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Raloxifene reduces risk of vertebral fractures
and breast cancer in postmenopausal
women regardless of prior hormone therapy
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use and the risk of vertebral fracture, cardiovascular
events, or breast cancer. Interaction terms with
P<.10 were considered to be statistically significant.
Confidence intervals for relative risks (RR) were 
calculated using the Mantel-Haenszel method.

Results  Raloxifene 60 mg/d, the clinically approved
dose for osteoporosis prevention and treatment,
reduced the risk of vertebral fractures by 54%
(RR=0.46) and 29% (RR=0.71) in women with and
without prior HT use, respectively (interaction P=.05).
A lower incidence of invasive breast cancer in women
with prior HT use (RR=0.23) and in women without
prior HT use [RR=0.31; interaction P=.60] was
observed in women receiving raloxifene (pooled
doses). Irrespective of prior HT use, women treated
with raloxifene (pooled doses) had no change in 
incidence of cardiovascular events (interaction P=.56).

Conclusions: The risk of vertebral fractures was
lower in women treated with raloxifene, regardless 
of prior HT use, but there was a suggestion that the
effect was greater in women who had used HT.
Women randomized to receive raloxifene exhibited 
a decreased incidence of invasive breast cancer,
compared with women receiving placebo. No change
occurred in the incidence of cardiovascular events,
regardless of prior HT use.

E
strogen-containing hormone therapies (HT)
have been used to alleviate menopausal
symptoms and to prevent chronic diseases

common to postmenopausal women, including
osteoporosis and cardiovascular disease.1,2 In this
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Practice recommendations

■ Consider prescribing raloxifene 60 mg/d 
for postmenopausal women, regardless of
whether they have used hormone therapy, 
to reduce the incidence of vertebral 
fractures and breast cancer (SOR: B).

Abstract
Objective   We examined whether past use of 
hormone therapy influences the effects of raloxifene
on the risk of new vertebral fracture, cardiovascular
events, or breast cancer.

Study Design The Multiple Outcomes of Raloxifene
Evaluation (MORE) trial examined vertebral fracture
incidence as the primary endpoint, breast cancer 
incidence as a secondary endpoint. Cardiovascular
events were collected as secondary safety endpoints.

Population: The MORE trial enrolled 7705 
postmenopausal women. Of the 7682 women who
reported their previous HT use status, 29% used HT
before screening.

Outcomes Measured Separate logistic regression
models analyzed the relationships between prior HT
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analysis, we use the abbreviation “HT” to refer to
postmenopausal hormone therapies, either estro-
gen alone or combined with progestin. 

Based on the findings of the randomized, double-
blind Women’s Health Initiative (WHI) study involv-
ing estrogen-progestin,3 the Food and Drug
Administration (FDA) recommends using HT to
treat moderate to severe symptoms of vulvar and
vaginal atrophy and vasomotor symptoms associat-
ed with the menopause, and to prevent post-
menopausal osteoporosis.4 When HT is prescribed
only to prevent osteoporosis in women without
menopausal symptoms, the FDA recommends that
other approved, non-estrogen therapies be consid-
ered and that HT be used at the lowest dose for the
shortest duration to achieve treatment goals.4 Many
postmenopausal women have chosen to discontinue
HT in light of these recommendations.5 However,
discontinuing HT may increase bone resorption and
accelerate bone loss,6,7 which, if untreated, places
women at risk for osteoporotic fractures.

The serum estrogen receptor modulator (SERM)
raloxifene is not an estrogen, a progestin, or a
hormone,8 but it binds to the estrogen receptor to
exert effects in the skeletal and cardiovascular sys-
tems and in breast tissue.9 In the 4-year Multiple
Outcomes of Raloxifene Evaluation (MORE) osteo-
porosis treatment trial of postmenopausal women,
raloxifene 60 mg/d, the approved dose for post-
menopausal osteoporosis prevention and treatment,
increased bone mineral density (BMD) and signif-
icantly reduced the risk for new vertebral fractures
with sustained efficacy.10 With the declining use of
long-term HT,5 it is clinically relevant and impor-
tant to determine whether a history of HT use has
any influence on the effects of other antiresorptive
agents, such as raloxifene, which may be subse-
quently used for postmenopausal osteoporosis
prevention and treatment. The objective of this
analysis is to determine the effects of raloxifene

on BMD, and the risks of vertebral fractures, car-
diovascular events, and breast cancer in post-
menopausal women who did or did not use HT
prior to screening for the MORE osteoporosis study.

