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Drug Evaluation

Raloxifene for the treatment of postmenopausal 
osteoporosis

Estrogen is a potent inhibitor of osteoclastic 
bone resorption. After menopause, osteoclastic 
resorption is accelerated due to the decrease in 
endogenous estradiol levels. Hormone replace-
ment can prevent bone loss and reduce risk of 
fractures [1–3]. However, use of estradiol and con-
jugated estrogens alone (estrogen therapy [ET]) 
or combined with progestins (estrogen proges-
tin therapy [EPT]) may have serious side effects, 
including an increased risk of breast cancer [4], 
myocardial infarction [4], stroke [4,5] and venous 
thromboembolism [4,6]. For these reasons use 
of ET or EPT after menopause is discouraged 
except for short-term treatment (<2 years) of 
symptoms of meno pause [101] (i.e., not for treating 
or preventing postmenopausal osteoporosis) [7].

Some of these side effects may perhaps be 
linked to the progestin compound as (e.g., an 
increased risk of cardiovascular disease (CVD) 
may be seen with EPT as conjugated estrogen 
plus progestin) [4], but not with pure conjugated 
estrogen (ET) [5]. However, ET may only be used 
in hysterectomized women [5].

The differential effects of estrogens on bone 
and breast stems from the effects on the estrogen 
receptor subtypes. The positive effects on bone 
stems from effects on estrogen receptor-b, and 
the negative effects on breast tissue stems from 
effects on estrogen receptor-a [8–10]. For these 
reasons, selective estrogen receptor modulators 
(SERMs) have been developed. These have ago-
nist effects on bone and antagonistic effects on 
breast tissue. The SERMs consist of raloxifene, 
bazedoxifene [11–13], lasofoxifene, arzoxifene [8,14], 
ospemifene [15] and toremifene [16]. Other drugs, 

such as tamoxifen, are also by nature SERMs 
[17] although tamoxifen is primarily used for the 
treatment of breast cancer [18,19].

This article will focus on the effects on bone 
and fracture risk with raloxifene and the side 
effects on breast tissue, endometrium and the 
cardiovascular system (risk of stroke, coronary 
events and deep venous thromboembolism 
[DVT]).

Pharmacokinetics, pharmacodynamics 
& interactions of raloxifene
Raloxifene inhibits osteoclast activity [20], thus 
decreasing bone resorption and increasing bone 
mineral density (BMD) [21].

Approximately 60% is absorbed from the gut 
with a bioavailability of approximately 2% due 
to first-pass metabolism in the intestinal wall 
and liver. Raloxifene is metabolized by glu-
curonidation in the liver to inactive metabolites 
with a plasma half-life of approximately 27 h. 
Raloxifene is excreted with the bile and under-
goes enterohepatic recirculation. Less than 0.2% 
of raloxifene is excreted unchanged through 
the kidneys. The usual dose is 60 mg orally 
once daily.

Cholestyramine and other resins reduce the 
absorption of raloxifene, thus inhibiting the 
enterohepatic recirculation. Raloxifene may 
reduce the effects of warfarin.

Comparison of raloxifene & hormone 
therapy
Few direct comparative studies between 
raloxifene and ET/EPT exist. Dane et  al. 

Raloxifene is used to prevent or treat postmenopausal osteoporosis at a dose of 60 mg daily. Compared 
with calcium plus vitamin D, raloxifene seems more effective in reducing vertebral fractures in 
postmenopausal women. Compared with calcium plus vitamin D, raloxifene is not more effective in 
reducing nonvertebral fractures in postmenopausal women. Raloxifene may be associated with venous 
thromboembolic events and fatal strokes in postmenopausal women, although the association with fatal 
strokes was only seen in one study of women at high risk of cardiac events. No excess risk of coronary 
events is seen with raloxifene. Raloxifene may be less effective than certain bisphosphonates in preventing 
nonvertebral fractures, although no head-to-head comparisons are available.
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in a short-duration randomized controlled 
trial (RCT) comparing raloxifene 60 mg per 
day (n = 21) and combined EPT (1-mg estra-
diol + 0.5 mg norethisterone daily, n = 21) 
reported that for the lumbar spine (LS), the 
increase in BMD was 2.3% for raloxifene com-
pared with 5.8% for low-dose hormone replace-
ment therapy and corresponding values for total 
body BMD were 2.9% for raloxifene and 4.6% 
for EPT after 1 year. The increases were sig-
nificantly greater in the EPT group than in the 
raloxifene group [22]. 

