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The selective estrogen-receptor modulator (SERM) tamoxifen became the first U.S. Food and Drug Ad-
ministration (FDA)–approved agent for reducing breast cancer risk but did not gain wide acceptance for
prevention, largely because it increased endometrial cancer and thromboembolic events. The FDA ap-
proved the SERM raloxifene for breast cancer risk reduction following its demonstrated effectiveness in
preventing invasive breast cancer in the Study of Tamoxifen and Raloxifene (STAR). Raloxifene caused less
toxicity (versus tamoxifen), including reduced thromboembolic events and endometrial cancer. In
this report, we present an updated analysis with an 81-month median follow-up. STAR women were ran-
domly assigned to receive either tamoxifen (20 mg/d) or raloxifene (60 mg/d) for 5 years. The risk ratio
(RR; raloxifene:tamoxifen) for invasive breast cancer was 1.24 (95% confidence interval [CI], 1.05–1.47)
and for noninvasive disease, 1.22 (95% CI, 0.95–1.59). Compared with initial results, the RRs widened
for invasive and narrowed for noninvasive breast cancer. Toxicity RRs (raloxifene:tamoxifen) were 0.55
(95% CI, 0.36–0.83; P = 0.003) for endometrial cancer (this difference was not significant in the initial
results), 0.19 (95% CI, 0.12–0.29) for uterine hyperplasia, and 0.75 (95% CI, 0.60–0.93) for thrombo-
embolic events. There were no significant mortality differences. Long-term raloxifene retained 76% of the
effectiveness of tamoxifen in preventing invasive disease and grew closer over time to tamoxifen in pre-
venting noninvasive disease, with far less toxicity (e.g., highly significantly less endometrial cancer). These
results have important public health implications and clarify that both raloxifene and tamoxifen are good
preventive choices for postmenopausal women with elevated risk for breast cancer. Cancer Prev Res; 3(6);

696–706. ©2010 AACR.
Introduction

Despite improvements in the detection and treatment of
breast cancer, this disease still accounted for 192,000 new
cases and 40,000 deaths in the United States in 2009 (1).
Therefore, the concept of preventing the development of
invasive breast cancer remains an attractive one. The selec-
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tive estrogen-receptor modulator (SERM) tamoxifen has
well-known benefits in the treatment of receptor-positive
invasive breast cancer (2) and has been shown to be an
effective chemoprevention therapy (3–6). However, in
spite of its impressive efficacy in the prevention of breast
cancer, tamoxifen has not been widely used for prevention
because, in large part, of the increased risk of endometrial
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cancer and thromboembolic events associated with its use.
Another SERM, raloxifene, has been shown to reduce the
incidence of breast cancer in a series of clinical trials de-
signed primarily to evaluate it for treatment and preven-
tion of osteoporosis in postmenopausal women (7, 8).
The National Surgical Adjuvant Breast and Bowel Project

(NSABP) protocol P-2, the Study of Tamoxifen and Ralox-
ifene (STAR), directly compared tamoxifen with raloxifene
in 19,747 healthy postmenopausal women at an increased
risk for development of breast cancer. With 47 months of
follow-up, the initial STAR results demonstrated no signif-
icant difference between the two trial arms in the incidence
of invasive breast cancer, both with an estimated decreased
incidence of approximately 50% (vs untreated women;
ref. 9). Raloxifene did not appear to be as effective as ta-
moxifen in reducing the incidence of noninvasive breast
cancer (ductal carcinoma in situ [DCIS] and lobular carci-
noma in situ [LCIS] combined). The toxicity and side-effect
evaluations favored the raloxifene group, in which women
had significantly fewer deep-vein thromboses and pulmo-
nary emboli, cataracts, and hysterectomies for benign dis-
ease. The raloxifene group also had a nonsignificant
reduction in endometrial cancer. This report provides up-
dated STAR results.

