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I ORIGINAL CONTRIBUTION

Raloxifene and Cardiovascular Events

in Osteoporotic Postmenopausal Women
Four-Year Results From the MORE (Multiple Outcomes
of Raloxifene Evaluation) Randomized Trial
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Deborah Grady, MD

Andreas Sashegyi, PhD
Pamela W. Anderson, MD
David A. Cox, PhD

Krzysztof Hoszowski, MD
Pentti Rautaharju, MD
Kristine D. Harper, MD

for the MORE Investigators

ORONARY HEART DISEASE

(CHD) is the leading cause of

death among postmeno-

pausal women in the United
States and most of the Western world.!
In observational studies, postmeno-
pausal women who take hormone re-
placement therapy (HRT), alone or with
a progestin, have approximately 30%
less risk of CHD compared with un-
treated postmenopausal women.* Ran-
domized clinical trials have not con-
firmed a beneficial effect of HRT on
either the progression of coronary ath-
erosclerosis or the risk of cardiovascu-
lar (CV) events in postmenopausal
women with existing CHD.>* In the
Heart and Estrogen/progestin Replace-
ment Study (HERS),? and in prelimi-
nary information from the Women’s
Health Initiative (WHI),>® women as-
signed to receive HRT experienced an
early increased risk of acute coronary
events. In the Women’s Estrogen for
Stroke Trial (WEST),” women as-
signed to estradiol had an increased risk
of stroke compared with placebo dur-
ing the first 6 months of treatment.

©2002 American Medical Association. All rights reserved.

Context Raloxifene, a selective estrogen receptor modulator, improves cardiovas-
cular risk factors, but its effect on cardiovascular events is unknown.

Objective To determine the effect of raloxifene on cardiovascular events in osteo-
porotic postmenopausal women.

Design Secondary analysis of data from the Multiple Outcomes of Raloxifene Evalu-
ation trial, a randomized, double-blind, placebo-controlled trial conducted between
November 1994 and September 1999.

Setting Outpatient and community settings at 180 sites in 25 countries.
Participants A total of 7705 osteoporotic postmenopausal women (mean age, 67 years).

Intervention Patients were randomly assigned to receive raloxifene, 60 mg/d
(n=2557), or 120 mg/d (n=2572), or placebo (n=2576) for 4 years.

Main Outcome Measures Cardiovascular events, including coronary events (myo-
cardial infarction, unstable angina, or coronary ischemia) and cerebrovascular events
(stroke or transient ischemic attack), collected as safety end points and subsequently
adjudicated by a cardiologist blinded to therapy. Cardiovascular risk at study entry was
determined by the presence of multiple cardiovascular risk factors or prior coronary
events or revascularization procedure.

Results In the overall cohort, there were no significant differences between treatment
groups in the number of combined coronary and cerebrovascular events: 96 (3.7 %) with
placebo, 82 (3.2%) with 60 mg/d of raloxifene, and 94 (3.7 %) with 120 mg/d of ral-
oxifene. Relative risks (RRs) were 0.86 (95 % confidence interval [Cl], 0.64-1.15) and 0.98
(95% Cl, 0.74-1.30) for 60 mg/d and 120 mg/d of raloxifene, respectively. Similar
results were obtained when coronary and cerebrovascular events were analyzed sepa-
rately. Among the subset of 1035 women with increased cardiovascular risk at baseline,
those assigned to raloxifene had a significantly lower risk of cardiovascular events
compared with placebo (RR, 0.60; 95% Cl, 0.38-0.95 for both raloxifene groups). The
number of cardiovascular events during the first year was not significantly different across
groups in the overall cohort (P=.94), or among women at increased cardiovascular risk
(P=.86) or with evidence of established coronary heart disease (P=.60).

Conclusions Raloxifene therapy for 4 years did not significantly affect the risk of car-
diovascular events in the overall cohort but did significantly reduce the risk of cardiovas-
cular events in the subset of women with increased cardiovascular risk. There was no evi-
dence that raloxifene caused an early increase in risk of cardiovascular events. Before
raloxifene is used for prevention of cardiovascular events, these findings require confir-
mation in trials with evaluation of cardiovascular outcomes as the primary objective.
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RALOXIFENE AND CV EVENTS IN POSTMENOPAUSAL WOMEN

Pooled analyses of smaller, short-term
trials®® and recent reports from obser-
vational studies!®'* also suggest a tran-
sient increase in risk of recurrent CV
events after initiation of HRT in post-
menopausal women.

The Multiple Outcomes of Raloxi-
fene Evaluation (MORE) trial was a
double blind, placebo-controlled trial
designed to determine the effect of ral-
oxifene, a selective estrogen receptor
modulator, on bone mineral density and
vertebral fractures in 7705 postmeno-
pausal women with osteoporosis.'>'
Raloxifene reduced the risk of osteo-
porotic vertebral fractures and newly di-
agnosed breast cancer without increas-
ing the risk of endometrial cancer but
increased the risk of venous thrombo-
embolic events to an extent similar to
that of HRT and tamoxifen."!"

Although raloxifene has favorable ef-
fects on low-density lipoprotein cho-
lesterol (LDL-C) and other risk fac-
tors for CHD'®" and improves vascular
endothelial function in postmeno-
pausal women,® the effect of raloxi-
fene on the risk of arterial CV events
is unknown. Whether raloxifene af-
fects the risk of CV events in postmeno-
pausal women is currently being tested
prospectively in the Raloxifene Use for
The Heart (RUTH) trial, which en-
rolled 10101 postmenopausal women
with established CHD or with mul-
tiple risk factors for acute CHD events;
however, results will not be available
for several years.*!

In the MORE trial, CV events and
mortality were reported as adverse
events and serum lipid concentrations
were measured. We used these data to
determine the early and overall effects
of 4 years of raloxifene therapy on the
occurrence of major arterial CV events,
including coronary and cerebrovascu-
lar events. Since the MORE cohort was
atrelatively low risk for CV events over-
all, we also determined the effect of
raloxifene on coronary and cerebro-
vascular events among women at in-
creased risk for these events as de-
fined by the presence of multiple CV
risk factors or evidence of established
CHD at baseline.