A RCT of 500 postmenopausal women 
comparing low-dose transdermal estradiol 
(0.014 mg/day) versus raloxifene 60 mg/day 
showed that LS bone mineral density increased 
by 2.4% (95% CI: 1.9–2.9) with microdose 
estradiol versus 3.0% (95% CI: 2.5–3.5) 
with raloxifene after 2 years [23]. Raloxifene thus 
seems less potent than oral estradiol with respect 
to effects on BMD at doses of 1 mg, whereas 
lower doses of estradiol may have the same BMD 
effects as raloxifene.

effects of raloxifene
�n Bone mineral density

Raloxifene increases spine and hip BMD 
compared with placebo [21].

�n Fractures
Regarding fractures as an outcome, one system-
atic review (search date 2005) [24] and two sub-
sequent RCTs [25–27] comparing raloxifene and 
placebo exist.

Vertebral fractures
A systematic review (five RCTs, 8282 postmeno-
pausal women) reported that both raloxifene 
60 mg and raloxifene 120 or 150 mg daily signifi-
cantly reduced vertebral fractures in postmeno-
pausal women compared with placebo (60 mg: 
RR: 0.60, 95% CI: 0.49–0.74; 120 or 150 mg: 
RR: 0.51, 95% CI: 0.41–0.64) [24]. One RCT [28] 
dominated the results of this systematic review 
[24] as this RCT contributed 7705 of the 8282 
postmenopausal women included. The inclusion 
criteria for this RCT were women who were at 
least 2 years postmenopausal, had no severe or 
long-term disabling conditions but had osteo-
porosis, defined as low BMD or radiographically 
apparent vertebral fractures [28]. The risk reduc-
tion (RR) rates from this RCT [28] were also simi-
lar to those from the systematic review (RR for 
raloxifene 60 mg/day vs placebo 0.7; 95% CI: 
0.5–0.8; RR for raloxifene 120 mg/day vs pla-
cebo: 0.6; 95% CI: 0.4–0.7) [28]. A follow-up 

study in the same population found that the 
proportion of women with vertebral fractures 
remained significantly lower compared with pla-
cebo after 4 years (RR for raloxifene 60 mg/day 
vs placebo: 0.64; 95% CI: 0.53–0.76; RR for 
raloxifene 120 mg/day vs placebo: 0.57; 
95% CI: 0.48–0.69) [29].

A subsequent RCT reported that raloxifene 
60 mg daily significantly reduced clinical ver-
tebral fractures compared with placebo (RR: 
0.65; 95% CI: 0.47–0.89 with a median dura-
tion of follow-up of 5.6 years) [25]. This study 
included 10,101 postmenopausal women, mean 
age 67.5 years, with CVD or multiple risk fac-
tors for CVD [25]. The exact inclusion criteria 
were: eligible women were 55 years of age or 
older, were 1 year or more postmenopausal, 
and had established coronary heart disease or 
were at increased risk for coronary heart disease. 
Participants were required to have a cardiovascu-
lar risk score of 4 or more, according to a point 
system that takes into account the presence of 
the following: established coronary heart disease 
(4 points), arterial disease of the leg (4 points), 
an age of at least 70 years (2 points), diabetes 
mellitus (3 points), cigarette smoking (1 point), 
hypertension (1 point) and hyperlipidemia 
(1 point) [25]. 

A second subsequent RCT (488 postmenopau-
sal Asian women, mean age 65 years) compared 
raloxifene 60 or 120 mg daily versus placebo [27]. 
The specific inclusion criteria were: women who 
were 2 or more years postmenopausal, no older 
than 80 years, and who had primary osteoporosis 
defined as L2–L4 BMD T-score of at least 2.5 
standard deviations below the young adult mean. 
It found that raloxifene significantly reduced 
clinical vertebral fractures compared with pla-
cebo (0 out of 289 [0%] with raloxifene vs 7 out 
of 199 [4%] with placebo; p < 0.01) [27].

