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ADENOCARCINOMA OF THE

breast is the most common
cancer and the second lead-
ing cause of cancer death

among women in the United States.
About 43 500 women in the United
States died of breast cancer in 1998.1 Es-
trogen plays an important role in the
pathogenesis of breast cancer. Post-
menopausal women with high serum
concentrations of estradiol have the
highest risk of breast cancer.2-5 A num-
ber of other risk factors associated with
longer or greater exposure to estrogen
increase the risk of developing breast
cancer.6 Tamoxifen citrate, which inhibits the

action of estrogen on breast tissue, im-
proves disease-free survival among
women who have estrogen receptor–
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Context Raloxifene hydrochloride is a selective estrogen receptor modulator that has
antiestrogenic effects on breast and endometrial tissue and estrogenic effects on bone,
lipid metabolism, and blood clotting.

Objective To determine whether women taking raloxifene have a lower risk of in-
vasive breast cancer.

Design and Setting The Multiple Outcomes of Raloxifene Evaluation (MORE), a
multicenter, randomized, double-blind trial, in which women taking raloxifene or pla-
cebo were followed up for a median of 40 months (SD, 3 years), from 1994 through
1998, at 180 clinical centers composed of community settings and medical practices
in 25 countries, mainly in the United States and Europe.

Participants A total of 7705 postmenopausal women, younger than 81 (mean age,
66.5) years, with osteoporosis, defined by the presence of vertebral fractures or a fem-
oral neck or spine T-score of at least 2.5 SDs below the mean for young healthy women.
Almost all participants (96%) were white. Women who had a history of breast cancer
or who were taking estrogen were excluded.

Intervention Raloxifene, 60 mg, 2 tablets daily; or raloxifene, 60 mg, 1 tablet daily
and 1 placebo tablet; or 2 placebo tablets.

Main Outcome Measures New cases of breast cancer, confirmed by histopathol-
ogy. Transvaginal ultrasonography was used to assess the endometrial effects of ral-
oxifene in 1781 women. Deep vein thrombosis or pulmonary embolism were deter-
mined by chart review.

Results Thirteen cases of breast cancer were confirmed among the 5129 women
assigned to raloxifene vs 27 among the 2576 women assigned to placebo (relative
risk [RR], 0.24; 95% confidence interval [CI], 0.13-0.44; P,.001). To prevent 1 case
of breast cancer, 126 women would need to be treated. Raloxifene decreased the risk
of estrogen receptor–positive breast cancer by 90% (RR, 0.10; 95% CI, 0.04-0.24),
but not estrogen receptor–negative invasive breast cancer (RR, 0.88; 95% CI, 0.26-
3.0). Raloxifene increased the risk of venous thromboembolic disease (RR, 3.1; 95%
CI, 1.5-6.2), but did not increase the risk of endometrial cancer (RR, 0.8; 95% CI,
0.2-2.7).

Conclusion Among postmenopausal women with osteoporosis, the risk of inva-
sive breast cancer was decreased by 76% during 3 years of treatment with
raloxifene.
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positive breast cancer7 and reduces the
risk of contralateral breast cancer.8,9

Three trials10-12 have tested tamoxifen
for primary prevention of breast can-
cer. Two found no effect, but the study
with the most participants, the Breast
Cancer Prevention Trial (BCPT),12 re-
ported that tamoxifen reduced breast
cancer risk by about 50% among
women who had a high risk of breast
cancer because of age (older than 60
years) or a combination of other risk
factors. However, most breast cancers
occur in women who are not identi-
fied to be at increased risk.13 To sub-
stantially reduce the rate of breast
cancer in the whole population, a
preventive intervention would need to
be safe and effective for long periods to
be acceptable for use among women
who have an average or low risk of
breast cancer. In addition to increas-
ing the risk of thromboembolic dis-
ease, tamoxifen increases the risk of en-
dometrial cancer,12,14 which may limit
its use for primary prevention of breast
cancer.

Raloxifene hydrochloride is a selec-
tiveestrogenreceptormodulator, chemi-
cally distinct from tamoxifen and estra-
diol, that binds to estrogen receptors to
competitively block estrogen-induced
DNA transcription in the breast and
endometrium.15,16 In animal studies, ral-
oxifene inhibits estrogen-stimulated

growth of mammary cancers17,18 and
antagonizes the mitogenic effects of
both estrogen and tamoxifen in the
uterus.19,20

To determine whether treatment with
raloxifene reduces the risk of breast can-
cer and to assess the safety of treat-
ment with raloxifene, we analyzed the
effect of raloxifene on rates of breast
cancer after 3 years of follow-up in the
Multiple Outcomes of Raloxifene Evalu-
ation (MORE) trial that included 7705
women who had postmenopausal os-
teoporosis.

METHODS
The MORE trial is a multicenter, ran-
domized, double-blind trial designed to
test whether 3 years of raloxifene re-
duces the risk of fracture in postmeno-
pausal women with osteoporosis. Par-
ticipants were also monitored for the
occurrence of breast cancer, a second-
ary end point of the trial. If a partici-
pant was diagnosed as having breast
cancer, her study treatment was stopped
and the treatment was unblinded to the
sponsor and to the US Food and Drug
Administration.