848 JAMA, February 20, 2002—Vol 287, No. 7 (Reprinted)

Figure 1. Flow of Patients

22379 Screened

7705 Randomized

2576 Assigned to Receive Placebo

2557 Assigned to Receive
Raloxifene 60 mg/d

2572 Assigned to Receive
Raloxifene 120 mg/d

679 Withdrew
285 Had Adverse Events
253 Personal Decision
41 Lost to Follow-up
100 Other

670 Withdrew
327 Had Adverse Events
220 Personal Decision
22 Lost to Follow-up
101 Other

647 Withdrew
298 Had Adverse Events
223 Personal Decision
29 Lost to Follow-up
97 Other

‘ 1897 Completed Trial

1887 Completed Trial

1925 Completed Trial ‘

‘ 2576 Included in Analysis

2557 Included in Analysis

2572 Included in Analysis ‘

METHODS

Study Design and Participants
Study participants were enrolled in the
MORE study at 180 sites in 25 coun-
tries. Details of the study design, eligi-
bility criteria, and flow of participants
through the trial have been pub-
lished."*!* Patients were at least 2 years
postmenopausal and had osteoporosis
documented either by prior vertebral
fracture or bone mineral density T score
of less than -2.5. Women were ex-
cluded if they had a history of stroke or
venous thromboembolic disease dur-
ing the past 10 years. Women with coro-
nary artery disease, hypertension, hy-
percholesterolemia, type 2 diabetes
mellitus, or other risk factors for CV dis-
ease were not excluded. The primary out-
comes of MORE were bone mineral den-
sity and vertebral fractures. Measurement
of serum lipid concentrations was a sec-
ondary objective of the trial, and assess-
ment of major CV events (including CV
death) was a safety objective of the trial.
The protocol was approved by the ethi-
cal review board at each site. All women
gave written informed consent to par-
ticipate in the study in accordance with
the ethical principles stated in the Dec-
laration of Helsinki.

Randomization and Blinding

Details of the randomization and blind-
ing procedures have been pub-
lished.!*>'* Briefly, women were strati-

fied by site and randomly assigned to
receive raloxifene 60 mg/d or 120 mg/d
or placebo (FIGURE 1). The sponsor
supplied randomly numbered kits con-
taining identically appearing raloxi-
fene and placebo tablets. The women
received 2 tablets daily: 2 placebo, 1 pla-
cebo and 1 tablet of 60-mg raloxifene,
or 2 tablets of 60-mg raloxifene. In ad-
dition, all women were provided with
500 mg of calcium and 400 to 600 TU
of cholecalciferol per day, beginning at
study entry. Participants, investiga-
tors, laboratory staff, and those who ad-
judicated the CV outcomes were
blinded to treatment assignment.

Baseline Assessments
and Follow-up

At baseline, information on age, ethnic-
ity, years of education, reproductive his-
tory, prior postmenopausal hormone
use, cigarette smoking, alcohol consump-
tion, and health conditions was re-
ported (TABLE 1). In addition, women
were asked whether they had previ-
ously experienced any of the following
CV events or procedures: myocardial in-
farction (MI), coronary artery bypass
graft (CABG) surgery, percutaneous
coronary intervention, or stroke. Other
baseline clinical assessments included
height, weight, blood pressure, pulse, a
standard 12-lead electrocardiogram
(ECG), and measurement of serum lipid
concentrations (total cholesterol, high-

©2002 American Medical Association. All rights reserved.
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density lipoprotein cholesterol [HDL-
C], and triglycerides) and fasting blood
glucose. Use of all prescription and over-
the-counter medications was recorded at
baseline. Follow-up visits were sched-
uled at 3 and 6 months after enrollment
and every 6 months thereafter.

CV Risk Assessment

We assessed CV risk for each woman by
assigning a risk score based on evi-
dence of established CHD or the pres-
ence of CV risk factors, adapted from
criteria established previously for en-
rollment of women in the RUTH trial.*!

RALOXIFENE AND CV EVENTS IN POSTMENOPAUSAL WOMEN

Women with a prior MI, percutaneous
coronary intervention, or CABG sur-
gery received a score of 4 points, regard-
less of the timing of the event or proce-
dure relative to enrollment. Women with
diabetes mellitus (fasting blood glu-
cose >140 mg/dL [>7.8 mmol/L]) or
taking hypoglycemic medication) re-
ceived 3 points. Women 70 years or
older received 2 points; those between
age 65 and 70 years received 1 point.
Women who were current smokers (10
or more cigarettes per day for 6 months
before enrollment), had hypertension
(systolic blood pressure >160 mm Hg,

diastolic blood pressure >95 mm Hg, or
taking antihypertensive medication), or
had hyperlipidemia (LDL-C >160
mg/dL ([4.14 mmol/L] or HDL-C <45
mg/dL [1.17 mmol/L] with triglycer-
ides >250 mg/dL [2.82 mmol/L], or re-
ceiving hypolipidemic therapy) re-
ceived 1 point for each condition. The
combination of current smoking, hy-
pertension, and hyperlipidemia was
scored 4 points. Women with 4 or more
risk points were considered to be at in-
creased risk for CV events.?! Based on
these criteria, 1035 (13.4%) were de-
fined as being at high risk for CV events,

]
Table 1. Baseline Characteristics of Participants in Multiple Outcomes of Raloxifene Evaluation (MORE) and Randomization Trial*

All Enrolled Women (N = 7705)

Women at Increased Cardiovascular Risk (n = 1035)

