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ABSTRACT: In this 3-yr, randomized, double-blind, placebo- and active-controlled study, healthy postmeno-
pausal women with osteoporosis (55–85 yr of age) were treated with bazedoxifene 20 or 40 mg/d, raloxifene
60 mg/d, or placebo. The primary endpoint was incidence of new vertebral fractures after 36 mo; secondary
endpoints included nonvertebral fractures, BMD, and bone turnover markers. Among 6847 subjects in the
intent-to-treat population, the incidence of new vertebral fractures was significantly lower (p < 0.05) with
bazedoxifene 20 mg (2.3%), bazedoxifene 40 mg (2.5%), and raloxifene 60 mg (2.3%) compared with placebo
(4.1%), with relative risk reductions of 42%, 37%, and 42%, respectively. The treatment effect was similar
among subjects with or without prevalent vertebral fracture (p � 0.89 for treatment by baseline fracture status
interaction). The incidence of nonvertebral fractures with bazedoxifene or raloxifene was not significantly
different from placebo. In a posthoc analysis of a subgroup of women at higher fracture risk (femoral neck
T-score � –3.0 and/or �1 moderate or severe vertebral fracture or multiple mild vertebral fractures; n �
1772), bazedoxifene 20 mg showed a 50% and 44% reduction in nonvertebral fracture risk relative to placebo
(p � 0.02) and raloxifene 60 mg (p � 0.05), respectively. Bazedoxifene significantly improved BMD and
reduced bone marker levels (p < 0.001 versus placebo). The incidence of vasodilatation, leg cramps, and
venous thromboembolic events was higher with bazedoxifene and raloxifene compared with placebo. In
conclusion, bazedoxifene significantly reduced the risk of new vertebral fracture in postmenopausal women
with osteoporosis and decreased the risk of nonvertebral fracture in subjects at higher fracture risk.
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INTRODUCTION

OSTEOPOROSIS, A DISEASE characterized by compromised
bone strength, is an increasingly common public

health concern, with the prevalence expected to rise steadi-

ly as the worldwide population continues to age.(1,2) Ap-
proximately 200 million individuals are affected globally,
including one third of women between the ages of 60 and 70
yr and two thirds of women �80 yr of age.(3) Postmeno-
pausal women are disproportionately affected and are at
increased risk for osteoporosis-related fracture, disability,
and mortality.(4–7) In 1998, the total health care costs asso-
ciated with hip fracture in Europe was estimated at 9 billion
Euros.(1) According to 2005 estimates, >2 million osteopo-
rosis-related fractures occurred in the United States alone,
with related health care costs approaching $17 billion.(8)

Our understanding of the fundamental role of estrogen in
maintaining bone homeostasis and the complex mecha-
nisms by which estrogen deficiency contributes to bone loss
has increased dramatically over the past decade,(9–11) which
has led to the development of numerous treatment options
for women with osteoporosis. Currently available pharma-
cologic agents for postmenopausal osteoporosis primarily
exert their effects by decreasing the rate of bone turnover
and preserving or increasing BMD, which is one of many
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factors that determine fracture risk.(12,13) Approved thera-
pies for the treatment and/or prevention of postmenopausal
osteoporosis include bisphosphonates (e.g., alendronate,
risedronate, ibandronate, zoledronate), estrogen therapy,
calcitonin, PTH, strontium ranelate (outside the United
States), and the selective estrogen receptor modulator
(SERM) raloxifene.(14) Although existing therapies for
postmenopausal osteoporosis have been shown to be effec-
tive, they may not be appropriate for all women because of
concerns related to safety and/or tolerability. Combined
with the significant impact of postmenopausal osteoporosis
on a global scale, the continued development of new thera-
peutic agents remains an important goal.

Bazedoxifene is a novel SERM that has shown tissue-
selective activities to confer favorable effects on bone and
lipid metabolism without adversely affecting the uterine or
breast tissue.(15–17) Bazedoxifene has been shown to pre-
vent bone loss and decrease bone turnover without stimu-
lating the endometrium in a 2-yr randomized controlled
study in healthy postmenopausal women with normal or
low BMD.(18) The objective of this study was to evaluate
the safety and efficacy of bazedoxifene in treating post-
menopausal women with osteoporosis. Importantly, this
was the first osteoporosis treatment trial that used an active
comparator (raloxifene), in addition to placebo.

MATERIALS AND METHODS

Study design

This international, multicenter, double-blind, random-
ized, placebo- and active-controlled phase 3 trial was con-
ducted at 206 sites in Asia-Pacific countries, Canada, Eu-
rope, Latin America, South Africa, and the United States.
Subjects were randomly assigned to receive bazedoxifene
20 or 40 mg, raloxifene 60 mg, or placebo, taken orally once
daily. All subjects received oral daily calcium (up to 1200
mg) and vitamin D (400–800 IU) supplements. Subjects
were monitored throughout the 3-yr pivotal study period
(4-yr extension study is ongoing), with clinic visits occurring
quarterly during the first year and biannually during the
second and third years.

Subjects

Generally healthy women between the ages of 55 and 85
yr were eligible for study inclusion if they were at least 2 yr
postmenopausal and had osteoporosis, defined as low
BMD or radiographically confirmed vertebral fractures.
Subjects without prevalent vertebral fracture were required
to have lumbar spine or femoral neck BMD T-scores be-
tween −2.5 and −4.0 (inclusive), whereas subjects with
prevalent vertebral fracture (at least one mild vertebral
fracture) were required to have lumbar spine and femoral
neck BMD T-scores not worse than −4.0.

Women were excluded if they had diseases that may af-
fect bone metabolism, conditions that could interfere with
bone mineral densitometry, pathologic vertebral fractures,
vasomotor symptoms requiring treatment, or serious con-

ditions such as endometrial hyperplasia or carcinoma, ab-
normal vaginal bleeding, malignancy within 10 yr of the
study, endocrine disorders requiring treatment, or un-
treated malabsorption disorders. Subjects with an active or
history of deep vein thrombosis, pulmonary embolism, or
retinal vein thrombosis were also excluded, as were subjects
with elevated fasting total cholesterol or triglyceride levels
(�310 or �300 mg/dl, respectively). The use of androgens,
systemic estrogen (except estriol �2.0 mg/d), topical estro-
gen (>3 times/wk), progestogens, SERMs, bisphospho-
nates, calcitonin, PTH, and cholecalciferol (>50,000 IU/wk)
was prohibited within 6 mo of screening.

