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Purpose: The combined administration of bazedoxifene, a tissue-selective estrogen receptor modulator, and cholecalciferol can be
a promising therapeutic option for postmenopausal osteoporosis patients. This study aimed to examine the pharmacokinetic interac-
tions between these two drugs and the tolerability of their combined administration in healthy male subjects.

Patients and Methods: Thirty male volunteers were randomly assigned to one of the six sequences comprised of three treatments:
bazedoxifene 20 mg monotherapy, cholecalciferol 1600 IU monotherapy, and combined bazedoxifene and cholecalciferol therapy. For
each treatment, a single dose of the investigational drug(s) was administered orally, and serial blood samples were collected to measure
the plasma concentrations of bazedoxifene and cholecalciferol. Pharmacokinetic parameters were calculated using the non-
compartmental method. The point estimate and 90% confidence interval (CI) of the geometric mean ratio (GMR) were obtained to
compare the exposures of combined therapy and monotherapy. The pharmacokinetic parameters compared were the maximum plasma
concentration (Cp,x) and the area under the plasma concentration-time curve from time zero to the last quantifiable concentration
(AUC,). The safety and tolerability of the combined therapy were assessed in terms of the frequency and severity of adverse events
(AEs).

Results: For bazedoxifene, the GMR (90% CI) of the combined therapy to monotherapy was 1.044 (0.9263—1.1765) for C,.x and
1.1329 (1.0232-1.2544) for AUC,,g. For baseline-adjusted cholecalciferol, the GMR (90% CI) of the combined therapy to mono-
therapy was 0.8543 (0.8005-0.9117) for C,,.x and 0.8056 (0.7445-0.8717) for AUC,,. The frequency of AEs observed was not
significantly different between the combined therapy and monotherapy, and their severity was mild in all cases.

Conclusion: A mild degree of pharmacokinetic interaction was observed when bazedoxifene and cholecalciferol were administered
concomitantly to healthy male volunteers. This combined therapy was well tolerated at the dose levels used in the present study.
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Introduction

Osteoporosis is a skeletal disorder characterized by low bone mass and an increased risk of bone fracture. Bone mass
reaches its peak in young adulthood, and increased bone resorption relative to bone formation leads to the lowering of bone
mass. According to the World Health Organization, osteoporosis is defined as hip or lumbar spine bone marrow density of
more than 2.5 standard deviations below the mean found in the young-adult population.' Osteoporosis is a significant public
health concern among the elderly due to the increased morbidity and mortality associated with bone fractures. It affects both
sexes and all races, and its prevalence is expected to rise as the global population continues to age.'
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The pharmacologic agents for the prevention and treatment of osteoporosis include calcium, vitamin D, bisphosphonates,
calcitonin, estrogen, selective estrogen receptor modulator (SERM), parathyroid hormone, and anti-receptor activator of
nuclear factor-kappa B ligand antibody (denosumab).? The therapeutic potential of new treatment approaches, such as
exosomes derived from endothelial cells or mesenchymal stem cells, has been investigated recently in animal models.**

Bazedoxifene, a third-generation SERM, exhibits tissue-selective action, functioning as an agonist in skeletal tissue
but as an antagonist in breast and uterine tissues.”® Bazedoxifene has been approved for the treatment of postmenopausal
osteoporosis by the European Medicines Agency, and conjugated estrogens/bazedoxifene have been approved for the
prevention of postmenopausal osteoporosis by the United States Food and Drug Administration.”® Cholecalciferol,
commonly known as vitamin D5, plays an important role in bone metabolism. Cholecalciferol is converted to calcifediol
(25-hydroxycholecalciferol) in the liver and then to calcitriol (1,25-dihydroxycholecalciferol), the active form of vitamin
D, in the kidney. Although vitamin D can be obtained from dietary intake and synthesized in the skin after exposure to
sunlight, its deficiency is common. The National Osteoporosis Foundation recommends 800—-1000 IU of vitamin D intake
per day for individuals aged 50 and older.'

