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that once‑daily administration boosts the patient’s ability for 
spontaneity while still maintaining confidence in and effectiveness 
of treatment.12–16 Extended safety and tolerability of tadalafil after 
long‑term use has also been reported in an open‑label study with 
5.0‑mg once‑daily dosing.17 The most frequent treatment‑emergent 
adverse events  (TEAEs) were back pain, influenza, headache, 
and dyspepsia, while clinical laboratory measures as well as 
electrocardiograms did not indicate any meaningful abnormalities 
after 1‑  and 2‑year tadalafil once‑daily dosing.17 However, 
the long‑term safety and effectiveness of tadalafil once‑daily 
administration in Chinese men with ED has not been studied. In 
this study, we report the effectiveness and safety results of 2.5‑mg 
and 5.0‑mg once‑daily dosing after 1–3  months  (period 1) and 
5.0‑mg once‑daily dosing after 12 months (period 2) of tadalafil 
treatment in Chinese men.

INTRODUCTION
Tadalafil is approved for erectile dysfunction (ED) in more than 
90 countries, including the United States, European Union, 
Australia, and China.1–4 Previously, clinical development of tadalafil 
focused on on‑demand oral administration at 10‑mg or 20‑mg 
doses.5–8 While phosphodiesterase type‑5  (PDE5) inhibitors are 
effective on‑demand, they require time after administration to 
achieve full efficacy, which may reduce spontaneity in sexual 
activity.9,10 Pharmacokinetic analyses demonstrate that the 17.5‑h 
half‑life of tadalafil allows for once‑daily dosing, with stable 
serum concentrations attained within 5 days.11 Under steady‑state 
conditions, tadalafil exposure is 1.6‑fold more than that after a 
single dose, which may increase the rate of obtaining an erection 
upon sexual stimulation.11,12 Tadalafil once‑daily dosing has been 
extensively tested in multiple clinical trials, with results suggesting 
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The primary objective of the trial was safety of tadalafil once‑daily 
treatment at 12 months. The secondary objectives included 1‑month 
and 3‑month effectiveness of 2.5‑mg and 5.0‑mg tadalafil once‑daily 
dosing, 12‑month effectiveness of 5.0‑mg tadalafil once‑daily dosing, 
and 3‑month safety of 2.5‑mg and 5.0‑mg tadalafil once‑daily dosing.

Safety analyses
The safety population included all enrolled patients who received at least 
one dose of tadalafil, and patients without follow-up data were excluded. 
Safety was analyzed via the proportion of patients at 3 and 12 months 
who experienced at least one TEAE (serious or nonserious). A TEAE 
was defined as an event that first occurred or worsened after baseline. 
Treatment‑related adverse events were defined as events the investigator 
indicated to be related to treatment. Patient vital signs (blood pressure 
and heart rate) and laboratory assessments (hematology and clinical 
chemistry) were also reported.

Effectiveness outcome measures
The effectiveness population included all enrolled patients who received 
at least one dose of tadalafil and had both baseline and postbaseline 
data. The effectiveness of tadalafil once daily was measured by a change 
from baseline in the International Index of Erectile Function‑Erectile 
Function (IIEF‑EF) domain questionnaire18 (sum of questions Q1–5 
and Q15) at months 1, 3, and 12; the proportion of patients who 
achieved normal erectile function (IIEF‑EF ≥26) at months 1, 3, and 
12; and the proportion of patients who responded “yes” to the Sexual 
Encounter Profile (SEP) diary Q2 (SEP2) and Q3 (SEP3)14 at months 
1 and 3 upon a minimum of four sexual intercourse attempts.

Statistical analyses
Tadalafil exposure (in days) was calculated as the difference between 
the first day and the last day of treatment in each period. Treatment 
was self‑administered. To establish treatment compliance, the number 
of tablets dispensed, the date of tadalafil dispensed, and the number of 
tablets returned were recorded at each patient visit.

The overall incidence and proportion of patients experiencing 
a TEAE  (95% confidence interval  [CI]) or discontinuation due to 
adverse events during the 1st  year of tadalafil once‑daily treatment 
were calculated for all patients combined and for each treatment group.

A mixed‑model with repeated measures (MMRM) was used for 
calculation of the adjusted mean changes in IIEF‑EF domain scores 
from baseline to each follow‑up visit, and the least squares (LS) mean 
changes and 95% CI are presented. For MMRM, the fixed effects of 
visit, pooled investigator, baseline score, and the interaction of visit 
and baseline score were fitted. The percentage of patients with IIEF‑EF 
domain scores  <26 and  ≥26 were summarized. The SEP questions 
were tabulated into a baseline score and an endpoint score, based on 
the percentages of “yes” responses to a particular question requesting 
the number of sexual encounters during the run‑in period and in the 
postbaseline period, respectively. No comparisons between treatment 
groups were performed for the effectiveness population. All tests 
of treatment effects were conducted with a two‑sided alpha = 0.05. 
P values for significance of change from baseline to the follow‑up visit 
were determined for each treatment group.