Raloxifene Raloxifene
Placebo l 60 mg/d 120 mg/d l Placebo l 60 mg/d 120 mg/d l
Characteristics (n = 2576) (n = 2557) (n=2572) P Value (n=317) (n=359) (n=359) P Value
Body mass index, kg/m? 25 (4) 25 (4) 25 (4) .99 26 (4) 26 (4) 26 (4) 45
Current smoker 16.3 16.8 16.5 .92 25.8 23.4 24.0 .75
>3 Alcoholic drinks per week 171 18.2 17.0 42 16.7 14.5 156.9 .71
Diabetes mellitust 1.9 3.2 2.3 .02 13.6 19.8 16.4 .10
Prior CHD or stroke
M 2.4 1.8 25 25 19.2 13.1 17.8 .08
CABG 0.4 0.3 0.7 .06 3.2 1.9 5.0 .07
PCI 0.5 0.5 0.3 41 4.1 3.9 2.2 .32
Stroke 0.7 0.4 0.3 12 1.9 1.1 0.6 .27
Concomitant medications
Lipid-lowering agents 6.7 8.7 71 .02 19.2 20.6 18.4 .75
ACE inhibitors 5.4 5.3 5.8 77 13.6 13.9 16.2 .58
Diuretics 9.7 9.2 8.5 .30 29.3 25.6 26.5 .53
Aspirin 17.7 16.6 17.0 .56 25.2 24.2 28.7 .36
B-Blockers 9.6 10.1 10.5 .58 26.8 27.6 30.4 .55
Calcium channel blockers 8.8 8.4 8.3 .78 25.2 18.9 26.5 .04
Demographics
Age, mean (SD), y 67 (7) 66 (7) 66 (7) .34 72 (5) 72 (5) 72 (5) .38
Postmenopause, mean (SD), y 19 (8) 19 (9) 19 (8) .26 24.(7) 24 (7) 24.(7) .70
White 95.7 96.0 95.3 49 94.3 96.1 95.5 54
Prior estrogen therapy 28.6 29.8 28.6 .53 24.9 27.6 24.2 .56
Hysterectomy 22.4 23.7 21.9 .25 28.1 26.4 21.2 .09
CHD risk factors
Cholesterol, mean (SD), mmol/Lt
Total 6.14 (1.07) 6.18 (1.04) 6.12(1.07) A1 6.52 (1.1) 6.51 (1.06) 6.42 (1.09) A1
LDL 4,00 (0.98) 4.04 (0.95) 3.99 (0.96) 10 4.35 (1.05) 4.38 (0.94) 4.3(0.98) .58
HDL 1.56 (0.39) 1.55(0.38) 1.55 (0.40) .83 1.48 (0.37) 1.43 (0.36) 1.45 (0.38) .32
Triglycerides, mean (SD), mmol/L§ 1.26 (0.68) 1.28(0.81) 1.26 (0.75) .59 1.55(0.84) 1.52(0.78) 1.47 (0.76) .38
Blood pressure, mean (SD), mm Hg
Systolic 135 (20) 136 (20) 136 (20) .55 148 (22) 150 (22) 149 (22) .51
Diastolic 79 (11) 79 (10 79 (11) .83 83(12) 83 (11) 82 (12 .86

*P values are for overall treatment group differences (analysis of variance for continuous variables or Pearson x? test for categorical variables). Data are presented as percentages
unless otherwise indicated. CHD indicates coronary heart disease; Ml, myocardial infarction; CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; and
ACE, angiotensin-converting enzyme.

TWomen with a preexisting condition of diabetes, baseline fasting blood glucose of at least 140 mg/dL (7.8 mmol/L), or baseline use of hypoglycemic agent.

FTo convert total cholesterol and low-density lipoprotein (LDL) and high-density lipoprotein (HDL) from mmol/L to mg/dL divide by 0.02589.

§To convert triglycerides from mmol/L to mg/dL divide by 0.0113.
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202 with a prior acute coronary event
or procedure and the remainder with no
prior history of acute coronary events
but with multiple CV risk factors.

Ascertainment and Adjudication
of CV Events

Cardiovascular events were collected by
asking women at each visit if they had
an MI, CABG surgery, percutaneous
coronary intervention, or a stroke since
the previous visit and by recording un-
solicited reports of adverse CV events.
For each reported event, the investiga-
tor reviewed available documentation,
including ECG reports, cardiac en-
zyme results, procedure reports, hospi-
talization records, discharge summa-
ries, or letters from physicians and
provided a written summary of these
findings to the sponsor. All summaries
of reported CV events through 4 years
of follow-up were reviewed and adjudi-
cated by a board-certified cardiologist,
who was contracted by the sponsor, was
not associated with the trial, and was
blinded to treatment assignment. No
original source documents were avail-
able to the adjudicator.

All reported deaths were adjudicated
to be due to either CV or non-CV causes.
Cardiovascular deaths included coro-
nary death (fatal MI, sudden death, un-
witnessed death in the absence of other
likely noncoronary causes, and death re-
lated to a coronary artery procedure) and
cerebrovascular death (fatal stroke).
Nonfatal CV outcomes included coro-
nary events (MI, unstable angina, or
coronary ischemia) and cerebrovascu-
lar events (stroke or transient ischemic
attack). Based on review of the case sum-
maries, the adjudicator determined that
MI was present in women with symp-
toms compatible with MI (ie, chest pain
or anginal equivalent) who had docu-
mentation of either elevated cardiac en-
zyme levels (ie, cardiac enzymes >2-
fold above the upper limit of normal or
deemed consistent with MI by the local
laboratory) or positive ECG findings
compatible with MI (ie, pathological Q
waves, ST depression or elevation or T-
wave inversion); in hospitalized pa-
tients with a discharge diagnosis of MI;

850 JAMA, February 20, 2002—Vol 287, No. 7 (Reprinted)

or in patients who had an MI accord-
ing to a physician’s statement in the
medical record. Unstable angina was
deemed to be present in hospitalized pa-
tients with anginal symptoms (ie, chest
pain or anginal equivalent) with a pri-
mary diagnosis of this condition. A di-
agnosis of coronary ischemia was made
for women hospitalized with chest
symptoms consistent with angina but
without additional supporting evi-
dence of unstable angina or other acute
coronary syndromes.

