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ABSTRACT: Osteoporosis is an increasingly common health concern in postmenopausal women. In a 2-yr
phase III study, bazedoxifene prevented bone loss, reduced bone turnover, and was well tolerated in early
postmenopausal women with normal or low BMD.

Introduction: Bazedoxifene is a novel selective estrogen receptor modulator that has increased BMD and
bone strength in experimental models, without stimulating breast or uterus. This 24-mo, randomized, double-
blind study assessed the efficacy and safety of three doses of bazedoxifene compared with placebo and
raloxifene in the prevention of postmenopausal osteoporosis.
Materials and Methods: Healthy postmenopausal women with a BMD T-score at the lumbar spine or femoral
neck between –1.0 and −2.5 or clinical risk factors for osteoporosis were randomly assigned to one of five
groups: bazedoxifene 10, 20, or 40 mg/d, placebo, or raloxifene 60 mg/d. All women received elemental
calcium. Efficacy outcomes included changes from baseline through 24 mo in BMD of the lumbar spine, hip,
femoral neck, and femoral trochanter and biomarkers of bone metabolism.
Results: The intent-to-treat population included 1434 women (mean age, 58 yr; mean time from last menstrual
period, 11 yr). All doses of bazedoxifene and raloxifene prevented bone loss, whereas in the placebo group,
there was significant loss of BMD at all skeletal sites. Mean differences in percent change in lumbar spine
BMD from baseline to 24 mo relative to placebo were 1.08 ± 0.28%, 1.41 ± 0.28%, 1.49 ± 0.28%, and 1.49 ±
0.28% for 10, 20, and 40 mg bazedoxifene and 60 mg raloxifene, respectively (p < 0.001 for all comparisons).
Comparable BMD responses were observed at other body sites. Significant and comparable decreases in
serum osteocalcin and C-telopeptide levels from baseline and relative to placebo with active treatment were
observed as early as 3 mo and were sustained through study conclusion (p < 0.001). Overall incidences of
adverse events, serious adverse events, and discontinuations caused by adverse events were similar between
groups. The most common adverse events included headache, infection, arthralgia, pain, hot flush, and back
pain.
Conclusions: Treatment with bazedoxifene prevented bone loss and reduced bone turnover equally as well as
raloxifene and was generally well tolerated in postmenopausal women with normal/low BMD.
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INTRODUCTION

Osteoporosis is a common, chronic, and progressive dis-
order characterized by low bone mass, diminished

bone strength, and microarchitectural deterioration of bone

tissue that results in skeletal fragility and susceptibility to
fracture.(1,2) Low bone mass (osteopenia) and osteoporosis
currently affect an estimated 44 million Americans �50 yr
of age in the United States, with the prevalence expected to
increase steadily as the U.S. population continues to age.(3)

Postmenopausal women are particularly vulnerable, be-
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cause they are disproportionately afflicted with osteoporo-
sis(3) and are at increased risk for osteoporosis-related frac-
ture, disability, and mortality.(4–7) Approximately 70–90%
of hip, spine, and forearm fractures occurring among white
women who are 45–84 yr of age are related to osteoporo-
sis.(4) The current direct cost of treating osteoporotic frac-
tures is estimated to be $10–15 billion annually, primarily
because of inpatient care.(1) Indirect costs associated with
lost wages and productivity for patients and caregivers are
difficult to measure but likely add billions of dollars to the
total cost of fracture care.(8) Given health care inflation and
projected increases in fracture incidence, osteoporosis-
related direct and indirect costs are expected to double or
triple over the next few decades.(8,9)

Remarkable progress has been made in understanding
the fundamental role of estrogen in maintaining bone ho-
meostasis and the complex mechanisms by which estrogen
deficiency contributes to bone loss.(10–12) Declining estro-
gen levels may be a principal cause of early and late phases
of postmenopausal bone loss, albeit through different
mechanisms.(12) Early accelerated bone loss, starting at
menopause and persisting for ∼4–8 yr, stems from an in-
creased rate of bone remodeling and an imbalance between
bone resorption and formation, which are induced by es-
trogen deprivation through changes in osteoclast and osteo-
blast production, working lifespans, and apoptosis.(10,12)

The secondary hyperparathyroidism that mediates the slow
phase of bone loss in later menopause has been attributed
in part to the loss of estrogen actions on extraskeletal cal-
cium metabolism.(12) In addition to the association with
bone loss, reduced estrogen levels have been shown to be
associated with increased fracture risk in older women.(13)

In the National Osteoporosis Risk Assessment study, frac-
ture risk reduction associated with estrogen use was lost
almost immediately after estrogen discontinuation.(14)