A fixed-dose combination formulation of bazedoxifene and cholecalciferol is a potentially promising therapeutic
option for postmenopausal osteoporosis patients as it can improve treatment efficacy and medication compliance. Before
developing a fixed-dose combination formulation, the pharmacokinetic (PK) interactions between bazedoxifene and
cholecalciferol need to be assessed. This study aimed to examine the PK interactions between these drugs as well as their
safety and tolerability when co-administered in healthy male subjects.

Materials and Methods
Study Design
The study was designed as an open-label, randomized, three-period, three-treatment, six-sequence, crossover clinical
trial. Healthy male volunteers aged between 19 and 40 years with body mass index (BMI) between 19 and 28 kg/m? were
eligible for inclusion. Subjects were screened based on past medical history, physical examination including vital signs
(blood pressure, heart rate, and body temperature), urine drug screening, clinical laboratory tests, serology tests, and 12-
lead electrocardiogram (ECG). Subjects with a history of venous thromboembolism, hypercalciuria, renal stone,
hepatobiliary disease, galactose intolerance, drug abuse, or clinically significant hypersensitivity reaction were excluded.
A total of 30 subjects were randomly assigned to six sequences comprised of three treatments: one tablet of 20 mg
bazedoxifene (Viviant®; Pfizer Ltd., Seoul, Korea), two tablets of 800 IU cholecalciferol (HGP1501; Hanmi
Pharmaceutical Co. Ltd., Seoul, Korea), or one tablet of 20 mg bazedoxifene along with two tablets of 800 IU
cholecalciferol (Table 1). Outpatient visits were scheduled on day —10 of period 1 and day —9 of periods 2 and 3. At
that time, subjects were provided with sunscreens (sun protection factor 50) and diaries to record their diet and activity.
Subjects were asked to limit their exposure to sunlight by applying sunscreen and covering themselves with clothes and
hats for outdoor activities. Subjects were required to refrain from taking dietary supplements and foods high in vitamin

Table | Overall Study Design

Sequence | Period | | Period 2 | Period 3 | Number of Subjects
1 R1 Rl T 5
2 R T R I 5
3 Rl Rl T 5
4 Rl T R1 5
5 T Rl Rl 5
6 T R R1 5

Abbreviations: R |, reference | (bazedoxifene 20 mg); R Il, reference Il (cholecalciferol
1600 IU); T, test (bazedoxifene 20 mg + cholecalciferol 1600 1U).
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D content. Between two consecutive periods, there was a washout period of at least 14 days. These subjects were
admitted to the Clinical Trial Center at Asan Medical Center (Seoul, Korea) the day before drug administration. The test
drugs were administered orally under fasting conditions with 150 mL of water. After receiving the investigational
drug(s), subjects were required to fast for four hours. Depending on the treatment, subjects were discharged on either day
2 (bazedoxifene monotherapy) or day 6 (cholecalciferol monotherapy or combined therapy). A follow-up visit was
scheduled two weeks after the last dose.

To determine the plasma bazedoxifene concentration, serial blood samples were collected at 0 (pre-dose), 1, 1.5, 2, 3,
4,5,6,8, 10, 12, 14, 24, 48, 72, 96, and 120 hours after the dosing. To measure the baseline cholecalciferol level, blood
samples were collected at 16, 12, 8, and 0 hours before the cholecalciferol dosing, and the average concentration for each
individual was used as the baseline cholecalciferol concentration. Baseline-adjusted cholecalciferol concentrations were
obtained by subtracting the baseline from the post-dose plasma cholecalciferol concentrations measured at 1, 1.5, 2, 3, 4,
5,6, 8, 10, 12, 14, 16, 24, 48, 72, 96 and 120 hours after the treatment. If the baseline-adjusted cholecalciferol
concentration had a negative value, zero was assigned.