Subjects
The MORE trial is being conducted at
180 clinical centers in 25 countries,
mainly in the United States and Eu-
rope, and was planned to continue for

3 years. We enrolled 7705 women who
were at least 2 years postmenopausal and
no older than 80 years (FIGURE 1). Par-
ticipants had osteoporosis, defined as
bone density at least 2.5 SDs below the
mean for normal young women21 at ei-
ther the lumbar spine or femoral neck
or had at least 1 moderate or 2 mild ver-
tebral fractures that were detected by lat-
eral spine radiography. For each woman
with a vertebral fracture, approxi-
mately 2 women without vertebral frac-
tures were enrolled. The protocol called
for enrollment of 6500 participants to
afford a power of 0.90 to detect a 40%
reduction in risk of vertebral fractures
after 36 months of treatment.

Potential participants underwent
breast examination and mammogra-
phy or breast ultrasonography if they
refused mammography. Women were
excluded if they had a known, sus-
pected, or history of breast cancer; in-
vasive endometrial cancer; abnormal
uterine bleeding; a history of stroke or
venous thromboembolic disease dur-
ing the past 10 years; any type of can-
cer besides superficial skin cancer in the
previous 5 years; secondary causes of
osteoporosis; or other types of bone dis-
ease. We also excluded women who,
during the previous 6 months, had
taken systemic estrogen (except es-
triol #2 mg/d) or topical estrogen more
often than 3 times a week; progestins,
androgens, or systemic corticoste-
roids of more than 50 000 IU of chole-
calciferol a week; or who currently
drank more than 4 alcoholic drinks per
day. If participants started taking ex-
cluded estrogen while in the MORE
trial, they were instructed to stop tak-
ing the study drug.

Treatment and Randomization
All participants received daily supple-
ments containing500mgofcalciumand
400 to 600 IU of cholecalciferol. Eli-
gible subjects were randomly assigned
to take 2 tablets daily of 1 of the follow-
ing: 2 placebo; 1 placebo and a 60-mg
tablet of raloxifene hydrochloride; or 2
60-mg tablets of raloxifene hydrochlo-
ride. Thus, twice as many women
received raloxifene as placebo.

Figure 1. Enrollment, Randomization, and Follow-up of Participants in the MORE Trial

Randomized:
7705

Cumulative
Withdrawals by

12 mo: 238
24 mo: 467
36 mo: 652

Screened Patients:
22 379

Not Randomized:
14 674

Placebo:
2576

All Received
Standard Intervention

Follow-up: Breast Images
Optional 12 mo: 1248
Required 24 mo: 2176
Required 36 mo: 1891

Continuing Past 36 mo:
1924

Raloxifene Hydrochloride:
5129

All Received
Standard Intervention

Follow-up: Breast Images
Optional 12 mo: 2477
Required 24 mo: 4334
Required 36 mo: 3927

Continuing Past 36 mo:
3977

Cumulative
Withdrawals by

12 mo: 535
24 mo: 857
36 mo: 1152

MORE indicates Multiple Outcomes of Raloxifene Evaluation trial.
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The sponsor produced randomly
numbered kits that contained raloxi-
fene or placebo tablets that were iden-
tical in appearance. Trial centers dis-
pensed the kits in numerical order to
the women enrolled in the study.

Ascertainment of Breast Cancer
Participants were followed up every 6
months. Mammography screenings
were optional after the first year but
were mandatory after 2 years and after
3 years of treatment. Participants who
declined mammography screening
could have a breast ultrasonography in-
stead. At every visit, participants were
also asked if they had been diagnosed
as having breast cancer, had an abnor-
mal mammogram or breast sonogram
result or a breast biopsy specimen, or
had had surgery since the previous visit.
If breast cancer was suspected, rec-
ords of procedures were obtained.

The diagnosis of breast cancer was
confirmed by the oncology adjudica-
tion review board consisting of 5 phy-
sician specialists in breast cancer or
breast surgery and chaired by a phar-
macological scientist; none of the
board members are employees of the
sponsor. The panel reviewed local
records of histopathology, estrogen
receptor status, and other clinical
data, as needed, for all reported cases.
The diagnosis was made blinded to
treatment assignment.

Uterine Assessments
Seventeen of the clinical centers were
designated to perform annual trans-
vaginal ultrasonography in all partici-
pants who still had a uterus. In addi-
tion, some centers elected to perform
transvaginal ultrasonography in a sub-
set of their participants. Results were
similar when the analysis was limited
to participants in the centers that were
assigned to test all participants, so the
analysis includes all participants who
underwent ultrasonography. Of 1936
women tested at baseline, 1781 (92%)
completed at least 1 follow-up sono-
gram. Endometrial biopsy specimens
were recommended for women with
bleeding, endometrial thickness of more

than 8 mm on any ultrasound exami-
nation, or an increase in thickness of
at least 5 mm. A panel of gynecolo-
gists confirmed diagnoses of endome-
trial cancer. All assessments were
blinded to treatment assignment.

Ascertainment of Venous
Thromboembolic Disease
and Adverse Events
We obtained medical records and re-
ports of radiographs and scans for any
participant reported to have had a pos-
sible deep vein thrombosis or pulmo-
nary embolism. A panel of 3 physician
adjudicators, who were blinded to treat-
ment assignment, confirmed diag-
noses. All reported cases of thrombo-
embolic disease are included in this
report because the panel has not com-
pleted adjudication of all cases.