RESULTS
Patient disposition
A total of 689  patients entered into the study, and the study had 
54 (7.8%) screen failures: 21 (38.9%) due to not meeting entry criteria, 
29 (53.7%) due to withdrawal by patients, and 4 (7.4%) due to loss to 
follow‑up (Figure 2). The remaining 635 patients were randomized 

PATIENTS AND METHODS
Study design
This study was a phase 4, prospective, multicenter, randomized, 
open‑label study to determine the effectiveness and long‑term safety 
of tadalafil given once daily to Chinese men with ED (NCT02224846). 
Patients were enrolled in the study between October 2014 and May 
2015, provided that they met the following inclusion criteria. Briefly, 
the population included Chinese men ≥22 years old and <70 years old, 
with a 3‑month history of ED and a monogamous sexual relationship 
with a female partner. Exclusion criteria included sexual disorders, 
such as premature ejaculation or ED caused by untreated endocrine 
disease  (e.g.,  hypothyroidism, hypopituitarism, or hypogonadism); 
clinically meaningful hepatobiliary disease or renal insufficiency; 
history of cardiac conditions; recent central nervous system injury; 
uncontrolled diabetes; or current use of nitrates, chemotherapy, 
androgens, antiandrogens, estrogens, anabolic steroids, or other 
approved or traditional Chinese medicine as ED treatment. All patients 
provided written informed consent, and the study was conducted in 
accordance with the Declaration of Helsinki. An ethical review board 
at each site approved the study protocol. The study was conducted at 
24 centers in China. The last patient visit was in July 2017.

The study was conducted in three phases: the first phase was a 
0.5‑ to 1‑month run‑in period for baseline sexual function assessment; 
the second phase  (period 1) was a 3‑month treatment period with 
2.5 mg or 5.0 mg of oral tadalafil once daily to determine effectiveness 
and safety; and the third phase (period 2) was a 21‑month extension 
period of the 5.0‑mg oral tadalafil once‑daily treatment to assess 
long‑term safety. Upon completion of the run‑in phase, patients were 
randomized (1:2) to the tadalafil 2.5‑mg treatment group (n = 211) or 
5.0‑mg treatment group (n = 424) at the baseline visit. Study treatments 
were not blinded since no comparisons between the two doses were 
conducted. At the end of period 1, patients initially in the 2.5‑mg 
treatment group were switched to the 5.0‑mg tadalafil once‑daily 
dose and those initially in the 5.0‑mg treatment group remained on 
the same dose for the 21‑month extension period (period 2). Figure 1 
displays the study design.

A preplanned interim analysis was conducted after all patients 
completed 1 year of tadalafil treatment, and those results are presented 
here. A final analysis will be conducted after all patients complete the 
2‑year treatment.

Figure 1: Study design flowchart.
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(1:2) to the 2.5‑mg treatment group (n = 211) or the 5.0‑mg treatment 
group (n = 424). By month 3, 9.0% of patients in the 2.5‑mg treatment 
group and 8.5% of patients in the 5.0‑mg treatment group had 
discontinued. The most common reason for discontinuation within 
period 1 was patient withdrawal  (n  =  26). Other reasons included 
protocol violation  (n  =  12), loss to follow‑up  (n  =  11), adverse 
event (n = 3), and sponsor decision (n = 3). A total of 530 (83.5%) 
patients completed period 2, with 116 (18.3%) patients discontinuing 
up to the interim analysis. The most common reason for discontinuation 
within period 2 was patient withdrawal  (n  =  68). Other reasons 
included loss to follow‑up (n = 20), protocol violation (n = 15), adverse 
event (n = 7), sponsor decision (n = 3), physician decision (n = 2), and 
death (n = 1).

Patient demographics
Baseline characteristics of patients, with preexisting conditions that 
occurred in at least 1% of the patients in any treatment group, are 
displayed in Table 1. Patients had the mean age of 43.6 (range: 22.6–69.7) 
years, and 23.6% of the patients had previously been treated with an 
ED therapy, including tadalafil, sildenafil, and vardenafil. The severity 
of ED was mostly mild to moderate, with a median IIEF‑EF domain 

score of 15.0  (range: 5.0–30.0). Overall, clinical characteristics and 
domain scores were well balanced between the two treatment groups.