■ MATERIALS AND METHODS
Subjects and treatment
Details on subject recruitment and follow-up, and
complete inclusion and exclusion criteria, were
previously described for the MORE study.11 The
trial examined the incidence of osteoporotic frac-
tures as a primary endpoint and the incidence of
breast cancer as a prespecified secondary end-
point, and it collected reports of cardiovascular
events as a secondary safety endpoint.

Researchers enrolled 7705 women up to 80
years of age who were at least 2 years post-
menopausal, and who had osteoporosis as defined
by radiographically apparent vertebral fractures at
baseline or BMD criteria. Women were randomly
assigned to receive raloxifene 60 or 120 mg/d, or
an identically appearing placebo.11 All women
received daily supplements of calcium (500 mg)
and vitamin D (400 to 600 IU). An ethical review
board at each site approved the MORE study pro-
tocol. All women gave written informed consent to
participate in the study in accordance with the eth-
ical principles stated in the Declaration of Helsinki.

At study screening, women were asked if they
had ever taken HT. Women were excluded from
the study if they were experiencing clinically
severe menopausal symptoms at the beginning of
the study that required estrogen. Women were
excluded if they had been treated with therapeu-
tic doses of androgen, calcitonin, or estrogen (>1
cycle or 28 days) alone or with progestin (>1 cycle
or 28 days) within 6 months of beginning the
study. Women were permitted to have used sys-
temic (oral or transdermal) estrogen and prog-
estin for up to 1 cycle (28 days) during the 6
months before the study. No systemic estrogen
and progestin use was allowed within 2 months
before study entry. Occasional use of topical estro-
gens (≤3 times per week), and oral estriol (≤2
mg/d) for menopausal symptoms was permitted.

Women randomized to raloxifene
exhibited a decreased incidence 
of invasive breast cancer 
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Cerebrovascular events included stroke and
transient ischemic attack.14

Breast cancer assessment
Assessment of breast cancer was a prespecified
secondary endpoint of the MORE trial, and was
previously described in detail.16 All diagnoses of
breast cancer were adjudicated by an independ-
ent oncology review board consisting of 5 physi-
cian specialists in breast cancer, and chaired by
a pharmacologic scientist, none of whom were
employed by the sponsor. Previous publications
of the MORE breast cancer data have reported
61 cases of invasive breast cancer.16 A subse-
quent review of the MORE dataset found 1
fewer case of invasive breast cancer in each of
the placebo and pooled raloxifene groups, so
that 59 cases of invasive breast cancer were
confirmed, and this number will be used in the
present analysis. The change in the number of
cases of invasive breast cancer was small, and
had no impact on the overall interpretation of
the breast cancer results from the MORE trial.

■ RESULTS
Characteristics for all subjects at baseline
and for women in the placebo group
Of the 7705 women enrolled, 7682 (99.7%)
reported their status of previous HT use, with
2235 women (29.1%) having used HT before par-
ticipating in MORE (Figure W1, available at
www.jfponline.com). Baseline characteristics that
were significantly different between women who
reported prior HT use and those who reported no
prior HT use included age, BMD, and the inci-
dences of vertebral fractures, coronary angioplas-
ty, hypertension, hyperlipidemia, and family histo-
ries of osteoporosis or breast cancer (Table W1,
available at www.jfponline.com). In the subsets
of women who did and who did not use HT previ-
ously, the baseline characteristics were not sig-
nificantly different between the placebo and
raloxifene groups, except for diabetes (placebo,
1.9%; raloxifene 60 mg/day, 3.3%; pooled ralox-
ifene, 2.9%; P=.02). 

A 1-year double-blind extension phase was
added to the 3-year treatment phase.10 All verte-
bral fracture, cardiovascular, and breast cancer
endpoints that occurred over the 48-month study
period were included in the present analyses. 