Materials and Methods

STAR was a two-arm, randomized, double-blinded trial
of tamoxifen versus raloxifene for the reduction of breast
cancer incidence; participants and their physicians were
unaware of the treatment that was being administered
until the trial was unblinded in April 2006. All partici-
pants provided written informed consent that was re-
viewed and approved by the National Cancer Institute
and the institutional review boards of all participating in-
stitutions. The details of the trial methodology, including
the definition of endpoints and the methods used for
randomization, schedule of patient follow-up, patient
testing, and trial monitoring, are described in the initial
report of 2006, for which the data were cut off as of
December 31, 2005 (9). The update in the present report
is based on a cut-off date of March 31, 2009, providing a
median follow-up of 81 months. We focus here on up-
dating findings for the primary endpoint (incidence of
invasive breast cancer) and for all key secondary end-
points, including noninvasive breast cancer, endometrial
and other cancers, and vascular-related events. In the
original STAR report, no difference between treatment
groups was noted for the secondary endpoints ischemic
heart disease, stroke, and osteoporotic fractures. Because
our new analyses confirmed that this lack of differences
continued in the longer term, these endpoints are not
included in this report.

Participant characteristics
Only women who were postmenopausal, at least

35 years of age, and who had a 5-year predicted breast
cancer risk of at least 1.66% were eligible for STAR.
www.aacrjournals.org
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The risk determination was based on the Gail model,
as modified and applied in the Breast Cancer Prevention
Trial (BCPT P-1; ref. 10). Participants were also required
to meet the following criteria: not taking either tamoxifen
or raloxifene, hormone therapy, oral contraceptives, or
androgens for at least 3 months before randomization;
not currently taking warfarin or cholestyramine; no histo-
ry of stroke, transient ischemic attack, pulmonary embo-
lism, or deep-vein thrombosis; no atrial fibrillation,
uncontrolled diabetes, or uncontrolled hypertension; no
psychiatric condition that would interfere with adher-
ence; a performance status that would not restrict normal
activity; and no history of previous malignancy except
basal cell or squamous cell carcinoma of the skin, carci-
noma in situ of the cervix, or LCIS of the breast. Eligible
women were randomly assigned to receive either 20 mg/d
of tamoxifen plus placebo, or 60 mg/d of raloxifene plus
placebo for 5 years; the placebo tablets were necessary to
maintain the double blinding of treatment assignment
because the formulations of tamoxifen and raloxifene tablets
were dissimilar.
A total 19,747 women were randomly assigned to one

of the two groups between July 1, 1999, and November 4,
2004, and 19,471 of these women (9,726 tamoxifen;
9,745 raloxifene) were included in the analysis of the orig-
inal report. Two hundred seventy-four women were not in-
cluded because of a lack of follow-up information (146
tamoxifen; 128 raloxifene). Two other women (in the ra-
loxifene group) were excluded because they had received
a prophylactic bilateral mastectomy before randomization
and were not at risk for the development of invasive breast
cancer. Since the time of the initial report, follow-up infor-
mation was collected on 20 of the women (10 tamoxifen;
10 raloxifene) who lacked follow-up information at the
time of the original report. One woman (in the raloxifene
group) in the original report has been excluded from the
follow-up analyses because she was discovered to have
been diagnosed with invasive breast cancer before
randomization. Therefore, this update report includes the
findings for 19,490 women—9,736 in the tamoxifen group
and 9,754 in the raloxifene group.
The characteristics of the participants included in the