Cerebrovascular events included
stroke and transient ischemic attack.
Stroke was deemed to be present in pa-
tients with symptoms compatible with
stroke who had documentation of ei-
ther positive computed tomographic scan
result (read by a physician as consistent
with recent stroke) or with persistent
neurological deficit (>24 hours); in hos-
pitalized patients with a discharge diag-
nosis of stroke; or in patients who had a
stroke according to a physician’s state-
ment. Transient ischemic attack was
deemed to have occurred in hospital-
ized patients with symptoms compat-
ible with stroke but for whom a diagno-
sis of stroke was not established or for
patients with a primary diagnosis of tran-
sient ischemic attack.

Serial ECGs

A standard 12-lead ECG was obtained
at baseline and at 24 and 48 months or
at early discontinuation. The ECG re-
sults were coded by the Epidemiologi-
cal Cardiology Research Center (EPI-
CARE) at Wake Forest University, using
the NOVACODE serial classification sys-
tem.? Persons interpreting the ECGs
had no knowledge of treatment assign-
ment, clinical symptoms, or cardiac en-
zymes. Incident MI and myocardial is-
chemia based on ECG changes were
defined by changes in Q wave and ST-T
wave scores. Incident MI required an in-
crease in Q wave score of at least 25
points (grade 2), or at least 15 points
(grade 1) with clinically significant ST-T
wave evolution from the baseline ECG
(change in ST-T score of at least 10).
Myocardial ischemia was defined as bor-
derline isolated Q-wave evolution with-

out evolving ST-T waves or ischemic
evolution of ST-T waves without a sig-
nificant Q wave.? Serial ECGs were ob-
tained independent of the reporting of
clinical CV events and were not used in
the adjudication of the clinical CV events
because of the lack of temporal associa-
tion between them. Cardiovascular
events identified from serial ECGs were
not included in the analysis of clini-
cally reported events.

Measurement of Serum Lipids
Total cholesterol, HDL-C, and triglyc-
eride concentrations were measured in
all women at baseline. Follow-up mea-
surements were performed in serum ob-
tained at 6, 12, 24, 36, and 48 months
using previously described methods.'®
Total cholesterol was measured at fol-
low-up visits in all women, whereas
only samples from the 2738 women en-
rolled at the 14 study sites that had at
least 100 enrolled patients were as-
sayed for HDL-C and triglyceride con-
centrations. Low-density lipoprotein
cholesterol levels were calculated us-
ing the Friedewald equation.”

Statistical Analyses

Procedures in SAS Version 6.09 were
used to perform all statistical analyses
(SAS Institute Inc, Cary, NC). Analy-
ses were performed using the intention-
to-treat principle with patients allo-
cated to assigned treatment regardless
of compliance or other postbaseline fac-
tors. Unless otherwise stated, all hypoth-
eses were tested at the .05 (2-sided) level
of significance. No adjustments were
made for multiple comparisons.
Baseline patient characteristics were
compared using analysis of variance for
continuous data and Pearson x? test for
categorical data. Kaplan-Meier curves
were generated to assess the cumula-
tive incidence of all CV events (coro-
nary and cerebrovascular events
combined), and coronary and cerebro-
vascular events separately. To examine
early and longer-term effects of raloxi-
fene on CV risk, we compared across
treatment groups the number of women
witha CV event (coronary and cerebro-
vascular events combined and ana-

©2002 American Medical Association. All rights reserved.
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lyzed individually) after 1 and 4 years
of treatment using Pearson x* test, and
calculated relative risks (RRs) and 95%
confidence intervals (Cls) for each ral-
oxifene treatment group compared with
placebo. Post hoc power calculations,
performed using a 1-sided, continuity-
corrected Pearson x* test, suggested that
the data provided 80% power to detect
a 1.9-fold increase in risk of CV events
in the first year with raloxifene 60 mg/d
(1.8-fold when raloxifene dose groups
were pooled) over placebo in the total co-
hortand a 2.5-fold increase in risk in the
first year with raloxifene 60 mg/d (2.3-
fold when the raloxifene dose groups
were pooled) over placebo in the high-
risk subset. Through 4 years, the data
provided 80% power to observe a 29%
and 41% RR reduction in the total co-
hort and high-risk subset, respectively.

We assessed whether treatment group
imbalances in baseline characteristics
confounded the observed results by per-
forming multivariate regression analy-
sis, including factors for treatment,
baseline characteristics, and the inter-
action between treatment and base-
line characteristics in the model.

For analysis of serum lipid concen-
trations, percentage changes in these
markers were compared between treat-
ment groups using an analysis of vari-
ance on rank transformed data from all
women with a baseline and at least 1
postbaseline measurement. Missing end
point observations were imputed by car-
rying forward the last available post-
baseline observation.

RESULTS
Baseline Characteristics

In the overall study cohort, women in
the placebo and raloxifene groups were
generally similar at baseline with re-
gard to demographics, CHD risk fac-
tors, and prior evidence of CHD (Table
1). The only exception was a greater pro-
portion of women in the raloxifene
groups compared with placebo with evi-
dence of diabetes at baseline (P=.02).
Use of CV medications also was bal-
anced across treatment groups except
for lipid-lowering therapy, which was
greater at baseline among women as-

©2002 American Medical Association. All rights reserved.
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Figure 2. Cardiovascular Event Rate vs Cardiovascular Risk Score in the Placebo Group
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Overall 23 24 25 26
Cardiovascular Risk Score
No. of Women 2576 853 317 119 97
No. of Events
Total 96 63 41 23 19
Coronary 55 36 24 12 12
Cerebrovascular 4 27 17 11 7

Data represent percentage of women in the placebo group with any cardiovascular event, coronary event, or
cerebrovascular event. Numbers under the graph summarize sample sizes and the numbers of women who

experienced at least 1 event.

signed to receive raloxifene compared
with placebo (Table 1). On average,
women were 67 years old, 19 years post-
menopausal, primarily white (96%), and
had a mean body mass index of 25 kg/
m?*. Women had a borderline-high mean
serum concentration of total choles-
terol (238 mg/dL [6.15 mmol/L] and
LDL-C (155 mg/dL [4.01 mmol/L]).
Most women were normotensive and
without established coronary artery dis-
ease, with less than 3% reporting a prior
coronary event or procedure (Table 1).
There was no significant difference
across treatment groups among women
in the high-CV risk subset in age, other
demographics, or in most CHD risk fac-
tors (Table 1). As in the overall cohort,
there were more women in the high-
risk group with evidence of diabetes in
the raloxifene 60 mg/d compared with
the other groups, although the differ-
ence was not statistically significant
(P=.10) in this subset. There also tended
to be fewer women with a prior history
of MI (P=.08) or CABG (P=.07) in the
raloxifene 60 mg/d group compared with
the other groups. Use of lipid-lowering
therapy and most other CV medica-
tions was balanced across treatment
groups at baseline except for calcium
channel blockers, which was less
(P=.04) in the raloxifene 60 mg/d group.