Investigators queried participants at
every visit about potential adverse
events and use of medications and ob-
tained fasting plasma glucose speci-
mens at annual examinations.

Analysis
Using an intention-to-treat analysis,
we compared the crude incidence of
invasive breast cancer in women
assigned to raloxifene with the inci-
dence in women assigned to the pla-
cebo. The main analyses were
repeated after including cases of non-
invasive breast cancer (and cases for
which the degree of invasion could
not be determined). Cumulative inci-
dence of all breast cancer was plotted
by treatment assignment, and the sta-

tistical significance of the difference
was assessed by the log-rank test. We
also compared the incidence of inva-
sive breast cancer in the treated and
untreated groups by raloxifene dose
and stratified by estrogen receptor sta-
tus. Relative risks (RRs) are reported
with 95% confidence intervals (CIs).

We report the rates and excess risks
for adverse events that occurred in more
than 1% of any treatment group, and
the difference between the combined
raloxifene and placebo groups was sta-
tistically significant at P,.05. We also
report the rates of conditions known to
be associated with estrogen or tamox-
ifen (vaginal bleeding, breast tender-
ness, and endometrial cancer).

RESULTS
We randomly assigned 2576 women to
receive placebo and 5129 to receive ral-
oxifene (2557 took dosages of 60 mg/d
and 2572 took dosages of 120 mg/d;
Figure 1). Their mean age was 66.5
years, almost all (96%) were white, and
12.3% reported a family history of breast
cancer. There were no significant dif-
ferences in the characteristics of women
assigned to receive placebo or raloxi-
fene at baseline (TABLE 1). Forty-eight
percent (3725) of all participants elected
to have optional mammography or
breast sonography screening during the
first year of follow-up. Of the 6932 par-
ticipants (90% of randomized sub-
jects) who continued in the study past
the first annual visit, 6333 (91%) had
mammography screenings and 177 (3%)
had breast sonography screenings dur-

Table 1. Characteristics of the 7705 Participants in the MORE Trial*

Characteristic Placebo
Raloxifene

Hydrochloride

No. of subjects 2576 5129

Mean age, y 66.6 66.4

Age .60 y, % 82.5 81.1

White, % 95.7 95.7

Mean weight, kg 63.6 63.8

Mean body mass index, kg/m2 25.2 25.2

Current smoker, % 16.5 16.9

$4 Alcoholic drinks per week, % 17.1 17.6

Mean time since menopause, y 18.9 18.6

Family history of breast cancer, % 12.1 12.4

*P..05 for all comparisons. MORE indicates Multiple Outcomes of Raloxifene Evaluation trial.
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ing the second year of follow-up; of the
6381 subjects (83% of randomized sub-
jects) who continued in the study past
the second annual visit, 5642 (88%) had
mammography screenings and 176 (3%)
had breast sonography screenings dur-
ing the third year of follow-up. A total
of 1924 (75%) of the 2576 women as-
signed to placebo and 3977 (78%) of the
5129 women assigned to the raloxifene
groups completed all 3 years of fol-
low-up (Figure 1). Of those women who
were randomized, 92% of both raloxi-
fene and placebo patients took at least
80% of the study medication during the
duration of the follow-up.

Breast Cancer
Within a median of 40 months of follow-
up, breast cancer was reported in 56
women of the 7705 women originally
enrolled in the study. The adjudication

board ruled that 1 subject in the 60-mg
raloxifene group did not have cancer.
The board could not determine the pri-
mary source of the metastatic adenocar-
cinoma of another woman in the pla-
cebo group. Thus, 54 cases of breast
cancer are included in the analyses.
Twelve cases were classified as ductal
carcinoma in situ (5 in the placebo, 3 in
the 60-mg, and 4 in the 120-mg group),
40 were classified as invasive; and there
was insufficient information to classify
the degree of invasion for 2 subjects (1
in the 60-mg group and 1 in the 120-mg
raloxifene group). Thirteen cases of in-
vasive breast cancer were confirmed in
the 5129 women assigned to take ral-
oxifene and 27 in the 2576 women as-
signed to take placebo (RR, 0.24; 95%
CI, 0.13-0.44; P,.001; TABLE 2). About
126 women would need to be treated
for a median of 40 months to prevent

1 case of invasive breast cancer. Inclu-
sion of all women with confirmed breast
cancer (invasive, noninvasive, or un-
certain invasiveness) did not substan-
tially change the results (FIGURE 2; RR,
0.35; 95% CI, 0.21- 0.58; P,.001). The
reduction in risk of invasive cancer was
similar for those taking 60 mg/d (RR,
0.22; 95% CI, 0.10-0.50) and 120 mg/d
(RR, 0.26; 95% CI, 0.12-0.56) of ral-
oxifene. Of the 54 women with breast
cancer, 1 (assigned to 60 mg of ralox-
ifene) died, and vital status was not
available for 3 others.

