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Evaluation of bazedoxifene/conjugated estrogens
for the treatment of menopausal symptoms and effects
on metabolic parameters and overall safety profile
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Objective: To evaluate the effects of a tissue-selective estrogen complex (TSEC) composed of bazedoxifene/con-
jugated estrogens (BZA/CE) on menopausal symptoms, metabolic parameters, and overall safety.
Design: Multicenter, double-blind, placebo- and active-controlled phase 3 trial (Selective estrogens, Menopause,
And Response to Therapy [SMART]-1).
Setting: Outpatient clinical.
Patient(s): Healthy, postmenopausal women (n ¼ 3,397) age 40 to 75 with an intact uterus.
Intervention(s): Single tablets of BZA (10, 20, or 40 mg), each with CE (0.625 or 0.45 mg); raloxifene 60 mg; or
placebo taken daily for 2 years.
Main Outcome Measure(s): Hot flushes, breast pain, vaginal atrophy, metabolic parameters, and adverse events.
Result(s): BZA (20 mg)/CE (0.625 or 0.45 mg) significantly reduced the frequency and severity of hot flushes and
improved measures of vaginal atrophy compared with placebo. At week 12, the daily number of hot flushes
decreased by 51.7% to 85.7% with all BZA/CE doses vs. 17.1% for placebo. BZA/CE improved lipid parameters
and homocysteine levels, did not significantly change carbohydrate metabolism, and had only minor effects on
some coagulation parameters. The incidences of breast pain and adverse events were similar between BZA/CE
and placebo.
Conclusion: The TSEC composed of BZA (20 mg)/CE (0.625 or 0.45 mg) is an effective and safe treatment for
menopausal symptoms. (Fertil Steril� 2009;92:1025–38. �2009 by American Society for Reproductive Medicine.)
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An increasing number of women in the United States are postmen-
opausal. According to the U.S. Census Bureau, an estimated 60 mil-
lion women will be over 45 years of age by the year 2010 (1).
Because of the decreasing levels of estrogen associated with meno-
pause, many women might experience bothersome symptoms, with
the hallmark feature being vasomotor symptoms or hot flushes.
Recent analyses of the risks and benefits of hormone therapy con-
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cluded that it is an appropriate option for such symptomatic women
(2). Another significant concern for postmenopausal women is the
risk of developing osteoporosis, with an estimated 8 million women
affected and another 34 million women at risk (3).

Selective estrogen receptor modulators (SERMs) have been
developed to treat postmenopausal osteoporosis. As a class, SERMs
generally provide estrogen agonistic effects on bone and the liver,
but may be agonistic or antagonistic for the uterus and vagina, and
are usually antagonistic for the breast and brain, thus potentially
inducing or worsening hot flushes in some women. An indole-based
SERM, bazedoxifene (BZA), has been shown to be effective for the
prevention and treatment of osteoporosis (4, 5) and to provide antag-
onistic effects on the breast and uterus (6–9).

In light of continued efforts to provide women with additional
therapeutic options for the treatment of menopausal symptoms, con-
sideration has been given to the pairing of BZAwith estrogens in the
form of a tissue-selective estrogen complex (TSEC). The partnering
of BZA with conjugated estrogens might offer advantages over the
use of progestins in women with an intact uterus receiving hormone
therapy, including an improved safety and tolerability profile. The
BZA/conjugated estrogens (CEs) combination has the potential to
not only reduce vasomotor symptoms and prevent osteoporosis,
but also to minimize or antagonize stimulatory effects on the breast
and uterus, which may reduce breast tenderness (10) and decrease
the occurrence of vaginal bleeding. The results of a preliminary
phase 2 study (11) evaluating a TSEC at varying doses of BZA
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(5–20 mg) with CEs (0.3 or 0.625 mg) indicated that doses of CE
higher than 0.3 mg were necessary to consistently reduce the occur-
rence of hot flushes when combined with BZA at doses that pre-
vented estrogen-induced endometrial proliferation.

This article reports findings from the Selective estrogens, Meno-
pause, And Response to Therapy-1 (SMART-1) trial, a 2-year, ran-
domized, double-blind, placebo- and active-controlled clinical trial
evaluating the efficacy and safety of varying doses of BZA/CE in
postmenopausal women. This report describes the effects of BZA/
CE on menopausal symptoms (hot flushes, vaginal atrophy), meta-
bolic parameters, as well as its overall safety profile. The effects
of BZA/CE on endometrium, bone mineral density (BMD), and
uterine bleeding are reported separately in this journal issue (12–14).

MATERIALS AND METHODS
Study Design
Healthy women (40–75 years of age) who were postmenopausal for at least 1

year were eligible for participation in this 2-year, double-blind, randomized,

multicenter, placebo- and active–controlled phase 3 trial conducted at 94

study sites worldwide. All subjects were required to have an intact uterus

and acceptable endometrial biopsy results at screening.

