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Purpose: The combined administration of tadalafil, a phosphodiesterase-5 inhibitor, and amlodipine, a calcium channel blocker, can
be a promising therapeutic option for hypertension patients with erectile dysfunction. This study aimed to examine the pharmacoki-
netic drug interaction between tadalafil and amlodipine and the tolerability of their combined administration in healthy male subjects.
Subjects and Methods: Healthy volunteers (N = 24) were randomly assigned to one of the six sequences that consisted of three
treatments: tadalafil (5 mg) alone, amlodipine (10 mg) alone, and tadalafil plus amlodipine. The study drugs were administered orally
for 9 d, and the collected serial blood samples were analyzed up to 72 h after the last dosing. Pharmacokinetic parameters were
calculated using non-compartmental analysis.

Results: For tadalafil, geometric mean ratios (GMRs) (90% confidence interval (CI)) of the combined therapy over the monotherapy
were 1.57 (1.46-1.68) for AUC, i and 1.34 (1.24-1.45) for Cy,ax ss. For amlodipine, the GMRs (90% CI) of AUC, s and Cy,ax ss Were
0.93 (0.90-0.97) and 0.95 (0.91-0.99), respectively. The severity of all observed adverse events (AEs) related to the study drugs was
mild, and the frequency of AEs of the combined administration was not significantly different from the monotherapy.

Conclusion: A substantial pharmacokinetic drug interaction between tadalafil and amlodipine was observed with respect to the
concentration of tadalafil when administered concomitantly. However, the dose range of the combined administration of tadalafil and
amlodipine in the present study was well tolerated by the subjects.
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Introduction

Erectile dysfunction (ED) is characterized by the consistent inability to attain or keep an erection sufficient for
satisfactory sexual intercourse. The prevalence of ED has been increasing persistently, and diabetes mellitus, hyperten-
sion and dyslipidemia are known to be risk factors of ED.' In particular, based on patient questionnaire and the
International Index of Erectile Function, Giuliano et al reported that the overall prevalence of ED in hypertension patients
was 61% and 67%, respectively.! In patients with chronic hypertension, the need for co-administration of
a phosphodiesterase (PDE)-5 inhibitor such as tadalafil for ED is increasing.

At present, phosphodiesterase (PDE)-5 inhibitors such as sildenafil, tadalafil, vardenafil and avanafil are marketed
globally. ED drugs inhibit the activity of PDE-5 in the corpus cavernosum, which prevents the breakdown of cyclic
guanosine monophosphate (cGMP), leading to improvement of penile blood flow.> Among the PDE-5 inhibitors, tadalafil
is predominantly metabolized by cytochrome P450 (CYP) 3A4 with a relatively long half-life of 17.5 h.**

Amlodipine is one of the most extensively used oral dihydropyridine calcium channel blocker (CCB), which
particularly reduced blood pressure variability and was effective for protecting stroke and myocardial infarction.® It is
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slowly absorbed with T,,, of 5.0-6.0 h after oral administration and is eliminated via a biphasic mode with a half-life of
40-60 h.” In terms of metabolism, it is known as a substrate and a weak inhibitor of CYP3A4.5°

Considering that both drugs are common substrates of CYP3A4 and that amlodipine is a potent inhibitor of CYP3A4,
the possibility of a drug interaction cannot be ruled out. No study has examined the pharmacokinetic (PK) interaction
between tadalafil and amlodipine in healthy subjects. The primary aim of this study was to evaluate PK interaction and
tolerability of tadalafil and amlodipine administered to healthy male volunteers at steady state.

Methods

Study Information

The study protocol was approved by the Korean Ministry of Food and Drug Safety and by the Institutional Review Board
(IRB) of Asan Medical Center (AMC, Seoul, Republic of Korea) (IRB Approval Number 2014-0711). All subjects
provided written informed consent before undergoing screening tests. The trial was registered at ClinicalTrials.gov
(identifier number NCT02243319). All the procedures were conducted according to the guidelines of Good Clinical
Practice and the principles of the Declaration of Helsinki.