Subjects were assigned to treatment using a computer-
ized randomization/enrollment system, which assigned
unique randomization and package numbers. Randomiza-
tion was stratified by prevalent vertebral fracture status to
ensure similar distribution of subjects with and without
prevalent vertebral fracture across treatment groups.

In accordance with the ethical principles included in the
Declaration of Helsinki, all subjects provided written in-
formed consent before study enrollment. The study proto-
col (including any amendments) and an informed consent
form were submitted to the independent ethics committee
or institutional review board at each institution for review
and written approval.

Endpoints

The primary endpoint was the incidence of new radio-
graphically confirmed vertebral fractures (T4–L4) among
women in the bazedoxifene and placebo groups after 36 mo
of treatment. Secondary endpoints included the incidence
of clinical vertebral fractures and nonvertebral fractures;
changes from baseline in BMD of the lumbar spine, total
hip, and femoral neck; and changes from baseline in the
levels of biochemical markers of bone resorption (serum
type-1 collagen C-telopeptide [CTX]) and bone formation
(serum osteocalcin).

Efficacy and safety measures

Thoracolumbar (T4–L4) radiographs were obtained at
screening and at 6, 12, 24, and 36 mo or at early termination
in subjects who withdrew and >6 mo had elapsed since the
last radiograph. Prevalent and incident vertebral fractures
were identified using the semiquantitative methodology, as
previously reported.(19) If an incident vertebral fracture was
identified by semiquantitative methodology, a quantitative
morphometry assessment was used to confirm the fracture,
which was defined as a decrease in vertebral height of 20%
or more and 4 mm or more. In cases of disagreement be-
tween the two methodologies, a binary semiquantitative as-
sessment by an independent radiologist was conducted to
adjudicate the discordant result. In addition, quantitative
morphometry was applied to all on-therapy X-rays in sub-
jects with prevalent vertebral fracture. Clinical vertebral
fractures were verified by radiographic evaluation using
both semiquantitative and quantitative morphometric as-
sessment approaches.
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Nonvertebral fractures were determined by direct ques-
tioning of subjects at each clinic visit. Nonvertebral osteo-
porosis-related fractures were defined as fractures that
were sustained after minimal or low-impact trauma, such as
falling from standing height. In addition to the investiga-
tor’s assessment, all available, pertinent fracture informa-
tion (e.g., radiology reports, discharge summaries, physician
chart notes) was reviewed in a blinded fashion by an inde-
pendent adjudication board to confirm diagnoses of frac-
ture. Fractures that were pathologic in nature or sustained
after significant trauma (e.g., motor vehicle accident, hitting
a moving object) were excluded from this analysis, as were
fractures of the toes, fingers, face, skull, and elbow, because
such fractures were not considered osteoporosis related.

After unblinding of primary data, a posthoc analysis was
conducted to evaluate the effect of bazedoxifene on the risk
of nonvertebral fracture in a subgroup of women at higher
risk for fracture, based on known skeletal risk factors.
These skeletal risk factors were low femoral neck T-score
(–3.0 or lower) and/or the presence of at least one moderate
or severe vertebral fracture or multiple mild vertebral frac-
tures at baseline, consistent with previous reports.(20,21)

In all subjects, BMD of the lumbar spine and other skel-
etal sites was measured using DXA at baseline and at 6, 12,
18, and 24 mo; those subjects who consented to participate
in the study extension had DXA at 36 mo. All DXA scans
and vertebral fracture assessments were evaluated at a cen-
tral analysis facility (Synarc, San Francisco, CA, USA).
Samples for the assessment of serum osteocalcin and CTX
were collected at baseline and at 3, 6, and 12 mo and were
also analyzed at the central analysis facility (Synarc, Lyon,
France).

Safety and tolerability evaluations included adverse
event reporting and regular physical examinations and clini-
cal laboratory determinations, including hematology and
lipid assessments. Adverse events were classified using the
U.S. Food and Drug Administration’s Coding Symbols for
Thesaurus of Adverse Reaction Terms (COSTART).
Other safety monitoring included regular gynecologic and

breast examinations, cervical cytology smears, transvaginal
ultrasound, and endometrial biopsies; the results of these
analyses will be described in a separate report.

Statistical methods

The predetermined statistical data analysis plan was de-
veloped before study unblinding. Analyses of the primary
efficacy data were done using the intent-to-treat (ITT)
population, which included all subjects who were random-
ized to treatment, received at least one dose of study medi-
cation, and had undergone vertebral radiography at base-
line and at least once during therapy. Subjects who had
received at least one dose of study medication were in-
cluded in the analyses of nonvertebral fracture and safety
data.

Sample size calculation was based on the assumption that
the incidence of new vertebral fractures over 3 yr would be
∼7% in the placebo group. The goal was to enroll a suffi-
cient number of subjects to ensure a total of 1450 subjects
per treatment group with at least one on-therapy X-ray
assessment. This would provide ∼90% power to detect a
40% reduction in the incidence of new vertebral fractures at
the 0.05 level (two-sided test).

The cumulative incidence of new vertebral fractures for
the ITT population from baseline to 36 mo (primary end-
point) was based on Kaplan-Meier estimates. Between-
group comparisons were made using the stratified log-rank
test; hazard ratios (HRs) and corresponding 95% CIs were
constructed from the Cox proportional hazard regression
model, adjusted for prevalent fracture status and baseline
BMD T-score. The cumulative incidence of nonvertebral
fractures from baseline to 36 mo was also based on Kaplan-
Meier estimates; between-group comparisons were made
using the log-rank test at the 0.05 level. Analyses of non-
vertebral fractures were done based on investigator-
reported data as recorded in the Case Report Form and
also after fracture data had been adjudicated.

Statistical methodology for the posthoc analysis of non-

FIG. 1. Disposition of sub-
jects. aDefined as the occur-
rence of a new vertebral frac-
ture or loss of bone mineral
density �7%; p � 0.007.
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vertebral fractures in subjects at higher fracture risk was
similar to that described above. Estimates of HRs and cor-
responding 95% CIs were obtained using the Cox propor-
tional hazard regression model, adjusted for treatment,
baseline fracture status, and femoral neck BMD T-score;
between-group comparisons were made using the log-rank
test stratified by baseline fracture status.

