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A B S T R A C T

Introduction. Udenafil is a potent selective phosphodiesterase type 5 (PDE5) inhibitor newly developed for the
treatment of erectile dysfunction (ED).
Aim. This study was performed to evaluate the efficacy and safety of udenafil therapy in patients with ED.
Methods. In this multicenter, double-blind, placebo-controlled, fixed-dose, parallel-group phase III trial, 167
patients with ED of diverse origin and severity were randomized to take placebo or udenafil at fixed doses of 100 or
200 mg as needed for 12 weeks.
Main Outcome Measures. Primary efficacy variable was change from baseline in erectile function (EF) domain
scores of the International Index of Erectile Dysfunction (IIEF) questionnaire. Secondary efficacy variables include
change from baseline in scores on the IIEF Questions 3 and 4 (IIEF Q3 and Q4), change from baseline in all domain
scores of the IIEF, patients’ responses to questions 2 and 3 of the Sexual Encounter Profile (SEP2 and SEP3), and
patients’ responses to the Global Assessment Question (GAQ). Any adverse events were also recorded during
the trial.
Results. After 12 weeks of treatment, the patients treated with udenafil showed significantly greater change from
baseline in the IIEF-EF domain score compared with placebo (placebo, 0.20; 100-mg udenafil, 7.52; and 200-mg
udenafil, 9.93, respectively) (P < 0.0001). Compared with placebo, udenafil significantly enhanced the rates of
successful penetration (SEP Q2) and maintenance of erection (SEP Q3) (P < 0.0001). Furthermore, significantly
greater proportions of udenafil treatment groups responded positively to the GAQ compared with the placebo group
(GAQ: placebo, 25.9%; 100-mg udenafil, 81.5%; and 200-mg udenafil, 88.5%, respectively) (P < 0.0001).
Treatment-related adverse events were generally mild to moderate with facial flushing and headache being the most
common.
Conclusions. Udenafil is an effective and well-tolerated therapy for ED of broad-spectrum etiology and severity.
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Introduction

M anagement of erectile dysfunction (ED) has
undergone dramatic advances since the

successful introduction of sildenafil (Viagra, Pfizer,
New York, NY, USA) [1]. As widely known, the
cyclic nucleotide signaling pathway mediates the
smooth muscle-relaxing effects of nitric oxide nec-
essary for normal erectile function (EF). Accord-
ingly, selective inhibition of phosphodiesterase
type 5 (PDE5), which catalyzes the degradation of
cyclic guanosine monophosphate (cGMP), is the
essential mechanism underlying the action of
sildenafil (Viagra). Currently, two other PDE5
inhibitors, vardenafil (Levitra, Bayer HealthCare,
Leverkusen, Germany) and tadalafil (Cialis, Lilly
ICOS LLC, Indianapolis, IN, USA), are also avail-
able as potent and effective treatment options for
ED with reported response rates of 60–80% [2].
The advent of these PDE5 inhibitors and other
potential agents now in clinical development may
well assist clinicians in tailoring treatment regi-
mens to the unique needs of each patient with ED.

Meanwhile, udenafil (Zydena, Dong-A, Seoul,
Korea) is a newly developed, potent, selective
PDE5 inhibitor that can also inhibit cGMP
hydrolysis [3]. Its pharmacokinetic profiles include
a Tmax of 1.0–1.5 hours and a T1/2 of 11–
13 hours, which would confer unique clinical
properties of both relatively rapid onset and long
duration of action [4]. In addition, the isoenzyme
selectivity profile of udenafil is similar to that of
sildenafil. On the other hand, unlike tadalafil, it
does not inhibit PDE11. Furthermore, the prom-
ising results of phase I and phase II studies dem-
onstrated that udenafil was effective and well
tolerated at daily doses of up to 400 mg [5]. Thus,
we investigated the efficacy and safety of oral
udenafil treatment, taken as needed over a period
of 12 weeks, in Korean men with ED of broad-
spectrum etiology and severity.