Blood samples used for the drug concentration measurements were drawn into ethylenediaminetetraacetic acid K,
tubes. Plasma was separated by centrifugation at 1800 x g for 8 minutes at 4 °C and stored in Eppendorf tubes at =70 °C
until analysis. At the analytical laboratory (BioCore Co. Ltd., Seoul, Korea), samples were thawed at room temperature.
The plasma concentrations of bazedoxifene and cholecalciferol were assayed using validated liquid chromatography with
tandem mass spectrometry (LC-MS/MS). Bazedoxifene samples were prepared by liquid-liquid extraction, and chole-
calciferol samples by protein precipitation and solid-phase extraction. Liquid chromatography was conducted using
a Shimadzu UFLC system (Shimadzu Corp., Kyoto, Japan). For tandem mass spectrometry, a SCIEX TQ5500 mass
spectrometer (AB Sciex LLC, MA, USA) was used. The calibration curves covered the ranges of 0.1-20 ng/mL for
bazedoxifene and 0.1-10 ng/mL for cholecalciferol. For bazedoxifene, the accuracy of LC-MS/MS was 91.8-113.0%,
and the precision was 0.1-5.5%. For cholecalciferol, the accuracy of LC-MS/MS was 92.7-105.6%, and the precision
was 0.2—4.5%. The lower limit of quantification was 0.1 ng/mL for both compounds.

The study protocol was approved by the Institutional Review Board (IRB) of Asan Medical Center (IRB number:
2017-0227) and by the Korean Ministry of Food and Drug Safety. The study was registered at ClinicalTrials.gov
(NCT03089112). All subjects provided written informed consent before receiving screening tests. All study procedures
were conducted in accordance with the ethical principles stated in the Declaration of Helsinki and by the Good Clinical
Practice Guidelines of the International Council for Harmonisation.”'® The study was conducted from March 31, 2017 to
June 16, 2017.

Pharmacokinetic Analysis

The PK parameters of bazedoxifene and cholecalciferol in each subject were analyzed by the non-compartmental method
using Phoenix WinNonlin® version 6.4 (Certara, NJ, USA). This analysis was based on the actual sampling time. The
maximum plasma concentration (C,,,x) and the time to reach C,,,x (Tinax) Were determined from the observed values. The
terminal elimination rate constant (A,) was estimated by linear regression analysis of the terminal portion of the
semilogarithmic concentration-time curve. The terminal elimination half-life (t;,»5) was calculated as the natural log of
two divided by A,. Demographic data and PK parameters were summarized using descriptive statistics. The C,., and the
values for the area under the plasma concentration-time curve from time zero to the last quantifiable concentration
(AUC,,s) were log-transformed to compare the drug exposure between the combined therapy and monotherapy. The
point estimate and 90% confidence interval (CI) for the geometric mean ratio (GMR) of the combined therapy to
monotherapy were obtained for C,,x and AUC .

Safety and Tolerability Assessment

Safety and tolerability were assessed throughout the study by physical examinations, laboratory tests (complete blood
count, blood chemistry, and urinalysis), 12-lead ECG, and monitoring of adverse events (AEs). AEs were coded
according to the Medical Dictionary for Regulatory Activities (MedDRA®™ version 19.1) and recorded in terms of
symptom/sign, onset, duration, severity, relationship to the investigational drug(s), action taken, and outcome.
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Results

Study Participants

Of the 30 study participants who received the investigational drug(s) at least once, 27 subjects completed the study
(Figure 1). Two subjects withdrew their consent to participate, and one subject was excluded at the investigator’s
discretion due to a medical need for concomitant medication that could potentially affect the PK data. Participant
demographics, including age, weight, height, and BMI, are summarized in Table 2. The mean =+ standard deviation (SD)
values were 28.63 + 4.18 years for age, 71.53 + 6.99 kg for weight, 173.55 + 4.80 cm for height, and 23.75 + 2.09 kg/m?
for BMI. All subjects who received the investigational drug(s) at least once were included in the safety and tolerability
assessment.