BMD data were analyzed using an analysis of covariance
(ANCOVA) model, which included treatment, prevalent
fracture status, and site as terms and baseline BMD as co-
variate. Summary statistics and between-group compari-
sons of baseline BMD T-scores were also performed. For
markers of bone and lipid metabolism, percent changes
from baseline were analyzed using ANCOVA on ranked
data with the ranked percent change from baseline as the
dependent variable, treatment as factor, and baseline as
covariate. Pairwise comparisons were made using t-tests,
based on the pooled error terms obtained from the
ANCOVA. Between-group differences in the incidence of
adverse events, serious adverse events, discontinuations be-
cause of adverse events, and deaths were evaluated using
the Fisher exact test.

RESULTS

A total of 7492 primarily white women (87%) with a
mean age of 66.4 ± 6.7 (SD) yr were randomized to treat-
ment and received at least one dose of study medication
(Fig. 1). Subject demographic and baseline characteristics
were generally similar among treatment groups (Table 1).
No differences were observed between treatment groups
with regard to age, body mass index, or years since last
menstrual period. Adverse events were the most common
reason for discontinuation and occurred with comparable
frequency across treatment groups (Fig. 1). A significantly
higher proportion of subjects who received placebo versus
bazedoxifene or raloxifene were discontinued from the
study because of unsatisfactory efficacy, defined as the
occurrence of a new vertebral fracture or BMD loss of at
least 7%.

Vertebral fracture

Baseline and follow-up radiographs were available for
6847 subjects (ITT population for the primary endpoint).
The mean T-score was –2.4 ± 1.2 at the lumbar spine and

FIG. 2. Incidence of new vertebral frac-
tures and corresponding fracture risk reduc-
tions by baseline prevalent vertebral frac-
ture status.a RRR, relative risk reduction;
HR, hazard ratio; CI, confidence interval.
aIntent-to-treat population; n � 6847. bp <
0.05 vs. placebo. cp � 0.89 for treatment by
prevalent fracture status interaction.

TABLE 1. DEMOGRAPHIC AND BASELINE CHARACTERISTICS

Parameter
Bazedoxifene 20 mg

(n = 1886)
Bazedoxifene 40 mg

(n = 1872)
Raloxifene 60 mg

(n = 1849)
Placebo

(n = 1885)

Age (yr)
Mean (SD) 66.5 (6.5) 66.2 (6.8) 66.4 (6.7) 66.5 (6.8)

Subjects of white ethnic origin [n (%)] 1657 (87.9) 1623 (86.7) 1618 (87.5) 1641 (87.1)
BMI (kg/m2)

Mean (SD) 26.6 (3.8) 26.5 (3.9) 26.4 (3.8) 26.3 (3.8)
Time since last menstrual period (yr)

Mean (SD) 19.7 (8.6) 19.3 (8.9) 19.5 (8.7) 19.5 (8.8)
Natural menopause [n (%)] 1706 (90.5) 1690 (90.3) 1700 (91.9) 1738 (92.2)
Lumbar spine BMD T-score*

Mean (SD) −2.4 (1.2) −2.4 (1.2) −2.4 (1.2) −2.4 (1.2)
Femoral neck BMD T-score*

Mean (SD) −1.7 (0.9) −1.7 (0.9) −1.7 (0.9) −1.8 (0.9)
Subjects with prevalent vertebral fracture [n (%)]* 967 (56.1) 942 (55.9) 954 (56.3) 981 (56.4)

* Data for intent-to-treat population only.
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–1.7 ± 0.9 at the femoral neck (Table 1). Approximately
56% of subjects in each treatment group had at least one
vertebral fracture at baseline, and the majority of these
subjects had one mild vertebral fracture. For subjects with
or without prevalent vertebral fracture, the mean T-scores
were –1.9 ± 1.2 and –3.0 ± 0.7 at the lumbar spine, respec-
tively, and –1.6 ± 0.9 and –2.0 ± 0.8 at the femoral neck.

After 36 mo of treatment, the Kaplan-Meier estimates of
the incidence of new vertebral fractures in subjects who
received bazedoxifene 20 mg, bazedoxifene 40 mg, raloxif-
ene 60 mg, or placebo were 2.3%, 2.5%, 2.3%, and 4.1%,
respectively (Fig. 2). The incidence of new vertebral frac-
tures with bazedoxifene 20 and 40 mg and raloxifene 60 mg
was significantly lower (p < 0.05) compared with placebo
(absolute rate reductions of 1.7%, 1.6%, and 1.7%, respec-
tively). Relative to placebo, bazedoxifene 20 and 40 mg
and raloxifene 60 mg significantly reduced the risk of new
vertebral fractures by 42% (HR, 0.58; 95% CI, 0.38–0.89),
37% (HR, 0.63; 95% CI, 0.42–0.96), and 42% (HR, 0.58;
95% CI, 0.38–0.89), respectively. There were no statistically
significant differences in the incidence of new vertebral
fractures among the bazedoxifene and raloxifene treatment
groups.

Subgroup analyses of the incidence of new vertebral frac-
tures by baseline fracture status (yes or no) showed that this
interaction was not significant (p � 0.89), indicating that
the treatment effect was similar among subjects with or
without prevalent fracture (Fig. 2). The incidence of clinical
vertebral fractures was low among treatment groups (baze-
doxifene 20 mg, 0.72% [n � 11]; bazedoxifene 40 mg,
0.76% [n � 11]; raloxifene 60 mg, 0.87% [n � 13]; placebo,
0.94% [n � 14]), with no significant between-group differ-
ences.

Nonvertebral fracture

Overall, there were no significant differences in the inci-
dence of nonvertebral osteoporosis-related fractures
among treatment groups (Fig. 3). The incidence of all non-
vertebral fractures was 5.7% and 5.6% for the bazedoxifene

20- and 40-mg treatment groups, respectively, compared
with 5.9% for the raloxifene 60-mg treatment group and
6.3% for the placebo group.