In conclusion, raloxifene seems efficient in 
preventing vertebral fractures in postmenopausal 
women with osteoporosis.

Nonvertebral fractures
A large RCT (7705 postmenopausal women 
with osteoporosis, aged 31–80 years, mean 
67 years) [28] found no significant difference 
in the proportion of women with nonverte-
bral fractures between raloxifene 60 or 120 mg 
daily and placebo after 36 months (8.5% with 
raloxifene 60 or 120 mg/day vs 9.3% with pla-
cebo; RR: 0.9, 95% CI: 0.8–1.1). After 8 years 
of follow-up, no significant RR was seen with 
raloxifene (22.8% nonvertebral fractures with 
raloxifene 60 mg/day vs 22.9% with placebo; 
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RR: 1.00; 95% CI: 0.82–1.21) [30]. In this 
extension (CORE), patients could take other 
bone active drugs, and more patients in the pla-
cebo group did so. Also, adherence to drugs was 
limited.

A second small RCT (143 postmenopau-
sal women, aged 68 ± 5 years) found no sig-
nificant difference between raloxifene 60 or 
120 mg daily and placebo in the proportion of 
women with any fracture over 1 year (RR: 1.16; 
95% CI: 0.77–1.76) [31]. The inclusion criteria 
for this study were: good health, age 45–75 years, 
ambulatory, more than 5 years since last men-
struation or low serum estradiol and high follicle 
stimulating hormone.

A secondary ana lysis of a large RCT (10,101 
postmenopausal women, mean age 67.5 years, 
with CVD or multiple risk factors for CVD) 
found no significant difference in nonvertebral 
fractures between raloxifene 60 mg daily and 
placebo after median duration of follow-up of 
5.6 years (428 out of 5044 [8%] with raloxifene 
vs 438 out of 5057 [9%] with placebo; HR: 0.96; 
95% CI: 0.84–1.10) [26].

A further RCT (488 postmenopausal Asian 
women, mean age 65 years) compared raloxifene 
60 or 120 mg daily versus placebo [27]. It found 
no significant difference in any incident clinical 
nonvertebral fracture risk between raloxifene and 
placebo (two out of 289 [0.7%] with raloxifene 
vs 5 out of 199 [2.5%] with placebo; RR: 0.28; 
95% CI: 0.05–1.14) [27].

In conclusion, raloxifene is not efficient for 
the prevention of nonvertebral fractures such as 
hip fractures.

�nRaloxifene versus other 
antiresorptive drugs
Within the group of antiresorptive drugs, several 
compounds have been shown to be effective in 
preventing osteoporotic fractures [32]. However, 
from existing data, the relative efficacy of the 
individual compounds cannot be determined 
[32]. A systematic review performed an indirect 
comparison of alendronate, etidronate, risedro-
nate, calcitonin, raloxifene and estrogen [33]. This 
indirect comparison used RCTs and performed 
the comparison using adjustment, although no 
details of the studies included in the analyses 
were reported [33]. This review reported that 
alendronate reduced nonvertebral fracture risk 
in women compared with calcitonin, estrogen 
and raloxifene [33]. However, caution is advised 
in the interpretation of these results due to dif-
ferences in inclusion criteria, duration of studies 
and doses used [33].

One RCT compared alendronate and 
raloxifene, and reported no significant differ-
ences in the risk of vertebral fractures between 
alendronate 70 mg weekly and raloxifene 60 mg 
daily (RR: 1.08; 95% CI: 0.60–1.95) [34]. 
However, the study was terminated prematurely 
after 312 days. Furthermore, no significant dif-
ference in risk of nonvertebral fractures could 
be detected (RR: 0.92; 95% CI: 0.45–1.86) [34]. 
An observational study showed that raloxifene 
users experienced more nonvertebral fractures 
than users of alendronate [35].

The absence of an effect of raloxifene on 
nonvertebral fractures, and an effect on vertebral 
fractures is in line with what has been observed 
for the other SERMs bazedoxifene [11,13] and 
arzoxifene [36] in RCTs, whereas the SERM 
lasofoxifene reduced vertebral as well as nonver-
tebral fracture risk compared with placebo in a 
RCT [37].