Pharmacokinetic Findings

The 27 subjects who completed the study were included in the PK analysis set, and the PK parameters are presented in
Table 3. For bazedoxifene, the C,.x values (mean + SD) for monotherapy and combined therapy were 3.30 + 0.92 ng/mL
and 3.62 = 1.39 ng/mL, respectively. The AUC,; values (mean + SD) for monotherapy and combined therapy were
4432 + 22.24 h-ng/mL and 50.78 + 24.98 h-ng/mL, respectively. The mean plasma concentration-time profiles of
bazedoxifene for monotherapy and combined therapy nearly overlapped (Figure 2A). For bazedoxifene, the GMR (90%
CI) of the combined therapy to monotherapy was 1.044 (0.9263-1.1765) for C.x and 1.1329 (1.0232-1.2544) for
AUC 4 (Table 4).

For baseline-adjusted cholecalciferol, the C,,.x values (mean + SD) for monotherapy and combined therapy were 2.25 +
0.47 ng/mL and 1.95 £ 0.54 ng/mL, respectively. The AUC,; values (mean = SD) for monotherapy and combined therapy
were 59.43 £ 22.95 h-ng/mL and 49.18 + 24.40 h-ng/mL, respectively. The mean plasma concentration-time profiles of
baseline-adjusted cholecalciferol for monotherapy and combined therapy are shown in Figure 2B. For baseline-adjusted

. Screened
Screening (n=57)
Enroliment Enrolled Excluded

(n=30) (n=27)

Randomization Sequence 1 Sequence 2 Sequence 3 Sequence 4 Sequence 5 Sequence 6
Period 1 n= n= n= n= n= n=
Period 2 n= n= n= n= n= n=
Period 3 n= n= n= n= n= n=

Completion n=4 n=4 n=4 n=5 n=5 n=5

Figure | Subject disposition.
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Table 2 Demographic

Characteristics of the Participants (n=30)

Sequence Total
| 2 3 4 5 6

Number of Subjects 5 5 5 5 5 5 30
Age (years) | Mean 27.20 29.00 29.20 28.20 30.60 27.60 28.63
SD 6.30 6.20 2.17 342 3.44 3.29 4.18

Weight (kg) | Mean 70.57 71.25 75.24 71.78 70.61 69.74 71.53
SD .17 8.53 7.15 4.93 6.17 4.47 6.99

Height (cm) | Mean | 17740 | 174.04 | 17420 | 171.28 | 172.80 | 171.58 | 173.55
SD 5.44 443 4.83 5.26 4.83 3.50 4.80

BMI (kg/im?) | Mean 22.36 23.44 24.76 2446 | 23.72 23.74 23.75
SD 2.46 2.13 1.91 1.21 2.69 2.04 2.09

Abbreviations: BMI, body mass index; SD, standard deviation.

Table 3 Pharmacokinetic Parameters of Bazedoxifene and Baseline-Adjusted Cholecalciferol in Healthy Male Subjects (n=27)

Parameter

Bazedoxifene

Baseline-Adjusted Cholecalciferol

Bazedoxifene

Bazedoxifene + Cholecalciferol

Cholecalciferol

Bazedoxifene + Cholecalciferol

AUC,... (h-ng/mL)
Crmax (ng/mL)
ti2p (h)

4432 (22.24)
3.30 (0.92)
26.67 (30.03)
2.00 [1.00-6.00]

50.78 (24.98)
3.62 (1.39)
24.56 (10.03)
.53 [1.00-6.00]

59.43 (22.95)
2.25 (0.47)
13.39 (3.16)
11.98 [8.00-14.02]

49.18 (24.40)
1.95 (0.54)

13.89 (5.60)

12.00 [8.00-14.07]

Notes: Data are presented as mean values (standard deviation) except for T,.,. *Median [minimum - maximum].
Abbreviations: AUC,,, area under the plasma concentration-time curve from time zero to the last quantifiable concentration; C ., maximum plasma concentration; t; g,

terminal elimination half-life; T .y, time to reach Cax.

cholecalciferol, the GMR (90% CI) of combined therapy to monotherapy was 0.8543 (0.8005-0.9117) for C,,,,x and 0.8056

(0.7445-0.8717) for AUCj,, (Table 4).