In a posthoc analysis of a subgroup of women (n � 1772)
at higher risk for fracture based on known skeletal risk
factors, bazedoxifene 20 mg showed a 50% and 44% reduc-
tion in the risk of nonvertebral fracture compared with pla-
cebo (p � 0.02; HR, 0.50; 95% CI, 0.28–0.90) or raloxifene
60 mg (p � 0.05; HR, 0.56; 95% CI, 0.31–1.01), respectively
(Fig. 4). A lower incidence of nonvertebral fractures was
also seen with bazedoxifene 40 mg (6.5%) compared with
placebo (9.1%; p � 0.21; HR, 0.70; 95% CI, 0.40–1.20) or
raloxifene 60 mg (8.4%, respectively; p � 0.36; HR, 0.78;
95% CI, 0.45–1.35). Analyses of adjudicated fracture data
were consistent with those presented above, which were
based on investigator-reported data (data not shown).

The incidence of nonvertebral fractures based on com-
bined data for the two bazedoxifene groups (5.7%) in the
higher-risk subgroup was significantly lower compared with
placebo (9.1%; p � 0.03; HR, 0.60; 95% CI, 0.37–0.95),
which corresponded to a 40% reduction in nonvertebral
fracture risk (Fig. 4). The combined data for bazedoxifene
20 and 40 mg also showed a trend toward lower incidence of
nonvertebral fractures compared with raloxifene 60 mg
(8.4%; p � 0.08; HR, 0.66; 95% CI, 0.41–1.06).

Data on the incidence of nonvertebral fractures in the
lower-risk subgroup (complement of the higher-risk sub-
group; n � 5710) indicated no significant differences
among treatment groups (bazedoxifene 20 mg, 5.9%; baze-
doxifene 40 mg, 5.4%; raloxifene 60 mg, 5.1%; placebo,
5.5%).

FIG. 3. Incidence of nonvertebral fractures in each treatment
group.a aOverall population; N � 7492.

FIG. 4. Incidence of nonvertebral fractures in subjects at higher
risk for fracture.a RRR, relative risk reduction. aHigher-risk sub-
group (femoral neck T-score � −3.0 and/or �1 moderate or se-
vere vertebral fracture or multiple mild vertebral fractures); n �
1772. bRelative to placebo. cRelative to raloxifene. dMajor frac-
ture sites, n (%): wrist [bazedoxifene 20 mg, 4 (0.8); bazedoxifene
40 mg, 5 (1.2); raloxifene 60 mg, 10 (2.2); placebo, 7 (1.6)]; hip
[bazedoxifene 20 mg, 3 (0.7); bazedoxifene 40 mg, 2 (0.5); raloxi-
fene 60 mg, 2 (0.4); placebo, 4 (0.9)]; humerus [bazedoxifene 20
mg, 5 (1.1); bazedoxifene 40 mg, 4 (0.9); raloxifene 60 mg, 7 (1.6);
placebo, 3 (0.7)]; lower extremity, including femur, tibia/fibula,
patella, ankle, tarsal/metatarsal [bazedoxifene 20 mg, 3 (0.7);
bazedoxifene 40 mg, 7 (1.6); raloxifene 60 mg, 6 (1.3); placebo, 17
(3.8)].
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BMD and bone turnover

After 36 mo of treatment, the increase in lumbar spine
BMD was significantly greater in the bazedoxifene treat-
ment groups compared with the placebo group (p < 0.001;
Fig. 5A). Significant treatment effects were apparent within
the first 6 mo of therapy in all three active treatment groups
and were sustained throughout the study; a small increase
was also observed in the placebo group. There were small
but statistically significant differences in BMD response at
the lumbar spine between the bazedoxifene and raloxifene
treatment groups throughout the study (p < 0.05). Differ-
ences in the mean percent change in lumbar spine BMD
from baseline to 36 mo for bazedoxifene 20 and 40 mg and
raloxifene 60 mg were 2.21 ± 0.16%, 2.38 ± 0.16%, and 2.96
± 0.16 (SE), respectively, compared with 0.88 ± 0.16% for
placebo (p < 0.001).

Treatment with bazedoxifene 20 and 40 mg was associ-
ated with significantly greater increases in BMD of the total
hip compared with placebo, which were apparent within 6
mo of treatment and sustained through study end (p <
0.001; Fig. 5B). All active treatment groups showed preser-
vation of total hip BMD at 36 mo, whereas significant de-
creases from baseline in total hip BMD were observed in

the placebo group (p < 0.001). There were small but statis-
tically significant differences in BMD response at the total
hip between the bazedoxifene and raloxifene treatment
groups throughout the study (p < 0.01). Differences in the
mean percent change in total hip BMD from baseline to 36
mo for bazedoxifene 20 and 40 mg and raloxifene 60 mg
were 0.27 ± 0.12%, 0.50 ± 0.12%, and 0.90 ± 0.12% (SE),
respectively, compared with –0.83 ± 0.12 for placebo (p <
0.001).

Throughout the study, subjects in the bazedoxifene treat-
ment groups experienced significantly greater reductions in
levels of serum osteocalcin and CTX compared with sub-
jects in the placebo group (p < 0.001). At 12 mo, bazedoxi-
fene 20 and 40 mg and raloxifene 60 mg significantly re-
duced median serum osteocalcin levels from baseline by
37%, 39%, and 41%, respectively, whereas placebo showed
a 21% reduction (p < 0.001). Similarly, bazedoxifene 20 and
40 mg and raloxifene 60 mg significantly reduced median
serum CTX levels from baseline by 46%, 49%, and 55%,
respectively, whereas placebo showed a 27% reduction (p <
0.001). After 12 mo of therapy, there were statistically sig-
nificant differences in the change in serum levels of osteo-
calcin and CTX among the bazedoxifene and raloxifene
treatment groups (p < 0.001).

Safety

Overall, bazedoxifene 20 and 40 mg were well tolerated
during the 3-yr core study. Notably, the incidence of ad-
verse events, serious adverse events, discontinuations be-
cause of adverse events, and deaths in the bazedoxifene
groups were generally similar to that in the placebo group
(Table 2). The most common adverse events were abdomi-
nal pain, accidental injury, arthralgia, back pain, flu syn-
drome, headache, hypertension, infection, and pain, each of
which were reported by at least 20% of subjects in at least
one treatment group. The incidence of vasodilatation (hot
flushes) and leg cramps was similar among the bazedoxi-
fene and raloxifene treatment groups and significantly
higher than that reported with placebo. Most cases of va-
sodilatation were mild to moderate in severity and did not
lead to subject discontinuation.