Raloxifene does not seem efficient in prevent-
ing nonvertebral fractures, but only vertebral 
fractures. This is a significant drawback as hip 
fractures in particular are associated with an 
increased mortality [38].

�n Combined or sequential therapy 
with parathyroid hormone or analogs 
or bisphosphonates
In a direct comparison, 42 postmenopau-
sal women on raloxifene were randomized 
to raloxifene alone or parathyroid hormone 
(PTH) plus raloxifene for 12 months [39]. After 
1 year of PTH, mean BMD increased by 9.6% 
in the spine, by 2.7% in total hip, by 3.6% in 
the trochanter (all significant) and by 1.2% 
in the femoral neck (not significant). BMD 
declined by 4.3% in the radius (p < 0.05). After 
PTH withdrawal, BMD declined slightly on 
continued raloxifene (0.7–2.9% losses; not sig-
nificant) at all sites, except in the femoral neck, 
where BMD increased borderline significantly. 
After 24 months, spine and femoral neck BMD 
remained significantly higher than at baseline, 
while radius BMD remained significantly lower 
(all statistically significant). It was concluded 
that BMD may increase in the spine and hip, 
but not the radius with 1 year of PTH treatment 
in patients on prior raloxifene. Following discon-
tinuation of PTH, raloxifene partially maintains 
the BMD gains in the spine and hip induced by 
PTH [39]. 

In a randomized, double-blind trial com-
paring teriparatide plus raloxifene (n = 69) 
versus teriparatide plus placebo (n = 68) in 
postmenopausal women with osteoporosis, it was 
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reported that LS BMD significantly increased by 
5.19 ± 0.67% from baseline in the teriparatide-
alone group [40]. In the combination group, LS 
(6.19 ± 0.65%), femoral neck (2.23 ± 0.64%), 
and total hip (2.31 ± 0.56%), BMD significantly 
increased from baseline to study end point, and 
the increase in total hip BMD was significantly 
greater than in the teriparatide-alone group 
(p = 0.04) [40].

The effects of treatment with PTH or analogs 
may differ in patients previously treated with 
alendronate or raloxifene. One study evalu-
ated daily subcutaneous injections of 20-µg 
teriparatide were administered for 18 months 
to 59 postmenopausal women, 60–87 years of 
age, with BMD T-scores ≤-2.0 who had previ-
ously received either alendronate or raloxifene 
therapy for 18–36 months [41]. During the 
first 6 months, there were statistically sig-
nificant group differences in BMD change 
at the hip (prior alendronate -1.8% vs prior 
raloxifene +0.5%) and at the spine (prior alen-
dronate +0.5% vs prior raloxifene +5.2%). 
After 18 months, mean LS BMD increased by 
10.2% in prior raloxifene-treated patients com-
pared with a 4.1% increase in prior alendronate 
(p < 0.05) patients. Furthermore, at 18 months, 
mean total hip BMD had significantly increased 
(1.8%, p < 0.05) in prior raloxifene-treated 
patients but was not different from baseline in 
prior alendronate-treated patients [41].

The effects of raloxifene after PTH was 
evaluated in one study [42]. After 1 year of teri-
paratide 20 µg/day, postmenopausal women 
with osteoporosis were randomly assigned 
to raloxifene 60 mg/day (n = 157) or a placebo 
(n = 172) during the next year. This was fol-
lowed by a year of open-label raloxifene [42]. A 
decrease in LS BMD in year 2 was seen for both 
the raloxifene and placebo groups (-1.0 ± 0.3%, 
p = 0.004; and -4.0 ± 0.3%, p < 0.001, respectively). 
However, the decrease was less with raloxifene 
than with placebo. Raloxifene treatment reversed 
the LS BMD decrease during placebo treatment 
in year 1, resulting in similar decreases 2 years 
after randomization (-2.6 ± 0.4% [raloxifene–
raloxifene] and -2.7 ± 0.4% [placebo–placebo]). 
At the conclusion of the study, LS and femoral 
neck  BMD were higher than preteriparatide lev-
els. There were no significant differences between 
the raloxifene–raloxifene and placebo–raloxifene 
groups (LS: 6.1 ± 0.5% vs 5.1 ± 0.5%; femoral 
neck: 3.4 ± 0.6% vs 3.0 ± 0.5%). It was con-
cluded that sequential raloxifene prevented rapid 
bone loss at the LS and increased femoral neck 
BMD whether raloxifene was started immediately 

or after a 1-year delay following teriparatide 
treatment [42]. 