Estrogen receptor status was avail-
able for 35 of the invasive cancer cases:
24 were estrogen receptor–positive and
11 were estrogen receptor–negative.
Raloxifene reduced the risk of inva-
sive estrogen receptor–positive breast
cancer by 90% (RR, 0.10; 95% CI, 0.04-
0.24; Table 2). Raloxifene did not in-
fluence the risk of estrogen receptor–
negative invasive cancer (RR, 0.88), but
the CI was very wide (95% CI, 0.26-
3.00).

Adverse Events
Hot flashes, influenzalike syndromes,
endometrial cavity fluid, peripheral
edema, and leg cramps were reported
more frequently in the raloxifene group
than in the placebo group (TABLE 3).
Thirty-three women (0.6%) assigned to
the raloxifene group and 2 (0.1%)
assigned to the placebo group discon-
tinued treatment due to hot flashes
(P,.001).

By 40 months of follow-up, there was
a higher rate of deep venous thrombo-

Table 2. Number, Rate, and Relative Risk of Breast Cancer by Treatment Group and Estrogen Receptor Status*

Placebo
Raloxifene

Hydrochloride
Relative Risk

(95% Confidence Interval)

No. of subjects 2576 5129 . . .

Woman-years of follow-up 7484 15 007 . . .

Invasive breast cancer 27 13 0.24 (0.13-0.44)

Rate (per 1000 woman-years) 3.6 0.9 . . .

All breast cancer 32 22 0.35 (0.21-0.58)

Rate (per 1000 woman-years) 4.3 1.5 . . .

Estrogen receptor status (invasive cancers)
Positive 20 4 0.10 (0.04-0.24)

Negative 4 7 0.88 (0.26-3.00)

Unknown 3 2 . . .

*Ellipses indicate not applicable.

Figure 2. Cumulative Incidence of All Confirmed Breast Cancer Among Study Participants
in Each Group
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The cumulative incidence of breast cancer among subjects in the placebo group and those in the combined
raloxifene group are represented as a percentage of all patients randomized to either group. Statistical signifi-
cance of the difference between the groups was tested by a log-rank test (P,.001).
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sis (38 cases, 0.7%) and pulmonary em-
bolus (17 cases, 0.3%) in the combined
raloxifene groups than in the placebo
group (5 cases, 0.2%; 3 cases, 0.1%, re-
spectively). One case of venous throm-
boembolism occurred per 155 women
treated with raloxifene for 3 years. The
risk of venous thromboembolic dis-
ease (deep venous thrombosis or pul-
monary embolism) was 3.1 times higher
(95% CI, 1.5-6.2) in women assigned to
the raloxifene group than to the pla-
cebo group. One woman (in the 60-mg
raloxifene group) died due to pulmo-
nary embolism. No significant differ-
ence in the rate of venous thromboem-
bolic disease existed between the 60- and
120-mg groups. In addition, 5 women
assigned to raloxifene (0.1%) and 3
women assigned to placebo (0.1%) had
retinal vein thrombosis.

More women in the raloxifene group
(1.2%) reported new or worsening dia-
betes mellitus compared with partici-
pants in the placebo group (0.5%)
(P = .009). However, there was no dif-
ference between the placebo and ral-
oxifene groups in median changes in
levels of fasting plasma glucose (0.2
mmol/L [36 mg/dL] in both groups;
P = .15) or hemoglobin A1c (0.1% in

both groups; P = .75); or in the propor-
tion of participants who had at least 1
annual fasting plasma glucose level that
exceeded 7.0 mmol/L (126 mg/dL)
(5.7% placebo vs 6.4% in the com-
bined raloxifene treatment group;
P = .26). Furthermore, there was no sig-
nificant difference in the proportion of
participants who began using insulin or
oral hypoglycemic agents (0.8% pla-
cebo vs 0.5% in the combined raloxi-
fene treatment group; P = .45).

Hypertension, hypercholesterol-
emia, hematuria, and bradycardia were
reported less frequently among women
assigned to the raloxifene groups than
the placebo group. There were no dif-
ferences in the rates of occurrence of
vaginal bleeding or breast pain. Over-
all mortality rates did not differ between
the placebo (1.0%) and combined ral-
oxifene group (0.8%), and there were
no differences by cause of death.

Uterine Effects
Among the 5957 women who had not
had a hysterectomy, endometrial can-
cer occurred in 4 (0.20%) assigned to
placebo and in 6 (0.25%) assigned to
the combined raloxifene group (RR, 0.8;
95% CI, 0.2-2.7) by 40 months of fol-

low-up. In the 1781 women who un-
derwent transvaginal ultrasonogra-
phy at baseline and had at least 1
follow-up test, endometrial thickness
increased by an average of 0.01 mm in
the raloxifene group and decreased 0.27
mm in the placebo group after 3 years
of follow-up (P,.01 for the difference
between the groups). Of these 1781
women, 60 participants (10.1%) in the
placebo and 168 participants (14.2%)
in the raloxifene group (P = .02) had en-
dometrial thickness that was more than
5 mm on at least 1 follow-up ultra-
sound. Nine women (1.5%) in the pla-
cebo group and 39 women (3.3%) in
the raloxifene group had at least 1 en-
dometrial thickness measurement that
had increased by more than 5 mm com-
pared with their baseline measure-
ments (P = .03).

