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Qrsemr

Background: This study aimed to evaluate the effectiveness of bazedoxifene/vitamin D
combination therapy in preventing osteoporosis in postmenopausal women with os-
teopenia. Methods: This was an open-label, multicenter randomized-controlled, phase
4 clinical trial. Women between ages of 55 and 70 years in 9 medical tertiary centers in
Korea were enrolled and assigned into 2 groups: an experiment group and a control
group. The experimental group received bazedoxifene 20 mg/vitamin D 800 IU tablets
for 6 months, and the control group received calcium 100 mg/vitamin D 1,000 IU tablets
for 6 months. Results: A total of 142 patients (70 in the experimental group and 72 in the
control group) were included. The least-square mean = standard error of change in pro-
peptide of type | collagen after 3 months was -6.87 +2.56% in the experimental group
and 1.22£2.54% in the control group. After 6 months, it was -21.07 = 2.75% in the ex-
perimental group and 1.26 £2.71% in the control group. The difference between the 2
groups was -22.33% (P<0.01). The change of C-terminal telopeptide was -12.55 £ 4.05%
in the experimental group and 11.02 +4.03% in the control group after 3 months. It was
-22.0+3.95% and 10.20 % 3.89, respectively, after 6 months. The difference between the
2 groups was -32.21% (P<0.01) after 6 months. There was no significant difference in
adverse events between the 2 groups. Conclusions: The osteoporosis preventive effect
and safety of administering bazedoxifene/vitamin D combination pill were confirmed in
postmenopausal women who needed osteoporosis prevention.
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Open-label, multicenter randomized-controlled, phase 4 clinical trial

Experimental group
(bazedoxifene 20 mg/vitamin D 800 IU)

142 patients
postmenopausal women with
osteopenia

Control group
(calcium 100 mg/vitamin D 1,000 1U)

Conclusion

Change in PINP events

-6.87 £ 2.56%

1.22 +2.54%

Adverse

3-mo 6-mo 3-mo 6-mo

-21.07+2.75% -12.55+4.05% -220+3.95% 26.32%

Difference: -22.33% Difference: -32.21%

(P<0.01) (P<0.01) FaC=L

1.26 £ 2.71% 11.02 + 4.03% 10.20 + 3.89% 19.48%

The osteoporosis preventive effect and safety of administering bazedoxifene/vitamin D combination

pill were confirmed in postmenopausal women who needed osteoporosis prevention.

INTRODUCTION

Osteoporosis is defined as “a systemic skeletal disease
characterized by low bone mass and microarchitectural
deterioration of bone tissue with a consequent increase in
bone fragility and susceptibility to fracture”[1] According
to the Korean Society for Bone and Mineral Research (KS-
BMR), the prevalence of osteoporosis in women aged 50
years or older was 37.3% in South Korea.[2] The prevalence
of osteoporosis is increasing worldwide.[3] The social bur-
den caused by osteoporosis will continue to increase in Ko-
rea, rapidly entering a super-aged society.[4,5] Since it is
difficult to treat osteoporosis after its occurrence, it is im-
portant to prevent osteoporosis from a pre-osteoporosis
stage. Therefore, it is more important to manage and pre-
vent bone metabolism in osteopenia patients, especially in
postmenopausal osteopenia patients.[6]

Most osteoporosis drugs currently used are bone resorp-
tion inhibitors. Bisphosphonates and selective estrogen re-
ceptor modulators (SERMs) are representative drugs. Among
them, SERMs can inhibit bone resorption in postmenopaus-
al women and prevent a decrease in bone strength. Baze-
doxifene is a SERM-type drug that can act as an estrogen
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receptor antagonist in the uterus and breast to inhibit the
proliferation of endometrial and breast epithelial tissues. It
can also act as an estrogen receptor agonist to regulate
bone metabolism and lipid metabolism, thus maintaining
bone density and lower lipid levels. The US Food and Drug
Administration has approved bazedoxifene for the preven-
tion and treatment of postmenopausal osteoporosis and
European Medicines Agency has approved the use of ba-
zedoxifene for women with postmenopausal osteoporosis
atincreased risk of fractures.

Vitamin D is an endogenous substance that plays an es-
sential role in the regulation of bone and mineral metabo-
lism. Insufficient levels of vitamin D can cause a decrease
in the absorption of calcium and disrupt the process of
bone remodeling. This can lead to reduced bone mineral
density (BMD), weakened bones, and an increased likeli-
hood of fractures.[7,8] As a result, several guidelines in-
cluding that of the KSBMR recommend a vitamin D intake
of 600 to 1,000 IU per day for adults to reduce the risk of
fractures.[9-11]

Recently, a combination of bazedoxifene and vitamin D
has been developed and used as a treatment for osteopo-
rosis. The single-pill combination is expected to lead to bet-
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ter adherence. The importance of drug adherence in treat-
ing osteoporosis to achieve the goal of fracture prevention
is well-recognized and emphasized in several prior studies.
[12,13] There is a general agreement that an effective way
to improve treatment adherence is treatment simplification,
i.e., reducing the number of pills to be taken daily.[14,15]
However, studies on whether this combination is effective
in preventing osteoporosis are lacking.