Methods

Study Design
This was a multicenter, double-blind, randomized,
placebo-controlled, parallel-group study con-
ducted at nine different centers located in Korea in
accordance with the Good Clinical Practice and
the International Conference on Harmonization
guidelines, and in conformity with the ethical
principles of the Declaration of Helsinki. A
written informed consent was obtained from each
patient prior to randomization. Initially, eligible

patients had a 4-week, treatment-free run-in
period during which time patients must have
attempted intercourse on at least four separate
days and must have been unsuccessful in at least
half of these attempts. Subsequently, the patients
were randomly assigned to receive either placebo
or 100 or 200 mg of udenafil. Based upon the
results of phase I and II trials on udenafil, the
patients were allowed to take investigational prod-
ucts (udenafil or placebo), when necessary, with
water 30 minutes to 8 hours prior to sexual inter-
course, but not to exceed one dose per day in this
trial [4,5]. During the 12-week treatment, patients’
response to and tolerance of the study drug were
assessed by the investigator every 4 weeks, and a
follow-up contact was also made 6 or 7 days after
the 12-week treatment phase to assess for any
additional adverse events.

Subjects
Men aged 19 to 70 years with at least a 6-month
history of ED of organic, psycogenic, or mixed
etiology, and in a stable monogamous relationship
with a female sexual partner, were recruited.

Men with the following conditions were
excluded from the study: penile anatomical
defects; spinal cord injury, radical prostatectomy,
and radical pelvic surgery; a primary diagnosis of
another sexual disorder; hyperprolactinemia; a low
level of total testosterone; poorly controlled dia-
betes or proliferative diabetic retinopathy; a major
uncontrolled psychiatric disorder; a history of
active peptic ulcer disease within 1 year of screen-
ing; a history of major hematological, renal, or
hepatic abnormalities; a recent (within the previ-
ous 6 months) history of cardiovascular disease,
stroke or myocardial infarction, cardiac failure,
unstable angina, and life-threatening arrhythmia;
or a history of alcoholism or substance abuse. The
patients were also ineligible if they were receiving
regular treatment of nitrates, anticoagulants
(except low-dose aspirin), androgens, antiandro-
gens, or trazodone. Prior use of other PDE5
inhibitors was allowed, but patients who had not
responded to them were excluded from this study.
Concomitant use of other therapies for ED was
absolutely prohibited. Erythromycin, cimetidine,
ketoconazole, indinavir, and grapefruit juice were
avoided during the study to minimize possible
drug interaction.

Efficacy Outcome Variables
Primary efficacy variable was change from baseline
in EF domain scores of the International Index of
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Erectile Dysfunction (IIEF) questionnaire. It was
calculated from comparing the sums of scores
from questions 1–5 and 15 from the IIEF ques-
tionnaire assessed at baseline and after 12 weeks of
udenafil or placebo treatment [6–8].

Secondary efficacy variables included change
from baseline in scores on the IIEF Question 3
(Q3: When you attempted sexual intercourse, how
often were you able to penetrate [enter] your
partner?) and Question 4 (Q4: During sexual
intercourse, how often were you able to maintain
your erection after you had penetrated [entered]
your partner?), along with change from baseline in
all domain scores of the IIEF. Additional second-
ary efficacy measures were the patients’ responses
to questions 2 and 3 of the Sexual Encounter
Profile (SEP2: Were you able to insert your penis
into your partner’s vagina?; SEP3: Did your erec-
tion last long enough for you to complete inter-
course with ejaculation?), which were assessed
after each attempt at intercourse with udenafil or
placebo therapy. Comparative analyses were per-
formed among the three treatment groups regard-
ing the efficacy variables assessed. Patients’
responses to the Global Assessment Question
(GAQ: Has the treatment you have been taking
over the past study interval improved your erec-
tions?) was also assessed after 12 weeks of treat-
ment. The percentage of patients exhibiting “shift
to normal” (i.e., the proportion of patients in
whom IIEF-EF domain score was improved to 26
or greater after 12 weeks of treatment period) was
also analyzed.

Adverse Events and Safety
All adverse events were monitored and recorded
during the course of the study. For each adverse
event, the investigator assessed its seriousness,
intensity (mild, moderate, or severe), and relation-
ship to study drug (definite, probable, possible,
improbable, none, or impossible evaluation). Vital
signs (blood pressure and pulse—sitting and stand-
ing position) and clinical laboratory parameters
(hematology, blood chemistry, and urinalysis) were
evaluated at all visits. The 12-lead electrocardio-
gram was performed at screening and at the 12th
week.