Among women who still had a uterus,
196 (148 in the raloxifene and 48 in the
placebo group) had an endometrial bi-
opsy. There were 3 cases of hyperpla-
sia and 2 cases of endometrial carci-
noma in the placebo group and 3 cases
of hyperplasia and 2 cases of endome-
trial carcinoma in the combined ralox-
ifene group. Fluid was seen in the
endometrial cavity of 5.7% of controls

Table 3. Rates of Adverse Experiences Among Women Assigned to 60 or 120 mg of Raloxifene Hydrochloride or Placebo

Adverse Effect Placebo

Raloxifene Hydrochloride

P Value*60 mg 120 mg

Influenza syndrome 293 (11.4) 346 (13.5) 345 (13.4) .01

Vasodilation (hot flashes) 165 (6.4) 249 (9.7) 299 (11.6) ,.001

Hypertension 231 (9.0) 177 (6.9) 194 (7.5) .01

Leg cramps 96 (3.7) 178 (7.0) 178 (6.9) ,.001

Endometrial cavity fluid† 43 (5.7) 60 (8.1) 66 (8.7) .02

Peripheral edema 114 (4.4) 134 (5.2) 168 (6.5) .01

Hypercholesterolemia 121 (4.7) 55 (2.2) 50 (1.9) ,.001

Vaginal bleeding 62 (3.1) 67 (3.4) 56 (2.8) .99

Hematuria 55 (2.1) 35 (1.4) 33 (1.3) .007

Breast pain 65 (2.5) 61 (2.4) 70 (2.7) .94

Bradycardia 30 (1.2) 13 (0.5) 17 (0.7) .01

Diabetes 14 (0.5) 31 (1.2) 28 (1.1) .01

Thromboembolic disease‡ 8 (0.3) 25 (1.0) 24 (0.9) .002

Deep vein thrombosis 5 (0.2) 18 (0.7) 20 (0.8) .002

Pulmonary embolism 3 (0.1) 10 (0.4) 7 (0.3) .08

Endometrial cancer§ 4 (0.2) 4 (0.2) 2 (,0.1) .67

*P value for combined raloxifene hydrochloride treatment groups vs placebo. All data are presented as number (percentage).
†Based on 2262 women who had transvaginal ultrasounds at any time after baseline.
‡Unadjudicated data as of October 1, 1998.
§Based on the 5957 women without hysterectomy at baseline.
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and 8.4% in the combined raloxifene
group (P = .02, Table 3).

COMMENT
Raloxifene reduced the risk of newly di-
agnosed invasive breast cancer by 76%
during a median of 40 months of treat-
ing postmenopausal women for osteo-
porosis. This was attributable to a 90%
reduction in the risk of estrogen recep-
tor–positive breast cancer. There was
no apparent decrease in the risk of es-
trogen receptor–negative breast can-
cer. This supports the concept that ral-
oxifene acts by interacting with estrogen
receptors in the breast to competi-
tively inhibit estrogen-induced DNA
transcription.15,16

The BCPT12 found that a median of
55 months of treatment with tamoxi-
fen decreased the risk of invasive breast
cancer by 49% and estrogen receptor–
positive breast cancer by 69% (TABLE 4).

Although it appears that raloxifene re-
duces the risk of breast cancer more than
tamoxifen does, the results of these 2
studies cannot be directly compared.
Women in the BCPT were, on average,
at higher risk for breast cancer and were
younger than the subjects in our study
(Table 4). Selective estrogen receptor
modulators might be more effective in
women at average or low risk of breast
cancer than in women who have risk fac-
tors for breast cancer and, perhaps, an
increased risk of breast cancer due to ge-
netic factors that may not involve estro-
gen. Another study, the National Sur-
gical Adjuvant Breast and Bowel Project,
Part 2, will compare the effects of ral-
oxifene and tamoxifen in women at high
risk of breast cancer, although this study
will not have a placebo group.

Two European trials of tamoxifen for
the prevention of breast cancer, the Ital-
ian Tamoxifen Prevention Study (Ital-

ian Trial)10 and the Royal Marsden Hos-
pital Tamoxifen Chemoprevention Trial
(Marsden Trial),11 have reported that ta-
moxifen had no significant influence on
the risk of breast cancer (Table 4). These
trials, however, were smaller than the
BCPT. Compared with participants in
the BCPT, those in the Marsden Trial
were younger, more likely to have a
strong family history of breast cancer,
and 26% of the subjects took estrogen
during the trial.11 Participants in the Ital-
ian trial had undergone hysterectomy,
48% had bilateral oophorectomies, and
14% took estrogen.10,22 It is not clear
whether the differences in the charac-
teristics of the participants might ac-
count for the differences in results. How-
ever, because of its greater statistical
power, the BCPT provides the stron-
gest evidence that tamoxifen reduces the
risk of breast cancer among women at
high risk of the disease.22

Table 4. Summary of Risks of Breast Cancer, Endometrial Cancer, and Thromboembolic Disease in Randomized Trials of Tamoxifen Citrate
and Raloxifene Hydrochloride for Women Without Breast Cancer*

Breast Cancer
Prevention Trial12

Royal Marsden
Hospital Tamoxifen

Chemoprevention Trial11
Italian Tamoxifen

Prevention Study10

Multiple Outcomes
of Raloxifene Trial

(Current Study)