Therefore, the objective of this study was to perform an
exploratory comparative analysis to determine whether
there were differences in the preventive effect on osteopo-
rosis and safety between the group using bazedoxifene
and vitamin D combination pill and the group using gen-
eral treatment (calcium and vitamin D) in postmenopausal
women who needed osteoporosis prevention.

METHODS

1. Study enrollment

This was an open-label, randomized multicenter controlled
phase 4 clinical trial to verify preventive effects of adminis-
tering bazedoxifene/vitamin D combination pill for 6 months
on osteoporosis in postmenopausal patients. Nine medical
tertiary centers in Korea participated in this study. Bone
density was measured for women aged 55 to 70 years. Par-
ticipants were enrolled when the lowest T score was in the
osteopenia range (between -2.5 and -1.0). The precise full
enrollment principle and study timetable are described in
Supplementary Table 1 and 2. We estimated that a sample
size of 150 participants would provide the study with 80%

Effects of Bazedoxifene/Vitamin D Combination in Postmenopausal Women |

power to detect a 5% difference in the means, assuming a
pooled standard deviation (SD) of 10.3% and a 2-sided type
| error of 0.05. We also accounted for a 10% loss to follow-
up. When the subject gave written consent to participate
in this clinical trial, a screening number was assigned and
the subject's screening test results were evaluated. Only
subjects who met the selection criteria and did not meet
the exclusion criteria were assigned a randomization num-
ber and clinical trial drug number (only for the experimen-
tal group) through the Interactive Web Response System.
A central randomization method was applied by setting
the ratio of the experimental group to the control group at
1:1 using the Proc Plan Procedure of SAS (Version 9.4; SAS
institute, Cary, NC, USA). The experimental group received
bazedoxifene 20 mg/vitamin D 800 IU tablets for 6 months
and the control group received calcium 100 mg/vitamin D
1,000 U tablets for 6 months. These tablets were used to
prevent osteoporosis in a daily medical environment. At 6
months, scheduled examinations were conducted and the
clinical trial was terminated (Fig. 1). Biochemical tests such
as serum cross-linked C-terminal telopeptide (CTX; a bone
resorption marker), serum propeptide of type | collagen
(PTNP; a bone formation marker), serum 25-hydroxy-vita-
min were measured through blood sampling in the same
morning time zone as possible in an empty state of at least
8 hr. During the entire test period, subjects were prohibit-
ed from taking drugs that could affect bone or calcium me-
tabolism other than the given drugs. Contraindicated drugs
are described in Supplementary Table 3. This study com-
plied with the Declaration of Helsinki and was performed

Bazedoxifene 20 mg/Vitamin D 800 U

Experimental group

Calcim 100 mg/Vitamin D 1,000 IU

Control group

Screening (2 weeks)

Administration (treatment) period (6 months)

T —————

! I
Vi V2

(-2 Weeks) (0D)
Screening Randomization

Fig. 1. Study protocol.
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according to ethics committee approval.

2. Study endpoints

Primary endpoints of this study were changes in P1NP
and CTX at 3 and 6 months after administration compared
to baseline. Secondary efficacy endpoints were quality of
life evaluation (EuroQol-5-dimensions 5-level [EQ-5D-5L])
scores and treatment satisfaction (5-point Likert scale) at 3
months and 6 months after administration. EQ-5D, a ge-
neric instrument for describing and valuing health, is based
on a descriptive system that defines health in 5-dimensions:
mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. The latest version is referred to as the
EQ-5D-5L.[16] An EQ-5D-5L with Korean preference weights
based on values obtained for the Korean population was
used as a protocol.[17] The questionnaire for determining
treatment satisfaction was evaluated on a 5-point Likert
scale (1="Not at all, 2="Not so, 3="Average, 4="Agree, and
5="Very agree’).

For adverse events, the incidence rate and the number
of occurrences of adverse events were analyzed for 153 sub-
jects (safety analysis population) who had undergone ran-
domization and taken at least one dose of bazedoxifene
combination pill or control drug. ‘Adverse Event' refers to
undesirable and unintended signs (signs, e.g., abnormal
laboratory tests), symptoms, or diseases that occur during
the administration and use of pharmaceuticals. It does not
necessarily have to have a causal relationship. ‘Drug-relat-
ed adverse events' refers to a harmful and unintended re-
action caused by normal administration and use of a drug
from which a causal relationship with the drug cannot be
excluded.

A person in charge of the clinical trial checked medica-
tion compliance based on the number of untaken drugs
collected or the number of medicines brought by the sub-
ject. Medication compliance was calculated as follows:

Medication (treatment) compliance (%) =Number of medi-
cations taken/ Number of medications to be taken X 100

3. Statistical analysis

Efficacy analyses were performed in the full analysis set
(all participants who had at least one valid efficacy evalua-
tion) according to the intention-to-treat principle. To com-
pare change rates of clinical markers after 6 months of ad-
ministration compared to baseline, descriptive statistics

https://doi.org/10.11005/jbm.2023.30.2.189
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(mean, SD, median, minimum, maximum) for each group
were used and an analysis of covariance (ANCOVA) using
baseline value as a covariate was performed. Within-group
changes after treatment compared to baseline were tested
by paired t-test or Wilcoxon’s signed rank test. Regarding
the EQ-5D-5L score, the difference between groups was
compared using a 2-sample t-test or Wilcoxon’s rank sum
test. Treatment satisfaction evaluation after 3 months and
6 months of administration (5-point Likert scale) was per-
formed for each group. Differences between groups were
compared using ’* test or Fisher’s exact test. For all estimat-
ed between-group differences, 2-sided 95% confidence in-
tervals (Cls) were calculated.