Statistical Methods
All efficacy analyses were performed using the data
from the intention-to-treat (ITT) population that
included all the randomized patients who have

received at least one dose of study drug and at least
one valid postbaseline evaluation. The comparison
of continuous variables was performed by analysis
of variance (anova) or Kruskal–Wallis test. Cat-
egorical variables were compared using a contin-
gency table method. If there were confounding
variables present, analysis of covariance (ancova)
was performed to adjust for heterogeneity among
treatment groups. All comparisons were performed
at a two-sided alpha level of 0.05. Assuming a
standard deviation of 6.57 for change from baseline
in EF domain scores, it was concluded that approxi-
mately 45 patients per treatment group were
required in order for the study to have a 95% power
to detect a response difference of 5 between the
udenafil dose group and the placebo. Allowance of
a 10% dropout rate required 50 randomized
patients per group for efficacy analysis.

Primary efficacy variable of changes from
baseline in IIEF-EF domain score was tabulated,
followed by ancova with baseline value as a cova-
riate. Missing values of EF domain were imputed
using the last observation carried forward method
to account for patient dropouts. IIEF Q3 and Q4,
evaluation for each domain of IIEF, SEP, GAQ,
and the percentage of patients exhibiting shift to
normal were measured as secondary efficacy vari-
ables of the study, and were analyzed using the
following. IIEF Q3 and Q4 were analyzed using
repeated measures analysis of covariance (RM
ancova) method. For each of the four domains
of the IIEF questions (orgasmic function, sexual
desire, intercourse satisfaction, and overall satis-
faction), the intergroup differences were analyzed
using the RM ancova method with the covariates
adjusted. The intergroup differences in the pro-
portion of “yes” responses to SEP Q2 and Q3 (i.e.,
the success rate) were analyzed using the RM
ancova method with the covariates adjusted or the
contingency table method. The response rate of
the GAQ and the percentage of patients exhibit-
ing shift to normal were assessed by chi-square
test.

Safety analysis included all subjects who
received at least one dose of study drug. For safety
analysis, 90% confidence intervals were used in
listing the number of adverse events that occurred
and the rate of patients to experience the adverse
events. Also, comparison of intergroup was per-
formed using chi-square test or Fisher’s exact test.
Continuous laboratory data were analyzed using
RM anova, and the change from normal to abnor-
mal of laboratory was analyzed per group using
McNemar’s test.
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Results

Subjects
Initially, a total of 167 patients were randomized
and were eligible for the safety population: 54 in
the placebo group, and 57 and 56 in 100-mg and
200-mg udenafil dose groups, respectively. Of the
167, three patients did not receive a postbaseline
efficacy evaluation, leaving the 164 in the ITT
population with 54 in the placebo group, and
56 and 54 in the 100-mg and 200-mg udenafil
dose groups, respectively. Of the 167 randomized
patients, seven discontinued the study prior to
completion: two withdrew the consents, two with-
drew because of adverse events, two were termi-
nated because of violation of the protocol, and one
was lost to follow-up.

At baseline, there were no statistically signifi-
cant differences among the treatment groups with
respect to any demographic or clinical character-
istics (Table 1). Most patients in each treatment
group had ED of organic or mixed etiology. Of all
the patients enrolled in this study, the IIEF-EF
domain score at baseline was �11 in 72.22%,
82.46%, and 82.14% of patients with placebo,
100-mg, and 200-mg udenafil groups, respectively.
More than 70% of patients had previous PDE5
inhibitor experience before entering this study.
Among the concomitant illnesses, hypertension
was the most common, with diabetes being the
second.

Primary Efficacy Variable
Analysis of intervisit differences in each group
revealed that all groups, except for the placebo

group, showed statistically significant improve-
ments regarding change from baseline in EF
domain scores of the IIEF (P < 0.0001). When the
difference from the baseline value was compared
between visits, statistically significant improve-
ments were observed in the 100-mg and 200-mg
udenafil treatment groups (Table 2, P < 0.0001),
but no significant improvements were observed in
the placebo group.