Data were analyzed through 48
months of follow-up, during which time

1996 participants (25.9%) discontin-
ued from the study before its comple-
tion: 679 in the placebo group, 670 in
the raloxifene 60 mg/d group, and 647
in the raloxifene 120 mg/d group. At 4
years, vital status was known for 5709
(74%) of the 7705 women originally en-
rolled in the trial. Women for whom vi-
tal status could not be confirmed in-
cluded those who discontinued the trial
early, primarily due to an adverse event
(n=910, 46% of discontinuations) or
personal decision (n=696, 35% of
discontinuations). Compared with
women who remained in the trial at 4
years, those who discontinued early were
slightly older (67.2 vs 66.2 years;
P<<.001), were more years past meno-
pause (19.9 vs 18.3 years; P<<.001), and
had slightly higher serum triglyceride lev-
els (115.9 mg/dL [1.31 mmol/L] and
111.5 mg/dL [1.26 mmol/L]; P=.004).
Among the women who discontinued
early, there were no significant differ-
ences across the treatment groups in
baseline characteristics or most risk fac-
tors for CV disease (P=.30), with the ex-
ceptions of total cholesterol (placebo,
238.2 [6.17]; 60-mg/d raloxifene, 240.5
[6.23]; 120-mg/d raloxifene, 234.7
mg/dL [6.08 mmol/L]; P=.03) and
LDL-C (placebo, 154.8 [4.01]; 60-mg/d
raloxifene, 157.5 [4.08]; 120 mg/d ral-
oxifene, 151.7 mg/dL [3.93 mmol/L];
P=.01).
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Ninety-two percent of participants
took at least 80% of the study medica-
tion, and 83% took at least 90% of the
study medication. Compliance did not
differ significantly across treatment
groups (P=.99 for 80%; P=.55 for 90%
compliance).

CV Events

Placebo Event Rates. FIGURE 2 sum-
marizes the incidence of CV events
among women assigned to receive pla-
cebo in the overall cohort and among
subsets of women with increasing CV
risk scores. Among all participants, the
placebo rate of CV events was 3.7% for
all CV events, 2.1% for coronary events,

and 1.6% for cerebrovascular events.
The rate of coronary and cerebrovas-
cular events increased progressively as
the CV risk score increased from 3 to
6 (Figure 2). The placebo event rate for
women with a CV risk score of 4 or
more was approximately 3.5-fold higher
than in the overall cohort: 12.9% for all
CV events, 7.6% for coronary events,
and 5.4% for cerebrovascular events.
Treatment Comparisons Overall and
in Subsets at Higher CV Risk. A total
of 272 women experienced at least 1 ma-
jor CV event during the trial: 156 expe-
rienced at least 1 coronary event (31 fa-
tal; 125 nonfatal) and 117 experienced
at least 1 cerebrovascular event (14 fa-

tal,102 nonfatal, and 1 nonfatal event that
was subsequently fatal) (TABLE 2). Over-
all, coronary events included MI or coro-
nary death (44%), unstable angina
(39%), and coronary ischemia (17%); ce-
rebrovascular events included nonfatal
or fatal strokes (68%) and transient is-
chemic attacks (32%). The distribution
of events was similar among women in
the high-risk subset (data not shown).
Kaplan-Meier survival curves show
the cumulative incidence of coronary
and cerebrovascular events together and
coronary and cerebrovascular events
alone over time (FIGURE 3). For the total
study population, there was no evi-
dence for a time trend of an early in-

]
Table 2. Summary of Cardiovascular Events at 4-Year Follow-up in Participants in the Multiple Outcomes of Raloxifene Evaluation (MORE)

and Randomization Trial

No. (%)
Raloxifene l Relative Risk (95% Confidence Interval)*
I 1 Overall I 1
Variables Placebo 60 mg/d 120 mg/d P Valuet Raloxifene 60 mg/d Raloxifene 120 mg/d
All Enrolled Women (N = 7705)

Total No. 2576 2557 2572 - Ce L.

Any cardiovascular event 96 (3.7)F 82 (3.2) 94 (3.7) .55 0.86 (0.64-1.15) 0.98 (0.74-1.30)
Nonfatal 82 70 75 .64 0.86 (0.63-1.18) 0.92 (0.67-1.25)
Fatal 15 12 19 .45 0.81(0.38-1.72) 1.27 (0.65-2.49)

Any coronary event 55 (2.1) 45 (1.8) 56 (2.2) .51 0.82 (0.56-1.22) 1.02 (0.71-1.47)
Nonfatal§ 46 36 43 .55 0.79 (0.51-1.21) 0.94 (0.62-1.41)
Fatal 9 9 13 .60 1.01 (0.40-2.53) 1.45 (0.62-3.36)
Coronary death, MI, UA 45 39 44 .80 0.87 (0.57-1.34) 0.98 (0.65-1.48)

Any cerebrovascular event 41 (1.6) 37 (1.4) 39 (1.5) 91 0.91 (0.58-1.41) 0.95 (0.62-1.47)
Nonfatall| 36 34 33 .94 0.95 (0.60-1.52) 0.92 (0.57-1.47)
Fatal 6 3 6 .56 0.50 (0.13-1.96) 1.00 (0.32-3.10)
Any stroke 32 22 26 40 0.69 (0.40-1.18) 0.81 (0.49-1.36)

Women at Increased Cardiovascular Risk (n = 1035)]