Safety and Tolerability Findings

Seventeen subjects showed a total of 26 AEs after drug administration (Table 5). No serious AE occurred throughout the

entire study. All AEs were mild in severity and resolved without any sequelae. The most common AE was

(A)

)]

Concentration(ng/mL)
S —————- e
|

Drug
Bazedoxifene

- Bazedoxifene+Cholecalciferol

Concentration(ng/mL)

Drug
Cholecalciferol

+— Bazedoxifene+Cholecalciferol

40 60 80

Time(hr)

Figure 2 Mean plasma concentration-time curves: (A) bazedoxifene (B) baseline-adjusted cholecalciferol. The error bars denote standard deviations.
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Table 4 Geometric Mean Ratios of Combined Therapy to Monotherapy for AUC,;; and C,,.x

Parameter GMR 90% Confidence Interval Test Reference
Lower Limit | Upper Limit

Bazedoxifene (n=27)

Conax (ng/mL) 1.044 0.9263 1.1765 Bazedoxifene + Cholecalciferol | Bazedoxifene

AUC, i (h-ng/mL) | 1.1329 1.0232 1.2544 Bazedoxifene + Cholecalciferol Bazedoxifene

Baseline-adjusted Cholecalciferol (n=27)

Cinax (ng/mL) 0.8543 0.8005 09117 Bazedoxifene + Cholecalciferol | Cholecalciferol

AUC,,. (h-ng/imL) | 0.8056 0.7445 08717 Bazedoxifene + Cholecalciferol | Cholecalciferol

Abbreviations: AUC,,, area under the plasma concentration-time curve from time zero to the last quantifiable concentration; C,,y,
maximum plasma concentration; GMR, geometric mean ratio.

nasopharyngitis (five events in five subjects). Clinically significant findings from the physical examination were phlebitis

of the arm and venipuncture site bruise. Clinically significant laboratory abnormalities included increased blood levels of

creatine phosphokinase and triglyceride and decreased blood levels of neutrophil count. No clinically significant

abnormalities were found with respect to vital signs and 12-lead ECG. Twenty-five AEs were considered to have no

or unlikely relationship with the investigational drugs. One AE, fatigue observed after combined therapy, was considered

to have a possible relationship with the administered drugs.

Table 5 Adverse Events in the Study Population After Drug Administration

Adverse Event Treatment Total
Bazedoxifene Cholecalciferol Bazedoxifene + Cholecalciferol (n=30)
(n=30) (n=28) (n=27)
Eye pain 1 (3.33%)/1 0 0 I (3.33%)/1
Vomiting I (3.33%)/1 0 0 I (3.33%)/1
Fatigue 0 0 1 (3.70%)/1 I (3.33%)/1
Vessel puncture site bruise 1 (3.33%)/1 I (3.57%)/1 0 2 (6.67%)/2
Nasopharyngitis 1 (3.33%)/1 I (3.57%)/1 3(11.11%)/3 5 (16.67%)/5
Pyuria 0 I (3.57%)/1 0 I (3.33%)/1
Muscle injury 0 0 2 (7.41%)12 2 (6.67%)/2
Contusion 0 I (3.57%)/1 0 I (3.33%)/1
Blood creatine phosphokinase 2 (6.67%)/2 2 (7.14%)/2 0 4 (13.33%)/4
increased
Blood triglycerides increased 2 (6.67%)/2 I (3.57%)/1 0 3 (10.00%)/3
Neutrophil count decreased 1 (3.33%)/1 I (3.57%)/1 I (3.70%)/1 2 (6.67%)/3
Epistaxis 0 I (3.57%)/1 0 1 (3.33%)/1
Phlebitis I (3.33%)1 0 0 I (3.33%)/1
Total 6 (20.00%)/10 9 (32.14%)/9 6 (20.22%)/17 17 (56.67%)/

26

Notes: Data are presented as the number of subjects with adverse events (percentage)/number of adverse events. A subject was counted once if the subject reported one
or more adverse events. Percentages are based on the total number of subjects in each column (n).
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Discussion
This study investigated the PK characteristics of bazedoxifene and cholecalciferol, their PK interactions, and the safety
and tolerability of combined therapy with these drugs in healthy male subjects.