A subset of women was enrolled in the Osteoporosis Prevention I Substudy

or the Osteoporosis Prevention II and Metabolic Substudy. The two osteopo-

rosis substudies were designed to assess BMD changes in later and earlier

postmenopausal women. Subjects in the Osteoporosis Prevention I Substudy

were>5 years postmenopause, with a BMD T-score between�1 and�2.5 at

the lumbar spine or total hip and at least one additional risk factor for oste-

oporosis (family history of osteoporosis, early menopause, current history of

smoking, past history of excessive alcohol use, diet low in calcium, inactive

lifestyle, thin and/or small frame, Caucasian or Asian). Subjects in the Oste-

oporosis Prevention II and Metabolic Substudy were R1 year but %5 years

postmenopause with at least 1 risk factor for osteoporosis.

Treatments
Subjects were randomly assigned through a computerized randomization/en-

rollment interactive voice recognition system to one of eight treatment regi-

mens, including six BZA/CE doses (BZA [10, 20, or 40 mg] each with CE

[0.45 or 0.625 mg]), raloxifene 60 mg, or placebo. Subjects were required

to take one capsule orally at approximately the same time each day and main-

tain a consistent daily intake of dietary and supplemental calcium and vita-

min D (total daily calcium intake, 1,000–1,600 mg; vitamin D, 200–400 IU).

Use of the following concomitant medications was permitted: acetamino-

phen; inhaled steroids (maximum daily intake, 1,000 mg); dermal steroids;

intra-articular injections (maximum of three injections during the treatment

period); oral corticoids at standard therapeutic doses for periods of up to 10

days; up to two antihypertensive medications; and vitamin/mineral supple-

ments if they had been taken continuously for R12 weeks before the study.

Prohibited therapy included estrogen-, progestin-, androgen-, or SERM-con-

taining medications other than the study drug. Also prohibited was the con-

tinued use of medications that could affect bone metabolism (osteoporosis

substudies) or prescription lipid–lowering agents and anticoagulants other

than aspirin (metabolic substudy).

Assessments
Subjects were instructed to record in daily diaries information on hot flushes,

sexual activity/dyspareunia, and breast pain. Vaginal atrophy was measured

by vaginal smears at months 6, 12, 18, and 24, which quantified the degree of

maturation of the vaginal epithelium by the proportion of parabasal, interme-

diate, and superficial cells obtained in the sample.

Safety assessments included adverse event (AE) reporting and clinical

laboratory evaluations (e.g., hematology, blood chemistry), which were per-

formed at the screening visit and at months 3, 6, 12, 18, and 24. Reports of

AEs were summarized using terms from the Medical Dictionary for Regula-

tory Activities. In the metabolic substudy, fasting serum samples were col-

lected at randomization and at months 6, 12, and 18 to evaluate insulin and
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glucose levels. Coagulation factors (prothrombin time, partial thromboplas-

tin time, fibrinogen, antithrombin III activity, protein C activity, protein S ac-

tivity, plasminogen activity, plasminogen activator inhibitor-1 [PAI-1]

activity, PAI-1 antigen, and D–dimer) and lipid parameters (total cholesterol,

high-density lipoprotein [HDL] cholesterol, low–density lipoprotein [LDL]

cholesterol, very-low-density lipoprotein [VLDL] cholesterol, triglycerides,

VLDL triglycerides, HDL2 cholesterol, HDL3 cholesterol, apoliprotein A1,

apolipoprotein B, and lipoprotein [a]) were assessed in the metabolic sub-

study. Safety and metabolic data for month 24 (study end) are presented here.

Statistical Analyses
Analyses of any data of interest included only those subjects who received at

least one dose of the study drug, in addition to criteria specific for the param-

eter of interest. Hot flush data were analyzed for the efficacy evaluable 1 pop-

ulation or those subjects who reported at least seven moderate or severe hot

flushes per day or 50 per week during screening (n ¼ 216). Complete data

were summarized for the baseline week, for each week during weeks 1–12

(using a last observation carried forward approach), and for every four-

week period thereafter. The mean daily number of hot flushes was calculated

using only moderate and severe hot flushes, whereas the mean daily severity

of hot flushes was calculated using all three intensities (1¼mild; 2¼moder-

ate; and 3 ¼ severe). Pairwise comparisons vs. placebo were made using an

analysis of covariance (ANCOVA).

Vaginal epithelial maturation data were analyzed for the vulvar/vaginal at-

rophy population, or for those subjects with no more than 5% superficial cells

at screening and those who had a baseline and at least one on-therapy assess-

ment (n¼ 1,867). Vaginal atrophy was measured by the change from baseline

in the percentage of superficial, intermediate, and parabasal cells at each time

point using an ANCOVA, with treatment and center as factors and baseline

value as covariate. The proportion of each cell type was analyzed using a non-

parametric one-way Kruskal-Wallis test for between-group comparisons (vs.

placebo) and a signed-rank test for within-group comparisons.

The incidence of sexual activity and dyspareunia was summarized for seven

consecutive baseline days before treatment initiation and for sequential 28-day

periods during the study. Breast pain data were analyzed for subjects with diary

data for at least 5 of the 7 days during screening and at least 20 days for the

relevant 4-week interval. Among-group differences in the incidence of breast

pain during each time period (weeks 1–4, 5–8, and 9–12) were evaluated using

Fisher’s exact test. The mean change from baseline in the percentage of days

with breast pain in a given 4-week interval was evaluated using ANCOVA,

and pairwise comparisons versus placebo were made using the t test.