RESULTS

1. Baseline characteristics

Of the 173 participants who were screened, a total of
157 underwent randomization. Four participants were ex-
cluded from the safety set because the trial drug was not
administered properly. Additionally, 6 participants in the
experimental group and 5 in the control group were ex-
cluded from the full analysis population because they did
not undergo primary efficacy evaluation. In total, 70 par-
ticipants were assigned to the experimental group and 72
were assigned to the control group in the full analysis set.
Nine participants were dropped from each group due to
inadequate inclusion/exclusion criteria, contraindicated
drug use, non-compliance with medication, withdrawal of
consent, and serious protocol violations. As a result, treat-
ment was completed for 61 participants in the experimen-
tal group and 66 in the control group at 6 months (Fig. 2).

The baseline characteristics of study participants are de-
scribed in Table 1. Demographic information like age, meno-
pausal age, smoking, drinking, caffeine intake, and osteo-
porosis risk factors were identified. There were no statisti-
cally significant differences in baseline characteristics be-
tween the experimental group and the control group ex-
cept for the level of CTX. The mean age was 62.9 & 3.9 years
and the mean body mass index was 23.9+ 3.2 kg/m” The
mean vitamin D level was 32.3£12.7 ng/mL. Additional
data are described in Supplementary Table 4.

2. Results of bone turnover markers (BTMs)
Both PINP and CTX levels decreased in the group ad-
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Table 1. Baseline characteristics of study participants

Experimental ~ Control group Agle

JBM

Table 2. Results of bone turnover markers (PTNP. CTX) in the full anal-

Variables aroup (N=70) (N=72)
Age (yr) 62.8+3.9 63.0+4.0 0.79
Age of menopause (yr) 499439 490453 0.44
BMI (kg/m?) 241435 237428 0.36
Past fracture history 4(5.71) 5(6.94) 0.52
Family history of fracture 5(7.14) 10(13.89) 0.15
Prior osteoporosis medicine 22 (31.43) 18 (25.00) 0.25
Smoking
Never 65 (92.86) 71(98.61) 0.09
Current 1(1.43) 1(1.39)
Past 4(5.71) 0(0.00)
Alcohol drinking 0.50
Yes 8(11.43) 11(15.28)
No 62 (88.57) 61(84.72)
Caffeine consumption 0.69
Yes 46 (65.71) 39(54.17)
No 24(34.29) 33(45.83)
Vitamin D (ng/mL) 3201106  325%145 0.78
PINP (ng/mL) 52.8+165  523£210 0.54
CTX (ng/mL) 052+020 046%0.21 0.03
Descriptive system index®! 0.87£0.05 086+0.05 0.74
EQ-VAS 82.07+12.90 80.93+£14.31 0.69
Medical history
Diabetes mellitus 12(17.14) 8(11.11)
Rheumatoid arthritis 1(1.43) 1(1.39)
Hypertension 16 (22.86) 15(20.83)
Hyperthyroidism 1(1.43) 0(0.00)
Psychiatric disorders 2(2.86) 2(2.78)

The data is presented as N (%) or mean = standard deviation.
“Descriptive system index in the EuroQol-5-dimensions 5-level.

BMI, body mass index; PINP, propeptide of type | collagen; CTX, C-termi-
nal telopeptide; EQ-VAS, EuroQol visual analogue scale.

ministered with bazedoxifene and vitamin D combination
pill (Table 2). The least-square mean =* standard error (LS
mean £ SE) of the change rate of P1NP after 3 months of
administration of the test drug compared to baseline was
-6.87 £2.56% in the experimental group (N=70) and 1.22 £
2.54% in the control group (N=72). After 6 months, it was
-21.07 £2.75% in the experimental group and 1.26 +2.71%
in the control group. The difference between the 2 groups
was -22.33% (95% Cl, -29.96, -14.71), which was statistical-
ly significant (P<0.01). The change rate of CTX after admin-
istration of the investigational drug compared to baseline
was -12.55+4.05 % in the experimental group and 11.02 £
4.03 % in the control group at 3 months. It was -22.01+