Total No. 317 359 359 C C Ce

Any cardiovascular event 41 (12.9% 28 (7.8) 28 (7.8) .03 0.60 (0.38-0.95) 0.60 (0.38-0.95)
Nonfatal 35 24 20 .02 0.61 (0.37-0.99) 0.50 (0.30-0.85)
Fatal 7 4 8 45 0.50 (0.15-1.67) 1.01 (0.37-2.75)

Any coronary event 24 (7.6) 18 (56.0) 18 (5.0) 27 0.66 (0.37-1.19) 0.66 (0.37-1.19)
Nonfatal§ 20 16 12 18 0.71(0.37-1.34) 0.53 (0.27-1.05)
Fatal 4 2 6 .37 0.44 (0.09-2.29) 1.32 (0.38-4.63)
Coronary death, MI, UA 20 18 16 .55 0.79(0.43-1.47) 0.71(0.37-1.34)

Any cerebrovascular event 17 6.4)% 10 (2.8) 10 (2.8) 12 0.52 (0.24-1.10) 0.52 (0.24-1.10)
Nonfatall| 15 8 8 .09 0.47 (0.21-1.07) 0.47 (0.21-1.07)
Fatal 3 2 2 .78 0.59 (0.10-3.43) 0.59 (0.10-3.43)

All strokes 14 6 6 .03 0.38 (0.15-0.94) 0.38 (0.15-0.94)

*Raloxifene compared with placebo.
1P value for overall treatment group differences (x* test).

$One woman in the placebo group experienced a nonfatal cerebrovascular event followed by a fatal cerebrovascular event but was not double counted in the analysis of total

cardiovascular and total cerebrovascular events.

§Includes nonfatal myocardial infarction (MI), unstable angina (UA), and coronary ischemia.

|Includes nonfatal stroke and transient ischemic attacks.

YIDefined as having 4 or more risk points as described in the “Methods” section.
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crease or a later decrease in risk of CV
events with raloxifene (Figure 3). Dur-
ing the first year of the trial, there were
no significant differences across treat-

RALOXIFENE AND CV EVENTS IN POSTMENOPAUSAL WOMEN

ment groups in the number of women
with CV events (placebo, 23 [0.8%]; ral-
oxifene 60 mg/d, 25 [0.9%]; raloxifene
120 mg/d, 23 [0.8%]; P=.94); coronary

events (placebo, 15 [0.5%]; raloxifene
60 mg/d, 18 [0.7%]; raloxifene 120 mg/d,
13 [0.5%]; P=.65), or cerebrovascular
events (placebo, 8 [0.3%]; raloxifene 60

Figure 3. Cumulative Incidence of Cardiovas

cular Events
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Figure 4. Relative Risk of Any Cardiovascular Events Compared by Raloxifene and Placebo
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mg/d, 7 [0.2%]; raloxifene 120 mg/d, 10
[0.3%]; P=.76). Similar results were ob-
tained when nonfatal and fatal events
were analyzed separately (P2.17). Pool-
ing raloxifene dose groups, the RR of ex-
periencing any CV event during the first
year in the overall study population was
1.05 (95% CI, 0.64-1.72).

In the subset of 1035 women with in-
creased CV risk, there also was no evi-
dence for an early increase in risk of CV
events with raloxifene (Figure 3). The
number of CV events during the first year
among women in the high-risk subset
was not significantly different across the
treatment groups: 10 (3.1%), placebo; 11
(3.0%), raloxifene 60 mg/d; and 9 (2.5%),
raloxifene 120 mg/d (P=.86). Pooling the
raloxifene dose groups, the RR of expe-
riencing any CV event during the first
year among women in the high-risk sub-
set was 0.88 (95% CI, 0.42-1.87). The
Kaplan-Meier curves in the high-risk
subset diverged beginning after approxi-
mately the first year, which continued
through 4 years with fewer events in the
raloxifene groups compared with pla-
cebo (Figure 3).

At4 years, the incidence of CV events
(coronary and cerebrovascular events
combined or analyzed individually)
among all 7705 participants did not dif-
fer significantly across the treatment
groups (Table 2). Similar results were ob-
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served when nonfatal and fatal events
were analyzed separately and for the
combined outcomes of coronary death/
MI/unstable angina, and all (fatal plus
nonfatal) strokes (Table 2). Among the
1035 women in the high-risk subset,
there were significantly fewer CV events
among women assigned to raloxifene
(RR, 0.60;95% CI, 0.38-0.95 for both ral-
oxifene groups; Table 2). The number of
nonfatal CV events also was signifi-
cantly less in the raloxifene groups (RR,
0.61; 95% CI, 0.37-0.99 for the 60-
mg/d group and RR, 0.50; 95% CI, 0.30-
0.85 for the 120-mg/d group) in this sub-
set, but the number of fatal CV events
was small and not significantly differ-
ent. Similar trends were observed when
coronary and cerebrovascular events
were analyzed individually; however,
most of the differences were not statis-
tically significant and most of the 95%
Cls included 1.0 (Table 2). The excep-
tion was the combined outcome of all
strokes, for which there were signifi-
cantly fewer strokes among women re-
ceiving raloxifene compared with those
receiving placebo (RR, 0.38; 95% CI,
0.15-0.94). The proportion of women in
the high-risk subset with a prior MI or
evidence of diabetes at baseline, both im-
portant risk factors for CV events, was
relatively high (approximately 17% for
each), and was slightly imbalanced across

treatment groups. However, adjusting the
analyses for these baseline variables did
not change the inference.

To determine whether the signifi-
cant reduction in CV events observed
with raloxifene among those with 4 or
more risk points also was detectable in
subsets of women at lower or higher CV
risk, we analyzed the RR of CV events
in the raloxifene groups compared with
placebo across the range of CV risk scores
from 3 or more points through 6 or more
points (FIGURE 4). For the raloxifene
60-mg/d group, the risk of CV events
among women with a risk score of at least
3 was similar to that in the overall cohort
and not reduced significantly com-
pared with placebo. However, as
observed for women with at least 4 CV
risk points, raloxifene 60 mg/d was asso-
ciated with significantly lower risk of CV
events among subsets of women with
risk scores of at least 5 (RR, 0.35; 95%
CI, 0.18-0.70) and at least 6 (RR, 0.40;
95% C1,0.18-0.87). The reduction in risk
of CV events with raloxifene 60 mg/d
tended to be greater as the CV risk score
increased from at least 3 through at least
6 points (Figure 4). Although the risk
of CV events tended to be lower in the
raloxifene 120-mg/d group compared
with placebo among women with a risk
score at least 5 or at least 6, the ClIs were
wide and none were significantly differ-
ent from placebo (Figure 4).