current analysis are shown in Table 1. The mean age at
entry to the trial was 58.5 years (SD, 7.4). Nine percent of
the women were younger than 50 years, 49.8% were be-
tween ages 50 and 59, 32.4% were between ages 60 and
69, and 8.8% were aged 70 years or older. The percentages
of racial/ethnic groups were as follows: White = 93.5%,
African American = 2.4%, Hispanic = 2.0%, and “other” =
2.1%. More than half (51.5%) of the participants had un-
dergone a hysterectomy before entry to the study; over 70%
had a first-degree female relative with a history of breast
cancer; and 23% had a history of atypical hyperplasia of
the breast. The mean 5-year predicted breast cancer risk at
entry was 4.03% (SD, 2.2), subdivided as follows: 30.2%
with risks between 2.01% and 3.00%, 31.4% between
3.01% and 5.00%, and 27.3% greater than 5.00%. The
mean lifetime risk was 14.73% (SD, 7.4).
Cancer Prev Res; 3(6) June 2010 697
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The mean duration of treatment was 43.5 months
(SD, 20.7) for the tamoxifen group and 46.8 months
(SD, 20.0) for the raloxifene group. Participant adherence
to 5 years of therapy was within the limits anticipated
when the trial was designed. Also, since the original report
and unblinding of treatment assignment, any woman who
had not completed her 5-year course of tamoxifen was of-
fered the option to switch to raloxifene for the remaining
portion of her treatment course. A total of 879 women
chose this option.

Statistical analyses
Analyses included all randomly assigned at-risk women

for whom follow-up information was available. All analyses
Cancer Prev Res; 3(6) June 2010
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were based on the intention-to-treat principle and used the
treatment assignment determined at randomization, re-
gardless of the treatment status at the time of analysis.
Rates per 1,000 person-years for each of the study end-
points were determined for each treatment group by divid-
ing the number of events within each treatment group by
the total number of event-specific person-years of follow-
up within the group. Comparisons of rates between treat-
ment groups were based on the risk ratio (RR) and the
95% confidence interval (CI) for the RR. The RR was deter-
mined as the rate in the raloxifene group divided by the
rate in the tamoxifen group. The 95% CI for each RR was
determined assuming a Poisson distribution, conditioning
on the total number of events and the person-years at risk.
RRs for which the 95% CI did not include 1.00 were con-
sidered to be statistically significant. Plots of the cumula-
tive incidence over time of follow-up were also developed.
The cumulative incidence accounted for the competing risk
of death (11). P-values to assess statistically significant dif-
ferences between treatment group–specific cumulative
incidence curves were determined by the log-rank test.
All P-values are 2-sided using P < 0.05 to determine statis-
tical significance. Analyses were performed using SAS ver-
sion 9.1 software (SAS Institute, Inc.).

Results

Breast cancer
The updated findings for invasive breast cancer are

shown in the left panel of Fig. 1. In contrast with the re-
sults documented in the original report, there is now a sig-
nificant difference between the treatment groups, with 310
cases of invasive breast cancer in the raloxifene group and
247 in the tamoxifen group. The invasive breast cancer RR
(raloxifene:tamoxifen) is 1.24 (95% CI, 1.05–1.47), indi-
cating that the rate in the raloxifene group is about 24%
higher than the rate in the tamoxifen group. As demon-
strated in the BCPT, compared with placebo, tamoxifen re-
duces the risk of invasive breast cancer by about 50% (3).
Therefore, if there were no breast cancer RR effect from ra-
loxifene, the expected rate of breast cancer in the raloxi-
fene group would be about twice the rate in the
tamoxifen group, yielding an RR of 2.00. Based on this in-
formation and the actual 1.24 RR observed in this study,
one can extrapolate that raloxifene is about 76% as effec-
tive as tamoxifen in reducing breast cancer risk [{(2.00–
1.24)/(2.00–1.00)} × 100 = 76%]. Then, compared with
placebo, raloxifene would reduce the risk of invasive
breast cancer by about 38% (50% × 76% = 38%), versus
the 50% reduction seen with tamoxifen.
The rate of invasive breast cancer by participant

demographic characteristics is provided in Table 2.
The number of events and the point estimates of
the rate are higher in the raloxifene arm than in the
tamoxifen arm for all categories of participant charac-
teristics, and there is no indication of a quantitative in-
teraction between treatment and any of the participant
characteristics.
Table 1. Characteristics at entry to the NSABP
STAR Trial (P-2) for women included in the
STAR-update analyses
Participant
characteristics
Tamoxifen
 Raloxifene
No.
 %
 No.
 %
Age (years)