194 https://e-jbm.org/

ysis set
Variables gme;mi]%l) Cor(1’t\|ro:|7gzr;)up P-value
PINP
Baseline
N 70 72
Mean£SD 52.83+£16.54  52.33%+21.03 0.54
Median 51.45 51.25
Min, max 18.40, 97.10 21.50, 155.00
3 months
N 70 Al
Mean=£SD 485241757  51.39£17.01 0.28
Median 46.65 49.40
Min, max 15.30,120.00  18.50, 102.00
6 months
N 70 72
Mean=£SD 41.03+£1586  49.83+13.66 0.00
Median 40.15 49.15
Min, max 10.20, 95.80 24.00, 78.20
CTX
Baseline
N 70 72
Mean £SD 0.52%0.20 0.46%0.21 0.03
Median 0.48 0.41
Min, max 0.17,1.20 0.11,1.10
3 months
N 70 1
Mean=£SD 0.43£0.19 0.50+0.21 0.09
Median 0.40 0.45
Min, max 0.11,0.92 0.04,1.05
6 months
N 70 72
Mean=£SD 0.37£0.15 0.48+0.19 0.00
Median 0.37 0.45
Min, max 0.07,0.79 0.04,1.10

PTINP, propeptide of type | collagen; SD, standard deviation; CTX, C-termi-

nal telopeptide.

3.95% in the experimental group and 10.20 % 3.89% in the
control group at 6 months. The difference between the 2
groups was -32.21% (95% Cl, -43.23, -21.20) at 6 months,
which was statistically significant (P<0.01) (Fig. 3A, 3B).
The LS mean £ SE change rate of vitamin D at 3 months
compared to baseline was 0.03+0.75 ng/mL in the experi-
mental group and 4.64+0.74 ng/mL in the control group.
At 6 months, it was -1.5910.75 ng/mL in the experimental
group and 4.50%0.74 ng/mL in the control group. The dif-
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ference between the 2 groups was -6.09 ng/mL (95% Cl,
-8.16, -4.02 ng/mL) at 6 months, which was statistically sig-
nificant (P<0.01) (Fig. 3C).

3. Results in quality of life evaluation and

satisfaction rate

The descriptive system index score (mean £ SD) for qual-
ity of life evaluation (EQ-5D-5L) was 0.86%0.09 points in
the experimental group and 0.87 +0.05 points in the con-
trol group at 3 months. It was 0.87 £0.07 points in the ex-
perimental group and 0.86+0.05 points in the control group
at 6 montbhs. It was not significantly different between the
2 groups at 3 months or 6 months (3 months, P=0.67; 6
months, P=0.38). The EQ-VAS score (mean+SD) among
EQ-5D-5L was 79.34+15.80 points in the experimental
group and 81.76 =13.50 points in the control group at 3
months. It was 81.37=11.41 points in the experimental
group and 80.07 £ 13.40 points in the control group at 6
months. These scores were not significantly different be-
tween the 2 groups at 3 months or 6 months (3 months,
P=0.25; 6 months, P=0.82). As a result of treatment satis-
faction evaluation (5-point Likert scale), there was no sta-
tistically significant difference between the 2 groups (3 mon-

https://doi.org/10.11005/jbm.2023.30.2.189
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Fig. 3. Changes of bone turnover markers and vitamin D in the baze-
doxifene/vitamin D group and the calcium/vitamin D group. Error bars
represent the standard deviation. (A) Propeptide of type | collagen
(PTNP). (B) C-terminal telopeptide (CTX). (C) Vitamin D.

ths, P=0.57; 6 months, P=0.54) (Supplementary Table 5).

4. Safety results

A total of 35 adverse events occurred out of 153 subjects,
including 20 (26.32%) of 76 subjects in the experimental
group and 15 (19.48%) of 77 subjects in the control group.
There was no statistically significant difference in the inci-
dence of adverse reactions (P=0.31) between the 2 groups
(Table 3). A total of 4 drug-related adverse events occurred
in 4 subjects, including 3 (3.95%) cases in the experimental
group and 1 (1.30%) case in the control group. Adverse
drug reactions included 'mild headache’, 'paraesthesia;,
and 'mild urticaria' in the experimental group and ‘moderate
gastrointestinal disorder' in the control group. Adverse re-
actions that led to dropout were 2 cases (headache and
urticaria) in the experimental group and one (gastrointes-
tinal disorder) in the control group. All patients with drug-
related adverse events recovered after discontinuing or
with general medical care. No fatal adverse event was re-
ported. One severe adverse event (ankle fracture) occurred
in the experimental group. It was ‘unlikely’ to be caused by
the drug. The fracture recovered with maintenance of the
experimental drug. More detailed information for adverse

https://e-jom.org/ 195
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Table 3. Adverse events in the study population during safety analysis

JBM

Experimental group (N=76)  Control group (N=77) Total (N=153) P-value
Any adverse event
N (%) 20(26.32) 15(19.48) 35(22.88) 0.31
95% Cl (lower, upper) (17.73,37.18) (12.18,29.69) (16.93, 30.15)
Drug-related adverse events
N (%) 3(3.95) 1(1.30) 4(2.61) 0.37
95% Cl (lower, upper) (1.35,10.97) (0.23,7.00) (1.02,6.53)
Serious adverse events
N (%) 1(1.32) 0(0.00) 1(0.65) 0.50
95% Cl (lower, upper) (0.23,7.08) (0.00, 4.75) (0.12,3.61)
Drug-related serious adverse events
N (%) 0(0.00) 0(0.00) 0(0.00) NA
95% Cl (lower, upper) (0.00, 4.81) (0.00, 4.75) (0.00, 2.45)

Cl, confidence interval; NA, not available.

events are described in Supplementary Table 6.