After 12 weeks of treatment with on demand
udenafil, mean changes from baseline in EF
domain of the IIEF were 7.52 � 0.87 for the
100-mg group and 9.93 � 0.94 for the 200-mg
group, which were significantly greater than
the placebo group (0.20 � 0.87, P < 0.0001)
(Figure 1). Final IIEF-EF domain scores reached
13.1 for placebo, 22.2 for 100-mg udenafil, and
24.2 for 200-mg udenafil, of a possible score of 30.
Meanwhile, no significant difference was observed
between the two udenafil groups.

Secondary Efficacy Variable
Mean score at 12 weeks and mean changes from
baseline to end point for each domain of the IIEF
are listed in Table 2, which showed significant
improvements with udenafil treatments compared
with placebo (P < 0.0001).

Also, the IIEF Q3 and Q4 scores significantly
increased over the 12-week period, with mean
changes in scores of 1.26 � 0.19 (Q3) and
1.81 � 0.22 (Q4) for the 200-mg udenafil group
compared with –0.11 � 0.20 (Q3) and 0.13 � 0.18
(Q4) for the placebo-treatment patients, respec-
tively (Figure 2).

Table 1 Demographics and baseline parameters for the ITT population

Placebo (N = 54)

Udenafil

100 mg (N = 57) 200 mg (N = 56)

Mean age: years 55.7 (7.4) 53.6 (7.5) 54.6 (7.3)
Height: cm 168.6 (5.6) 170.2 (5.1) 169.0 (4.6)
Weight: kg 71.0 (8.8) 71.0 (9.9) 70.3 (8.4)
History of ED: years 3.2 (2.4) 3.5 (2.7) 3.9 (3.1)
ED etiology: N (%)

Organic 21 (38.89) 23 (40.35) 24 (42.86)
Psychogenic 5 (9.26) 6 (10.53) 3 (5.36)
Mixed 28 (51.85) 28 (49.12) 29 (51.79)

Severity of ED–EF domain score: N (%)
Severe (<11) 15 (27.78) 10 (17.54) 10 (17.86)
Moderate (11~16) 29 (53.7) 27 (47.37) 29 (51.79)
Mild to moderate (17~21) 10 (18.52) 18 (31.58) 15 (26.79)
Mild (22~25) 0 (0) 2 (3.51) 2 (3.57)

Prior other PDE5 inhibitor users: N (%) 40 (74.07) 43 (75.44) 46 (82.14)
Medical history: N (%)

Hypertension 15 (27.78) 13 (22.81) 16 (28.57)
Diabetes 13 (24.07) 10 (17.54) 7 (12.50)

Values are expressed means (standard deviation).
ITT = intention-to-treat; ED = erectile dysfunction; EF = erectile function; PDE5 = phosphodiesterase type 5.
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As for SEP, the patients treated with 100-mg and
200-mg udenafil also showed significantly greater
improvements in mean per-patient proportions
of successful penetration (SEP Q2) and
successful intercourse attempts (SEP Q3), than
placebo-treated patients. Mean per-patient propor-
tions of successful penetration attempt were 53.4%,
88.8%, and 92.4% for placebo, 100-mg, and 200-
mg udenafil group, respectively. Similarly, mean
ability of each man to maintain erections until the
completion of intercourse was 70.1% with 100-mg
udenafil and 75.7% with 200-mg udenafil, com-
pared with 15.4% with placebo (Figure 3).

At 12 weeks, the proportion of “yes” responses
to GAQ was 81.5% in the 100-mg udenafil group
and 88.5% in the 200-mg udenafil group, being
significantly higher than 25.9% in the placebo
(P < 0.0001) (Figure 4).

As for the percentage of patients reaching
normal EF domain scores (�26), a significantly
greater proportion of patients treated with 100-mg
udenafil (35.2%) and 200-mg udenafil (48.1%)
scored in the no ED range, compared with placebo
group (3.7%) (P < 0.0001).