≤49
 884
 9.1
 878
 9.0

50–59
 4,856
 49.9
 4,855
 49.8

60–69
 3,137
 32.2
 3,174
 32.5

≥70
 859
 8.8
 847
 8.7
Race/ethnicity

White
 9,105
 93.5
 9,115
 93.4

African-American
 233
 2.4
 243
 2.5

Hispanic
 192
 2.0
 193
 2.0

Other
 206
 2.1
 203
 2.1
No. 1° relatives with breast cancer

0
 2,838
 29.1
 2,791
 28.6

1
 5,046
 51.8
 5,135
 52.6

2
 1,532
 15.7
 1,561
 16.0

≥3
 320
 3.3
 267
 2.7
History of hysterectomy

No
 4,739
 48.7
 4,717
 48.4

Yes
 4,997
 51.3
 5,037
 51.6
History of lobular carcinoma in situ

No
 8,844
 90.8
 8,865
 90.9

Yes
 892
 9.2
 889
 9.1
History of breast atypical hyperplasia

No
 7,545
 77.5
 7,513
 77.0

Yes
 2,191
 22.5
 2,241
 23.0
5-year predicted breast cancer risk (%)*

≤2.00
 1,055
 10.8
 1,102
 11.3

2.01-3.00
 2,993
 30.7
 2,893
 29.7

3.01-5.00
 3,042
 31.2
 3,086
 31.6

≥5.01
 2,646
 27.2
 2,673
 27.4
Total
 9,736
 100.0
 9,754
 100.0
Abbreviation: NSABP STAR, National Surgical Adjuvant
Breast andBowel Project Study of Tamoxifen andRaloxifene.
*Determined by the Gail model.
Cancer Prevention Research
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In our original report, the difference between treatment
groups for the rate of noninvasive breast cancer was bor-
derline for statistical significance (RR = 1.40; 95% CI,
0.98–2.00; P = 0.052). Currently, the difference between
www.aacrjournals.org
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treatment groups for this event is less than originally seen
(right panel of Fig. 1). There are 137 cases in the raloxifene
group compared with 111 in the tamoxifen group, for an
RR of 1.22 (95% CI, 0.95–1.59). The difference between
Fig. 1. Cumulative incidences of invasive and noninvasive breast cancer.
Table 2. Annual rates of invasive breast cancer—NSABP STAR Trial (P-2)
Participant characteristic
at baseline
Number of events
 Rate per 1000
Cancer P
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RR (95% CI)
Tamoxifen
 Raloxifene
 Tamoxifen
 Raloxifene
 Difference†
Age at entry (years)

≤49
 10
 15
 1.84
 2.80
 −0.96
 1.53
 0.64–3.80

50-59
 125
 155
 4.09
 5.03
 −0.94
 1.23
 0.97–1.57

≥60
 112
 140
 4.47
 5.48
 −1.01
 1.22
 0.95–1.58
History of lobular carcinoma in situ

No
 197
 253
 3.54
 4.50
 −0.96
 1.27
 1.05–1.54

Yes
 50
 57
 9.14
 10.34
 −1.20
 1.13
 0.76–1.69
History of atypical hyperplasia

No
 187
 218
 3.90
 4.52
 −0.62
 1.16
 0.95–1.42

Yes
 60
 92
 4.58
 6.79
 −2.21
 1.48
 1.06–2.09
5-year predicted breast cancer risk (%)

≤3.00
 61
 81
 2.39
 3.21
 −0.82
 1.34
 0.95–1.90

3.01-5.00
 84
 91
 4.43
 4.63
 −0.20
 1.05
 0.77–1.42

≥5.01
 102
 138
 6.13
 8.17
 −2.04
 1.33
 1.02–1.74
No. 10 relatives with breast cancer