Subjects

Healthy male volunteers aged 19-45 years with a body mass index (BMI) of 19-28 kg/m? were eligible for the study. All
subjects were considered to be in good health based on medical history, physical examinations, vital signs (blood
pressure, heart rate and body temperature), 12-lead electrocardiogram (ECG), clinical laboratory tests, serology, and
urine drug screening within 4 weeks before the first administration of the study drug. Subjects with a known allergic or
hypersensitivity reaction to tadalafil or amlodipine, or with a history of drug abuse, were excluded from the study.

Study Design

The study was designed as an open-label, randomized, multiple-dose, three-treatment, three-period, six-sequence, and
crossover clinical trial. All subjects were randomly assigned to one of the six sequences and received one of the three
different treatments every 24 h for 9 consecutive days:'® tadalafil 5 mg (Treatment A), amlodipine 10 mg (Treatment B),
or tadalafil 5 mg plus amlodipine 10 mg (Treatment C) (Figure 1). All treatments were administered under fasting
conditions along with 240 mL of water. After the administration of the study drug(s), subjects were required to fast for 4
h. Following a 15-d washout interval, subjects received one of the other treatment regimens. This was repeated until they
had received all three treatments. Subjects were admitted to the Clinical Trial Center (CTC) at AMC from Day 8 to Day
10 (24 h after the last dose) during each treatment period. On Days 11 and 12, all subjects visited the CTC for tolerability

SEQ1(ABC)(N=4)}—] completed(N=3)

SEQ2(CAB)(N=4) = Completed(N=4)

Excluded(N=24)
Screened(N=48) L Enrolled(N=24)

SEQ3(BCA)(N=4)p==1 Completed(N=3)

SEQ4(CBA)(N=4)}=—] completed(N=4)

SEQ5(BAC)(N=4)p=1 Completed(N=4)

SEQ6(ACB)(N=4)p==1 Completed(N=4)

Figure | Study design (open-label, multiple-dose, three-treatment, three-period, six-sequence crossover study). (A) Tadalafil 5 mg; (B) amlodipine 10 mg; (C) tadalafil 5 mg
+ amlodipine 10 mg.
Abbreviation: SEQ, sequence.
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and PK interaction assessments of tadalafil and amlodipine. The schedule for the second and third treatment periods was
the same as that for the first period. Follow-up visit was performed 2 weeks after the last dosing.

Sampling and Measurement of Concentration

For PK analysis, sequential blood samples were collected prior to dosing on Day 1, Day 8 and Day 9 and 0.5, 1, 1.5, 2, 3,
4,6,8, 10, 12, 24, 48, and 72 h after the Day 9 dosing.!' Samplings prior to dosing on Day 8 and Day 9 were to confirm
the steady state by comparing trough concentrations. All the blood samples used to determine the concentration of
tadalafil and amlodipine were drawn into ethylenediaminetetraacetic acid-K, tubes and separated via centrifugation at
1800 g for 8 minutes at 4 °C. Samples were then stored at — 70 °C until analysis.

The plasma concentrations of tadalafil and amlodipine were measured using a validated liquid chromatography-
tandem mass spectrometric (LC-MS/MS) method after solid-phase extraction from plasma. Calibration curves covered
the range of 1.0 ~ 2000.0 ng/mL tadalafil and 0.05 ~ 50.0 ng/mL amlodipine. All plasma analyses were performed at
BIOINFRA Life Science Inc. (Seoul, Republic of Korea).

PK Assessment and Statistical Analysis

The PK of tadalafil and amlodipine in each subject was analyzed using a non-compartmental method with Phoenix
WinNonlin® software (version 6.4, Pharsight, CA, USA) and R version 4.0.3 (R Foundation for Statistical Computing,
Vienna, Austria). All analyses were based on actual sampling time. The peak plasma concentration at steady state
(Cmax.ss) and the time taken to reach Cpaxss (Tmax,ss) Were determined from observed values. Terminal elimination rate
constant (A,) was estimated using linear regression of the terminal log-linear portion of the plasma concentration—time
curves. The t;,,g for each participant was calculated as In(2)/A,.