5. Medication compliance

The mean medication compliance (+SD) was 95.87 +
7.38% in the full analysis set. The experimental group (N=70)
was 95.40 £ 8.82% and the control group (N=72) was 96.32
15.68%. Both groups showed an average of 95% or high-
er medication compliance. There was no statistically signif-
icant difference in mean medication compliance between
the 2 groups (P=0.63).

DISCUSSION

This 6-month multicenter clinical trial was conducted to
exploratory confirm the preventive effect of administering
bazedoxifene 20 mg/vitamin D 800 IU on osteoporosis in
postmenopausal women. Based on efficacy evaluation re-
sults, bone formation marker (P1NP) and bone resorption
marker (CTX) at 6 months after administration were signifi-
cantly decreased in the experimental group compared to
those at baseline. Their reduction rates were greater in the
experimental group than in the control group.

In this study, bazedoxifene/vitamin D was associated
with a median percent reduction from baseline of -6.87%
at 3 months and -21.07% at 6 months in serum P1NP. This
result at 6 months was similar to an earlier study showing
a -19.2% decrease in osteocalcin after 6 months of treat-
ment with bazedoxifene.[18] Likewise, a phase 2 placebo-
controlled trial conducted with western postmenopausal
women has documented a -6.08% decrease in osteocalcin
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after 3 months of treatment.[19] Moreover, our study re-
ported a decrease of -22.0% in CTX, a bone resorption mark-
er. This coincided well with previous studies showing a -30.6%
median percent reduction from baseline in serum CTX af-
ter 6 months and a -24% decrease after 24 months.[18,20]

Zoledronic acid, the most potent bisphosphonate, is known
to decrease bone resorption markers by about 50% to 70%
after 6 months of treatment, while denosumab reduces
bone resorption by 70% to 80% after the same duration of
treatment.[21-23] On the other hand, SERMs decrease bone
resorption by approximately 30%.[24] Our results with ba-
zedoxifene/vitamin D were in accordance with those of pre-
vious data.

Several studies including meta-analysis and population-
based studies have demonstrated the clinical usefulness of
BTM concentration in osteoporosis in association with frac-
ture risk reduction.[25-30] Studies suggested that the BTM
can offer insights into fracture risk regardless of BMD. There-
fore, we postulate that changes in BTMs in this study could
reflect a reduced risk of fracture risk. Likewise, Bruyére and
colleagues’ study [28] on postmenopausal women with
osteoporosis who received bazedoxifene 20 mg has re-
ported a relationship between changes in BTM (CTX and
osteocalcin) and fracture risk reduction. Therefore, the use
of bazedoxifene/vitamin D combination pill might be ben-
eficial for the prevention of future fractures.

The quality of life evaluation and satisfaction rate of the
bazedoxifene/vitamin D combination pill did not differ
from those of the control group. Furthermore, the safety
profile of bazedoxifene/vitamin D combination pill was
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consistent with that observed with bazedoxifene-only pills
in general. No new safety concern was identified. In previ-
ous studies, hot flushes and leg cramps were more frequent
in the group administered with bazedoxifene-only pills
than in the placebo group.[31,32] Leg cramps and hot flush-
es are known side effects of SERM.[33,34] However, our
study participants did not report leg cramps or hot flushes.
Recently, a link between vasomotor symptoms and vita-
min D levels has been getting attention.[35] Vitamin D in
the experimental drug might have alleviated drug-class-
related adverse events. Further follow-up is needed to clar-
ify this postulation.

This study has several limitations. First, since Vitamin D
only pill is not well used in Korea, the control group was
prescribed a calcium 100 mg/vitamin D 1,000 IU combina-
tion pill whereas the experimental group had bazedoxifene/
vitamin D 800 IU combination pill. Although the control
group had an extra dose of calcium compared to the ex-
perimental group, the 100 mg dose of calcium is relatively
small considering that the recommended daily dose of cal-
cium is 1,000 mg by the KSBMR.[36] We think this 100 mg
calcium difference is small enough without affecting out-
comes of this study. Second, there is a dose difference of
200 IU in vitamin D between the 2 groups. However, de-
spite a lower level of vitamin D, the group administered
with bazedoxifene demonstrated a more significant BTM
reduction. The addition of vitamin D is believed to have a
beneficial effect on bone health, although it does not af-
fect the results of the BTM. Several studies have shown that
vitamin D supplementation typically does not impact BTM
levels.[37,38] Therefore, it is unlikely to have impacted the
validity of its conclusion. Third, this study evaluated BTM
rather than BMD. Since the Korea National Health Insurance
system only approves annual BMD measurement, endpoint
of this 6-month study was BTM instead of BMD. As men-
tioned, although BTM indicates bone health or fracture
risk, further studies with the evaluation of BMD for prevent-
ing osteoporosis are in need.[25-28] Lastly, this study was
conducted only in South Korea. Results might not be ap-
plicable to other populations.