Safety and Tolerability
In general, udenafil was well tolerated and exhib-
ited a favorable safety profile. During the study,
only two patients in the 200-mg udenafil group
discontinued the treatment because of adverse
event (one for flushing and headache, and the
other for chest pain). Most adverse events were
mild or moderate in severity, and no serious
adverse events were reported during the study
and the follow-up period. The most commonly
reported treatment-related adverse events were

Table 2 Mean change from baseline in the International Index of Erectile Function (IIEF) domain score

IIEF domains Placebo (N = 54)

Dose of udenafil

100 mg (N = 56) 200 mg (N = 54)

Erectile function Response (12 weeks) 13.13 � 0.84 22.2 � 0.88 24.19 � 0.85
Change from baseline 0.20 � 0.87 7.52 � 0.87* 9.93 � 0.94*

Intercourse satisfaction Response (12 weeks) 7.04 � 0.35 10.71 � 0.37 11.37 � 0.41
Change from baseline 1.35 � 0.39 4.16 � 0.34* 5.11 � 0.46*

Orgasmic function Response (12 weeks) 4.20 � 0.32 7.11 � 0.34 7.96 � 0.32
Change from baseline 0.33 � 0.36 2.32 � 0.34* 3.19 � 0.39*

Sexual desire Response (12 weeks) 3.85 � 0.29 6.88 � 0.28 7.37 � 0.28
Change from baseline 0.54 � 0.28 2.86 � 0.27* 3.48 � 0.35*

Overall satisfaction Response (12 weeks) 5.19 � 0.27 6.64 � 0.24 7.35 � 0.25
Change from baseline 0.50 � 0.27 1.23 � 0.29* 2.44 � 0.29*

Question 3 Response (12 weeks) 2.61 � 0.19 3.82 � 0.17 4.13 � 0.16
Change from baseline -0.11 � 0.20 0.91 � 0.18* 1.26 � 0.19*

Question 4 Response (12 weeks) 1.78 � 0.15 3.54 � 0.18 3.89 � 0.18
Change from baseline 0.13 � 0.18 1.46 � 0.19* 1.81 � 0.22*

All values are expressed as mean � standard error.
*P < 0.0001 vs. placebo.

Figure 1 Effect of udenafil on mean change from baseline
in the International Index of Erectile Function-erectile func-
tion domain scores at 12 weeks. *P < 0.0001 vs. placebo.

Figure 2 Effect of udenafil on mean change from baseline
in the International Index of Erectile Function Q3 (frequency
of penetration) and Q4 (frequency of maintaining an erec-
tion) score at 12 weeks after the start of treatment.
*P < 0.0001 vs. placebo.
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flushing, nasal congestion, ocular hyperemia,
and headache (Table 3). Neither myalgia nor
color disturbance in vision was reported. No
clinically significant changes in laboratory tests,

electrocardiogram, or blood pressure were ob-
served in all treatment groups.

Discussion

Udenafil is a pyrazolopyrimidinone derivative with
a molecular weight of 516.66 [4]. In the phase I
study, the drug was shown to be efficacious in 55%
of ED patients after 8–12 hours from admini-
stration. The phase II, double-blind, placebo-
controlled, multicenter, parallel-group clinical
trial was also performed in which udenafil treat-
ment produced a highly significant improvement
in EF, with up to a 91% vaginal penetration
success rate.

In this study, udenafil was shown to provide
robust, statistically significant effects across all
efficacy variables. IIEF-EF domain score, the
primary efficacy variable, showed improvements of
7.52 and 9.93 points following the 12 weeks of
100-mg and 200-mg udenafil treatments, respec-
tively, which were significantly greater compared
with the placebo group (0.2 point). With respect
to secondary efficacy variables, statistically signifi-
cant improvements were also observed following
udenafil treatments in virtually all of end points.
The two udenafil groups demonstrated a signifi-
cant improvement in the scores from all domains
of the IIEF. Furthermore, the findings from evalu-
ating responses to SEP Q2 and Q3, as well as
GAQ, were observed to be comparable with those
from prior trials with other PDE5 inhibitors
[9–11].

Proportions of subjects regaining normal EF
based upon changes in the IIEF-EF domain scores
have been mentioned by others to be a clinically
useful tool in comparing the efficacies of PDE5
inhibitors available [12]. As for udenafil, the pro-
portion of subjects exhibiting normal erection
based on the IIEF-EF domain score after the

Figure 3 Mean success rates per patient describing the
ability to penetrate the partner (A) and maintain erections
sufficiently to have successful intercourse (B) at baseline
and after 12 weeks. *P < 0.0001 vs. placebo.

Figure 4 Percentages of patients responding “yes” to the
general assessment question “Has the treatment you have
been taking over the past 4 weeks improved your erec-
tions?” at 12 weeks after the start of treatment. *P < 0.0001
vs. placebo.