Demographic data and PK parameters were summarized using descriptive statistics. To compare PK characteristics
between tadalafil, amlodipine or combined administration of tadalafil and amlodipine, Cax ss» AUC, ss and AUCy ., were
log-transformed and tested using analysis of variance model. The mean differences and 90% confidence interval (CI)
were back-transformed to obtain geometric mean ratio (GMR) and CI for those ratios. In addition, paired #-test was used

to compare the pharmacokinetic parameters. A P-value <0.05 was deemed significant.

Tolerability Assessments

Tolerability was assessed by measuring vital signs, 12-lead ECGs, clinical laboratory tests (hematology, blood chemistry,
and urinalysis), physical examinations, and monitoring of adverse events (AEs). AEs were recorded based on symptoms
and signs, duration, intensity, relationship to the study drug, action taken, outcome, and seriousness. All AEs were coded
using the Medical Dictionary for Regulatory Activities (MedDRA® version 17.0).

Result

Study Participants

Of the 24 participants that received the study drug at least once, 22 subjects completed the study. Two out of the 24
subjects administered the study drug in the first period were excluded from the study due to AEs (fever for the tadalafil-
treated subject and increased aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels for the
amlodipine-treated subject).

All subjects were included in the tolerability assessment. Demographics of participants such as age, height, weight,
and BMI are summarized as follows: Mean (SD) age was 29.54 (5.70) years, mean height was 173.73 (4.16) cm, mean
weight was 69.68 (8.05) kg, and mean BMI was 23.05 (2.23) kg/m?, respectively. There were no statistical differences
across the sequence groups in terms of demographic distribution.
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Figure 2 Mean (SD) plasma concentration—time curves of tadalafil (A) and amlodipine (B) after oral administration of 5 mg tadalafil with or without 10 mg amlodipine at
steady state (n = 22).

PK Analysis

To evaluate the PK drug interactions between tadalafil and amlodipine, the PK profiles of tadalafil (Figure 2A) and
amlodipine (Figure 2B) were separately assessed. Since two subjects were excluded from the study due to AEs, 22
subjects were included in the PK analysis of the present study.

The PK parameters of tadalafil and amlodipine are shown in Table 1. The steady-state mean ratios (90% CI) of co-
administration of tadalafil and amlodipine over a single dose of tadalafil were 1.57 (1.46-1.68) for AUC, s and 1.34
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Table | Pharmacokinetic Parameters of Tadalafil and Amlodipine in Healthy Subjects (n = 22)

PK Parameter
(Unit)

Tadalafil

Amlodipine

Tadalafil

Tadalafil + Amlodipine

Amlodipine

Tadalafil + Amlodipine

Crnax (ngmL™")
AUC,, (ngh mL™)
AUCj-.. (nghmL™")
tinp (h)

Timaxss (h)

146.23 (36.66)
2044.26 (570.82)
3079.14 (1521.99)
19.03 (4.63)
261 (0.50-6.00)

198.41 (56.35)
3255.58 (1056.66)
7272.84 (3506.53)
24.28 (5.47)
1.93 (0.504.00)

19.66 (4.34)
397.39 (97.75)

1389.94 (568.95)
46.18 (10.55)

5.95 (3.00-10.00)

18.80 (4.86)
372.57 (102.08)
1332.27 (671.35)
47.80 (14.47)
5.96 (2.00-8.00)

Note: Data presented as means * standard deviation, except for T,y for which median (min-max) is shown.

Abbreviations: C,, ., measured peak plasma concentration at steady state; t,p, terminal half-life; AUC , area under the plasma concentration—time curve over dosing
interval at steady state; AUCy-., area under the plasma concentration—time curve from 0 time extrapolated to infinite time; T v ss, time to reach peak concentration at
steady state after last dosing; h, hours.