The number of cardiovascular events was low and evenly
distributed among treatment groups (Table 2). There were
no significant between-group differences in the incidence of
stroke. No case of ischemic stroke leading to death was
reported in the bazedoxifene treatment groups. The inci-
dence of venous thromboembolic events (VTEs; deep vein
thrombosis and/or pulmonary embolism) was higher in the
active treatment groups compared with the placebo group
(bazedoxifene 20 mg, 0.7% [n � 13]; bazedoxifene 40 mg,
0.6% [n � 12]; raloxifene 60 mg, 0.5% [n � 10]; placebo,
0.3% [n � 5]). There were no significant differences in the
incidence of VTEs among the bazedoxifene and raloxifene
treatment groups (Table 2).

There were no significant differences in the incidence of
breast cancer among treatment groups, although it occurred
with lower frequency in the bazedoxifene treatment groups
relative to the placebo and raloxifene 60-mg groups (Table
2). Reports of endometrial carcinoma and endometrial hy-

FIG. 5. (A) BMD response at the lumbar spine (L1–L4). The
mean percent changes from baseline in lumbar spine BMD for the
intent-to-treat population (no last observation carried forward)
are presented. (B) BMD response at the total hip. The mean
percent changes from baseline in total hip BMD for the intent-
to-treat population (no last observation carried forward) are pre-
sented. BMD, bone mineral density. ap < 0.001 vs. placebo at each
time point. bp < 0.05 vs. raloxifene at each time point. cp < 0.01 vs.
raloxifene at each time point.

SILVERMAN ET AL.1928



perplasia were low and similar among treatment groups. A
statistically significant difference was observed in the inci-
dence of breast cyst and/or fibrocystic breast disease with
raloxifene 60 mg compared with placebo or bazedoxifene.

DISCUSSION

Treatment with bazedoxifene for 3 yr significantly de-
creased the risk of new vertebral fracture in postmeno-
pausal women with osteoporosis. Relative to placebo, baze-
doxifene 20 and 40 mg reduced the risk of new vertebral
fracture by 42% and 37%, respectively. Notably, the rates
of new vertebral fractures were lower for bazedoxifene
compared with placebo across subgroups of women with
and without prevalent vertebral fracture. There were no
differences in new vertebral fracture rates among the three
active treatment groups. The reductions in vertebral frac-
ture risk with active treatment observed in this study are
similar to those previously observed in prospective trials of
other antiresorptive drugs, including raloxifene and alen-
dronate.(22–25)

Nonvertebral fractures occurred with similar frequency
among treatment groups. Of note, a posthoc analysis in
higher-risk subjects showed a significant reduction in non-
vertebral fracture risk with bazedoxifene treatment, sug-
gesting a potential benefit in this subgroup of women.
These women were at higher fracture risk based on known
factors of skeletal fragility, such as low femoral neck BMD
and/or prevalent fracture,(20,21) which select subjects who
are most likely to respond to a bone active therapy. Impor-
tantly, such clinical risk factors are among those used in a
recently developed algorithm for the determination of frac-

ture risk, as supported by the World Health Organiza-
tion.(26,27) Among the higher-risk women in this study,
bazedoxifene 20 mg showed a significant reduction in the
risk of nonvertebral fracture compared with placebo (50%)
or raloxifene (44%). The reduction in nonvertebral fracture
risk seen with bazedoxifene 40 mg did not reach statistical
significance, whereas both bazedoxifene doses had a similar
effect on vertebral fractures, BMD, and markers of bone
turnover. However, examination of HRs and corresponding
95% CIs around their point estimates did not indicate a
difference between bazedoxifene 20 and 40 mg on nonver-
tebral fracture risk. The latter is also supported by a signif-
icant reduction (40%) in the risk of nonvertebral fracture
when data for bazedoxifene 20 and 40 mg were combined.

The treatment effect of bazedoxifene on nonvertebral
fractures in higher-risk women is overall consistent with
that seen in a large risedronate trial, in which a treatment
effect on hip fracture was evident only in subjects selected
on the basis of skeletal risk factors (i.e., low femoral neck
BMD) and absent in those selected on the basis of age and
frailty (i.e., propensity to fall).(28) Furthermore, the results
of a posthoc analysis of nonvertebral fracture data from an
ibandronate trial showed a treatment effect in subjects with
femoral neck T-score less than –3.0, but not in the overall
study population.(20)

Bazedoxifene treatment increased BMD of the lumbar
spine by ∼2%, which was apparent within the first 6 mo of
treatment and sustained through study end. Such a finding
is consistent with that of a recent 2-yr osteoporosis preven-
tion study in healthy, early postmenopausal women.(18) In
this study, both bazedoxifene doses showed significantly
greater increases in BMD of the lumbar spine and total hip

TABLE 2. OVERALL SUMMARY OF SAFETY PROFILE

Subjects [n (%)]
Bazedoxifene 20 mg

(n = 1886)
Bazedoxifene 40 mg

(n = 1872)
Raloxifene 60 mg

(n = 1849)
Placebo

(n = 1885)

Any adverse event 1806 (95.8) 1792 (95.7) 1775 (96.0) 1813 (96.2)
Any serious adverse event 382 (20.3) 368 (19.7) 344 (18.6) 353 (18.7)
Discontinuations caused by adverse event 269 (14.3) 270 (14.4) 262 (14.2) 240 (12.7)
Deaths 17 (0.9) 13 (0.7) 19 (1.0) 11 (0.6)
Selected adverse events

Myocardial infarction 8 (0.4) 8 (0.4) 6 (0.3) 8 (0.4)
Strokes (total) 19 (1.0) 19 (1.0) 15 (0.8) 20 (1.1)
Ischemic stroke 11 (0.6) 15 (0.8) 9 (0.5) 11 (0.6)
Hemorrhagic stroke 1 (0.1) 1 (0.1) 2 (0.1) 5 (0.3)
Indeterminate* 7 (0.4) 3 (0.2) 4 (0.2) 4 (0.2)
Deep vein thrombosis† 8 (0.4) 10 (0.5) 8 (0.4) 1 (0.1)
Pulmonary embolus 5 (0.3) 3 (0.2) 4 (0.2) 4 (0.2)
Retinal vein thrombosis 2 (0.1) 1 (0.1) 0 3 (0.2)
Vasodilatation‡ 238 (12.6) 243 (13.0) 222 (12.0) 118 (6.3)
Leg cramps§ 205 (10.9) 204 (10.9) 216 (11.7) 155 (8.2)
Breast carcinoma 5 (0.3) 4 (0.2) 7 (0.4) 8 (0.4)
Breast cyst/fibrocystic breast disease§ 13 (0.7) 12 (0.6) 31 (1.7) 18 (1.0)
Endometrial carcinoma 0 2 (0.1) 2 (0.1) 3 (0.2)
Endometrial hyperplasia 1 (0.1) 1 (0.1) 1 (0.1) 1 (0.1)