Pharmacologic therapy is currently recommended in
women with postmenopausal osteoporosis (i.e., prior frac-
ture or BMD T-score < −2.5), women with osteopenia and
clinical risk factors for fractures, and women in whom non-
pharmacological approaches have failed to prevent bone
loss or fracture.(15–17) The efficacy of several pharmacologi-
cal options for osteoporosis has been established: the bis-
phosphonates alendronate, risedronate, and ibandronate
and the selective estrogen receptor modulator (SERM) ral-
oxifene are approved in the United States for the preven-
tion and treatment of postmenopausal osteoporosis (raloxi-
fene has also been approved for breast cancer risk
reduction); systemic estrogen products have received gov-
ernment approval for osteoporosis prevention but not
treatment; PTH (teriparatide) and calcitonin are approved
for the treatment of women with postmenopausal osteopo-
rosis, but not prevention; and strontium ranelate, although
widely approved abroad, is not currently approved for pre-
vention or treatment of osteoporosis in the United
States.(16,17) Although often effective, currently available
therapies may not be appropriate for all women, primarily
because of safety and tolerability concerns, stimulating the
continued search for additional osteoporosis agents.

Bazedoxifene acetate is a novel, chemically distinct
SERM that was developed using stringent preclinical

screening parameters, including requirements for favorable
effects on the skeleton and lipid metabolism and demon-
strable breast and uterine safety.(18) In animal models,
bazedoxifene treatment was shown to maintain or increase
BMD, preserve normal histological bone quality, improve
bone compressive strength, and reduce total cholesterol
levels.(19,20) Moreover, bazedoxifene did not stimulate pro-
liferation and inhibited 17�-estradiol–induced proliferation
in the MCF-7 breast tissue cell line. It exhibited little or no
uterotropic activity in an immature rat model and sufficient
anti-uterotropic activity to reduce 17�-estradiol− and ral-
oxifene-stimulated increases in uterine wet weight and ral-
oxifene-stimulated endometrial luminal epithelial and myo-
metrial cell hypertrophy on histological examination.(19,20)

In phase II, randomized, double-blind, controlled studies in
healthy postmenopausal women, bazedoxifene adminis-
tered at daily doses up to 40 mg had a safety profile similar
to placebo, did not stimulate the endometrium,(21) and pro-
duced statistically significant reductions in markers of bone
remodeling without increasing the incidence of breast
pain.(22,23)

The objective of this study was to evaluate the safety and
efficacy of 10, 20, and 40 mg/d bazedoxifene compared with
placebo and 60 mg/d raloxifene in preventing bone loss in
relatively young, healthy postmenopausal women.

MATERIALS AND METHODS

Study design and population

This 2-yr, phase III, multicenter, double-blind, random-
ized, placebo- and raloxifene-controlled trial was conducted
at 101 sites in Canada, Europe, and the United States. En-
rolled subjects were generally healthy women �45 yr of age
who were at least 1 yr postmenopausal (i.e., completed their
last natural menstrual cycle or underwent bilateral oopho-
rectomy, with or without hysterectomy, at least 1 yr before
screening). Women were stratified into two strata based on
time since menopause: (1) women who were 1–5 yr post-
menopause and (2) those who were >5 yr postmenopause.
Women who were postmenopausal between 1 and 5 yr had
to have at least one of the following risk factors for osteo-
porosis to be enrolled: lumbar spine or femoral neck BMD
T-scores between −1.0 and −2.5 as measured by DXA, a
family history of fracture, bilateral oophorectomy, current
history of smoking, small-boned and/or thin frame (weight
< 58 kg), inadequate intake of calcium, and little or no
weight-bearing exercise. Women in the latter stratum who
previously received hormone replacement therapy but had
discontinued treatment for �6 mo or women who were
surgically postmenopausal for <5 yr were required to have
accompanying serum follicle-stimulating hormone (FSH)
levels �40 IU/liter and estradiol levels �73.4 pM (20 pg/
ml). Women who were postmenopausal for >5 yr had to
have the following inclusion criteria: lumbar spine or femo-
ral neck BMD T-scores between −1.0 and −2.5 in addition
to one of the following risk factors: a family history of frac-
ture, bilateral oophorectomy, menopause occurring at �40
yr of age, current history of smoking, small-boned and/or
thin frame (weight < 58 kg), inadequate intake of calcium,
and little or no weight-bearing exercise.
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Women were excluded at screening if they had other
forms of bone disease, conditions that could invalidate
BMD testing, at least one osteoporotic vertebral fracture
shown on thoracolumbar radiographs, history of or active
nontraumatic venous thromboembolic event, endometrial
hyperplasia based on biopsy or endometrial thickness of >5
mm on transvaginal ultrasound, abnormal vaginal bleeding,
history of malignancy within the previous 10 yr, abnormal
laboratory tests including abnormal liver function tests or
elevated fasting total cholesterol or triglyceride levels
(�310 or �300 mg/dl, respectively), and abnormal physical
findings including body mass index (BMI) >32.2 kg/m2 or
elevations in blood pressure. Subjects were also ineligible if
they received treatment with any of the following medica-
tions: a bisphosphonate within 2 yr of screening; PTH, a
SERM, or an estrogen-, androgen-, or progestin-containing
medication within 6 mo of screening; calcitonin or systemic
fluoride for >1 mo within 6 mo of screening; a systemic
corticosteroid (equivalent to �10 mg of prednisone for >10
days) within 6 mo of screening; and any investigational drug
within 60 days of randomization.