Table 2 Geometric Mean Ratio of Pharmacokinetic Parameters of Tadalafil and Amlodipine When Given Alone and in Combination at
Steady State in Healthy Subjects (n = 22)

Parameter Test Reference GMR (90% CI) | P value versus Monotherapy®
Tadalafil

Crnax,ss Tadalafil + amlodipine Tadalafil 1.34 (1.24-1.45) <0.000 | *#*

AUC, Tadalafil + amlodipine Tadalafil 1.57 (1.46-1.68) <0.000 | *#*

AUC,-. Tadalafil + amlodipine Tadalafil 1.89 (1.72-2.08) <0.000 |+
Amlodipine

Crnax,ss Tadalafil + amlodipine Amlodipine 0.95 (0.91-0.99) 0.0410*

AUC, Tadalafil + amlodipine Amlodipine 0.93 (0.90-0.97) 0.0046**

AUCo-. Tadalafil + amlodipine Amlodipine 0.94 (0.89-0.98) 0.0403*

Notes: *Determined using paired t-test. *Paired t-test P values indicate statistical significance (*P < 0.05, **P < 0.01, ***P < 0.001).
Abbreviations: GMR, geometric mean ratio; Cl, confidence interval; Cp,xss, Maximum concentration in plasma at steady state; AUC, , area under the plasma
concentration—time curve over dosing interval at steady state; AUCy-.,, area under the plasma concentration—time curve from 0 time extrapolated to infinite time.

(1.24-1.45) for Cppax ss, respectively. The GMRs (90% CI) of co-administration of tadalafil and amlodipine over a single
dose of amlodipine were 0.93 (0.90-0.97) and 0.95 (0.91-0.99) for AUC, s and Ciax ss, respectively (Table 2).

Tolerability Assessment

Thirteen subjects showed a total of 37 AEs, of which 29 were considered to be “related” to the study drugs. The most
common AE in the groups of tadalafil single administration and co-administration (amlodipine plus tadalafil) was
headache (seven subjects, ten events) (Table 3). Laboratory tests revealed an increase in AST, ALT, and triglyceride
and a decrease in absolute neutrophil count. No clinically significant abnormality in 12-lead ECGs and physical
examination was found. After 9-day consecutive administration of tadalafil, amlodipine and tadalafil plus amlodipine,
the greatest decreases in mean (SD) SBP were 13.9 (7.5), 13.7 (7.3) and 18.8 (6.9) mmHg, respectively, and DBP, 16.0
(6.4), 14.7 (6.6) and 19.2 (6.5) mmHg (Figure 3). No serious AEs occurred throughout the entire study. All AEs were

mild in severity and resolved without any sequelae.

Discussion

This study investigated the potential PK interaction between tadalafil and amlodipine in healthy subjects at steady state.
Based on the results of the present study, the half-life of amlodipine, which was approximately 46 h, was larger than that
of tadalafil (19 h). Washout period was set up at 15 d, which was 7 times higher than the half-life, allowing both study
drugs to be excreted to the lowest level of quantification before the next period. Moreover, the AUC, (/ AUC;iy¢ s of both
tadalafil and amlodipine were over 80% (data not shown). Blood sampling was performed for up to 72 h after the last
dosing to estimate the exposures of tadalafil and amlodipine sufficiently.
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Table 3 Summary of Adverse Event After the Study Drug Administration