In summary, this study confirms the osteoporosis pre-
ventive effect and safety of administering the bazedoxi-
fene/vitamin D complex in postmenopausal women with
osteopenia.
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Supplementary Table 1. Inclusion and exclusion criteria of study participants

Inclusion criteria 1. Women aged 55 to 70 years, with written consent obtained, and 2 years after menopause?
2. Bone density test (DXA) performed within 6 months of screening -2.5<T-score” <-1.0

3. A person who voluntarily decided to participate and gave written consent after hearing and understanding detailed ex-
planation of this clinical trial

Exclusion criteria 1. Those who had a history of taking the following drugs that might affect bone metabolism during screening or who need-
ed to use them during this test: (1) Bisphosphonates (alendronate, risedronate, zoledronate, etc.) within 2 years; (2) Sys-
temic glucocorticoids for 2 weeks or more within 6 months (however, inhalants and topical agents for short-term asthma
treatment were allowed); or (3) Within 6 months, RANKL inhibitors (denosumab, etc.), sex hormones replacement, TSEC,
SERM, parathyroid hormone

2. Those who have or had a history of venous thromboembolism (deep vein thrombosis, pulmonary embolism, retinal throm-
bosis, etc.)

3. Those with a history of malignant tumor within the last 5 years (however, those with a history of basal cell carcinoma,
squamous cell carcinoma, melanoma of the skin, or carcinoma in situ of the cervix who were treated before can register)

4. Clinically significant severe cerebrovascular disease within the last 6 months: ischemic heart disease (unstable angina,
myocardial infarction), peripheral artery disease, severe cerebrovascular disorders (stroke, cerebral infarction, cerebral
hemorrhage, transient ischemic attack, etc.), PTCA or CABG, etc. (however, those who are currently in full recovery or
stable condition can register)

5. A person with clinically significant kidney or liver disease who falls under one of the following: (1) Kidney failure, kidney
stones, kidney transplant, or kidney dialysis; (2) Have been diagnosed with cirrhosis, liver failure, liver transplantation, or
hepatitis requiring antiviral treatment; (3) Creatinine clearance <35 mL/min on the screening test; or (4) Screening test
AST or ALT =3 times the upper limit of normal or ALP >2.5 times the upper limit of normal

Those who have one of (1) Hyperparathyroidism/hypoparathyroidism, hyperthyroidism/hypothyroidism, thyrotoxicosis; (2) Hypertriglyceridemia (TG
the following endocrine >300 mg/dL [3.4 mmol/L]); or (3) Cushing's syndrome
metabolic diseases

@"Postmenopausal’ is defined as one of the following: (1) 12 months of spontaneous amenorrhea; (2) Spontaneous amenorrhea for 6 months with blood
FSH concentration greater than 40 mlU/mL; or (3) 6 weeks after bilateral oophorectomy with or without hysterectomy.

PBased on results of bone density measurement of lumber spine L1-4 (at least 2 sites), femoral neck, and total hip, the lowest T-score was used as a
standard.

DXA, dual energy X-ray absorptiometry; RANKL, receptor activator of nuclear factor-xB ligand; TSEC, tissue-selective estrogen complex; SERM, selec-
tive estrogen receptor modulator; PTCA, percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass graft; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; TG, triglyceride.
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Supplementary Table 2. Schedule of clinical trial

Screening Treatment Treatment Treatment
= = = = Unscheduled
Visit 1 Visit 2 Visit 3 Visit 4 visit
(=-2 week) (baseline) (3 months) (6 months)
Visit day (% visit window) -14-1D 1D 91+14D 181+£14D
Obtaining written consent V
Assign screening number V
Demographic information survey? V
Investigation of medical history and drug administration® v
Height and weight measurements V
Physical examination® vV vV Vv vV Vv
Vital signs measurement V V V V V
Laboratory test? v Vv V Vv (V)
Bone density measurement (DXA)® %
Confirm inclusion/exclusion v V
Randomization V
CTX, PINP, vitamin D" Vv Vv Vv
Quality of life assessment (EQ-5D-5L) V V
Treatment satisfaction evaluation (5-point Likert scale) V V
Prescribing test drug or control drug V V V V

aDemographic information including birth date, menopausal age, smoking-related information (smoking amount, smoking period, smoking cessation
days, smoking period before smoking cessation, smoking amount before cessation, etc.), alcohol consumption, and osteoporosis risk factors (family his-
tory of osteoporosis, history of osteoporosis-related fractures, height reduction, etc.) were investigated.

®Based on the screening visit (visit 1), prior medications/medical history and current concomitant medications/diseases corresponding to the exclusion
criteria were investigated.

“Body temperature (tympanic membrane), pulse rate, and blood pressure were measured as vital signs.

9 aboratory tests could be used if there were test results from the same institution within 4 weeks from the time of screening. Test items were as fol-
lows: (1) Hematology test: white blood cell (WBC), red blood cell, hemoglobin, hematocrit, platelet, WBC differential count (neutrophil, lymphocyte,
monocyte, eosinophil, basophil); (2) Blood chemistry test: aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
total bilirubin, creatine phosphokinase, creatinine, blood urea nitrogen, total calcium, phosphorus, glucose, uric acid, total protein, albumin, total cho-
lesterol, triglyceride; (3) Separate confirmation during screening: creatinine clearance (Cockcroft-Gault method); or (4) In visit 3, only AST, ALT, ALP. and
triglyceride tests were performed.