All subjects provided written informed consent before
enrollment in the study. The study was conducted in accor-
dance with the ethical principles from the Declaration of
Helsinki and any amendments that were in place when the
study was conducted. The study protocol and an informed
consent form were submitted to the independent ethics
committee or institutional review board at each institution
for review and written approval.

Treatment, randomization, and blinding

Women were randomly assigned to receive one of five
treatments: bazedoxifene 10, 20, or 40 mg/d, raloxifene 60
mg/d, or placebo. Study participants were instructed to take
one capsule daily of the study drug, at approximately the
same time each day, along with a daily supplement of 600
mg of elemental calcium in the form of calcium carbonate
(Caltrate 600; Whitehall-Robins, Madison, NJ, USA).

Participants were allocated to their treatment groups us-
ing a computerized randomization/enrollment system,
which assigned unique randomization and package num-
bers. Study drugs were packaged and code-labeled with
package numbers, protocol numbers, and storage require-
ments. Blinding was maintained through the use of the
treatment packages, which were code-labeled to the ran-
domization schedule generated by the study sponsor. Par-
ticipants maintained daily dairy cards to record the amount
of study drug taken and timing of administration.

Efficacy and safety endpoints and measurements

The primary efficacy endpoint was the percentage
change from baseline in BMD of the lumbar spine (L1−L4)
after 24 mo of therapy. Secondary efficacy endpoints in-
cluded percentage change from baseline in BMD of total
hip, femoral neck, and femoral trochanter after 24 mo of
therapy. Other secondary endpoints were changes in bio-
chemical markers of bone resorption (serum type 1 colla-
gen C-telopeptide [CTX]) and bone formation (serum os-
teocalcin) and lipid parameters. In all participants, BMD of

the lumbar spine and other skeletal sites was measured
using either a Hologic or GE Lunar DXA scanner. A qual-
ity control program was implemented that included inter-
scanner cross-calibration, intrascanner longitudinal moni-
toring of calibration, and assessments of machine
equivalence of scanners that may have been replaced dur-
ing the course of the study. DXA was performed at screen-
ing and months 6, 12, 18, and 24. All DXA scans were
assessed at a central analysis facility. Two DXA scans were
performed at both the lumbar spine and hip at screening
and month 24 or at the time of subject withdrawal from the
study if >3 mo had elapsed since the last measurement.
Samples for the assessment of serum osteocalcin and CTX
were collected at baseline and months 3, 6, 9, 12, 18, and 24
and assessed by a central laboratory (Synarc, Lyon,
France). Serum markers of lipid metabolism, including total
cholesterol, low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), and triglyc-
erides, were measured at baseline and months 3, 6, 12, 18,
and 24 and analyzed at a central laboratory (Covance).

Safety and tolerability were evaluated by the recording of
all adverse events at each visit and by regular physical ex-
aminations and clinical laboratory determinations. Adverse
events were classified using the U.S. Food and Drug Ad-
ministration’s Coding Symbols for Thesaurus of Adverse
Reaction Terms (COSTART). The presence of vertebral
fractures was assessed by thoracolumbar spine radiographs,
which were obtained at screening and at 24 mo and in
women withdrawing from the study if >12 mo had elapsed
since their last assessment, and were read in a central facil-
ity. Routine safety laboratory values were obtained serially
and assessed by a central laboratory (Covance). Other
safety monitoring included gynecologic, pelvic, and breast
examinations, mammograms, cervical cytology smears, and
endometrial biopsies. Findings of the latter analyses will be
reported elsewhere.