Data from the metabolic substudy were analyzed in those subjects who had

baseline and on–therapy values for the parameter of interest. For lipid param-

eters, differences in the mean percent change from baseline at each time point

between each BZA/CE treatment group and placebo were evaluated using an

analysis of variance (ANOVA) model. For all other parameters (e.g., coagu-

lation, carbohydrate), the mean absolute change from baseline at each time

point was assessed; within- and between-group comparisons (vs. placebo)

were made using the ANOVA model.

Among-group differences in the incidence of AEs were evaluated using c2

analysis (overall P value), and Fisher’s exact test was used to compare the

incidence of AEs between each BZA/CE group and the placebo group. For

each laboratory parameter, the adjusted mean change from baseline as well

as the number and percentage of subjects with potentially clinically impor-

tant (PCI) values were summarized. Within- and among-group differences

in the mean change from baseline for all laboratory tests were evaluated using

ANCOVA. Pairwise comparisons for the incidence of PCI values were made

using Fisher’s exact test.

RESULTS
Subjects
A total of 3,397 subjects were randomly assigned to a treatment
group and received at least 1 dose of the study drug (Fig. 1). Subject
demographics and baseline characteristics were similar across all
treatment groups (Table 1). The rates of study discontinuation
were not significantly different among treatment groups (range,
oms Vol. 92, No. 3, September 2009



29.8–35.7%; Fig.1). The most frequent reason for discontinuation
was AEs, followed by subject request unrelated to the study. A sig-
nificantly higher percentage of subjects in the placebo group with-
drew from the study because of unsatisfactory response compared
with those in any other treatment group (P ¼ 0.002).

Hot Flushes
Examination of the mean daily number of moderate and severe hot
flushes demonstrated that all doses of BZA/CE provided signifi-
cantly better relief of hot flushes than placebo at most time points
(P < 0.01; Fig. 2A). At week 12, the adjusted mean change from
baseline in the average daily number of hot flushes for the BZA/
CE treatment groups ranged from �5.53 to �8.98 (�51.7% to
�85.7%) compared with �2.45 (�17.1%) and �5.29 (�44.1%)
for the placebo and raloxifene treatment groups, respectively. Treat-
ment with BZA (20 mg)/CE (0.625 or 0.45 mg) was significantly
more effective than placebo at every weekly time point from weeks
6 to 12. Improvements in the frequency and severity of hot flushes
observed with BZA (10 or 20 mg)/CE (0.625 or 0.45 mg) were
sustained through the second year of therapy (data not shown).
Although the daily number of hot flushes reported with BZA
(40 mg)/CE (0.625 mg) or BZA (40 mg)/CE (0.45 mg) was also sig-
nificantly reduced compared with placebo at week 12, this decrease
was not as great as that noted with BZA (10 or 20 mg)/CE (0.625 or
0.45 mg) at most time points (Fig. 2). Bazedoxifene/CE groups dem-
onstrated significant decreases in hot flush number and severity
compared with raloxifene; significant differences in number and/
or severity were seen as early as week 2 for BZA (10 mg)/CE
(0.625 or 0.45 mg) and at week 6 for BZA (20 mg)/CE (0.625 or
0.45 mg), and continued through week 12.

Vaginal Atrophy
Treatment with BZA (10 mg)/CE (0.625 mg or 0.45 mg) and BZA
(20 mg)/CE (0.625 or 0.45 mg) was significantly more effective
Fertility and Sterility�
than placebo in increasing the mean proportion of superficial cells
from baseline to most time points (P < 0.001; Fig. 3A). Further-
more, all four BZA/CE doses containing BZA (10 or 20 mg)/CE
(0.625 or 0.45 mg) were significantly more effective than placebo
in increasing the mean proportion of intermediate cells and decreas-
ing the proportion of parabasal cells from baseline to all time points
(P< 0.001; Fig. 3B, C). There was a dose–related attenuation of the
beneficial estrogenic effect on vaginal atrophy with increasing doses
of BZA, which was most noted with BZA (40 mg)/CE (0.625 or
0.45 mg). However, with BZA doses of 10 and 20 mg, the effects
on vaginal endpoints were substantially improved compared with
raloxifene or placebo.

Sexual Activity, Dyspareunia, and Breast Pain
At baseline, sexual activity was reported by 34–43% of the partici-
pants and dyspareunia was reported by 16–26%. There were no sig-
nificant among-group differences in the incidence of sexual activity
throughout the study. Compared with subjects who received placebo
or raloxifene, subjects treated with BZA (10 mg)/CE (0.625 mg) had
a lower incidence of dyspareunia at weeks 5–8 (P < 0.05). With
BZA (10 mg)/CE (0.625 mg) and BZA (20 mg)/CE (0.625 or
0.45 mg) there was a significantly lower incidence of dyspareunia
during weeks 9–12 (P < 0.05).

For most of the weeks analyzed, BZA (10 and 20 mg)/CE (0.625
or 0.45 mg) had significantly less dyspareunia than with raloxifene
P< 0.05. Breast pain occurred with similar frequency for subjects in
the BZA/CE, raloxifene, and placebo groups, and there were no sig-
nificant differences in the incidence of breast pain among the groups
for any 28-day interval.