Tadalafil once daily exposure and compliance
The mean ± standard deviation of total treatment exposure time during 
period 1 and period 2 was 89.5 ± 11.7 days and 271.9 ± 18.6 days, 
respectively. By month 12, total exposure time was 332.5 ± 89.4 days. 
Total treatment compliance (taking 70%–100% of prescribed tablets) 
at month 12 was 86.0%.

Safety of tadalafil once daily
At the end of the 12‑month treatment period, no deaths were reported. 
Serious adverse events  (SAEs) included unstable angina, coronary 
artery disease, duodenal ulcer hemorrhage, osteoporosis, spouse 
pregnancy, ureterolithiasis, and sleep apnea syndrome, none of which 
were considered related to study drug. The study reported TEAEs in 
172 (27.3%) of the patients who were mostly mild (Table 2). The most 
frequent TEAEs (occurring in >1% of patients in any treatment group) 
at 3 months included nasopharyngitis, upper respiratory tract infection, 
headache, dizziness, alanine aminotransferase increased, and blood uric 
acid increased; in addition, at 12 months, chronic gastritis, abdominal pain 
upper, and dental caries were also reported (Table 2). A total of 6 (1.0%) 
patients were discontinued from the study due to AEs of eye swelling, 
duodenal ulcer hemorrhage, chest discomfort, back pain, coronary artery 
disease, and hemoptysis (1 [0.2%] patient for each AE).

At month 3, several statistically significant changes from 
baseline were measured for hematological and chemistry laboratory 
values, such as decreases in erythrocytes, hematocrit, hemoglobin, 
leukocytes, lymphocytes, and monocytes; decreases in albumin, 
alanine aminotransferase, aspartate aminotransferase/serum glutamic 
oxaloacetic transaminase, cholesterol, calcium, glucose, potassium, 
and sodium; and increases in creatinine and uric acid. However, all of 
the median changes in the laboratory values were within the normal 
range and were not considered clinically meaningful.

A median change from baseline in systolic blood pressure was 
detected at month 3 in the 5.0‑mg treatment group  (−1.0  mmHg; 
P = 0.003). At month 12, slight increases from baseline in heart rate were 
observed in the 2.5‑mg to 5.0‑mg (median change: 2.0 bpm; P = 0.014) 
and 5.0‑mg (median change: 2.0 bpm; P = 0.012) treatment groups.

Overall, safety results at 1 year suggest similar AEs to the known 
safety profile of tadalafil. No new cardiovascular concerns were 
observed.

Table  1: Baseline characteristics

Characteristic 2.5‑mg tadalafil treatment group (N=211) 5.0‑mg tadalafil treatment group (N=424) Total (N=635)

Age (year), mean (range) 42.6 (22.6–65.7) 44.1 (23.4–69.7) 43.6 (22.6–69.7)

ED severitya, n (%)

Mild (17–30) 89 (42.2) 190 (44.8) 279 (43.9)

Moderate (11–16) 72 (34.1) 132 (31.1) 204 (32.1)

Severe (1–10) 50 (23.7) 102 (24.1) 152 (23.9)

IIEF‑EF domain score, median (range) 15.0 (5.0–27.0) 15.5 (5.0–30.0) 15.0 (5.0–30.0)

≥1 preexisting conditionb, n (%) 38 (18.0) 110 (25.9) 148 (23.3)

Hypertension 14 (6.6) 51 (12.0) 65 (10.2)

Diabetes 13 (6.2) 30 (7.1) 43 (6.8)

Prostatitis 4 (1.9) 7 (1.7) 11 (1.7)

Benign prostatic hyperplasia 3 (1.4) 2 (0.5) 5 (0.8)

≥1 previous ED therapy, n (%) 46 (21.8) 104 (24.5) 150 (23.6)
aBased on categories of IIEF‑EF domain score; bpreexisting conditions in ≥1% of the patients included except for pharyngitis, due to its relative irrelevance to ED. ED: erectile dysfunction; 
IIEF‑EF: International Index of Erectile Function‑Erectile Function