Fracture and BMD assessment 
New morphometric vertebral fractures, defined
using semiquantitative assessment criteria,12

were identified by comparing spinal radiographs
taken at 2, 3, and 4 years with baseline radi-
ographs. A new vertebral fracture was defined as
a vertebral fracture occurring in a vertebra that
was not fractured at baseline. New clinical verte-
bral fractures were defined as those associated
with signs or symptoms suggestive of vertebral
fracture, such as back pain, reported either at an
interim 6-month clinic visit or at any time between
clinic visits,13 and which were subsequently cor-
roborated with radiographs and adjudicated as
previously described.10

Lumbar spine and femoral neck BMD were
measured annually using dual-energy x-ray den-
sitometry, as previously described.11

Cardiovascular event assessment
Cardiovascular events were collected as a sec-
ondary safety endpoint in the MORE trial, as 
previously described in detail.14 Women were
asked at each clinic visit if they had had a
myocardial infarction (MI), coronary bypass sur-
gery, percutaneous coronary revascularization,
or a stroke since the previous visit, and unso-
licited reports of adverse cardiovascular events
were recorded. All summaries of reported car-
diovascular events were reviewed and adjudicat-
ed by 1 board-certified cardiologist, contracted
by the sponsor, who was not associated with the
trial and was blinded to treatment assignment.

Women with 4 or more risk points, assessed
using the same criteria as for enrollment in the
Raloxifene Use for The Heart (RUTH) trial,15

were considered to be at high risk for cardio-
vascular events. Coronary events included MI,
unstable angina, or coronary ischemia.14
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In the placebo group, the incidence of new
vertebral fractures, cardiovascular events, and
breast cancer at 4 years were not significantly
different in women with prior HT use compared
with women without prior HT use.

Vertebral fracture events 
and bone mineral density
After 4 years of treatment with raloxifene 60
mg/d, women with and without prior HT use
exhibited significant reductions in new vertebral
fractures compared with those taking placebo
(Figure). Vertebral fracture risk reductions
between treatment groups were also statistically
significant in subgroups of women with and with-
out prevalent vertebral fractures (Table 1).

Raloxifene 60 mg/d also reduced the risk of new
clinically-apparent vertebral fractures, compared
with placebo, in women with prior HT use
(absolute risk reduction (ARR)=1.8%; RR=0.52
[95% CI, 0.28–0.96]), and in women without 
prior HT use (ARR=1.7%; RR=0.61 [95% CI,
0.43–0.87]; interaction P=.66]. The interaction P-
values remained similar after adjusting for the
baseline fracture risk factors (Table W1, at
www.jfponline.com) that were significantly differ-
ent between women with and women without
prior HT use. Women with and without prior HT
use treated with raloxifene 60 mg/d had signifi-
cant increases in BMD, at the lumbar spine (2.7%
and 2.5%, respectively; interaction P=.54), and
femoral neck (2.6% and 1.9% respectively; inter-

Absolute and relative risks of new vertebral fractures 
with raloxifene 60 mg/d compared with placeboa

Women who had Women who had not Overall study 
used HT (n=1305) used HT (n=3232) populationd

Placebo Raloxifene RR Placebo Raloxifene RR Interaction RR
(n=654) 60 mg/d (95% CI)b (n=1634) 60 md/d (95% CI) P-valuec (95% CI)

(n=651) [ARR] (n=1598) [ARR]

Women with 25.36% 13.68% 0.54 24.24% 17.11% 0.71 .27 0.66
prevalent (0.36–0.81) (0.57–0.88) (0.55–0.81)
vertebral [11.68%] [7.13%]
fractures

Women without 6.29% 1.82% 0.29 5.54% 3.46% 0.62 .09 0.51
prevalent (0.13–0.63) (0.41–0.95) (0.35–0.73)
vertebral [4.47%] [2.08%]
fractures

a Results with raloxifene 60 mg/d are shown since this is the clinically approved dose for osteoporosis prevention and treatment. Results
with pooled raloxifene doses were similar. Data from women with at least one post-baseline follow-up spinal radiograph were included
in this table.

b RR (95% CI) denotes relative risk (95% confidence interval)  Absolute risk reductions, denoted [ARR], are the differences between 
the placebo and raloxifene groups. Similar results were observed with raloxifene (pooled 60 mg/d and 120 mg/d doses) on vertebral
fracture risk, in women who previously used HT [ARR=6.6%; RR=0.47 (95% CI, 0.35–0.63)], and in women without prior HT use 
[ARR=4.4%; RR=0.66 (95% CI, 0.55–0.78); interaction P=.06].

c Results for the overall study population would be used unless the interaction effects between therapy group and prior HT use were sta-
tistically significant (P<.10), in which case, the results in the subgroups of women with and women without prior HT use should be
used.

d Delmas et al10 published the results for the overall study population, regardless of whether or not information on the participants’ HT use
was available.
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action P=.06), compared with placebo. Similar
results were observed for fracture and BMD in
women treated with the pooled raloxifene doses.