Metabolic Parameters
The adjusted mean percent changes from baseline in LDL and HDL
cholesterol are presented in Figure 4. Reductions in LDL cholesterol
for all BZA/CE doses (range,�5.7% to �10.9%) were significantly
FIGURE 1

Disposition of study subjects. Following screening, a total of 3,544 subjects were randomly assigned to 1 of 8 treatment groups, and 3,397

subjects took at least one dose of the study drug. The diagram outlines reasons for study discontinuation for each treatment group. Note: BZA
¼ bazedoxifene; CE ¼ conjugated estrogens. aOverall P < 0.01; c2 analysis.
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TABLE 1
Subject demographic and baseline characteristics.

CE (0.625 mg) CE (0.45 mg)

Characteristic BZA (10 mg) BZA (20 mg) BZA (40 mg) BZA (10 mg) BZA (20 mg) BZA (40 mg) Raloxifene (60 mg) Placebo

Age, y

N 430 414 417 430 433 423 423 427

Mean (SD) 56.35 (5.60) 56.29 (5.98) 56.68 (5.81) 56.84 (5.73) 56.22 (5.80) 56.31 (5.76) 56.54 (5.72) 56.48 (6.04)
Ethnic origin

White 354 (82.33) 343 (82.85) 341 (81.77) 346 (80.47) 351 (81.06) 327 (77.30) 341 (80.61) 340 (79.63)

Black 58 (13.49) 53 (12.80) 55 (13.19) 57 (13.26) 54 (12.47) 66 (15.60) 57 (13.48) 66 (15.46)
Hispanic 13 (3.02) 13 (3.14) 16 (3.84) 15 (3.49) 20 (4.62) 18 (4.26) 14 (3.31) 15 (3.51)

Other 5 (1.16) 5 (1.20) 5 (1.20) 12 (2.79) 8 (1.84) 12 (2.83) 11 (2.59) 6 (1.40)

BMI, kg/m2

N 430 412 417 430 433 423 423 426
Mean (SD) 25.74 (3.44) 25.87 (3.55) 25.66 (3.18) 25.83 (3.36) 25.97 (3.45) 25.57 (3.46) 25.92 (3.28) 25.94 (3.54)

Years since

last menstrual

period
N 430 414 417 429 433 423 423 427

Mean (SD) 7.80 (5.65) 8.10 (5.71) 8.29 (5.71) 7.94 (5.60) 8.11 (5.70) 7.9 (5.80) 8.33 (5.83) 8.36 (5.78)

Note: BMI¼ body mass index.

Lobo. Effects of BZA/CE on menopausal symptoms. Fertil Steril 2009.
greater compared with placebo (range, �0.1 to 2.2%) at all time
points (P < 0.01). Increases in HDL cholesterol for all BZA/CE
doses (range, 7.0–13.5%) were significantly greater compared
with placebo (range, 1.3% to 5.4%) at all time points (P < 0.05),
and significantly greater compared with raloxifene (range, 3.1–
6.6%) at most time points (P < 0.05). There was no apparent
dose-related attenuation of HDL cholesterol levels with BZA, and
the observed increases were sustained throughout 2 years of therapy.

Changes in other lipid parameters are provided in Table 2. Total
cholesterol decreased from baseline for all BZA/CE treatment
groups at all time points (range, �0.8 to �3.7%). At month 24,
the increase from baseline in triglycerides was higher for all BZA/
CE doses (range, 12.0–25.1%) compared with placebo (6.1%) or
raloxifene (6.9%).

Increases from baseline in HDL2 cholesterol noted for all BZA/
CE treatment groups (range, 17.9–33.4% at month 24) were signif-
icantly greater compared with placebo at all time points and ralox-
ifene at some time points (P< 0.05). There was a minor attenuation
of the increase seen in HDL2 cholesterol levels as the dose of BZA
within the TSEC increased.

Significant increases from baseline in apolipoprotein A1 reported
with BZA/CE (range, 9.0–11.2% at month 24) were not attenuated
by increasing the BZA dose and were greater than that observed
with raloxifene or placebo (Table 2). Decreases from baseline in
apolipoprotein B levels were observed with BZA (20 or 40 mg)/
CE (0.625 or 0.45 mg) at all time points (range, �0.7 to �2.0% at
month 24), whereas increases were noted with placebo. Reductions
in lipoprotein (a) levels noted for all BZA/CE treatment groups were
significantly greater compared with the placebo group at months 12
and 24 (P < 0.05), and significantly greater compared with the
raloxifene group at month 12 (P % 0.05).

There were no significant changes in fasting glucose, fasting
insulin, or C-reactive protein levels relative to baseline or placebo
at any time point with BZA/CE. Decreases from baseline in plasma
homocysteine were significant for the BZA/CE treatment groups at
1028 Lobo et al. Effects of BZA/CE on menopausal sympto
all time points (P < 0.05), with the exception of BZA (10 mg)/CE
(0.625 mg) at months 18 and 24. Decreases in plasma homocysteine
with BZA (40 mg)/CE (0.625 mg) and BZA (10 mg)/CE (0.45 mg)
were significantly greater than that observed with placebo at all time
points (P < 0.05).