Adverse events were classified using the U.S. Food and Drug Administration’s Coding Symbols for Thesaurus of Adverse Reaction Terms (COSTART).
* Information was insufficient to determine diagnosis.
† Overall p < 0.05; �2 analysis.
‡ Overall p < 0.001; �2 analysis.
§ Overall p < 0.01; �2 analysis.
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compared with placebo throughout the treatment period.
The small but statistically significant differences in BMD
response seen between the bazedoxifene and raloxifene
treatment groups in this study are unlikely to be of clinical
significance, as supported by a similar reduction in the in-
cidence of new vertebral fractures among the bazedoxifene
and raloxifene treatment groups.

Bisphosphonates are known to produce a more pro-
nounced increase in BMD compared with SERMs.(23–25,29)

However, the similar reductions in vertebral fracture rates
seen with SERMs and bisphosphonates in non–head-to-
head trials indicate that a greater increase in BMD does not
necessarily correlate with a greater reduction in fracture
risk.(30) Indeed, a number of studies have shown that
changes in BMD account for only a small portion of the
decrease in fracture risk with antiresorptive agents, ranging
from 4% with raloxifene treatment to 16–28% with bis-
phosphonate treatment.(31–34) In this study, the significant
treatment effect of bazedoxifene on the incidence of non-
vertebral fractures in higher-risk subjects observed was not
seen in the raloxifene treatment group, whereas the effects
on BMD and markers of bone turnover were similar over-
all. Taken together, these findings suggest that other fac-
tors, not captured by changes in BMD, may contribute to
the reduction in fracture risk with an antiresorptive agent
such as bazedoxifene, including reduction in bone turnover
and improvement in bone material properties and/or mi-
croarchitecture that may enhance bone strength indepen-
dently from changes in BMD.(32,35)

Bazedoxifene was generally well tolerated in this popu-
lation of otherwise healthy postmenopausal women with
osteoporosis. The incidence of adverse events, including
cardiovascular adverse events, serious adverse events,
deaths, and withdrawals because of adverse events with
bazedoxifene were similar to that with placebo. A higher
proportion of subjects who received bazedoxifene or ral-
oxifene reported vasodilatation and leg cramps; these
events, however, were generally mild to moderate in sever-
ity and did not lead to subject discontinuation. Similar find-
ings have previously been reported in studies of raloxi-
fene.(25,36) An increased incidence of VTEs (primarily deep
vein thrombosis) was observed in the bazedoxifene and ral-
oxifene treatment groups, a finding consistent with that re-
ported in earlier studies of SERMs.(25,37) However, the
overall incidence of VTEs in the active treatment groups
was very low (<1%).

Bazedoxifene was associated with a favorable endome-
trial safety profile, as evidenced by a low incidence of en-
dometrial hyperplasia or carcinoma similar to that with pla-
cebo. The incidence of breast cancer was low in this study.
Fewer cases of breast cancer were reported in both baze-
doxifene treatment groups compared with the placebo and
raloxifene groups, which may indicate a protective effect on
breast cancer as has been shown with other SERMs.(25,37)

Furthermore, bazedoxifene was associated with a lower in-
cidence of breast cyst or fibrocystic breast disease com-
pared with placebo or raloxifene.

An important difference between this study and previous
clinical trials of postmenopausal women with osteoporosis
is the lower incidence of new vertebral fractures observed

in this study, which was 4% in the placebo group. In com-
parison, the rates of new vertebral fractures reported for
placebo-treated subjects have ranged from 10% to 29% in
previous 3-yr studies of raloxifene(25) and risedronate,(38)

respectively. The lower incidence of new vertebral fractures
observed in this study is consistent with the enrollment of
subjects at lower risk for fracture compared with other clini-
cal trials. For example, this study allowed for the enroll-
ment of subjects with one mild prevalent vertebral fracture,
whereas other osteoporosis studies have required subjects
to have two or more mild prevalent vertebral fractures or
one or more moderate or severe prevalent vertebral frac-
ture.(25,38) It should be noted that the availability of a num-
ber of approved osteoporosis treatments at study initiation
made the enrollment of subjects at very high risk for frac-
ture unethical, based on updated guidelines contained
within the Declaration of Helsinki (October 2000).(39) In
addition, the higher level of calcium supplementation (1200
mg) may have contributed to the observed fracture reduc-
tion because previous osteoporosis trials of similar design
have used supplemental calcium levels between 500 and
1000 mg.(20,23–25,28,38) Nevertheless, both doses of bazedoxi-
fene showed a significant and clinically meaningful reduc-
tion in the incidence of new vertebral fractures in this study,
supporting the robustness of the treatment effect.

In conclusion, bazedoxifene treatment of postmeno-
pausal women with osteoporosis significantly reduced the
risk of vertebral fracture, increased BMD of the hip and
spine, and reduced bone turnover. Notably, bazedoxifene
treatment also showed a significant reduction in the inci-
dence of nonvertebral fractures in subjects at higher risk for
fracture. Both doses of bazedoxifene were generally well
tolerated over 3 yr of therapy. Findings from this study
suggest that bazedoxifene may be a promising new therapy
for the treatment of postmenopausal osteoporosis.
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Senter AS, Hamar; Arne Skag, Hedmark Medisinske Senter AS,
Hamar; Erik Snorre Ofjord, Center for Clinical Trials, Paradis;
Unni Syversen, Section of Endocrinology, B11 Etage 11, St Olavs
HF University Hospital, Trondheim.