Cardiovascular events
In women with and without prior HT use, treat-
ment with raloxifene (pooled doses) did not result
in statistically significant changes in the incidence
of new cardiovascular, coronary, or cerebrovascu-
lar events, compared with placebo (Table 2). In a
subgroup of women who were at high risk of car-
diovascular disease,15 prior HT use had no effect
on the incidence of new cardiovascular events with
raloxifene (pooled doses) treatment (Table 2). The
interaction P-values remained similar after adjust-
ing for the baseline cardiovascular risk factors
(Table W1, at www.jfponline.com) that were sig-
nificantly different between women with and with-
out prior HT use.

Breast cancer
In women with and without prior HT use, similar
reductions in the incidence of breast cancer
(regardless of invasiveness), invasive breast can-
cer, and estrogen-receptor positive invasive breast
cancer, were observed after raloxifene treatment
(pooled doses) compared with placebo (Table 3).
The interaction P-values remained similar after
adjusting for the baseline breast cancer risk fac-
tors (Table W1) that were significantly different
between women with and without prior HT use.

■ DISCUSSION
This analysis examined the effects of raloxifene in
women who reported their use of postmenopausal
hormone therapies before enrolling in the MORE
osteoporosis trial. Compared with placebo,
women treated with raloxifene experienced sig-
nificant decreases in the risks for new vertebral
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Percentage of women with and without prior HT use who 
experienced new vertebral fractures in the 4-year MORE study
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This analysis included all women with at least 1 post-baseline follow-up vertebral radiograph, who reported their status of prior
HT use. The relative risks (RR) and 95% confidence intervals (CI) are shown for women treated with either placebo or raloxifene
60 mg/d. The absolute risk reductions were 6.7% in women with prior HT use and 3.7% in women without prior HT use. The
interaction P-value was .05.
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fractures and the incidence of breast cancer, with-
out significant changes in the incidence of cardio-
vascular events, regardless of previous HT use.
These analyses provide further information on the
effects of raloxifene on the risks of vertebral 
fractures,10 cardiovascular events,14 and breast
cancer16 seen in the overall MORE study popula-
tion at 4 years.

This analysis found a differential reduction in
vertebral fracture risk with raloxifene between
women who did and did not have prior HT use,
which may result from possible differences in
women who chose to use HT before participating
in MORE. In women with previous HT use, a

greater proportion had a family history of osteo-
porosis and a lower proportion had prevalent ver-
tebral fractures at baseline, compared with
women who had not used HT. Other unidentified
confounding factors, such as the “healthy user”
bias commonly associated with women who chose
to use HT,17 may also contribute to the differential
vertebral fracture risk reduction with raloxifene
treatment. The Study of Osteoporotic Fractures
showed that women with current estrogen use
had significantly decreased fracture risks, but the
risk reduction waned in women who discontinued
estrogen.18 After HT discontinuation, BMD loss
resumes at a rate similar to that seen in women
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Absolute and relative risks of cardiovascular events 
with raloxifene (pooled doses) compared with placeboa

Women who had Women who had not Overall study 
used HT (n=2235) used HT (n=5447) population

Placebo Pooled RR Placebo Pooled RR Interaction RR
(n=738) raloxifene (95% CI)b (n=1833) raloxifene (95% CI) P-value c (95% CI)

(n=1497) [ARR] (n=3614) [ARR]

Cardiovascular 2.71% 2.87% 1.06 4.15% 3.68% 0.89 .56 0.92
events (0.63–1.79) (0.67–1.17) (0.72–1.18)

[–0.16%] [0.47%]

Coronary 1.49% 1.74% 1.17 2.40% 2.08% 0.87 .46 0.92
events (0.58–2.35) (0.60–1.25) (0.67–1.28)

[–0.25%] [0.32%]

Cerebrovascular 1.22% 1.14% 0.93 1.75% 1.63% 0.94 .99 0.93
events (0.42–2.08) (0.61–1.43) (0.64–1.36)

[0.08%] [.012%]

Cardiovascular 12.66% 5.91% .047 13.08% 8.54% 0.65 .49 0.60
events in high- (0.21–1.06) (0.42–1.01) (0.41–0.88)
risk subgroupd [6.75%] [4.54%]

a Pooled raloxifene doses were used in this analysis, since there were few events. There were no differences in the incidence of
events between the raloxifene doses.