None of the BZA/CE doses had any effect on partial thromboplas-
tin time, prothrombin time, or serum concentrations of D-dimer.
Effects of BZA/CE on fibrinolysis (assessed by plasminogen activ-
ity, PAI-1 activity, and serum levels of PAI-1 antigen) were similar to
those with known beneficial effects of estrogen. All six doses of
BZA/CE were associated with small decreases from baseline in
mean PAI-1 activity (range, �1.3 to �3.1 IU/mL at month 24; P
< 0.05 for BZA [10 and 20 mg]/CE [0.625 mg] and BZA
[40 mg]/CE [0.45 mg]) and PAI-1 antigen levels (range, �0.92 to
�6.6 mg/day at month 24; P < 0.05 for BZA [20 mg]/CE [0.625
mg]), and small increases from baseline in mean plasminogen activ-
ity (range, 0.07–0.11 mg/day at month 24; P< 0.001 for all BZA/CE
doses). There were small decreases from baseline in mean levels
of the procoagulation factor fibrinogen for all BZA/CE treatment
groups (range, �0.3 to �0.5 mg/day), which were significantly
different from those observed in the placebo group (P < 0.001).
There was no significant change with raloxifene. (Note: Overall
for these coagulation parameters, changes in the raloxifene
group were similar to those seen with BZA/CE with no statistically
significant difference between raloxifene 60 mg and either
BZA/CE dose).

There was no significant change from baseline in protein C activ-
ity for any BZA/CE doses relative to placebo. However, some
increases in protein C activity observed with BZA/CE were
significantly different from the decreases observed with raloxifene
at some time points (P < 0.05). With the exception of BZA (20
mg)/CE (0.45 mg) at month 6, all doses of BZA/CE were associated
with small but significantly greater changes in protein S activity
(range, �0.1 to 0.1 mg/day) compared with placebo at all time
points (P< 0.05). At month 24, minor increases in protein S activity
ms Vol. 92, No. 3, September 2009



FIGURE 2

Mean changes from baseline in (A) the daily number and (B) the severity of hot flushes in each treatment group. (A) Mean change in the daily

number of moderate or severe hot flushes for weeks 1–12. P< 0.05 for all BZA/CE doses compared with placebo for weeks 5–12. P< 0.05 for
BZA (10 mg)/CE (0.625 mg) at all time points and for BZA (10 mg)/CE (0.45 mg) at all time points except Week 1. (B) Adjusted mean change in

total hot flush severity (mild, moderate, and severe) from baseline at weeks 4 and 12. Note: BZA¼ bazedoxifene; CE¼ conjugated estrogens.
aP < 0.001 vs. placebo.
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FIGURE 3

Adjusted mean percent changes from baseline in the proportion of superficial, intermediate, and parabasal cells at month 24. Vaginal atrophy

was assessed by vaginal smears, which were obtained from those who took at least one dose of the study drug, had a baseline and at least
one on-therapy value, and had no more than 5% superficial cells at screening. Note: BZA ¼ bazedoxifene; CE ¼ conjugated estrogens.
aP < 0.001 vs. placebo. bP < 0.01 vs. placebo.
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were noted in all BZA/CE treatment groups, whereas decreases were
observed at earlier time points. Changes in antithrombin III activity
(range, �0.1 to �0.3 mg/day) were also small but significantly
greater compared with placebo for all BZA/CE doses (P < 0.05),
with the exception of BZA (20 mg)/CE (0.625 mg) at month 6.
Changes from baseline in antithrombin III activity were similar for
subjects who received raloxifene or BZA/CE. There were no appre-
ciable dose-related effects of BZA/CE on anticoagulation factors.

Adverse Events
Overall, the incidence of AEs and serious AEs was similar among
treatment groups (Table 3). There were no significant differences
in the incidence of treatment-emergent AEs among groups (range,
90–94%; Table 3). The majority of treatment-emergent AEs, which
were generally mild or moderate in severity, were not considered
related to the study drug. There were no significant among-group
differences in the incidence of these AEs. There were 6 deaths in
1030 Lobo et al. Effects of BZA/CE on menopausal sympto
the study, which were not thought to be study related. These deaths
were caused by bronchoaspiration, intracerebral hemorrhage
secondary to metastatic lung cancer, chronic obstructive airway
disease, unknown causes, and accidental injury (two subjects).

Venous Thromboembolic Events
Overall, the incidence of venous thromboembolic events (VTEs)
was similar for subjects treated with BZA/CE or placebo (0.76 vs.
1.56 per 1,000 women-years, respectively; relative risk, 0.48; 95%
confidence interval [CI], 0.05–4.66). Two subjects in the BZA/CE
treatment groups and one subject in the placebo group reported
deep vein thrombosis. Pulmonary embolism was reported in one
subject who received BZA (40 mg)/CE (0.625 mg). There were no
reports of retinal vein thrombosis. Similarly, the incidence of super-
ficial thromboses or phlebitis was low across all treatment groups
(<1%), with no statistically significant among-group differences;
importantly, none of these cases were classified as VTEs.
ms Vol. 92, No. 3, September 2009



Cardiovascular AEs
The cardiovascular AEs of interest included myocardial infarction,
coronary artery disease, and coronary artery insufficiency. The
incidence of cardiovascular AEs was low (<1%) across all treatment
groups, with no significant differences among groups. Compared
with subjects who received placebo, the relative risk of experiencing
a myocardial infarction with BZA/CE was 0.48 (95% CI, 0.05–
4.66), or an incidence of 0.76 vs. 1.56 per 1,000 woman-years.
For coronary artery disease and coronary artery insufficiency,
the relative risk with BZA/CE vs. placebo was 1.29 (95% CI,
0.16–10.34), or an incidence of 2.02 vs. 1.56 per 1,000 women–years.