0
 82
 105
 4.77
 6.17
 −1.40
 1.29
 0.96–1.75

1
 112
 135
 3.51
 4.10
 −0.59
 1.17
 0.90–1.51

≥2
 53
 70
 4.44
 5.96
 −1.52
 1.34
 0.93–1.96
Total
 247
 310
 4.04
 5.02
 −0.98
 1.24
 1.05–1.47
Abbreviations: CI, confidence interval; NSABP STAR, National Surgical Adjuvant Breast and Bowel Project Study of Tamoxifen and
Raloxifene; RR, risk ratio.
*Risk ratio for women in the raloxifene group compared to women in the tamoxifen group.
†Rate in the tamoxifen group minus rate in the raloxifene group.
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treatment groups in noninvasive breast cancer appears
to be limited to cases of pure DCIS or cases of mixed
DCIS and LCIS (top portion of Table 3). There was no
difference between the groups for pure LCIS cases; the
numbers of women diagnosed with this condition were
33 (tamoxifen) and 34 (raloxifene; RR = 1.02; 95% CI,
0.61–1.70). In parallel with the analysis presented above
for invasive breast cancer, tamoxifen was shown in the
BCPT to reduce the risk of noninvasive breast cancer by
about 50%. Therefore, if there were no noninvasive breast
Cancer Prev Res; 3(6) June 2010
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cancer risk reduction effect of raloxifene, the expected rate
of noninvasive breast cancer in the raloxifene group would
be about twice the rate in the tamoxifen group, yielding
an RR (raloxifene:tamoxifen) of 2.00. Based on this infor-
mation and the actual 1.22 RR observed in this study, one
can extrapolate that raloxifene is about 78% as effective as
tamoxifen in reducing noninvasive breast cancer risk
[{(2.00-1.22)/(2.00-1.00)} × 100 = 78%]. Then, com-
pared with placebo, raloxifene reduces the risk of noninva-
sive breast cancer by about 39% (50% × 78% = 39%).
Table 3. Annual rates of noninvasive breast cancer and uterine disease/hysterectomy—NSABP STAR
Trial (P-2)
Disease/uterine event type
 Events, n
 Rate per 1,000
Cancer
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RR (95% CI)
Tamoxifen
 Raloxifene
 Tamoxifen
 Raloxifene
 Difference†
Noninvasive breast cancer

DCIS
 70
 86
 1.15
 1.40
 −0.25
 1.22
 0.88–1.69

LCIS
 33
 34
 0.54
 0.55
 −0.01
 1.02
 0.61–1.70

Mixed
 8
 17
 0.13
 0.28
 −0.15
 2.11
 0.86–5.64

Total
 111
 137
 1.83
 2.23
 −0.40
 1.22
 0.95–1.59
Uterine disease and hysterectomy‡
Invasive Cancer
 65
 37
 2.25
 1.23
 1.02
 0.55
 0.36–0.83

Hyperplasia§
 126
 25
 4.40
 0.84
 3.56
 0.19
 0.12–0.29
Without atypia§
 104
 21
 3.63
 0.70
 2.93
 0.19
 0.11–0.31

With atypia§
 22
 4
 0.77
 0.13
 0.64
 0.17
 0.04–0.51
Hysterectomy during follow-up
 349
 162
 12.08
 5.41
 6.67
 0.45
 0.37–0.54
Abbreviations: CI, confidence interval; DCIS, ductal carcinoma in situ; LCIS, lobular carcinoma in situ; NSABP STAR, National
Surgical Adjuvant Breast and Bowel Project Study of Tamoxifen and Raloxifene; RR, risk ratio.
*Risk ratio for women in the raloxifene group compared with women in the tamoxifen group.
†Rate in the tamoxifen group minus rate in the raloxifene group.
‡Women at risk were those with an intact uterus at entry (see Table 1).
§Among women not diagnosed with uterine cancer.
Fig. 2. Cumulative incidences of invasive uterine cancer and thromboembolic events.
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Uterine disease
Invasive uterine cancer and uterine hyperplasia are

