletal muscle, testes, heart, prostate,
kidney, liver, and pituitary [26]. Therefore, udenafil was
found to be safe and well tolerated in human subjects.
Compared with once-daily dosing of tadalafil for 12 wk,
udenafil also resulted in similar changes in the IIEF-EFD
score and in the rate of response to SEP questions 2 and 3
[5,27].

In the present study, udenafil treatment improved the
mean sexual desire domain score at 12 wk. In men treated
with PDE5-Is, the improved erectile function and sexual

Change from baseline (12 week)

0 2

4 6 8 10

Erectile function

T T T T

4 -\‘U-["HHHHHHHHH\HHI Sy
: *
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Intercourse satisfaction

Orgasmic function

Sexual desire

Overall satisfaction

o
et

[MPlacebo [E25mg [E50mg B75mg

Fig. 4 - Mean changes from baseline to end point at 12 wk for each domain of the International Index of Erectile Function (*p < 0.001).
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relationship satisfaction resulted in improvement in confi-
dence, which might increase sexual desire [28].

The adverse events associated with udenafil were
similar to the adverse events commonly observed in other
studies involving PDE5-Is. In the current study, the most
frequently reported adverse events were flushing and
headaches. Udenafil did not induce myalgias or abnormal-
ities in color vision, which are profound side effects of
tadalafil and sildenafil [29]. The number of patients who
received once-daily dosing and experienced at least one
adverse drug reaction was significantly less than the on-
demand group [13]. Such observed data on adverse events
for udenafil may be correlated with favorable pharmaco-
kinetic profiles and the greater selectivity of udenafil for
PDES5. A total of 79.9% of the patients had previous PDE5-I
use before entering this study, which might have jeopar-
dized the double-blind study design. The effect of daily
administration of udenafil on PDE5-I-naive patients is
needed in further study.

5. Conclusions

Udenafil in doses of 50 and 75 mg administered once daily
for 12 wk significantly improved erectile function among
ED patients. The daily administration of udenafil (50 mg) is
a promising treatment option for patients with ED.
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