Clinical Laboratory Evaluations
The percentage of subjects with PCI increases in cholesterol levels at
any time point was similar across all treatment groups. The incidence

FIGURE 4

Adjusted mean percent changes from baseline in (A) LDL

cholesterol and (B) HDL cholesterol levels in each treatment group

(metabolic substudy) at month 24. The adjusted mean percent

changes from baseline in levels of LDL cholesterol and HDL
cholesterol were quantified for each treatment group. Note: BZA¼
bazedoxifene; CE ¼ conjugated estrogens; HDL ¼ high-density

lipoprotein; LDL¼ low-density lipoprotein. aP< 0.001 vs. placebo.
bP < 0.01 vs. placebo. cP < 0.05 vs. raloxifene.
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of PCI increases in cholesterol levels was 8.1% in the placebo group
and 5.7% in the raloxifene group, and it did not exceed 6.5% in any
BZA treatment group. However, significantly higher percentages of
subjects in the BZA/CE treatment groups experienced PCI increases
in triglyceride levels compared with the placebo group (P < 0.05).
A total of five subjects treated with BZA/CE had triglyceride
values that were considered clinically important. Analysis of other
laboratory safety data for blood chemistry and hematology
parameters demonstrated no trends of concern. Results of liver func-
tion tests also indicated no values of clinical importance.

Discussion
The TSEC was designed to provide tissue-selective activities of
a SERM with the proven benefits of estrogen therapy (ET). The
SMART-1 trial evaluated the efficacy and safety of the first TSEC
composed of BZA/CE in postmenopausal women over a 2-year
period. Findings from this study demonstrated favorable effects of
BZA/CE on the relief of menopausal symptoms. Specifically,
BZA (20 mg)/CE (0.625 or 0.45 mg) were significantly and clini-
cally more effective than placebo in reducing the incidence of hot
flushes, and BZA (20 mg)/CE (0.625 or 0.45 mg) also significantly
reduced the severity of hot flushes compared with placebo. The
BZA/CE groups decreased the daily number of hot flushes by
51.7–85.7% compared with only 17.1% with placebo. Whereas
raloxifene has been shown to increase hot flushes in this population,
in our study, raloxifene was associated with a numeric reduction in
flush frequency, but not severity; however, BZA (10 and 20 mg)/CE
groups BZA/CE groups reduced both hot flush frequency and sever-
ity significantly better than raloxifene. Furthermore, BZA (20 mg)/
CE (0.625 or 0.45 mg) was significantly more effective than placebo
in improving vaginal atrophy with significant increases in superficial
and intermediate cells and reductions in parabasal cells. Accord-
ingly, BZA (20 mg)/CE (0.625 or 0.45 mg) significantly reduced
the incidence of dyspareunia relative to placebo. Breast pain is
known to be increased in women taking estrogen/progestin therapy
(EPT) (10). In this study, none of the BZA/CE doses increased the
incidence of breast pain compared with placebo or raloxifene.

The menopausal transition is known to confer unfavorable
changes in lipid and carbohydrate metabolism (15, 16), which
may be associated with an increased risk of cardiovascular disease
in women (17, 18). In this study, treatment with all BZA/CE regi-
mens was associated with decreases in total cholesterol. Impor-
tantly, increases in LDL and decreases in HDL cholesterol are
known risk factors for cardiovascular disease in women (19, 20).
All BZA/CE doses were associated with marked decreases in
LDL and increases in HDL cholesterol throughout the 2-year study
period. Greater improvements in HDL cholesterol, HDL2 choles-
terol, and apolipoprotein A1 were observed with administration of
BZA/CE compared with raloxifene. Such favorable effects on lipid
parameters have previously been observed in studies that random-
ized women to receive ET or EPT for up to 3 years (21–23).

A minor attenuating effect on HDL cholesterol levels was
noted with increasing dose of BZA. However, the reductions in
LDL cholesterol and apolipoprotein B appeared to be even
greater with increasing dose of BZA, particularly when paired
with CE (0.45 mg). Decreases in PAI-1 activity and PAI-1 anti-
gen levels were also observed with BZA/CE treatment. Improve-
ments in lipoprotein (a) observed with BZA/CE treatment in this
study are consistent with those observed with EPT in the
Women’s Health, Osteoporosis, Progestin, Estrogen (HOPE) trial
(23) and the Heart and Estrogen/progestin Replacement Study
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TABLE 2
Adjusted me (metabolic substudy).