Subject characteristics High breast cancer risk (age
$60 y, or combination
of risk factors)
39.2% ,50 y old

Family history of breast cancer
,50 y or in $2 relatives;
median age, 47 y

Women with hysterectomy
(48% bilateral
oophorectomy);
median age, 51 y

Postmenopausal women
with osteoporosis;
median age, 66.9 y

No. randomized 13 175 2471 5408 7705
Placebo: 2576
Raloxifene: 5129

Daily treatment Tamoxifen, 20 mg Tamoxifen, 20 mg Tamoxifen, 20 mg Raloxifene, 60 or 120 mg

Proportion who took
estrogen

,0.10 0.26 0.14 0.10 (Raloxifene stopped
when estrogen started)

Median follow-up, mo 54.6 70 46 40

Breast cancer rates per
1000 woman-years
and RR of cancer
(95% CI)

Invasive
Placebo: 6.8
Tamoxifen: 3.4
RR: 0.51 (0.39-0.66)

Noninvasive
Placebo: 2.7
Tamoxifen: 1.4
RR: 0.50 (0.33-0.77)

All cases
Placebo: 5.0
Tamoxifen: 4.7
RR: 1.1 (0.7-1.7)

All cases
Placebo: 2.3
Tamoxifen: 2.1

All cases
Placebo: 4.3
Raloxifene: 1.5
RR: 0.35 (0.21-0.58)

Invasive
Placebo: 3.6
Raloxifene: 0.9
RR: 0.24 (0.13-0.44)

No. and RR (95% CI) of
ER+ breast cancer

Placebo: 130
Tamoxifen: 41
RR: 0.31 (0.22-0.45)

Not available Placebo: 10
Tamoxifen: 8

Placebo: 20
Treatment: 4
RR: 0.10 (0.04-0.24)

No. and RR (95% CI) of
endometrial cancer

Placebo: 15
Tamoxifen: 36
RR: 2.53 (1.35-4.97)

Placebo: 1
Tamoxifen: 4

Not reported Placebo: 4
Raloxifene: 6
RR: 0.8 (0.2-2.7)

No. and RR (95% CI) of
pulmonary emboli
and DVT

Pulmonary embolism
Placebo: 6
Treatment: 18
RR: 3.0 (1.2-9.3)

DVT
Placebo: 22
Treatment: 35
RR: 1.60 (0.91-2.86)

DVT and pulmonary embolism
Placebo: 4
Tamoxifen: 7

DVT and pulmonary embolism
Placebo: 4
Tamoxifen: 7

Superficial phlebitis
Placebo: 9
Tamoxifen: 33

DVT and pulmonary
embolism
Placebo: 8
Raloxifene: 49
RR: 3.1 (1.5-6.2)

*RR indicates relative risk; CI, confidence interval; ER+, estrogen receptor positive; and DVT, deep vein thrombosis.
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Women with low bone density prob-
ably have a decreased risk of breast can-
cer.23,24 The rates of breast cancer ob-
served in the placebo group in the MORE
study, however, were similar to rates ex-
pected among average 65-year-old white
women.25 Perhaps the decreased risk of
breast cancer associated with osteopo-
rosis was offset by an increased detec-
tion of breast cancer by mammo-
graphic screening during the trial.

Because breast cancer generally
requires several years to grow to a clini-
cally or radiographically detectable
size,26 the cancers that were diag-
nosed during this trial were probably
present when the study began. There-
fore, the reduction in the risk of breast
cancer within the first 40 months of
treatment with raloxifene probably rep-
resents suppression or regression of
subclinical cancer.

It is important to determine the long-
term effects of raloxifene and other se-
lective estrogen receptor modulators be-
cause metastatic breast cancers can
develop resistance to tamoxifen after
long-term exposure.27-29 The effective-
ness of tamoxifen for prevention of pri-
mary breast cancer beyond 5 years of
treatment is uncertain. The NSABP B-14
trial14 found that 5 years of tamoxifen
treatment for estrogen receptor–
positive breast cancer reduced the risk
of new primary cancer in the contra-
lateral breast; continuation for an ad-
ditional 5 years did not reduce this risk
more.8,9 If a treatment reduces the risk
of breast cancer for only a few years,
then it should be reserved for women
who have a high near-term risk of breast
cancer. If a treatment continues to re-
duce safely the risk of breast cancer as
long as it is taken, then it may be worth-
while for longer-term use in a broader
spectrum of women than what is cur-
rently practiced.

The vast majority of women in the
MORE trial were white. Black women
tend to have a lower rate of estrogen re-
ceptor–positive breast cancer, but there
is no indication that raloxifene would
have a different effect on the risk of es-
trogen receptor–positive cancer in vari-
ous racial groups.