Only 202 women who were enrolled
in the MORE trial had established CHD
(prior MI, CABG surgery, or percutane-
ous coronary intervention): 66, pla-
cebo; 56, raloxifene 60 mg/d; and 80, ral-
oxifene 120 mg/d. Among these women,
4 (7.1%) in the raloxifene 60-mg/d group
vs 15 (22.7%) in the placebo group ex-
perienced a coronary or cerebrovascu-
lar event during the trial (RR, 0.31;95%
CI, 0.12-0.82) compared with 12 (15%)
in the raloxifene 120-mg/d group (RR,
0.66; 95% CI, 0.33-1.31). Similar re-
sults were obtained when coronary
events were analyzed separately, but the
differences were not statistically signifi-
cant (RR, 0.39;95% CI, 0.12-1.31 for ral-
oxifene 60 mg/d; RR, 0.92;95% CI, 0.39-
2.13 for raloxifene 120 mg/d). There
were 9 cerebrovascular events among
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women with established CHD: 6 (9%) in
the placebo, 1 (1.7%) in the raloxifene
60-mg/d (RR, 0.20;95% CI, 0.03-1.25),
and 2 (2.5%) in the raloxifene 120-
mg/d (RR, 0.28; 95% CI, 0.06-1.18)
groups. There were 11 CV events among
women with established CHD during the
first year of the trial: 5 (7.5%) in the pla-
cebo, 3 (5.3%) in the raloxifene 60-
mg/d, and 3 (3.7%) in the raloxifene 120-
mg/d groups (RR, 0.71; 95% CI, 0.18-
2.82 for raloxifene 60 mg/d and RR, 0.50;
95% CI, 0.13-1.94 for raloxifene 120
mg/d; P=.60).

CV Events Identified From Serial
ECGs. Serial ECGs obtained at base-
line and at 2 and 4 years were analyzed
for changes consistent with incident Q
wave, MI, or myocardial ischemia. The
number of women with incident MI
(placebo, 9 [0.4%]; raloxifene 60 mg/d,
8 [0.4%]; raloxifene 120 mg/d, 5 [0.2%];
P=.22) or either incident MI or myo-
cardial ischemia (placebo, 110 [4.8%],
raloxifene 60 mg/d, 89 [3.9%]; raloxi-
fene 120 mg/d, 89 [3.9%]; P=.56) iden-
tified from ECG changes from baseline
to 4 years was not significantly differ-
ent between treatment groups.

Serum Lipids

Compared with placebo, raloxifene treat-
ment for 4 years resulted in significant
reductions in total and LDL-C but not
HDL-C levels (FIGURE 5). Reductions in
total cholesterol and LDL-C levels were
observed in the raloxifene 60-mg/d and
120-mg/d groups as early as 6 months
(median percentage change: total cho-
lesterol, -5% and -6%; LDL-C, -8% and
—9%; both P<<.001 vs placebo), and those
levels were maintained throughout the
4 years of the study (Figure 5). The me-
dian 2.4% decrease in serum triglycer-
ide levels in the placebo group was sig-
nificantly different from the median 1.1%
and 1.5% increase in serum triglyceride
levels in the raloxifene 60-mg/d and 120-
mg/d groups, respectively (P=.004 for
overall treatment group difference). The
absolute median increase in serum tri-
glyceride levels in both raloxifene groups
was 0.89 mg/dL (0.01 mmol/L) over 4
years. Relative to placebo, the effects of
raloxifene on total, LDL-C, and HDL-C
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levels among women in the high-risk
subset were comparable to those ob-
served in the whole cohort although no
significant change in triglyceride levels
was observed in this subset (Figure 5).

Overall, 1069 women (13.9%) re-
ported taking lipid-lowering therapy at
baseline or at any time during the trial.
Excluding these women from the analy-
ses, raloxifene decreased total choles-
terol and LDL-C levels by an amount
comparable to that observed in the over-
all cohort (data not shown). Signifi-
cantly fewer women treated with ral-
oxifene initiated new lipid-lowering
therapy during the course of the study
both in the entire study cohort (pla-

cebo, 232 [9.7%]; raloxifene 60 mg/d,
137 [5.9%]; raloxifene 120 mg/d, 122
[5.1%]; P<<.001) and among women in
the high-risk subset (placebo, 37
[14.5%]; raloxifene 60 mg/d, 28 [9.8%];
raloxifene 120 mg/d, 22 [7.5%]; P=.03).

COMMENT

In this secondary analysis of data from
this large study of osteoporotic post-
menopausal women, raloxifene did not
significantly reduce the risk of CV
events in the overall study popula-
tion, which was at relatively low risk
for CV events, but it did significantly
lower the risk of CV events in a subset
of women at high risk for acute coro-

Figure 5. Effect of Raloxifene on Serum Lipid Concentrations

All Enrolled Women

Median Percentage Change

[l Placebo
0 [ Raloxifene 60 mg/d
M Raloxifene 120 mg/d

Total-C LDL-C HDL-C Triglycerides
No.
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Raloxifene 60 mg/d 2297 907 908 908
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Raloxifene 120 mg/d 325 150 150 150

Data represent median percentage changes from baseline to 4 years. Numbers of women represented in each
treatment group are shown below each risk factor. Total-C indicates total cholesterol; LDL-C, low-density li-
poprotein cholesterol; and HDL-C, high-density lipoprotein cholesterol. The asterisk indicates P<.05 com-
pared with placebo (analysis of variance on ranked data).
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nary events and in those with estab-
lished CHD. The number of CV events
was small, but there was no evidence
that raloxifene treatment was associ-
ated with an early increase in CV mor-
bidity or mortality in the overall co-
hort, among women at high risk for or
among women with established CHD.