CE (0.45 mg)

Parameters ) BZA (20 mg) BZA (40 mg) Raloxifene (60 mg) Placebo

Mean (SE) pe
Lipid param

Total cho �3.7 (1.3)a �3.4 (1.3) �2.6 (1.4) �0.2 (1.4)

Triglycer 23.1 (4.7)b,d 12.0 (4.9) 6.9 (5.2) 6.1 (5.0)

HDL2-C e 28.2 (4.7)d,e 21.0 (4.9)e 10.7 (5.2) �4.3 (5.0)
Apo A1 11.1 (1.3)c,e 9.0 (1.3)e 6.0 (1.4) 1.2 (1.4)

Apo B �1.9 (1.7)a �1.9 (1.8)a �0.2 (1.9) 4.2 (1.9)

Lp(a) �19.0 (2.8)b �16.9 (3.0)a �14.9 (3.2) �7.7 (3.1)

Mean (SE) ch
Coagulatio

Fibrinoge e �0.44 (0.06)e �0.48 (0.07)e �0.36 (0.07) 0.01 (0.07)

Protein C d 0.03 (0.01) 0.01 (0.02) �0.01 (0.02) 0.03 (0.02)
Protein S b 0.09 (0.02)b 0.08 (0.02)b 0.11 (0.02) 0.16 (0.02)

Antithrom a �0.27 (0.01)a �0.28 (0.02)b �0.26 (0.02) �0.22 (0.02)

Note: Apo ¼ ap
a

P < 0.05 vs. p
b

P < 0.01 vs. p
c

P < 0.01 vs. r
d

P < 0.05 vs. r
e

P < 0.001 vs.
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rcent change
eters

lesterol �2.3 (1.3) �2.6 (1.4) �2.3 (1.4) �2.3 (1.4)

ides 18.8 (4.9) 25.1 (5.1)b,c 23.6 (5.0)a,d 13.3 (5.3)

33.4 (4.9)c,e 28.4 (5.1)d,e 17.9 (5.0)b 30.1 (5.3)c,

11.2 (1.3)c,e 11.1 (1.4)c,e 10.9 (1.4)c,e 9.4 (1.4)e

1.4 (1.8) �2.0 (1.9)a �0.7 (1.9) �0.7 (2.0)

�21.4 (3.0)e �21.2 (3.1)b �19.4 (3.1)b �18.7 (3.2)b

ange, mg/day
n factors

n �0.38 (0.07)e �0.50 (0.07)e �0.40 (0.07)e �0.39 (0.07)

activity 0.06 (0.02)d 0.04 (0.02)d 0.02 (0.02) 0.04 (0.02)
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bin III activity �0.29 (0.02)b �0.28 (0.02)b �0.28 (0.02)b �0.27 (0.02)

olipoprotein; HDL2-C ¼ high-density lipoprotein 2 cholesterol; Lp(a) ¼ lipoprotein (a).

lacebo.
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TABLE 3
Summary of safety profile and incidence (R10% in any treatment group) of treatment-emergent AEs.

CE (0.625 mg) CE (0.45 mg)

BZA
(10 mg)
n [ 430

BZA
(20 mg)
n [ 414

BZA
(40 mg)
n [ 417

BZA
(10 mg)
n [ 430

BZA
(20 mg)
n [ 433

BZA
(40 mg)
n [ 423

Raloxifene
(60 mg)
n [ 423

Placebo
n [ 427

Any AE 403 (93.7) 382 (92.3) 384 (92.1) 400 (93.0) 401 (92.6) 381 (90.1) 391 (92.4) 392 (91.8)

Any serious AE 32 (7.24) 23 (5.6) 24 (5.8) 35 (8.1) 26 (6.0) 26 (6.1) 32 (7.6) 34 (8.0)
Any TEAE 403 (93.7) 382 (92.3) 384 (92.1) 400 (93.0) 401 (92.6) 381 (90.1) 391 (92.4) 392 (91.8)

Body as a whole

Abdominal pain 56 (13.0) 39 (9.4) 38 (9.1) 41 (9.5) 54 (12.5) 38 (90.1) 36 (8.5) 32 (7.5)

Influenza 74 (17.2) 78 (18.8) 72 (17.3) 80 (18.6) 97 (22.4) 89 (21.0) 91 (21.5) 90 (21.1)
Headache 141 (32.8) 129 (31.2) 112 (26.9) 141 (32.8) 135 (31.2) 119 (28.1) 126 (29.8) 117 (27.4)

Infections and

infestations

278 (64.7) 252 (60.9) 243 (58.3) 261 (60.7) 276 (63.7) 238 (56.3) 245 (57.9) 254 (59.5)

Digestive system

Diarrhea 28 (6.5) 28 (6.8) 30 (7.2) 35 (8.1) 44 (10.2) 30 (7.1) 36 (8.5) 26 (6.1)

Abdominal pain upper 43 (10.0) 50 (12.1) 51 (12.2) 54 (12.6) 51 (11.8) 47 (11.1) 42 (9.9) 31 (7.3)

Nausea 30 (7.0) 30 (7.2) 31 (7.4) 32 (7.4) 46 (10.6) 29 (6.9) 27 (6.4) 23 (5.4)
Musculoskeletal system