*Bone mineral density test (DXA) was confirmed as a medical record within 6 months from the time of screening.

"During bone biochemistry test, the concentrations of CTX, PINP, and vitamin D in the blood were measured through blood sampling in the same morn-
ing time zone as possible in a fasting state of at least 8 hours. Analysis was performed in the central lab.

DXA, dual energy X-ray absorptiometry; CTX, C-terminal telopeptide; P1NP, propeptide of type | collagen; EQ-5D-5L, EuroQol-5-dimensions 5-level.
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Supplementary Table 3. Contraindicated drugs

JBM

Class Drug

Bisphosphonate Alendronate, risedronate, ibandronate, pamidronate, zoledronate, etc.
Hormone replacement Estrogen+progestogen, tibolone, etc.

TSEC Bazedoxifene+conjugated estrogen, etc.

SERM Raloxifene, raloxifene+cholecalciferol, etc.

RANKL inhibitor Denosumab

PTH Teriparatide, etc.

Vitamin D derivative

Drugs that can impair absorption of vitamin D
Drugs that can enhance the catabolism of vitamin D
Drugs that cause osteoporosis

Calcium/Vitamin D derivatives other than drugs in
clinical trial

Calcitriol, alfacalcidol, ergocalciferol, cholecalciferol, nutrients containing vitamin D, etc.
Olestra, mineral oil, orlistat, cholestyramine, etc.
Carbamazepine, phenytoin, phenobarbital, cimetidine, thiazide, primidone, rifampin

Glucocorticoid, anticoagulants (heparin, warfarin, etc.), thyroid hormone, GnRH agonist,
depot-medroxyprogesterone acetate, immune suppressant (cyclosporine, etc.), anti-depressant
(SSRI, TCA, etc.), aromatase inhibitor, tuberculosis treatment, thiazolidinedione

TSEC, tissue-selective estrogen complex; SERM, selective estrogen receptor modulator; RANKL, receptor activator of nuclear factor-«B ligand; PHT,
Parathyroid hormone; GnRH, gonadotropin-releasing hormone; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.

https://e-jbm.org/
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Supplementary Table 4. Additional baseline characteristics of study participants

Experimental group (N=70) Control group (N=72) Total (N=142) P-value
Age
N 70 72 142
Mean=£SD 62.77+3.85 63.00+3.99 62.89+3.91 0.79
Median 63.00 63.00 63.00
Min, max 55.00, 70.00 56.00, 70.00 55.00, 70.00
Age category, N (%)
55 < age <60 16 (22.86) 17 (23.61) 33(23.24) 0.68
60 < age <65 32(45.71) 28(38.89) 60 (42.25)
65 < age <70 22(31.43) 27 (37.50) 49 (34.51)
Total 70 (49.30) 72 (50.70) 142 (100.00)
Menopause
N 68 71 139
Mean=+SD 49.85+3.94 49.04+5.32 49.44+4.70 0.44
Median 51.00 50.00 50.00
Min, max 37.00, 59.00 31.00,58.00 31.00, 59.00
Smoking quantity (pack/day)
N 1 1 2
Mean=+SD 0.50 1.00 0.75+0.35 NA
Median 0.50 1.00 0.75
Min, max 0.50,0.50 1.00, 1.00 0.50, 1.00
Smoking (yr)
N 5 1 6
Mean=+SD 19.00+12.45 20.00 19.17+£11.14 0.76
Median 15.00 20.00 17.50
Min, max 10.00, 40.00 20.00, 20.00 10.00, 40.00
Alcohol consumption (units/week)
N 8 " 19
Mean=£SD 1.13£0.58 1.25%0.65 1.1940.61 0.69
Median 1.00 1.00 1.00
Min, max 0.50, 2.00 0.20, 2.00 0.20, 2.00
Caffeine consumption (mg/day)
N 46 39 85
Mean=£SD 124.43+63.94 118.64+65.58 121.784+64.38 0.53
Median 107.00 107.00 107.00
Min, max 26.00, 321.00 52.00, 266.00 26.00, 321.00
Height (cm)
N 70 72 142
Mean+SD 155.26 £4.87 156.22+3.93 155.75+4.43 0.20
Median 155.15 156.05 155.90
Min, max 145.40, 164.70 146.80, 164.00 145.40, 164.70
Weight (kg)
N 70 72 142
Mean=+SD 58.10%8.15 57.73+7.23 57.91+7.67 0.78
Median 58.15 58.50 58.15
Min, max 41.20, 78.00 38.90,77.10 38.90, 78.00

SD, standard deviation.
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Supplementary Table 5. Treatment satisfaction evaluation (5-point