The terminal elimination half-life of bazedoxifene was approximately 27 hours, and that of cholecalciferol was 13
hours in our study. The washout period of 14 days should therefore have been sufficient for both investigational drugs to
be fully eliminated by the next period. The blood samples obtained up to 120 hours after dosing provided sufficient
information for characterizing the exposures to bazedoxifene and cholecalciferol.

Previous studies on bazedoxifene pharmacokinetics have indicated a T,,.x of 1-2 hours and a half-life of approxi-
mately 28 hours.'" As shown in Figure 2 and Table 3, bazedoxifene was rapidly absorbed when administered alone or in
combination with cholecalciferol, showing median T,,,, values of 2.00 h and 1.53 h, respectively. The T, of
cholecalciferol is known to be approximately 15 hours. In our study, the median T,.x of cholecalciferol was 11.98
h when administered alone, similar to the 12.00 h value found for its co-administration with bazedoxifene.

In a recent study on bazedoxifene, the mean C,,,x and AUC,, in healthy male subjects after a single 20 mg oral dose
were 3.191 ng/mL and 44.697 h-ng/mL, respectively.'? These numbers are consistent with the results of the current study
(3.30 ng/mL and 44.32 h-ng/mL). The PK parameters C,,,x and AUC,,s; were used in our analyses to compare the
combined therapy and monotherapy exposures. With bazedoxifene, the 90% CI for the GMR of the combined therapy to
bazedoxifene monotherapy for C,,,x fell within the 0.80—1.25 range, and for AUC,, it was nearly within the above-
mentioned range.

In the case of cholecalciferol, the AUC,,5; was lower when this drug was co-administered with bazedoxifene, as
indicated by the GMR of 0.8056 and associated 90% CI of 0.7445-0.8717. Bazedoxifene and cholecalciferol are drugs
that exhibit wide therapeutic ranges.'> !> Cholecalciferol is known to reach a sigmoidal dose-response curve plateau at
a dose of 600 IU."> Hence, based on the GMRs observed in our exploratory study, the difference in the AUC,, for
cholecalciferol is unlikely to have clinical significance in treatment efficacy at the dose level used in our protocol.

All of the AEs observed in our study population were mild, and the frequency of AEs in subjects who received
combined therapy was not significantly different from that in subjects who received monotherapy. The most common AE
observed in our present trial cohort was nasopharyngitis, which we considered unrelated to the investigational drugs.

One limitation of the present study was that the participants were all healthy men. The study was exploratory in
nature, and male subjects were included to facilitate enrollment and minimize health risks to subjects. Drug-drug
interaction studies are often conducted with male subjects, and the results are applied to women as well as men because
gender does not seem to affect the pattern of drug-drug interaction for many drugs. Assuming that the PK interactions
would follow the same pattern in men and women, this study was conducted in men instead of women. Additional studies
in postmenopausal women with osteoporosis and patients with different pathophysiological conditions will help further
characterize the PK interactions between bazedoxifene and cholecalciferol.

Conclusion

The combined therapy of 20 mg bazedoxifene (one tablet) and 1600 IU cholecalciferol (two tablets of 800 IU) was safe
and well tolerated in healthy male subjects. In this present study, the oral co-administration of bazedoxifene with
cholecalciferol tended to decrease the cholecalciferol exposure slightly. Considering that both drugs have wide ther-
apeutic ranges, dose adjustment of cholecalciferol may not be necessary for its co-administration with bazedoxifene.

Abbreviations

AE, adverse event; AUC,,, area under the concentration-time curve from time zero to the last quantifiable concentration;
BMI, body mass index; CI, confidence interval; C,.x, maximum plasma concentration; ECG, electrocardiogram; GMR,
geometric mean ratio; IRB, Institutional Review Board; LC-MS/MS, liquid chromatography with tandem mass spectro-
metry; A,, terminal elimination rate constant; PK, pharmacokinetic; SD, standard deviation; SERM, selective estrogen
receptor modulator; Tpay, time to reach Cpay; ti/2p, terminal elimination half-life.
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