The EUROFORS study corroborated that 
raloxifene maintained the BMD gains obtained 
with PTH [43]. Postmenopausal women with 
osteoporosis and a recent fragility fracture 
were treated with teriparatide (20 µg/day) for 
12 months before being randomized to teri-
paratide (n = 305), switch to raloxifene 60 mg/day 
(n = 100), or receive no active treatment during 
the subsequent year (n = 102). Teriparatide treat-
ment for 2 years significantly increased spine 
BMD by 10.7%. Patients on raloxifene during 
the second year had no further change in spine 
BMD compared with the first year (change from 
baseline, 7.9%). By contrast, patients not receiv-
ing active treatment had a BMD decrease of 
2.5% in the second year (change from baseline, 
+3.8%). In the total hip, BMD increases from 
baseline at 2 years were 2.5% with teriparatide, 
2.3% with raloxifene, and 0.5% without active 
treatment. The changes at the femoral neck 
were 3.5, 3.1 and 1.3%. The study did not have 
the power to assess antifracture efficacy. It was 
concluded that BMD increases during 2 years 
of teriparatide therapy in women with oste-
oporosis. Upon discontinuation of teriparatide, 
raloxifene maintains spine BMD and increases 
hip BMD [43].

A study on the effects of adding versus switch-
ing alendronate or raloxifene to teriparatide con-
cluded that greater bone turnover increases were 
achieved by switching to teriparatide, whereas 
greater BMD increases were achieved by adding 
teriparatide [44]. 

Regarding fractures, a pooled ana lysis of 
the Fracture Prevention Trial and the MORE 
trial concluded that teriparatide reduced the 
risk of any new, new adjacent, and new nonad-
jacent vertebral fractures by 72, 75 and 70%, 
respectively, compared with the rates in the 
placebo group [45]. Similarly, compared with 
the placebo, raloxifene treatment reduced the 
risk of any new vertebral fracture, new adjacent 
vertebral fracture, and new nonadjacent verte-
bral fracture by 54, 54 and 53%, respectively. 
However, no direct comparison of the two drugs 
was possible [45].

A study on the combination of raloxifene 
and alendronate in 331 postmenopausal women 
reported that, on average, LS BMD increased 
by 2.1, 4.3, and 5.3% from baseline with 
raloxifene, alendronate, and raloxifene plus 
alendronate, respectively [46]. The increase in 
femoral neck BMD in the raloxifene plus alendr-
onate group (3.7%) was greater than the 2.7 and 
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1.7% increases in the alendronate (p = 0.02) and 
raloxifene (p < 0.001) groups, respectively [46].

The results of this study was supported by a 
study of 135 postmenopausal women of whom 
98 completed this 12-month, randomized, clini-
cal study (35 in the raloxifene group, 31 in the 
alendronate group and 32 in the combination 
group) [47].

One study comparing raloxifene with 
raloxifene plus clodronate showed that 1 year 
of combined raloxifene plus clodronate therapy 
induced a higher increase in lumbar BMD than 
treatment with raloxifene alone [48].

However, none of the combinations of 
raloxifene and PTH or bisphosphonates are 
registered indications.

effects on other organ systems 
& side effects
�n Cardiovascular system

A RCT study reported decreased total choles-
terol and low-density lipoprotein cholesterol 
with raloxifene compared with placebo [21]. The 
inclusion criteria for this study were: women 
45–60 years of age, who were within 2–8 years 
of menopause, who had a lumbar-spine BMD 
between 2.5 standard deviations below and 2.0 
standard deviations above the mean value for 
normal premenopausal women (0.78 g/cm2 and 
1.27 g/cm2, respectively).