Table 3 Incidence of treatment-related adverse events
(AEs) occurring in �5% of all treatment groups

AEs (%)
Placebo
(N = 54)

Dose of udenafil

100 mg
(N = 56)

200 mg
(N = 54)

�1 adverse events 5.6 19.3 37.5
Flushing 10.5 23.2
Nasal congestion 3.5 7.1
Ocular hyperemia 3.5 7.1
Headache 1.8 8.9
Chest discomfort 5.4
Withdrawal due to AEs 3.6
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12-week period was 35% and 48% in the 100-mg
and 200-mg udenafil treatment groups, respec-
tively, in contrast to 3.7% in the placebo group.
Although apparent differences in dosing and/or
treatment durations, as well as makeup of study
subjects, make a direct objective comparison diffi-
cult, the results with udenafil appear to be compa-
rable with those reported on other PDE5
inhibitors [13–15].

As aforementioned, both 100-mg and 200-mg
udenafil treatments resulted in significantly
greater improvements in all efficacy variables com-
pared with placebo. Meanwhile, the 200-mg
udenafil group showed only trends of having
greater improvements across all the efficacy vari-
ables assessed when compared with the 100-mg
group without demonstrating statistical signifi-
cance. Admittedly, the higher dosage may have
resulted in significantly greater efficacy with a
larger cohort of subjects.

Adverse events associated with udenafil were
similar to those commonly observed in other
studies on PDE5 inhibitors. In our study, the
most frequently reported adverse events were
flushing, headache, ocular hyperemia, and nasal
congestion in mild to moderate intensity. Mean-
while, udenafil was not observed to induce
myalgia, which was sometimes reported with tad-
alafil [16]. Also, abnormality in color vision,
which was one of the profound side effects of
sildenafil, was not observed in the current study
with udenafil [17]. Such phenomenon may be
because of the fact that the inhibitory concentra-
tion of udenafil at the PDE6 receptor (in retinal
photoreceptor cells) is 10-fold greater than that
for the PDE5 receptor [4]. Only two patients
discontinued the treatments because of adverse
events, and most of the treatment-related adverse
events were attenuated without treatment. Such
observed data on adverse events for udenafil may
be correlated with favorable pharmacokinetic
profiles previously reported including the greater
selectivity of udenafil for PDE5 from in vitro
studies [3].

As aforementioned, a significant proportion of
our subjects had previous PDE5 inhibitor experi-
ence. Although we did not provide specific data in
the article, no significant differences in the efficacy
and adverse events were observed between the
patients with previous PDE5 inhibitor experience
(prior responders) and the PDE5 inhibitor naïve
(presumably a mixture of potential responders and
nonresponders) in our study. Such results suggest
that exclusion of nonresponders may not have

significantly affected the observed outcome in our
study, as previously reported on other PDE5
inhibitor [18].

In view of the results evaluated thus far,
udenafil treatments in doses of 100 and 200 mg
were well tolerated and effective in treating
patients with mild to severe ED. Still admittedly,
efficacy and safety profiles of udenafil observed in
our study were not necessarily overwhelming, but
rather similar when compared with those of other
existing clinically available PDE5 inhibitors.
Fixed dosages and treatment duration applied in
our study may have limited the efficacy of udena-
fil observed. And as our subjects were only
enrolled at tertiary-care centers, it can be sug-
gested that the results of our study may only
reflect the efficacy of udenafil in a selected group
of patients. In addition, no significant differences
in the efficacy were observed between the two
doses of udenafil in our study. Thus, larger clini-
cal trials with longer treatment duration, apply-
ing a flexible dosing of udenafil in a more diverse
group of patients, would be needed in the future.
As many patients with ED prefer to try all the
agents available before deciding which is the
most suitable for prolonged continuous use,
udenafil will provide a welcome addition to the
current management of ED.

Conclusions

Udenafil, in doses of 100 or 200 mg as needed for
12 weeks, resulted in significant improvements in
EF as measured by the IIEF, SEP, and GAQ
among patients with ED of mild to moderate
severity. Moreover, the frequency of adverse
events was relatively low, indicating that udenafil is
safe and well tolerated. Based upon these data,
udenafil may well be another reliable treatment
option for broad-spectrum ED.
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