Statistical methods

The plan for data analysis, developed before study un-
blinding, prespecified all statistical analyses. Efficacy data
analyses were performed on the intent-to-treat (ITT) popu-
lation, which included all women who were randomly as-
signed to a treatment group; had at least one screening
assessment; had recorded at least one dose of study medi-
cation; and had at least one on-therapy BMD assessment.
Safety analyses included subjects who had received at least
one dose of study drug.

The study had a power of 90% (� � 0.05; SD � 4.0%)
to detect a dose response, with 45 subjects enrolled in each
group, assuming a reduction of 1% from baseline in BMD
in the placebo group and a minimum difference of three
percentage points from placebo in any of the bazedoxifene
groups. BMD efficacy endpoints were assessed using an
analysis of covariance (ANCOVA) of the ITT population.
The ANCOVA was performed using the percentage
change from baseline as the dependent variable; the treat-
ment, skeletal site, and years since menopause as main ef-
fects and baseline BMD as covariate. A last-observation-
carried-forward (LOCF) approach was used to conduct the
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analysis, with on-therapy values carried forward. Corrected
BMD values, based on evaluable vertebrae, machine
equivalency tests, cross-calibration tests, and longitudinal
adjustments, were used in place of raw BMD values. For
the primary efficacy analysis, dose response was studied in
the bazedoxifene and placebo groups using a closed-test
procedure. Bazedoxifene treatments found to be signifi-
cantly different from placebo using the closed-test proce-
dure were compared with raloxifene.

Bone marker efficacy outcomes were analyzed using
ANCOVA on ranked data, with the ranked percentage
change from baseline as dependent variable, treatment as
factor, and baseline as covariate. The percentage change for
markers of lipid metabolism was analyzed using ANCOVA,
with the percentage change from baseline as dependent
variable, treatment as factor, and baseline as covariate.
Analyses for LDL-C, HDL-C, LDL-C/HDL-C ratio, and
triglycerides used ANCOVA on ranked data. If the overall
tests for differences among treatment groups were signifi-
cant at the 0.05 level for secondary BMD, bone marker, and
lipid metabolism outcomes, pairwise comparisons between
groups were performed using t-tests, based on the adjusted
means and the pooled error terms obtained from the
ANCOVA.

The number and percentage of women experiencing ad-
verse events, including treatment-emergent adverse events,
and withdrawing from the study because of adverse events
were summarized and compared across treatment groups
using the Fisher exact test and between groups using pair-
wise comparisons. For continuous safety data for physical
examinations and laboratory parameters, changes from
baseline were evaluated using ANCOVA, with the baseline
value as a covariate and treatment as a factor; for categori-
cal data, the Fisher exact test was used for comparison. For
the latter comparisons, the nominal two-sided significance
level was 5%.

RESULTS

A total of 1583 women were randomly assigned to a
treatment group, were given study drug, and were included

in the safety analyses (Fig. 1). Of these randomized women,
1434 women were evaluable for BMD analyses of the lum-
bar spine and 1430 women were evaluable for BMD analy-
ses of the total hip, femoral neck, and femoral trochanter.
Four hundred seventy women (29.7%) discontinued treat-
ment in the study. The most common reason for discon-
tinuation in each group was adverse events, which occurred
with similar frequency in the bazedoxifene, raloxifene, and
placebo groups. The mean age of the population was 57.6 ±
6.5 yr; nearly all (94%) subjects were white. Demographic
and baseline characteristics, including BMD values, were
similar among all groups (Table 1).

BMD

After 24 mo of treatment, lumbar spine BMD was sig-
nificantly (p < 0.001) greater in all bazedoxifene treatment
groups than in the placebo group (Fig. 2A). All bazedoxi-
fene doses resulted in a significant treatment effect com-
pared with placebo within the first 6 mo of therapy, which
was sustained through the end of the study. Mean differ-
ences (±SD) in the percent change from baseline to 24 mo
in lumbar spine BMD for bazedoxifene 10, 20, and 40 mg
relative to placebo were 1.08 ± 0.28, 1.41 ± 0.28, and 1.49 ±
0.28, respectively (p < 0.001). Women receiving bazedoxi-
fene 40 mg experienced a significant increase from baseline
in lumbar spine BMD at 6 and 12 mo (p < 0.05) and no
significant change at 18 and 24 mo. Lumbar spine BMD was
not significantly changed from baseline with bazedoxifene
10 and 20 mg during the study, whereas it was significantly
decreased from baseline with placebo at all time points (p <
0.001). The differences in response between the bazedoxi-
fene doses were not statistically significant. Changes in lum-
bar spine BMD in women receiving bazedoxifene were
found to be similar to those in women receiving raloxifene
at 6 mo and through the end of treatment.