Figure 2: Flow diagram of patient disposition. AE: adverse event.
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Effectiveness of tadalafil once daily
Significant improvement in erectile function, as measured by IIEF‑EF, 
was observed as early as 1 month for 2.5‑mg (LS mean change: 4.7; 95% 
CI: 3.9–5.5; P < 0.001), 5.0‑mg (LS mean change: 6.1; 95% CI: 5.6–6.7; 
P < 0.001), and total tadalafil (LS mean change: 5.7; 95% CI: 5.2–6.1; 
P < 0.001) once‑daily dosing. The same significance was present for 
individual once‑daily doses (LS mean change for 2.5‑mg: 6.3; 95% CI: 
5.4–7.1; P < 0.001; LS mean change for 5.0‑mg: 7.4; 95% CI: 6.8–7.9; 
P  <  0.001) and total tadalafil dose  (LS mean change: 7.0; 95% CI: 
6.5–7.4; P < 0.001) at 3 months and was maintained to 12 months 
(LS mean change for 2.5‑mg to 5.0‑mg dose: 8.0; 95% CI: 7.1–8.8; 
P < 0.001; for 5.0‑mg dose: 7.9; 95% CI: 7.4–8.5; P < 0.001; for total 

Table  2: Treatment‑emergent adverse events during first 12‑month treatment

Adverse event 2.5‑mg tadalafil treatment group (N=210), n (%) 5.0‑mg tadalafil treatment group (N=421), n (%) Total (N=631), n (%)

≥1 TEAE 52 (24.8) 120 (28.5) 172 (27.3)

Serious AEs 2 (1.0) 4 (1.0) 6 (1.0)

Discontinuations due to AEs 3 (1.4) 3 (0.7) 6 (1.0)

Deaths 0 (0.0) 0 (0.0) 0 (0.0)

Specific TEAEa

Nasopharyngitis 12 (5.7) 27 (6.4) 39 (6.2)

Upper respiratory tract infection 1 (0.5) 14 (3.3) 15 (2.4)

Headache 2 (1.0) 9 (2.1) 11 (1.7)

Dizziness 2 (1.0) 7 (1.7) 9 (1.4)

Abdominal pain upper 3 (1.4) 3 (0.7) 6 (1.0)

Alanine aminotransferase increased 4 (1.9) 1 (0.2) 5 (0.8)

Blood uric acid increased 4 (1.9) 1 (0.2) 5 (0.8)

Chronic gastritis 3 (1.4) 2 (0.5) 5 (0.8)

Dental caries 3 (1.4) 0 (0.0) 3 (0.5)
aPreferred term; TEAEs listed that occurred in >1% of the patients in any treatment group. The safety population in this analysis only included enrolled patients that received at least 
one dose of tadalafil; 1 patient and 3 patients in the 2.5-mg and 5.0-mg tadalafil treatment group were excluded as loss to follow-up after the enrollment, respectively. AEs: adverse 
events; TEAEs: treatment‑emergent adverse events

tadalafil dose: 7.9; 95% CI: 7.5–8.4; P < 0.001) (Figure 3a). By month 
1, 45 (22.2%) patients in the 2.5‑mg treatment group and 127 (30.7%) 
patients in the 5.0‑mg treatment group regained normal erectile 
function (IIEF‑EF ≥26) (total of 172 [27.9%] patients); by month 3, 
61 (31.6%) patients in the 2.5‑mg treatment group and 147 (37.6%) 
patients in the 5.0‑mg treatment group (total of 208 [35.6%] patients) 
regained normal erectile function; and by month 12, the numbers 
of patients in the 2.5–5.0 mg and 5.0 mg dose groups that returned 
to normal erectile function were 78  (44.1%) and 157  (43.5%), 
respectively (total of 235 [43.7%] patients) (Figure 3b).

Tadalafil once‑daily treatment led to a significant LS mean 
change per patient in the percentage of “yes” responses to the 
SEP questions. The following results were reported for SEP2 (the 
ability of the patient to insert penis into partner’s vagina) LS mean 
change  (95% CI): month 1, 24.5%  (19.2%–29.8%), P  <  0.001 for 
2.5‑mg treatment and 29.1% (26.4%–31.8%), P < 0.001 for 5.0‑mg 
treatment; month 3, 30.6%  (25.9%–35.4%), P  <  0.001 for 2.5‑mg 
treatment and 33.8% (31.3%–36.3%), P < 0.001 for 5.0‑mg treatment. 
The following results were reported for SEP3 (an erection maintained 
long enough to have successful intercourse) LS mean change (95% 
CI): month 1, 27.3% (20.7%–33.9%), P < 0.001 for 2.5‑mg treatment 

Figure  4: SEP question responses. Mean SEP at baseline, month 1, and 
month 3. LS mean change from baseline indicated within bar. *P < 0.001. 
SEP: sexual encounter profile; LS: least squares; SEP2: ability of patient to 
insert penis into partner’s vagina; SEP3: erection maintained long enough 
to have successful intercourse.