Arthralgia 98 (22.8) 110 (26.6) 97 (23.3) 104 (24.2) 101 (23.3) 119 (28.1) 122 (28.8) 112 (26.2)

Back pain 109 (25.3) 107 (25.8) 87 (20.9) 110 (25.6) 106 (24.5) 82 (19.4) 89 (21.0) 86 (20.1)

Muscle spasmsa 44 (10.2) 30 (7.2) 45 (10.8) 40 (9.3) 47 (10.9) 41 (9.7) 35 (8.3) 22 (5.2)
Myalgia 58 (13.5) 61 (14.7) 55 (13.2) 56 (13.0) 53 (12.2) 51 (12.1) 60 (14.2) 58 (13.6)

Pain in extremity 53 (12.3) 60 (14.5) 61 (14.6) 73 (17.0) 70 (16.2) 58 (13.7) 59 (13.9) 63 (14.8)

Nervous system
Insomnia 35 (8.1) 23 (5.6) 33 (7.9) 33 (7.7) 38 (8.8) 38 (9.0) 46 (10.9) 48 (11.2)

Respiratory system

Nasopharyngitis 69 (16.0) 77 (18.6) 65 (15.6) 68 (15.8) 79 (18.2) 56 (13.2) 60 (14.2) 66 (15.5)

Sinusitis 37 (8.6) 43 (10.4) 36 (8.6) 38 (8.8) 27 (6.2) 21 (5.0) 36 (8.5) 41 (9.6)
Upper respiratory

infection

54 (12.6) 42 (10.1) 36 (8.6) 47 (10.9) 52 (12.0) 47 (11.1) 55 (13.0) 47 (11.0)

Pharyngolaryngeal pain 43 (10.0) 40 (9.7) 37 (8.9) 33 (7.7) 48 (11.1) 36 (8.5) 46 (10.9) 37 (8.7)

Urogenital system
Urinary tract infection 36 (8.4) 42 (10.1) 43 (10.3) 40 (9.3) 40 (9.2) 32 (7.6) 35 (8.3) 35 (8.2)

Note: TEAE ¼ treatment-emergent adverse event.
a P < 0.05 overall.
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(HERS) (24). This beneficial effect on lipoprotein (a) observed
with BZA/CE in the present study was greater than the response
with placebo or raloxifene at month 12 and was further enhanced
at month 24.

A favorable decrease in fibrinogen activity was noted with all
BZA/CE doses, a finding supported by that reported with ET and
EPT in the HOPE trial (23). Also consistent with findings of the
HOPE trial were the changes in protein S activity and antithrombin
III activity noted with BZA/CE vs. placebo. No significant changes
in carbohydrate metabolism or serum concentrations of D-dimer
were observed with any BZA/CE regimens throughout the study pe-
riod. Because CE alone is known to reduce levels of fasting insulin,
future studies will help determine whether BZA might affect this
beneficial estrogen response. It is also important to note that any
beneficial effects of BZA/CE on surrogate markers might not predict
clinical events.

Overall, BZA/CE was generally well tolerated and demonstrated
a safety profile similar to that of placebo. The incidence of AEs,
serious AEs, and study discontinuations owing to AEs was similar
across all treatment groups. Treatment with BZA/CE doses was
not associated with an increased risk of VTEs or cardiovascular
AEs; however, it is important to note that a longer period of
Fertility and Sterility�
observation in a larger population of subjects will be able to provide
definitive risk information regarding possible adverse effects of
therapy, as this study was not powered to detect small differences
in these cardiovascular safety endpoints.

In this study, analysis of most clinical laboratory determinations
(e.g., hematology, blood chemistry, liver function) revealed no clin-
ically important differences among treatment groups and no trends
of concern. In that the pairing of BZA and CE alleviates the need
for a progestin, it is of interest to determine whether BZA attenuates
any of the beneficial estrogenic effects of CE on metabolism.
Among the parameters assessed in this study, the higher BZA
dose (40 mg) was found to decrease, somewhat, the beneficial effect
of CE on hot flushes and vaginal atrophy. Apart from a relatively
minor attenuation noted for HDL2 cholesterol, no other attenuating
effects of BZA on clinical laboratory determinations were observed.
For instance, triglycerides were unaffected by BZA dose, and some
estrogenic effects were enhanced with increasing BZA dose, includ-
ing decreases in LDL cholesterol.

One possible limitation of this study in evaluating the relief of
vasomotor symptoms and vaginal atrophy is the wide range in
ages of the subject population (45–70 years of age), because the
occurrence of menopausal symptoms is typically highest in the early
1033



years of menopause. However, an important objective of the
SMART-1 trial was to assess the efficacy of BZA/CE for the preven-
tion of postmenopausal osteoporosis, requiring a postmenopausal
population at sufficient risk for osteoporosis and enrolling women
of increasing age. Nevertheless, BZA/CE was associated with effec-
tive relief of menopausal symptoms in postmenopausal women of
varying ages.

In conclusion, the SMART-1 trial showed that the administration
of a TSEC that partners BZA and CE was effective in treating symp-
toms associated with menopause, particularly vasomotor symptoms
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