Effects on parameters of coagulation
One RCT with a duration of 6 months com-
pared conjugated equine estrogen 0.625 mg 
daily (23 exposed), tamoxifen 20 mg daily 
(24 exposed), raloxifene 60 mg daily (24 
exposed), and placebo (23 control subjects) [49]. 
The women in this study were included if they 
had natural spontaneous menopause or surgical 
ovariectomy from 1 to 20 years prior to recruit-
ment. All women had a normal mammogram 
within 6 months of study entry. This study 
reported an increase in certain coagulation fac-
tors (factor VII and d-dimer), and a decrease 
in other (antithrombin, total and free protein 
S and plasminogen activator inhibitor-1) with 
estrogen [49]. Tamoxifen-treated patients had a 
different pattern with an increase in factors VIII, 
IX, vWf and free protein S, and whereas anti-
thrombin, total protein S, protein C and plas-
minogen activator inhibitor-1 decreased [49]. The 
results for raloxifene were similar to those for 
tamoxifen [49]. However, no increase in fac-
tor IX or decrease in protein C was observed [49]. 
The study concluded that estrogen, tamoxifen 
and raloxifene affected hemostasis and thus 

increased the risk of ischemic lesions by favoring 
coagulation and impairing anticoagulation [49]. 
The effects of raloxifene and tamoxifen differed 
from estrogen, however, the difference between 
raloxifene and tamoxifen was small [49].

Venous thromboembolism
One systematic review from 2007 includ-
ing nine RCTs with 24,523 postmenopau-
sal women exists [50]. The main outcome was 
venous thromboembolism in postmenopau-
sal women using raloxifene. This systematic 
review reported a significantly increased risk of 
DVT or pulmonary embolism with raloxifene 
compared with placebo after a median follow-
up of 24 months (odds ratio: 1.62; 95% CI: 
1.25–2.09) [50]. The systematic review reported 
a significantly increased risk of both pulmonary 
embolism and DVT with raloxifene compared 
with placebo (DVT, odds ratio: 1.54; 95% CI: 
1.13–2.11; pulmonary embolism: odds ratio: 
1.91; 95% CI: 1.05–3.47) [50].

The RUTH trial enrolled 10,101 postmen-
opausal women (mean age 67 years) with or 
at increased coronary heart disease risk; and 
venous thromboembolic events [51]. It reported 
an increased risk of venous thromboembolism 
with raloxifene (incidence rates: 0.39 and 0.27, 
respectively, p = 0.02) [51]. More specifically the 
RUTH trial reported a significantly higher risk 
of venous thromboembolism (103 out of 5044 
[0.4%] with raloxifene vs 71 out of 5057 [0.3%] 
with placebo; RR: 1.44, 95% CI: 1.06–1.95) [25]. 

One further systematic review did not report 
on adverse effects from the included RCTs [24].

In conclusion, raloxifene increases the risk 
of DVT in line with what is seen for hormone 
therapy.

Coronary events
The RUTH trial found no significant differ-
ence between raloxifene and placebo in car-
diovascular outcomes (533 out of 5044 [2%] 
with raloxifene vs 553 out of 5057 [2%] with 
placebo; RR: 0.95; 95% CI: 0.84–1.07) [25]. In 
an extension of a prior RCT (the MORE trial) 
[52], women on raloxifene 60 or 120 mg daily 
were assigned to receive raloxifene 60 mg daily 
(3510 postmenopausal women), and women who 
had been assigned to receive placebo continued 
on placebo (1703 women). This study reported 
no significant difference between raloxifene and 
placebo in risk of coronary and cerebrovascular 
events (myocardial infarction, unstable angina, 
coronary ischemia, stroke or transient ischemic 
attack) after 4 years (combined coronary and 
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cerebrovascular events: RR for raloxifene 
60 mg/day: 0.86, 95% CI: 0.64–1.15, while 
RR for raloxifene 120 mg/day vs placebo: 0.98, 
95% CI: 0.74–1.30) [52]. A subsequent RCT gave 
no information on adverse effects [27].

In conclusion, raloxifene does not seem to be 
associated with a change in the risk of coronary 
events.