All bazedoxifene treatment groups had significantly (p <
0.001) greater BMD of the total hip in comparison with the
placebo group at 6, 12, 18, and 24 mo (Fig. 2B). Differences
in the percent change from baseline to 24 mo observed in

FIG. 1. Subject disposition.
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total hip BMD with bazedoxifene 10, 20, and 40 mg versus
placebo were 1.29 ± 0.21, 1.75 ± 0.21, and 1.60 ± 0.21, re-
spectively (p < 0.001). BMD of the total hip was signifi-
cantly (p < 0.01) increased at 6 mo in all women receiving
bazedoxifene compared with baseline and at 12 and 18 mo
in those receiving bazedoxifene 20 and 40 mg (p < 0.05). All

active treatment groups preserved BMD of the total hip at
24 mo. Women in the placebo group experienced significant
decreases (p < 0.001) from baseline in BMD of the total hip
throughout the study. No significant differences in total hip
BMD were observed between the bazedoxifene treatment
groups. Bazedoxifene treatment was equally as effective as

FIG. 2. (A) Median percent change from
baseline in BMD of the lumbar spine (cor-
rected L1–L4; p < 0.001) vs. placebo for all
bazedoxifene (BZA) groups at each time
point. (B) Median percent change from base-
line in total hip BMD (p < 0.001) vs. placebo
for all bazedoxifene (BZA) groups at each
time point.

TABLE 1. DEMOGRAPHIC AND BASELINE CHARACTERISTICS FOR EVALUABLE SUBJECTS IN THE ITT*

Parameters
Bazedoxifene

10 mg (n = 292)
Bazedoxifene

20 mg (n = 288)
Bazedoxifene

40 mg (n = 290)
Raloxifene

60 mg (n = 280)
Placebo

(n = 284)

Age (yr) 57.28 (6.62) 57.82 (6.69) 57.33 (6.13) 57.86 (6.29) 57.70 (6.69)
BMI (kg/m2) 25.64 (3.56) 25.88 (3.73) 25.18 (3.55) 25.47 (3.35) 25.72 (3.50)
Time since last menstrual period (yr) 10.62 (8.97) 11.25 (8.92) 10.46 (8.18) 10.69 (9.23) 11.15 (8.97)
Type of menopause [n (%)]

Natural 261 (89.38) 250 (86.81) 254 (87.59) 244 (87.14) 252 (88.73)
Surgical 31 (10.62) 38 (13.19) 36 (12.41) 36 (12.86) 32 (11.27)

Subject category
>1 but <5 yr postmenopausal 127 (43.49) 111 (38.54) 113 (38.97) 115 (41.07) 102 (35.92)
�5 yr postmenopausal 165 (56.51) 177 (61.46) 177 (61.03) 165 (58.93) 182 (64.08)

BMD T-score
Lumbar spine −1.21 (0.95) −1.22 (0.98) −1.22 (0.84) −1.12 (1.04) −1.24 (0.88)
Total hip −0.70 (0.88) −0.83 (0.85) −0.81 (0.78) −0.77 (0.88) −0.83 (0.76)
Femoral neck −1.07 (0.83) −1.17 (0.80) −1.15 (0.82) −1.17 (0.81) −1.19 (0.78)
Femoral trochanter −0.53 (0.96) −0.62 (0.91) −0.60 (0.81) −0.58 (0.92) −0.60 (0.82)

Subjects reporting hot flushes [n (%)] 84 (29%) 71 (25%) 87 (30%) 68 (24%) 75 (26%)

Values are means (SD), unless noted otherwise.
* n � 1434 subjects evaluable for lumbar spine analysis.
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raloxifene in increasing BMD of the total hip at all time
points.

Compared with placebo, treatment with bazedoxifene 20
and 40 mg also resulted in significantly greater BMD of the
femoral neck (p < 0.01) and femoral trochanter (p < 0.001).
Significant increases from baseline in both femoral neck
and trochanter BMD were observed in the bazedoxifene 20
and 40 mg treatment groups at most study time points;
significant (p < 0.01) decreases from baseline in these mea-
sures were seen in the placebo group throughout the study.
Femoral neck BMD was significantly (p < 0.05) greater with
bazedoxifene 20 and 40 mg than with bazedoxifene 10 mg
from month 12 to study end; there was a significant reduc-
tion from baseline in femoral neck BMD at 24 mo in the
bazedoxifene 10 mg group. Femoral trochanter BMD was

not significantly different between any bazedoxifene treat-
ment groups. Treatment with bazedoxifene 20 and 40 mg
was also equally as effective as raloxifene in improving
femoral neck BMD through the study end. Women in all
bazedoxifene groups had comparable changes in femoral
trochanter BMD to those in women in the raloxifene group
at all time points.