b Relative risk (RR), 95% confidence interval (95% CI). Absolute risk reductions, denoted [ARR], are the differences between the
placebo and raloxifene groups.

c The interaction effects between therapy group and prior HT use were not statistically significant (P>.10), so results from the
overall study population would be used. Barrett-Connor et al14 reported the results for raloxifene 60 mg/d and raloxifene 120
mg/d in the overall study population, regardless of whether or not information on the participants’ HT use was available.

d Of the 1029 women in the high-risk subgroup, 764 women had no prior history of HT use (placebo, n=237; raloxifene, n=527),
and 265 women reported prior HT use (placebo, n=79; raloxifene, n=186).
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shortly after menopause, suggesting that prior HT
use may have limited residual effects on main-
taining BMD.7,19 Such findings raise the urgency of
evaluating the risk for osteoporosis in women
who discontinue HT.  

Women treated with raloxifene had no signifi-
cant changes in the incidence of cardiovascular
events, with no differential treatment effect based
on prior HT use. In the HERS20 and WHI3 trials,
which studied the outcomes of estrogen-progestin
therapy in postmenopausal women, similar analy-
ses did not show any significant differential
effects of prior HT use on the incidence of cardio-
vascular events with estrogen-progestin during
the respective trials.

In this analysis, women treated with raloxifene
had a significantly lower incidence of breast can-
cer compared with those who received placebo,
and this incidence was comparable between
women with and without prior HT use. In contrast,
women who had used HT before the WHI study
had a significant increase in the risk of breast can-
cer with estrogen-progestin therapy during the
study, compared with those who had not used HT.3

A limitation of our analysis that a history of 
HT use was based on participants’ self-report,
which depended on their ability to recall medication
they may have taken years earlier.  Also, no infor-
mation was obtained on therapy duration and the
doses and formulations of HT. Since the MORE
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Absolute and relative risks of breast cancer 
with raloxifene (pooled doses) compared with placeboa

Women who had Women who had not Overall study 
used HT (n=2235) used HT (n=5447) population

Placebo Pooled RR Placebo Pooled RR Interaction RR
(n=738) raloxifene (95% CI)b (n=1833) raloxifene (95% CI) P-value c (95% CI)

(n=1497) [ARR] (n=3614) [ARR]

Breast cancerd 2.30% 0.73% 0.32 1.47% 0.64% 0.43 .52 0.38
(0.15–0.68) (0.25–0.75) (0.24–0.58)

[1.57%] [0.83%]

Invasive 2.03% 0.47% 0.23 1.25% 0.39% 0.31 .60 0.28
breast cancer (0.09–0.56) (0.16–0.60) (0.17–0.46)

[1.56%] [0.86%]

Invasive 1.76% 0.27% 0.15 0.87% 0.17% 0.19 .75 0.16
estrogen- (0.05–0.46) (0.08–0.49) (0.09–0.30)
receptor- [1.49%] [0.70%]
positive breast 
cancer

a Pooled raloxifene doses were used in this analysis, since there were few events. There were no differences in the incidence of
events between the raloxifene doses.

b Relative risk (RR), 95% confidence interval (95% CI). Absolute risk reductions, denoted [ARR], are the differences between the
placebo and raloxifene groups.

c The interaction effects between therapy group and prior HT use were not statistically significant (P>.10), so results from the
overall study population would be used. Cauley et al16 reported the results for in the overall study population, regardless of
whether or not information on the participants’ HT use was available.

d All breast cancer, regardless of invasiveness.
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trial was conducted in 25 countries, the patterns
and types of HT regimens are expected to be dif-
ferent. The strength of our analysis is that the
MORE population was large enough to prospec-
tively collect data on multiple clinical outcomes.

In summary, postmenopausal women treated
with raloxifene experienced a significant risk
reduction for vertebral fractures, regardless of
prior HT use, but women who had used HT may
exhibit greater reductions. Women who used
raloxifene had no change in the incidence of car-
diovascular events and a lower incidence of breast
cancer, compared with placebo, regardless of their
history of HT use. Since HT is becoming increas-
ingly limited to short-term use for menopausal
symptoms, women and their physicians may con-
sider several other therapeutic options to address
postmenopausal health concerns.  
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