Women enrolled in the MORE trial
were selected for increased risk for osteo-
porotic fracture rather than for an
increased risk of CV disease'?; thus, the
overall study cohort was predomi-
nantly women without established CHD
and was at relatively low risk for CV
events. Overall, CV mortality in MORE
(1.5 per 1000 women-years) was less than
that reported for women in the general
US population (2.95 per 1000 women-
years).” That MORE enrolled women
worldwide rather than only in the United
States may have contributed to this dif-
ference. However, the rate of acute coro-
nary events and mortality in MORE was
in the range of those reported previ-
ously for postmenopausal women in pri-
mary CV prevention studies such as the
Women’s Health Study®® and the Air
Force/Texas Coronary Atherosclerosis
Prevention Study?* and is comparable to
that observed in the Nurses Health
Study.*® We adapted criteria established
previously for identification of postmeno-
pausal women at high risk for acute coro-
nary events for enrollment in the RUTH
trial®! in order to identify 1035 women
at increased CV risk in the MORE trial,
202 having experienced a prior coro-
nary event or undergone a procedure and
833 with no prior coronary events but
with multiple risk factors. The annual
coronary event rate in this subset was
about 3.5-fold higher than in the overall
cohort, and the progressive increase in
coronary and cerebrovascular event rates
as the CV risk score increased further
supports the validity of the method used
to identify women at increased risk. As
expected, the incidence of CV events was
highest (23%) among the 202 women
who entered the MORE trial with estab-
lished CHD and is comparable with the
combined incidence of 28% for coro-
nary and cerebrovascular events observed
in HERS.?

856 JAMA, February 20, 2002—Vol 287, No. 7 (Reprinted)

During the first year of the trial, the
number of fatal or nonfatal events due
to coronary artery or cerebrovascular dis-
ease did not differ significantly across
treatment groups in the overall study
population, among the 1035 women at
high risk or among the 202 women who
entered the study with established CHD.
This provides no evidence of an early in-
crease in risk for CV events although
there were too few events during the first
year to draw more definitive conclu-
sions. Hypotheses suggested to explain
the early increase in risk of CV events
with HRT observed in HERS > WEST,’
and other studies®® include a prothrom-
botic effect on the arterial system simi-
lar to the effect of HRT to increase the
risk of venous thrombolic events or a
proinflammatory effect at the vessel wall
that could promote plaque destabiliza-
tion in women with susceptible le-
sions.” The former seems unlikely given
the preliminary evidence that neither ral-
oxifene nor tamoxifen® cause an early
increase in CV risk, and yet both in-
crease the risk of venous thromboem-
bolism by a magnitude comparable to
that of HRT.'*!!" The finding that, in
contrast to HRT ' neither raloxifene!
nor tamoxifen®? increase C-reactive pro-
tein levels in postmenopausal women to-
gether with studies showing that HRT in-
creases circulating levels of matrix
metalloproteinase-9 (MMP-9)* lend sup-
port to a proinflammatory hypothesis re-
lated to plaque destabilization. How-
ever, direct evidence to supporta role for
C-reactive protein, MMP-9, or other
markers of inflammation in early CV risk
associated with HRT is lacking.

Although raloxifene did not signifi-
cantly affect the overall risk of CV events
in the total study population, it was as-
sociated with a significant 40% reduc-
tion in risk of coronary and cerebrovas-
cular events in the 13% of women at high
risk. Because of the post hoc nature of
these analyses and the relatively small
number of events involved, the possibil-
ity that the significant risk reduction with
raloxifene observed in the high-risk sub-
set was a chance finding cannot be dis-
counted. However, the reduction in risk
for CV events was statistically signifi-

cant for raloxifene 60 mg/d across sev-
eral subsets of women with increasing
risk for CV, was consistent over time, and
was significant in the small subset of
women with established CHD. The sepa-
rate incidences of coronary and cerebro-
vascular events were fewer in the ralox-
ifene 60 mg/d group compared with
placebo in the high-risk subset al-
though these differences did not reach
statistical significance. The effects ob-
served with raloxifene 120 mg/d were less
consistent, but whether this represents
a true difference in effect between the
doses is unknown.

Overall, raloxifene improved total
cholesterol and LDL-C levels with no
effect on HDL-C levels, effects compa-
rable to those previously reported in a
6-month trial of 390 healthy postmeno-
pausal women.'® The effects of raloxi-
fene on serum lipid concentrations in
the high-risk subset were comparable
to those observed for the total cohort.
Thus, the effect of raloxifene to lower
the risk of CV events in this subset, if
real, is not likely explained by a greater
improvement in serum lipid concen-
trations among these women.

There are several limitations to our
study. The MORE trial was not de-
signed to test the effect of raloxifene on
CV outcomes, and larger trials with
greater numbers of events are needed to
confirm these findings. Cardiovascular
events were assessed by self-report and
complete supporting evidence for adju-
dication of events was not available in
many cases. The study was not de-
signed to confirm vital status or to ob-
tain information on CV events occur-
ring in women who discontinued the trial
early. The overall incidence and total
number of CV events in this trial were
small, providing limited power to de-
tect treatment group differences, espe-
cially in the number of events through
the first year of the trial. Finally, all of
the women in MORE had osteoporosis
defined by bone mineral density or pre-
vious vertebral fracture, so whether these
findings can be generalized to non-
osteoporotic women is uncertain.

In summary, there was no evidence
that raloxifene caused an early increase
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in risk of CV events, either overall or
among postmenopausal women at high
risk for or with CHD. Raloxifene therapy
for 4 years did not significantly affect the
overall risk of CV events in the total
MORE cohort but did significantly reduce
the risk of CV events among women at
high risk for and among those with estab-
lished CHD. Before raloxifene is used for
prevention of CV events, these findings
must be confirmed by an adequately pow-
ered, randomized trial with CV events as
predefined outcomes.
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