Serum bone markers

Women in the bazedoxifene and raloxifene groups
showed significant (p < 0.001) reductions in serum osteo-
calcin and CTX compared with women in the placebo
group throughout the study (Figs. 3A and 3B). At month
24, treatment with bazedoxifene 10, 20, and 40 mg signifi-

FIG. 3. (A) Median percent change from baseline in osteocalcin levels (p < 0.001), all bazedoxifene and raloxifene treatment groups
vs. baseline at all time points; placebo vs. baseline at 24 mo; and all bazedoxifene treatment groups vs. placebo at all time points. (B)
Median percent change from baseline in CTX levels (p < 0.001), all bazedoxifene and raloxifene treatment groups vs. baseline at all
time points; placebo vs. baseline at 24 mo; and all bazedoxifene treatment groups vs. placebo at all time points. Nonparametric
ANCOVA.
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cantly reduced median serum osteocalcin levels from base-
line by 21%, 22%, and 22%, respectively (p < 0.001, all
bazedoxifene doses versus baseline and placebo) compared
with 6% and 27% reductions from baseline with placebo
and raloxifene, respectively (p < 0.001, placebo and raloxi-
fene versus baseline). Bazedoxifene 10, 20, and 40 mg de-
creased serum CTX levels by 25%, 24%, and 22%, respec-
tively, at 24 mo (p < 0.001, all bazedoxifene doses versus
baseline and placebo), whereas placebo and raloxifene de-
creased this bone marker by 13% and 32%, respectively (p
< 0.001, placebo and raloxifene versus baseline).

Lipid metabolism

Serum concentrations of total cholesterol decreased sig-
nificantly in the bazedoxifene 10 and 40 mg groups, and
LDL-C decreased significantly in each of the bazedoxifene
groups compared with the placebo group at 24 mo (Table
2). Serum concentrations of HDL-C increased significantly
with bazedoxifene 10 and 20 mg relative to placebo at 24
mo. Significant increases from baseline in median concen-
trations of triglycerides were observed among women re-
ceiving bazedoxifene 20 mg, bazedoxifene 40 mg, and pla-
cebo, with no significant difference found among the groups
(Table 2). In this study, the number of subjects who devel-
oped the adverse event of hypertriglyceridemia was low
(0.3–1.6%) and was similarly distributed among all groups.
No cases of pancreatitis were reported as a result of hyper-
triglyceridemia. Treatment with raloxifene 60 mg resulted
in a significant reduction in the total cholesterol and LDL-C
relative to placebo at 24 mo (Table 2).

Adverse events

After 2 yr of treatment, all doses of bazedoxifene were
generally well tolerated and exhibited a safety profile gen-
erally similar to that of placebo. An overall summary of the
safety profile is provided in Table 3. The incidence of ad-
verse events, treatment-emergent adverse events, serious
adverse events, and discontinuations because of adverse
events were similar among all treatment groups. The most
common treatment-emergent adverse events were head-
ache, infection, arthralgia, pain, hot flushes, and back pain,
which were reported by �20% of the women in at least one
treatment group. The percentage of women who reported
either worsening of preexisting hot flushes or who devel-
oped any new hot flush during the course of the study was
significantly higher in the bazedoxifene groups than in the
placebo group, and similar to that observed in the raloxif-
ene group (Table 3). The number of subjects withdrawing
because of the adverse event of hot flushes was low and
similar among all groups. The incidence of leg cramps was
similar across treatment groups. Four deaths were reported
during the study and two deaths were reported after with-
drawal or completion of the study. Five of these deaths
(accidental injury, arrhythmia, cerebral hemorrhage, hyper-
tension, and lymphoma) were not considered related to the
administration of test article. One death in the bazedoxi-
fene 40 mg group, a subject who experienced a pulmonary
embolism during a prolonged air flight 30 days after study
completion, was considered by the investigator to be pos-
sibly related to treatment.
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Cardiovascular and thromboembolic events, hot flushes,
and leg cramps were considered adverse events of special
interest. No safety concerns related to the cardiovascular
system were observed in the bazedoxifene treatment
groups. The number of venous thromboembolic events was
low and similarly distributed between treatment groups.
During the 24-mo study period, eight women showed frac-
tures (bazedoxifene 10 mg, n � 1; bazedoxifene 20 mg, n �
3; raloxifene 60 mg, n � 1; placebo, n � 3).