Likert scale)
5-point Likert scale Eﬁegrrgjg Cor(llt\lr(il7gzr§)up (NTZOtﬂZ) P-value
(N=70)
Visit 3 months 0.57
Not at all 0(0.00) 3(4.23) 3(217)
Not like that 1(1.49) 1(1.41) 2(1.45)
Average 44 (65.67)  43(60.56)  87(63.04)
Yes 15(22.39)  18(25.35)  33(23.91)
[t really is 7(10.45) 6 (8.45) 13(9.42)
Total 67(48.55)  71(51.45) 138(100.00)
Visit 6 months 0.54
Not at all 0(0.00) 2(2.82) 2(1.42)
Not like that 2(2.86) 4(5.63) 6 (4.26)
Average 45(64.29)  42(59.15)  87(61.70)
Yes 15(21.43)  12(16.90)  27(19.15)
[t really is 8(11.43) 11(15.49) 19 (13.48)
Total 70(49.65)  71(50.35) 141 (100.00)
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Supplementary Table 6. Any adverse events in safety population analysis

Experimental group (N=76) Control group (N=77) Total
Total 20(26.32) 15(19.48) 35(22.88)

Gastrointestinal disorders 6(7.89) 4(5.19) 10 (6.54)
Gastrointestinal disorder 1(1.32) 1(1.30) 2(1.31)
Gastroesophageal reflux disease 1(1.32) 1(1.30) 2(1.31)
Anal hemorrhage 1(1.32) 0(0.00) 1(0.65)
Constipation 0(0.00) 1(1.30) 1(0.65)
Diarrhea 1(1.32) 0(0.00) 1(0.65)
Dyspepsia 1(1.32) 0(0.00) 1(0.65)
Hemorrhoids 1(1.32) 0(0.00) 1(0.65)
Irritable bowel syndrome 1(1.32) 0(0.00) 1(0.65)
Vomiting 0(0.00) 1(1.30) 1(0.65)
Musculoskeletal and connective tissue disorders 5(6.58) 2(2.60) 7(4.58)
Osteoarthritis 4 (5.26) 0(0.00) 4(2.61)
Myalgia 1(1.32) 1(1.30) 2(1.31)
Pain in extremity 0(0.00) 1(1.30) 1(0.65)
Spinal stenosis 1(1.32) 0(0.00) 1(0.65)
Nervous system disorders 4 (5.26) 3(3.90) 7(4.58)
Headache 3(3.95) 1(1.30) 4(2.61)
Paraesthesia 1(1.32) 1(1.30) 2(1.31)
Dizziness 0(0.00) 1(1.30) 1(0.65)
Skin and subcutaneous tissue disorders 4(5.26) 1(1.30) 5(3.27)
Urticaria 3(3.95) 0(0.00) 3(1.96)
Eczema nummular 0(0.00) 1(1.30) 1(0.65)
Pruritus 1(1.32) 0(0.00) 1(0.65)
Injury, poisoning, and procedural complications 3(3.95) 2(2.60) 5(3.27)
Ankle fracture 1(1.32) 0(0.00) 1(0.65)
Compression fracture 0(0.00) 1(1.30) 1(0.65)
Contusion 1(1.32) 0(0.00) 1(0.65)
Foot fracture 0(0.00) 1(1.30) 1(0.65)
Skin laceration 1(1.32) 0(0.00) 1(0.65)
Vascular disorders 1(1.32) 2(2.60) 3(1.96)
Peripheral venous disease 1(1.32) 1(1.30) 2(1.31)
Hypertension 0(0.00) 1(1.30) 1(0.65)
General disorders 0(0.00) 2 (2.60) 2(1.31)
Pain 0(0.00) 1(1.30) 1(0.65)
Non-cardiac chest pain 0(0.00) 1(1.30) 1(0.65)
Investigations 0(0.00) 2(2.60) 2(1.31)
Alanine aminotransferase increased 0(0.00) 2(2.60) 2(1.31)
Aspartate aminotransferase increased 0(0.00) 1(1.30) 1(0.65)
Ear and labyrinth disorders 2(2.63) 0(0.00) 2(1.31)
Vertigo positional 2 (2.63) 0(0.00) 2(1.31)
Infections and infestations 1(1.32) 1(1.30) 2(1.31)
Cystitis 1(1.32) 0(0.00) 1(0.65)
Tinea pedis 0(0.00) 1(1.30) 1(0.65)
Cardiac disorders 0(0.00) 1(1.30) 1(0.65)
Coronary artery stenosis 0(0.00) 1(1.30) 1(0.65)

(Continued to the next page)
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Supplementary Table 6. Continued

JBM

Experimental group (N=76) Control group (N=77) Total
Eye disorders 1(1.32) 0(0.00) 1(0.65)
Conjunctivitis allergic 1(1.32) 0(0.00) 1(0.65)
Hepatobiliary disorders 1(1.32) 0(0.00) 1(0.65)
Hepatic cyst 1(1.32) 0(0.00) 1(0.65)
Metabolism and nutrition disorders 0(0.00) 1(1.30) 1(0.65)
Hyperlipidemia 0(0.00) 1(1.30) 1(0.65)
Renal and urinary disorders 1(1.32) 0(0.00) 1(0.65)
Renal cyst 1(1.32) 0(0.00) 1(0.65)
Respiratory, thoracic, and mediastinal disorders 0(0.00) 1(1.30) 1(0.65)
Oropharyngeal pain 0(0.00) 1(1.30) 1(0.65)

The data is presented as N (%).
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