Atrial fibrillation
A retrospective observational cohort study 
(27,257 women with osteoporosis, 21,027 women 
using alendronate and 6220 using raloxifene; 
mean follow-up: 304 days) assessed atrial fibrilla-
tion with alendronate versus raloxifene [53]. This 
study was performed in Taiwan as a register study, 
including data on women whose outpatient visits 
or hospitalizations involved the main diagnosis 
of osteoporosis (International Classification of 
Diseases, Ninth Revision [ICD9-CM] codes: 
733.00, 733.01, 73302, 733.03, and 733.09), 
for which they were prescribed either alendro-
nate (10 mg once daily or 70 mg once weekly) 
or raloxifene 60 mg during years 2001 to 2007. 
This study reported no significant difference 
between alendronate and raloxifene in atrial 
fibrillation (HR: 1.07; 95% CI: 0.86–1.33) [53].

Stroke
The RUTH trial found a significantly higher 
risk of fatal strokes (59 out of 5044 [0.22%] 
with raloxifene vs 39 out of 5057 [0.15%] with 
placebo; RR: 1.49, 95% CI: 1.00–2.24) [25].

A re-ana lysis of the RUTH (10,101 post-
menopausal women, mean age 67 years with 
or at increased coronary heart disease risk); 
and MORE trial, which enrolled 7705 osteo-
porotic postmenopausal women (mean 
age 66 years) has also been reported [54]. A 
Framingham Stroke Risk Score (FSRS) was cal-
culated for all women with no prior cerebrovascu-
lar events (n = 16,858). The validity of the FSRS 
was assessed in the placebo groups, and then 
raloxifene-associated stroke risk was analyzed by 
FSRS subgroups [54]. For nonfatal strokes, no dif-
ference could be shown between raloxifene and 
placebo in the before-mentioned MORE or 
RUTH trials [54]. This absence of any differ-
ence also held true for all categories of FSRS at 
baseline of the study [54]. In the RUTH trial, 
women with low FSRS scores had no increase 
in fatal strokes in the raloxifene-treated group 
[54]. However, women with high FSRS (≥13) had 
an increased increased risk of fatal stroke (HR: 
1.75; 95% CI: 1.01–3.02) [54]. The MORE trial, 
by contrast, reported no increase in fatal strokes 

with raloxifene [54]. However, most women in the 
MORE trial had low FSRS (i.e., <13). The risk of 
fatal stroke associated with raloxifene may thus 
be greater in women at high stroke risk.

A secondary end point ana lysis of the RUTH 
trial was also reported [51]. The incidences of all 
strokes was similar in raloxifene- and placebo-
treated groups [51]. In women receiving raloxifene 
the risk of fatal strokes was higher than with 
placebo [51]. No significant subgroup interac-
tions were found except that there was a higher 
incidence of stroke associated with raloxifene use 
among current smokers [51].

A Japanese study reported data from a post-
marketing surveillance [55]. This study used 
the so-called Evista PMS, a postmarketing 
special investigation on drug use, was initi-
ated in October 2004. Only naive women who 
started raloxifene treatment for the first time 
were to be enrolled and were followed for a 
maximum of 3 years since starting the treat-
ment. Multiple stroke risk factors were present 
in three of four women with fatal outcome [55]. 
No increase in stroke was present in raloxifene-
treated women, however, the number of observed 
fatal strokes was small making firm conclusions 
difficult [55].

An observational study in 4831 women using 
raloxifene followed for a median of 4.9 years 
reported that patients who started raloxifene had 
neither an excess risk of strokes nor of fatal strokes, 
and no dose–response relationship was present 
[56]. This study was conducted in Denmark as 
a register study and covered all patients starting 
drugs against osteoporosis between 1996 and 
2006 and matched controls. 

The MORE trial found no significant dif-
ference between raloxifene and placebo in the 
proportion of women suffering coronary and 
cerebrovascular events (myocardial infarction, 
unstable angina, coronary ischemia, stroke, or 
transient ischemic attack) at 4 years (combined 
coronary and cerebrovascular events: 82 out of 
2557 [3.2%] with raloxifene 60 mg/day vs 94 out 
of 2572 [3.7%] with raloxifene 120 mg/day vs 96 
out of 2576 [3.7%] with placebo; RR for raloxifene 
60 mg/day vs placebo: 0.86, 95% CI: 0.64–1.15; 
RR for raloxifene 120 mg/day vs placebo: 0.98, 
95% CI: 0.74–1.30) [52].