Unopposed, estrogen and tamoxi-
fen substantially increase the risk of
endometrial cancer.12,30 Estrogen and
tamoxifen (but not raloxifene) stimu-
late the endometrium of animals and
their effects are blocked by raloxi-
fene.19,20,31 Raloxifene did not increase
the risk of endometrial cancer during
the first 3 years of the MORE trial treat-
ment, but the total number of cases was
small. For those women who had trans-
vaginal ultrasonography performed, we
observed a slight (0.3 mm) difference
in the endometrial thickness changes
between women assigned to raloxi-
fene and placebo, with endometrial
thickness exceeding 5 mm in 4.1% more
of those in the raloxifene group than
those in the placebo group. However,
we found no evidence for an increased
risk of endometrial hyperplasia among
women who underwent endometrial
biopsy. Fluid in the endometrial cav-
ity was seen in 2.7% more of the women
in the raloxifene group than in the pla-
cebo group. Tamoxifen increases the
prevalence of endometrial fluid.32 Fluid
in the endometrial cavity is generally
regarded as a benign finding that
sometimes occurs in healthy postmeno-
pausal women due to cervical reten-
tion of normal endometrial secre-
tions.33,34 In the absence of evidence that
raloxifene increases the risk of cancer
or hyperplasia, we believe that routine
periodic endometrial monitoring with
ultrasonography or biopsy is not war-
ranted for women taking raloxifene.

Raloxifene, tamoxifen, and estro-
gen increase the risk of venous throm-
boembolic disease to a similar de-
gree.12,35 We included all reported cases
of venous thromboembolism and did
not limit the analysis to “idiopathic”
cases as have some studies. Because ve-
nous thromboembolism is an uncom-
mon disease, the 3-fold increase in risk
translated to a 0.6% excess risk of ve-
nous thromboembolic disease during 3
years of treatment. Investigation is un-
der way to find the reason for this ad-
verse effect and ways to identify women
who are prone to thromboembolic
complications of estrogenic therapies.
Women with a history of venous throm-

bosis or pulmonary embolism should
not take raloxifene, tamoxifen, or es-
trogen, and women currently taking any
of these medications should discon-
tinue them before major surgery or dur-
ing periods of immobilization.

Raloxifene decreases low-density li-
poprotein cholesterol levels, but it does
not alter high-density lipoprotein cho-
lesterol levels.36,37 Tamoxifen has shown
similar effects on plasma lipid levels,
and previous studies suggest that ta-
moxifen might decrease the risk of coro-
nary heart disease.38-40 Tamoxifen did
not, however, significantly reduce the
risk of heart disease in the BCPT.12 The
effect of selective estrogen receptor
modulators on the risk of heart dis-
ease needs further study.

Raloxifene decreases bone turnover
and increases bone density.37 In the
MORE trial, 3 years of treatment de-
creased the risk of vertebral fractures
but not other types of fractures. These
findings have recently been corrobo-
rated (B. Ettinger, MD, et al, unpub-
lished data, 1999). Tamoxifen also im-
proves bone density41 and may reduce
the combined risk of hip, wrist, and
spine fractures; however, this effect was
not statistically significant after 4 years
of treatment in the BCPT.12

In general, raloxifene was well tol-
erated. Our results confirm that ralox-
ifene does not cause vaginal bleeding
or breast pain, which often limits the
use of postmenopausal estrogen
therapy. We confirmed previous find-
ings of an increased rate of hot flashes
and leg cramps with raloxifene; how-
ever, few women discontinued treat-
ment for these symptoms. The 1.5% ex-
cess occurrence of peripheral edema
with raloxifene might indicate fluid
retention or venous insufficiency; this
association needs to be confirmed in
other trials. Although influenzalike
syndromes were reported more fre-
quently in the treatment group, it is not
clear how raloxifene might cause such
symptoms. It is possible that some of
these associations and the decreased in-
cidence of hypertension, hematuria, and
bradycardia with raloxifene might be
due to chance because we tested rates
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of more than 400 adverse experiences
for statistical significance.

New or worsening diabetes melli-
tus was reported by 0.7% more partici-
pants in the raloxifene group than in
the placebo group. There were 0.6%
more participants taking raloxifene with
fasting plasma glucose levels of at least
7.0 mmol/L (126 mg/dL) compared
with placebo; however, this was not sta-
tistically significant. There was no sig-
nificant change in median fasting
plasma glucose or hemoglobin A1c con-
centrations and no increase in the use
of treatments for diabetes among
women taking raloxifene. A daily dose
of estradiol and 0.625 mg of conju-
gated estrogen might slightly improve
fasting plasma glucose levels but not
postprandial glucose tolerance,42,43 and
tamoxifen has no impact on fasting
plasma glucose levels.44 If raloxifene in-
creases fasting glucose levels in a few
women, the mechanism is not clear.

Tamoxifen and raloxifene may be
useful preventive therapies for women
who have an increased risk of estro-
gen receptor–positive breast cancer and
vertebral fractures. Unfortunately, bone
density alone may have limited value
in identifying women most likely to
have overall benefit from these drugs
because women with low bone den-
sity have a high risk of fractures but a
low risk of breast cancer.23,24 Both ta-
moxifen and raloxifene increase hot
flashes and, therefore, may be best tol-
erated by women who are no longer
having hot flashes after menopause. If
additional follow-up confirms that ral-
oxifene continues to decrease the risk
of breast cancer and does not increase
the risk of endometrial cancer, then ral-
oxifene might be preferred over tamox-
ifen for reduction in the risk of breast
cancer and fractures in women who
have a uterus.