Figure  3: IIEF‑EF domain score LS mean change from baseline and 
achievement of normal erectile function. (a) Mean IIEF‑EF domain score at 
baseline, month 1, month 3, and month 12. LS mean change from baseline 
indicated within bar. *P < 0.001. (b) Percentage of patients with IIEF‑EF 
domain score ≥26 at baseline, month 1, month 3, and month 12. aPatients 
given the 2.5‑mg dose were switched to 5.0‑mg dose starting at 3 months (end 
of period 1). IIEF‑EF: International Index of Erectile Function‑Erectile 
Function; LS: least squares.

b

a
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and 33.4% (29.0%–37.8%), P < 0.001 for 5.0‑mg treatment; month 
3, 41.1%  (34.2%–48.1%), P  <  0.001 for 2.5‑mg treatment and 
43.6% (39.2%–48.0%), P < 0.001 for 5.0‑mg treatment (Figure 4).

DISCUSSION
The safety and effectiveness of long‑term tadalafil once‑daily 
administration were assessed in the Chinese population. The results 
reported in this study are from a 1‑year interim analysis; the full 
2‑year analysis will be conducted once all patients have completed this 
period. At the time of this analysis, 530 (83.5%) of the 635 Chinese 
men who entered randomization completed 1 year of treatment and 
demonstrated a high treatment compliance rate of 86.0%.

Extended treatment with 5.0  mg tadalafil up to 1  year did not 
unveil any new safety concerns in Chinese patients with ED. Long‑term 
tadalafil once‑daily dosing resulted in mostly mild AEs (total TEAE 
incidence of 27.3%), only six discontinuations due to AEs, and no 
clinically meaningful laboratory or vital sign changes. No deaths were 
reported, and SAEs that occurred were mostly present in patients with 
preexisting conditions and therefore considered not related to study 
drug. The primary objective of this trial regarding long‑term safety 
was met and the safety profile was consistent with the tolerability 
reported previously.17

Consistent with previous studies,12–16 tadalafil once daily improved 
erectile function. Based on the IIEF‑EF domain score assessments, 
effectiveness was notable as early as 1 month after tadalafil once‑daily 
dosing at 2.5 mg and 5.0 mg. After 1 month of tadalafil once‑daily 
dosing, erectile function had returned to normal (IIEF‑EF ≥26) for 
27.9% of patients. This effectiveness was maintained at 3 months and 
continued up to 12 months, with 43.7% of patients having an IIEF‑EF 
score ≥26. Responses for the SEP questions after once‑daily treatment 
similarly supported long‑term effectiveness and, importantly, patient 
fulfillment. Both treatment doses, 2.5 mg and 5.0 mg, led to increases 
in penetration (SEP2) and intercourse (SEP3). Largely, the effectiveness 
and improvements seen at month 1 were maintained to month 3 and 
then to month 12, after tadalafil once‑daily dosing.

The long‑term safety and effectiveness results of tadalafil 
once daily may afford several benefits to Chinese men. The rapid 
improvements in erectile function demonstrated after only 1 month 
of tadalafil once‑daily dosing suggest the ability to quickly increase 
sexual performance. In addition, as demonstrated by the month 12 
safety results, the extended tolerability of tadalafil once‑daily dosing 
will enable greater administration compliance as well as a more 
spontaneous, natural sex life for Chinese men.

Benefits to Chinese men who previously did not see improvement 
with on‑demand PDE5 inhibitors may also be possible. For example, 
in patients who received the maximum dose of PDE5 inhibitors 
on‑demand (i.e., 100 mg sildenafil, 20 mg vardenafil, or 20 mg tadalafil) 
yet still had incomplete response (IIEF‑EF <26), tadalafil once daily 
at both 2.5‑mg and 5.0‑mg dosing restored normal erectile function 
in almost 40% of those patients compared with placebo.19 This may 
be attributed to the pharmacokinetics of tadalafil once daily, reaching 
1.6‑fold higher steady state serum concentrations than on‑demand 
dosing.20 Consequently, these findings along with the current report 
could potentially offer an option for improved effectiveness in Chinese 
men with ED who were once considered nonresponders. Tadalafil 
once‑daily treatment may also provide benefit to the Chinese ED 
patients who failed in on‑demand treatment, and this effectiveness 
deserves further evaluation.

This study presents some limitations. First, the study uses an 
open‑labeled trial design with a focus on long‑term safety results, 

instead of a randomized, controlled trial design. In addition, the current 
data are only interim analyses; the final analysis will be disclosed in 
the future.

CONCLUSION
The findings of this study in a Chinese population provide evidence for 
extended effectiveness and tolerability of tadalafil, demonstrating no 
new safety concerns, in this population and make once‑daily tadalafil 
administration a viable option to improve sexual performance and 
satisfaction in Chinese men with ED.
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