In conclusion, no excess of stroke may be seen 
with raloxifene. However, an excess risk of fatal 
strokes may be seen.

Breast cancer
The CORE trial (the extension of the MORE 
study) found that, compared with placebo, 
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raloxifene reduced the proportion of women 
with invasive breast cancer over 8 years by 66% 
(HR: 0.34; 95% CI: 0.22–0.50) and with estro-
gen receptor-positive invasive breast cancer over 
8 years by 76% (HR: 0.24; 95% CI: 0.15–0.40) 
[57]. The RUTH trial also reported a decrease in 
invasive breast cancer with raloxifene compared 
with placebo (40 out of 5044 [0.15%] with 
raloxifene vs 70 out of 5057 [0.27%] with pla-
cebo; RR: 0.56; 95% CI: 0.38–0.83) [25]. Also 
the STAR trial (19,747 postmenopausal women 
with a predicted increased risk of breast cancer 
randomized to tamoxifen or raloxifene) reported 
that women who received raloxifene compared 
with women who received tamoxifen had a 
lower incidence of uterine cancer (RR: 0.55), 
endometrial hyperplasia (RR: 0.19), leiomyo-
mas (RR: 0.55), ovarian cysts (RR: 0.60) and 
endometrial polyps (RR: 0.30). and had fewer 
invasive procedures performed. Women receiv-
ing tamoxifen therapy had more hot flashes, 
vaginal discharge and vaginal bleeding than 
women on raloxifene [58]. 

Overall mortality
Using data from the previously mentioned RCTs 
on raloxifene versus placebo, it was reoprted that 
all-cause mortality was 10% lower among women 
treated with raloxifene 60 mg/day compared 
with placebo (relative hazard: 0.90; 95% CI: 
0.80–1.00) [59]. The lower overall mortality 
was foremost due to a lower incidence of non-
cardiovascular deaths, especially a lower rate of 
noncardiovascular, noncancer-related deaths [59]. 
However, no population-based data are present 
to support this.

Other
The RCT by Delmas et al. reported no difference 
in uterine endothelium thickness [21].

Caveats
Raloxifene is indicated for use in women and 
not in men. Raloxifene should not be used in 
patients, who have had prior venous thrombo-
embolism (DVT, pulmonary embolism or reti-
nal vein thrombosis). Raloxifene should not 

be used in patients with reduced hepatic func-
tion. In patients with pronounced reduction of 
kidney function, caution should also be shown 
with use of raloxifene. However, raloxifene has 
been used in patients with end-stage renal fail-
ure on hemodialysis without reports of serious 
side effects [60]. The study was small (n = 25 on 
raloxifene and n = 25 on placebo), and larger 
studies are needed to establish effects and safety 
in patients with reduced renal function. The 
study by Hernandez et al. showed that raloxifene 
60 mg/day increased spine BMD, but not femo-
ral neck BMD after 1 year compared with pla-
cebo and that bone turnover markers decreased 
with raloxifene compared with placebo [60].

Also raloxifene should not be used in women 
with active endometrial cancer or in women with 
vaginal bleeding of unknown cause.

Future perspective
The main perspective with the SERMs is to 
develop drugs that are efficient in prevent-
ing vertebral as well as nonvertebral fractures. 
This may be achieved through development of 
SERMs with more potent action on bone, but 
perhaps also through combinations of SERMs 
and other drugs [61]. The main perspective is 
thus to get maximum efficacy but to main-
tain a clean safety profile. The optimal SERM 
would be one that reduces both vertebral and 
nonvertebral fractures and breast cancer with-
out an increase in venous thromboembolism but 
without an increase in hot flashes. However, this 
may be difficult to achieve due to the nature of 
the SERMs.
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executive summary

Effects

 � Compared with calcium plus vitamin D, raloxifene seems more effective in reducing vertebral fractures in postmenopausal women.

 � Compared with calcium plus vitamin D, raloxifene is no more effective in reducing nonvertebral fractures in postmenopausal women.

Side effects

 � Raloxifene may be associated with venous thromboembolic events and fatal strokes in postmenopausal women. However, this was only 
observed in one study of women at an increased risk of cardiovascular events and not in all studies.
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