Poland: Piotr Gluszko, Malopolskie Centrum Medyczne, Kra-
kow; Jerzy Przedlacki, Krajowe Centrum Osteoporozy,
Warszawa; Thomasz Rechberger, University School of Medicine
Hospital, Klinika Ginekologii, Operacyjnej, Lublin; Andrzej Saw-
icki, Centrum Medyczne Osteomed, Warszama; Anna Sidoro-
wicz-Bialynicka, Skandynawskie Centrum Medyczne, Wroclaw;
Krysztof Sodowski, Centrum Medyczne, Katowice.

Romania: Catalin Codreanu, Ambulatoriul Centrului Metodo-
logic de Reumatologie Dr. I. Stoia, Buceresti; Ileana Duncea,
Clinica de Endocrinologie, Cluj-Napoca; Aurelian Ranetti, Spita-
lul Clinic de Urgenta Militar Central Dr., Carol Davila, Bucuresti;
Eusebie Zbranca, Endocrinology Department, Lasi.

Russia: Lioudmila Alexeeva, Governmental Medical Center,
Medical Center of General Management, Department of the
President of the Russian Federation Outpatient Department,
Moscow; Lidia Benevolenskaya, Institute of Rheumatology of
Russian Academy of Medical Science, Moscow; Ivan Dedov, Na-
tional Research Center for Endocrinology, Russian Academy of
Medical Science, Moscow; Sergey Mazurenko, Central Outpa-
tients Clinic, Medical and Sanitary Unit 122, Centre for Osteopo-
rosis and Skeleton Metabolic Bone Diseases, Saint Petersburg;
Rafael Oganov, National Research Centre for Preventive Medi-
cine, Moscow; Vladimir Potin, Scientific Research Institute, De-
partment of Endocrinology, Research Institute of Obstetrics and
Gynecology, Saint Petersburg; Svetlana Rodinova, Institute Trau-
matology N. N Priorov Central Scientific Research, Institute of
Traumatology and Orthopedics, Department of Bone Pathology,
Moscow; Vladimir Simonenko, Central Military Hospital, Man-
dryky Central Military Clinical Hospital 2, Moscow; Eugeny Zot-
kin, Munitsipal Clinical Hospital 25, Munitsipal Osteoporosis
Center, Saint Petersburg.

Slovakia: Rastislav Dzurik, Slovenska Zdravotnicka University,
Bratislava; Zdenko Killinger, Internal Clinic, FN-LFUK, Bratis-
lava; Pavol Masaryk, Bonecenter, Institute of Rheumatic Dis-
eases, Piestany.

South Africa: Susan Brown, Department of Medicine, Division
of Endocrinology, Wits University Medical Centre, Parktown, Jo-
hannesburg; Charles Davis, Mary Medical Centre, Pretoria; Gra-
ham Ellis, Somerset West; Stan Lipschitz, Rosebank, Johannes-
burg; Tobie de Villers, Panorama MediClinic, Parow Albert de
Weerd, Osteoporosis Clinic, Pretoria East Private Hospital, Pre-
toria.

Spain: Emilio Martin Mola, H. La Paz, Servicio de Reumato-
logia, Hospital La Paz, P de la Castellana; Santiago Palacios, In-
stituto Palacios, Madrid.

United States: Nader Abdelsayed, Centennial Hills Ob-Gyn As-
sociates, North Las Vegas, NV; John Abernathy, Gainesville, FL;
Marvin Heuer, Gainesville, FL; Rowell Ashford, Research Solu-
tions, Birmingham, AL; Jeffrey B. Baker, Rosemark Women’s
Care Specialists, Idaho Falls, ID; Clyde Bench, IHC Clinical Re-
search Foundation, Salt Lake City, UT; Bruce Berwald, Radiant
Research–St Louis, St Louis, MO; Eugene Boling, Boling Clinical
Trials, Upland, CA; Michael Bolognese, Bethesda Health Re-
search, Bethesda; Phillip Bressman, Tennessee Women’s Care,
PC, Nashville, TN; Elizabeth Bretton, Albuquerque Clinical Tri-
als, Albuquerque, NM; David Browning, Healthcare Research
Consultants, Sarasota, FL; Jacques Caldwell, Radiant Research–
Daytona, Daytona Beach, FL; Charles Chesnut, UWMC, Osteo-
porosis Research Group, Seattle, WA; Clancy Cone, Northwest
Physicians Research Network, Missoula, MT; Lydia Corn, Visions