Treatment Tadalafil Amlodipine Tadalafil + Total
Adverse Event Amlodipine
Headache 4 (5) 0 (0) 4 (5) 7 (10)
Back pain 1 () 0 (0) 2(2) 3(3)
Nausea 1 (2) 0 (0) 2(2) 24
Upper respiratory tract 0 (0) 1 (1) 1 (1) 2(2)
infection
ALT increased 0 (0) 1 () 0 (0) (1)
AST increased 0 (0) 1 () 0 (0) (1)
Blood-streaked sputum 1 () 0 (0) 0 (0) (1)
Chillness (1) 0 (0) 0 (0) (1)
Dizziness 0 (0) 0 (0) () (1)
Myalgia 1 () 0 (0) 0 (0) (1)
Neutrophil count decreased 0 (0) 1(1) 0 (0) I (I)
Sensation of heat 0 (0) 0 (0) (1) (1)
Stomatitis () 0 (0) 0 (0) (1)
Ankle sprain® (1) 0 (0) 0 (0) (1)
Fatigue® 0 (0) 1 () 0 (0) (1)
Fever® 1 () 0 (0) 0 (0) (1)
Triglyceride increased® 0(0) 1 (1) 0 (0) I (1)
Skin irritation” 1 (1) 0 (0) 0 (0) (1)
Sore throat® 1 () 0 (0) 0 (0) (1)
Skin abrasion® (1) 0 (0) 0 (0) (1)
Stiff shoulder® 1 (1) 0 (0) 0 (0) (1)
Total 8 (19) 4 (6) 6 (1) 20 (37)

Notes: Data are presented as number of subjects (number of events). *Considered as “not-related” to the study drugs.

Recently, Kim et al reported that the C..x and T.x of amlodipine were 18.4 ng/mL and 6.0 h in subjects
administered 10 mg amlodipine for 10 d, respectively.'? Their results are consistent with the results presented in this
study (19.6 ng/mL and 5.95 h). The AUC of tadalafil increased proportionally with dose in healthy subjects administered
2.5 to 20 mg of tadalafil. Steady-state plasma concentrations were attained within 5 d of administering the drug once
per day, and exposure was approximately 1.6-fold greater after a single dose, similar to the profile in this study.

In this study, the primary PK parameters were Cp,yx ss and AUC, g of tadalafil and amlodipine. The administration of
tadalafil alone increased both Ci,.xss and AUC, i significantly compared with the co-administration of tadalafil and
amlodipine; 90% ClIs for the GMRSs of Cpax ss and AUC, ¢ were all out of the range of 0.80-1.25. However, the 90% ClIs
for the GMRs of combined administration versus monotherapy of amlodipine were within the range of 0.80-1.25 for
Ciax,ss and AUC .

Tadalafil is predominantly metabolized by CYP3A4, and CCBs such as amlodipine, diltiazem, and verapamil are
known to be a potent CYP3A4 inhibitor.** These facts could explain why the Crax.ss and AUC, i of tadalafil were
remarkably increased in the group of tadalafil plus amlodipine in the present study. Although the plasma level of tadalafil
concentration in co-administration treatment was greater than monotherapy treatment, and the frequency of AEs such as
a remarked decrease in blood pressure was not significantly different. Sildenafil, other PDE-5 inhibitor, and antihyper-
tensive dihydropyridines such as amlodipine were metabolized by CYP3A4. However, administration of sildenafil and
amlodipine did not exhibit a synergistic blood pressure-lowering action.'*'*

The most common AE was headache in the treatment group of tadalafil alone and tadalafil with amlodipine, which
was a well-known AE of tadalafil. As shown in Table 2 and Figure 2, tadalafil was absorbed rapidly (Tax ss= 2.61 h) and
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Figure 3 Mean (SD) (A) systolic and (B) diastolic blood pressure (SBP and DBP, respectively) over 9 days of administration of tadalafil and amlodipine administered as
monotherapy and combined therapy in healthy subjects (n = 22).
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decreased to the approximate baseline by 24 h after dosing. Likewise, the AE, which started at least 3 h late after drug
administration, was almost resolved within 2 d.

The limitation of the present study is that the subjects that participated in the study were all healthy volunteers who
have different pathophysiological environments from the hypertension patients. Further studies, to continue drug
development, should be carried out on hypertension patients to confirm the PK drug interaction between tadalafil and
amlodipine.

Conclusion

This study demonstrated that multiple oral co-administration of 5 mg tadalafil and 10 mg amlodipine showed significant
PK drug interactions at steady state. In addition, within the dose range studied here, it was well tolerated in the healthy
male subjects.
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