No cases of confirmed endometrial hyperplasia or endo-
metrial cancer were detected in any of the bazedoxifene
groups; one subject in the placebo group developed endo-
metrial cancer. Endometrial thickness assessed by trans-
vaginal ultrasound remained stable in women treated with
bazedoxifene over the course of the study, and mean
change from baseline did not differ in the bazedoxifene-
treated groups compared with the placebo group. No sig-
nificant differences were observed between treatment
groups in the incidence of endometrial polyp formation at
24 mo. The number of cases of breast cancer was low and
evenly distributed among the groups (bazedoxifene 10 mg,
n � 1; bazedoxifene 20 mg, n � 2; bazedoxifene 40 mg, n
� 0; raloxifene 60 mg, n � 1; placebo, n � 2). The inci-
dence of breast pain was also low and not significantly dif-
ferent between treatment groups.

DISCUSSION

This study was initiated to evaluate the efficacy and
safety of various bazedoxifene dose regimens in compari-
son with that of placebo and raloxifene in preventing bone
loss in healthy postmenopausal women with normal/low
BMD. The 2-yr results showed a significant protective ef-
fect on the skeleton, as shown by increasing BMD at mul-
tiple skeletal sites and reduced rate of bone turnover. Baze-
doxifene 20 and 40 mg were associated with a significant
increase in BMD relative to placebo observed after 6 mo of

treatment and preserved through 24 mo. The BMD and
bone turnover marker effects of bazedoxifene were com-
parable to those of raloxifene. The percentage changes in
BMD from baseline in the bazedoxifene 20 and 40 mg treat-
ment groups were significant compared with the placebo
group at all time points assessed. Although a clear dose
response was not observed with bazedoxifene 20 and 40 mg,
these doses were consistently more effective in protecting
against bone loss than the 10 mg dose, particularly at the
site rich in cortical bone, the femoral neck. Bazedoxifene 20
and 40 mg treatment provided comparable skeletal protec-
tion to that observed with raloxifene 60 mg.

The observation of a comparable BMD effect in women
treated with bazedoxifene as in those treated with raloxif-
ene is not surprising. In previously conducted, prospective,
randomized, controlled trials comparing raloxifene 60 mg
with placebo in healthy postmenopausal women with nor-
mal BMD or osteopenia, raloxifene therapy increased
BMD from baseline from 1% to 2%.(24,25) Although the
effects of bazedoxifene and raloxifene on BMD seem to be
similar, BMD is a surrogate endpoint for fracture and is a
relatively poor predictor of the antifracture efficacy of an-
tiresorptive agents.(26) A recent 3-yr study in postmeno-
pausal women with osteoporosis showed a 42% reduction
in the incidence of new vertebral fractures with bazedoxi-
fene 20 mg treatment, which was similar to that with ral-
oxifene.(27) Of interest, a posthoc analysis in the same study
in a subgroup of women with high fracture risk found a
lower incidence of nonvertebral fractures with bazedoxif-
ene 20 mg compared with placebo or raloxifene. The latter
observation suggests potential differences between the
SERMs, which require further evaluation.(27)

The primary effect of bazedoxifene treatment on BMD
observed in this study was preservation of bone mass, which
is consistent with a response in a population of young post-
menopausal women with normal BMD or mild spinal os-

TABLE 3. OVERALL SUMMARY OF SAFETY PROFILE

Adverse event

No. (%) of subjects

Bazedoxifene
10 mg (n = 321)

Bazedoxifene
20 mg (n = 322)

Bazedoxifene
40 mg (n = 319)

Raloxifene
60 mg (n = 311)

Placebo
(n = 310)

Any adverse event 306 (95.3) 309 (96.0) 301 (94.4) 287 (92.3) 297 (95.8)
Any treatment emergent adverse event 299 (93.1) 304 (94.4) 292 (91.5) 279 (89.7) 289 (93.2)
Deaths 2 (0.6) 0 3 (0.9) 0 1 (0.3)
Any adverse event leading to withdrawal 54 (16.8) 55 (17.1) 58 (18.2) 43 (13.8) 48 (15.5)
Any serious adverse event 29 (9.0) 37 (11.5) 33 (10.3) 29 (9.3) 28 (9.0)
Adverse events of special interest*