Clinical Research–Sarasota, Sarasota, FL; Mary Cronin, Medical
College of Wisconsin, Milwaukee, WI; Kurt G. Datz, Bismarck
Health Center, Bismarck, ND; Steven K. Elliott, Medisphere
Medical Research Center, LLC, Evansville, IN; Ronald Emkey,
Radiant Research–Reading, Wyomissing, PA; Joseph Fanciullo,
Avera Research Institute, Sioux Falls, SD; H. Frank Farmer, Ra-
diant Research-Daytona, Daytona Beach, FL; Ruth Freeman, Al-
bert Einstein College of Medicine, Bronx, NY; Francis Gallagher,
Radiant Research–Reading, Wyomissing, PA; Harry Geisberg,
Radiant Research–Anderson, Anderson, SC; Catherine Gerrish,
Odyssey Research, Watertown, SD; Charles Goldsmith, Clinical
Research Institute of South Floride, Aventura, FL; Maria Green-
wald, Desert Medical Advances, Palm Desert, CA; Louis
Gringeri, Clinical Research Division, Newtown, PA; Robert Har-
lin, Coastal Clinical Research, Mobile, AL; Lonnie Clayton Har-
rell, Metrolina Medical Research, Charlotte, NC; Richard Hed-
rick, Salem Research Group, Winston-Salem, NC; Joseph G.
Herrmann, Radiant Research–St Louis, St Louis, MO; Vernon
Hershberger, Daystar Clinical Research, Akron, OH; Tonia Hog-
garth, Medcenter One Jamestown Clinic, Jamestown, ND; Reid
Holkesvik, Avera United Clinic, Aberdeen, SC; Mary K. Holm,
Odyssey Research Services, Fargo, ND; Joseph Hume, University
of Kansas Medical Center, Kansas City, KS; Rajeev Jain, Ad-
vanced Healthcare, Milwaukee, WI; Shelly Kafka, Altoona Cen-
ter for Clinical Research, Duncansville, PA; William Kaye, Meta-
bolic Research Institute, West Palm Beach, FL; Michael Keller,
OsNET, San Diego, Arthritis and Osteoporosis Medical Clinic,
San Diego, CA; Howard Kenney, Arthritis Northwest, Spokane,
WA; Joseph Kerlin, American Health Network, Avon, IN; Ellen
Kim, Albuquerque Clinical Trials, Albuquerque, NM; Howard
Knapp, Deaconness Billings Clinical Research Division, Billings,
MT; Rebecca Knight, Balanced Health Research Center, Peoria,
IL; Michael Kohen, Coastal Medical Research, Port Orange, FL;
Norman Koval, The Center for Rheumatology and Bone Re-
search, Wheaton; Stephen Kupersmith, Elite Medical Research,
Sellersville, PA; Robert Lang, Hamden, CT; John Lawson, The
Center for Rheumatology and Bone Research, Washington, DC;
Samuel Lederman, Radiant Research–West Palm Beach, West
Palm Beach, FL; Mitchell Lowenstein, The Arthritis Center, Palm
Harbor, FL; Barry Lubin, Hampton Roads Center for Clinical
Research, Norfolk, VA; Norman Lunde, Twin Cities Clinical Re-
search, Brooklyn Center, MN; Daniel Lynch, Americas Doctors–
Winchester Research Group, Libertyville, IL; Daryl MacCarter,
Americas Doctors–Idaho Arthritis & Osteoporosis Center, Me-
ridian, ID; Richard Martin, Arthritis Education and Treatment
Ctr., PLLC, Grand Rapids, MI; Joseph Millen, Jr., Visions Clini-
cal Research–Sarasota, Sarasota, FL; Bruce A. Miller, Radiant
Research–Scottsdale, Scottsdale AZ; Sam Miller, S.A.M. Clinical
Research Center, San Antonio, TX; Richard Mills, Coastal Caro-
lina Research Center, Mt. Pleasant, SC; Valerie Montgomery-
Rice, University of Kansas Medical Center, Kansas City, KS;
David Morris, Healthcare Research Consultants, Sarasota, FL;
Rup K. Nagala, Southeast Medical Center, Oakes, ND; Michael
Noss, Radiant Research–Cincinnati, Cincinnati OH; Meenakshi
Patel, Valley Medical Center Primary Care, Centerville, OH;
Tushar Patel, Fall River Walk-In Emergency Medical Office, Fall
River, MA; Brian Peck, Arthritis Center of CT, Waterbury, CT;
Alfred Poindexter, III, Advances in Health, Houston, TX; Steven
Portes, Americas Doctors–Winchester Research Group, Liberty-
ville, IL; H. Malin Prupas, Arthritis Center of Reno, Reno, NV;
Patricia Reiff, Radiant Research, Phoenix, AZ; Dennis Riff, Ad-
vanced Clinical Research Institute, Anaheim, CA; James F. Rich,
Research Center for Clinical Medicine, Camp Hill, PA; Marilyn
Richardson, University of Kansas Medical Center, Kansas City,
KS; John Robbins, Sacramento Women’s Health Research, Sac-
ramento, CA & University of California at Davis (UC Davis),
General Medicine Research Group, Sacramento, CA; Clifford
Rosen, St Joseph Hospital, Bangor, ME; Julio Rosenstock, Dallas
Diabetes and Endocrine Center, Dallas, TX; Kenneth Saag, Uni-
versity of Alabama–Birmingham, Birmingham, AL; Suzanne Sat-
terfield, UT Department of Preventive Medicine, Memphis, TN;
Allan Sawyer, Hope Research Institute, Phoenix, AZ; Phillipe
Saxe, Delray Research Associates, Delray Beach, FL; Donald
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Schumacher, The Center for Nutrition and Preventive Medicine,
Charlotte, NC; Sherwyn Schwartz, Diabetes & Glandular Disease
Research, Associates, PA, San Antonio, TX; Craig Scoville, Rose-
mark Women’s Care Specialists, Idaho Falls, ID; Mohamed Sebai,
Boling Clinical Trials, Upland, CA; Jeffrey Seiler, Radiant Re-
search–West Palm Beach, West Palm Beach, FL; William Shergy,
Rheumatology Associates of North Alabama, RANA–Clinical
Research, Huntsville, AL; Joshua R. Shua-Haim, Alzheimer’s Re-
search Corp./Meridian Institute for Aging, Manchester Township,
NJ; Lee Shulman, University of Illinois at Chicago, Chicago, IL;
Stuart Silverman, Osteoporosis Medical Center, Beverly Hills,
CA; Suthin Songcharoen, Arthritis and Osteoporosis Treatment
and Research Center, Flowood, MS; Thomas Stavoy, Atlantic In-
stitute of Clinical Research, Daytona Beach, FL; Cynthia Strout,
Coastal Carolina Research Center, Mt. Pleasant, SC; Patricia Ste-
phenson, Elite Medical Research, Sellersville, PA; Stephen Swan-
son, Women’s Clinical of Lincoln, PC, Lincoln, NE; G. Michael
Swor, Visions Clinical Research-Sarasota, Sarasota, FL; James

Taborn, Midwest Arthritis Center, Kalamazoo, MI; Jerome Tar-
govik, Radiant Research–Scottsdale, Scottsdale AZ; John Tesser,
Radiant Research, Phoenix, AZ; Joseph Torchia, Research Cen-
ter for Clinical Medicine, Camp Hill, PA; Suzanne Trupin, Wom-
en’s Health Practice, Champaign, IL; Wulf Utian, Rapid Medical
Research, Cleveland, OH; Arthur Virshup, Arthritis and Rheu-
matology Associates of Palm Beach, West Palm Beach, FL; Syed
Wajih Rizvi, Odyssey Research Services, Fargo, ND; Eric Wedell,
IMG Clinical Research, Cheyenne, WY; Johnathan Weshsler,
Centennial Hills Ob-Gyn Associates, North Las Vegas, NV; Rich-
ard White, University of California, Davis, CA, General Medicine
Research Group, Sacramento, CA; Robert Wilson, Associates in
Research, Fresno, CA; J. Michael Wise, Bozeman Urgent Care,
Bozeman, MT; Grattan Woodson, OsNet/Atlanta Research Cen-
ter, Decatur, GA; Mary C. Yankaskas, Clinical Physiology Asso-
ciates, Fort Meyers, FL; Edward Zbella, DMI Health Care Group,
Largo, FL.
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