We conclude that a median of 40
months of treatment with raloxifene de-
creases the risk of newly diagnosed
breast cancer in postmenopausal
women who have osteoporosis and who
have no prior history of breast cancer.
This effect is largely due to a substan-
tial reduction in the risk of developing

estrogen receptor–positive breast can-
cer. The MORE trial is continuing to as-
sess the effectiveness and safety of
longer-term use of raloxifene.
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The study of the causes of things must be preceded
by the study of things caused.

—Hughlings Jackson (1835-1911)
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tension of applying the concepts seemingly embraced by this ar-
ticle, in which economics drive health care decisions.
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In Reply. Due to changes in clinical practices over time, the
data cited by Dr Fung from UNOS center-specific graft and pa-
tient survival rates for 1997 are not necessarily comparable with
our data for patients who received transplants during 1990 to
1995. For example, hepatitis B immunoglobulin was not used
routinely by any of the 3 centers during the first years of the
study, and there was little difference among the 3 centers in
the number of patients with hepatitis B. Cytomegalovirus pro-
phylaxis did not differ significantly among the 3 centers; all
centers used regimens that consisted of intravenous ganciclo-
vir, acyclovir, or both; and analyses controlled for donor and
recipient CMV status. Finally, the transfer of patients from the
transplantation hospital to a lower-cost facility rarely oc-
curred in this era. Thus, the differences found in resource use
among the 3 centers were unlikely to have been caused by the
factors suggested by Fung.

Currently, the clinical profile of patients undergoing trans-
plantation in the United States is dictated largely by the crite-
ria used for organ allocation. These criteria represent the ef-
forts of the transplantation community to develop objective
criteria by which suitable patients with the most advanced dis-
ease can be identified and given the highest priority for trans-
plantation. The current scheme for prioritizing patients is based
on the Child-Pugh score.1 In our study, the most important con-
tributor to increased resource use was more advanced liver dis-
ease, defined as patients with a Child-Pugh score of at least 10.
In fact, in most parts of the country, few patients with a score
of less than 10 have sufficient priority to be offered livers. Thus,
national policy is already committed to transplanting livers in
patients who are likely to consume greater resources. More-
over, the Institute of Medicine recently acknowledged that if
broader sharing of livers for transplantation were to occur, as
it recommended, then a greater number of transplantations
would be performed in patients with more advanced disease,
and the costs of liver transplantation would increase.2

As patients with more advanced disease receive a higher
proportion of transplants, there will be increased pressures
to deliver cost-effective care, which requires that a program
be able to quantify the costs of transplantation, and patient
characteristics and clinical services affect those costs. The
issue is whether we are most effectively and efficiently using
our limited clinical and financial resources for organ trans-
plantation.
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CORRECTIONS

Omission of Investigator Names: In the Original Contribution entitled “The Ef-
fect of Raloxifene on Risk of Breast Cancer in Postmenopausal Women: Results
From the MORE Randomized Trial,” published in the June 16, 1999, issue of THE
JOURNAL (1999;281:2189-2197), the names of the study investigators were inad-
vertently omitted and not acknowledged for their contributions to the article. A
full list of the investigators of the study has been subsequently published in the
Original Contribution entitled “Reduction of Vertebral Fracture Risk in Postmeno-
pausal Women With Osteoporosis Treated With Raloxifene: Results From a 3-Year
Randomized Clinical Trial,” published in the August 18, 1999, issue of THE JOURNAL
(1999;282:637-645).

Incorrect Wording: In the Original Contribution entitled “Reduction of Vertebral
Fracture Risk in Postmenopausal Women With Osteoporosis Treated With Ral-
oxifene: Results From a 3-Year Randomized Clinical Trial,” published in the Au-
gust 18, 1999, issue of THE JOURNAL (1999;282:637-645), there was incorrect word-
ing in 2 tables and 1 figure. On page 640 in Table 2, for study group 1, the relative
risk for raloxifene 120 mg/d that read “0.5” should have read “0.6,” and the to-
tal relative risk for raloxifene 120 mg/d that read “0.6” should have read “0.5.”
On page 641 in Table 3, the title that read “Nonvertebral Fractures in 4536 Women
Receiving Raloxifene Hydrochloride Therapy and 2292 Women Receiving Pla-
cebo” should have read “Nonvertebral Fractures in 5129 Women Receiving Ral-
oxifene Hydrochloride Therapy and 2576 Women Receiving Placebo.” On page
642 in the legend for Figure 3, the sentence that read “This represents 2292 women
who received placebo and 4536 women who received raloxifene therapy for os-
teoporosis” should have read “This represents 2576 women who received pla-
cebo and 5129 women who received raloxifene therapy for osteoporosis.”

Incorrect Wording: In the Original Contribution entitled “Clinical and Angio-
graphic Characteristics of Exertion-Related Acute Myocardial Infarction” pub-
lished in the November 10, 1999, issue of THE JOURNAL (1999;282:1731-1736),
there was incorrect wording in the last sentence of the “Results” section on pages
1732-1733. The sentence should read as follows: Patients with an exertion-
related MI were more likely to have established coronary artery disease (CAD) risk
factors including male sex, obesity, current cigarette smoking, and hyperlipidemia
(TABLE 1), and were less likely to use aspirin or b-blockers and tended to have less
hypertension (P = .08) and established cardiac disease (P = .06).
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