Myocardial infarction 0 2 (0.6) 1 (0.3) 0 1 (0.3)
Cerebral hemorrhage 1 (0.3) 0 0 0 0
Cerebral ischemia 0 0 0 1 (0.3) 0
Cerebrovascular accident 0 0 1 (0.3) 0 0
Deep venous thrombosis 0 2 (0.6) 0 0 1 (0.3)
Phlebitis (superficial) 1 (0.3) 1 (0.3) 3 (0.9) 0 1 (0.3)
Pulmonary embolus 0 0 1 (0.3) 0 0
Retinal vein thrombosis 0 0 0 1 (0.3) 0
Hot flushes 63 (19.6) 67 (20.8) 77 (24.1) 58 (18.6) 44 (14.2)
Leg cramps 30 (9.3) 39 (12.1) 38 (11.9) 37 (11.9) 36 (11.6)

* All adverse events.
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teopenia. On the other hand, calcium supplementation in
the placebo group did not prevent bone loss, indicating that
calcium supplementation alone is ineffective in preserving
bone mass early after menopause.

Increases in BMD observed with SERMs have been
more modest than those observed with bisphosphonates
when evaluated in the osteoporosis prevention setting.(28)

However, reductions in vertebral fracture rates seem to be
similar with SERM and bisphosphonate treatment in non–
head-to-head comparison trials,(29–31) suggesting that the
magnitude of BMD increase may be an inadequate predic-
tor of fracture reduction and that other factors not captured
by BMD may also play an important role in improving bone
strength beyond changes in BMD.(32) A number of studies,
depending on their statistical methodology, have suggested
that changes in BMD explain a relatively small fraction of
the antifracture efficacy with antiresorptive treat-
ments.(33,34) Increased BMD with raloxifene treatment ac-
counted for only 4% of the treatment’s effect on the inci-
dence of vertebral fractures.(35) The range of BMD changes
to risk reduction in the individual bisphosphonate analyses
is from 16% to 28%,(36,37) although a greater proportion of
the contribution of increasing BMD to risk reduction has
been suggested in two separate meta-analyses examining
these interactions.(36,38) Although increasing BMD with an-
tiresorptive agents does contribute some component to
fracture risk reduction, it is clear that there are also many
non-BMD factors that independently contribute to risk re-
duction.(39) Preservation or improvement in the material
properties of bone and/or bone microarchitecture could
translate into increased bone strength and resistance to
fracture, which cannot be fully captured by changes in
BMD.(40) Reduction in bone turnover, which has been
shown to be significantly associated with fracture risk re-
duction during antiresorptive therapy, could also play a sig-
nificant role independent of BMD.(33,41,42)

Favorable changes were observed with bazedoxifene
treatment in serum concentrations of total cholesterol,
LDL-C, and HDL-C relative to placebo. Triglyceride levels
were significantly increased in the BZA 20 and 40 mg
groups and the placebo group; no significant differences
were found between these groups. Baseline mean triglyc-
eride levels were normal in this population of relatively
healthy young postmenopausal women, and although in-
creased, these levels remained well within the normal range
during treatment with bazedoxifene. Whether the observed
changes in lipid profile with bazedoxifene treatment have
any clinical relevance remains to be determined.

Bazedoxifene also showed an acceptable safety and tol-
erability profile in this population of healthy postmeno-
pausal women who were at risk for osteoporosis-related
fracture, which was consistent overall with that shown for
raloxifene.(43,44) Incidences of adverse events, serious ad-
verse events, and withdrawals because of adverse events
were similar among all treatment groups. No statistically
significant differences were observed among the treatment
groups for cardiovascular events. Myocardial infarction and
hemorrhagic or ischemic strokes were reported in <1% of
the women evaluated. The incidence of hot flushes was
greater in the active treatment groups than in the placebo

group, whereas the incidence of leg cramps was similar
across all groups. These events were mild to moderate in
severity and did not lead to withdrawal from the study in a
large number of subjects. Hot flushes occurred with similar
frequency in the bazedoxifene and raloxifene groups. An
increased incidence of hot flushes and leg cramps has also
been reported in clinical trials of raloxifene.(29,45) Bazedoxi-
fene was also not associated with stimulation of endome-
trial tissue or adverse breast effects. No clinically relevant
changes in laboratory parameters were observed in the ac-
tive treatment or placebo groups. Incident fractures oc-
curred with similar frequency across treatment groups dur-
ing the study.

In this population of relatively young postmenopausal
women with normal or low BMD, treatment with bazedoxi-
fene prevented bone loss, increased BMD, reduced bone
turnover, and was generally well tolerated. These findings
suggest that bazedoxifene is a promising SERM that may
become an important therapeutic option for the prevention
of postmenopausal osteoporosis.
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