well-established toxicities associated with tamoxifen treat-
ment. When compared with tamoxifen, raloxifene does
not have such a profile (bottom portion of Table 3).
The incidence of invasive uterine cancer is significantly
lower in the raloxifene group (P = 0.003; left panel of
Fig. 2). The annual average rate per 1,000 was 2.25 in
the tamoxifen group compared with 1.23 in the raloxi-
fene group (RR = 0.55; 95% CI, 0.36–0.83). In our orig-
inal report, the difference between treatment groups for
the rate of invasive uterine cancer was not statistically
significant. The average annual incidence rate of uterine
hyperplasia, the majority of which was hyperplasia with-
out atypia, was 5 times higher in the tamoxifen group
(4.40 per 1,000) than in the raloxifene group (0.84 per
1,000; RR = 0.19; 95% CI, 0.12–0.29). The number of
www.aacrjournals.org
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hysterectomies performed in the tamoxifen group
(349), including those done for benign disease, was
more than double that performed in the raloxifene group
(162; RR = 0.45; 95% CI, 0.37–0.54).

Other cancers
Comparisons between treatment groups for the average

annual rates of invasive cancer at sites other than the breast
or uterus are presented in Table 4. These data are consistent
with those in the original report, which also showed no
significant differences for cancers other than in breast or
uterus cancer.

Thromboembolic events
Pulmonary embolism and deep-vein thrombosis are

other toxicities with a well-recognized association with
tamoxifen treatment. The incidence of such events was
Table 4. Annual rates of site-specific invasive cancer cases other than breast and uterine cancer—
NSABP STAR Trial (P-2)
Site of cancer
 Events, n
 Rate per 1000
Cancer Pr
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Tamoxifen
 Raloxifene
 Tamoxifen
 Raloxifene
 Difference†
Adrenal gland
 0
 1
 0
 0.02
 −0.02
 —
 —

Bone/cartilage/connective tissue
 3
 4
 0.05
 0.06
 −0.01
 1.32
 0.22–8.98

Buccal cavity and pharynx
 4
 6
 0.06
 0.10
 −0.04
 1.48
 0.35–7.13

Cervix
 3
 0
 0.05
 0
 0.05
 —
 —

Colorectal
 48
 45
 0.78
 0.72
 0.06
 0.93
 0.60 to 1.42

Esophagus
 2
 0
 0.03
 0
 0.03
 —
 —

Eye
 1
 1
 0.02
 0.02
 0
 0.99
 0.01–77.48

Gallbladder
 5
 2
 0.08
 0.03
 0.05
 0.39
 0.04–2.41

Kidney
 14
 21
 0.23
 0.34
 −0.11
 1.48
 0.72–3.15

Larynx
 0
 1
 0
 0.02
 −0.02
 —
 —

Leukemia/other lymph/hemato
 60
 53
 0.97
 0.85
 0.12
 0.87
 0.59–1.28

Liver
 7
 2
 0.11
 0.03
 0.08
 0.28
 0.03–1.48

Lung, trachea, bronchus
 57
 64
 0.92
 1.02
 −0.10
 1.11
 0.76–1.61

Nasal/middle ear/sinuses
 1
 1
 0.02
 0.02
 0
 0.99
 0.01–77.48

Nervous system
 9
 10
 0.15
 0.16
 −0.01
 1.10
 0.40–3.05

Other gyn
 2
 2
 0.03
 0.03
 0
 0.99
 0.07–13.62

Ovary
 21
 34
 0.50
 0.79
 −0.29
 1.58
 0.89–2.86

Pancreas
 12
 11
 0.19
 0.18
 0.01
 0.90
 0.36–2.24

Retroperitoneum
 7
 4
 0.11
 0.06
 0.05
 0.56
 0.12–2.22

Skin
 25
 24
 0.40
 0.38
 0.02
 0.95
 0.52–1.73

Small intestine
 0
 2
 0
 0.03
 −0.03
 —
 —

Spleen
 0
 2
 0
 0.03
 −0.03
 —
 —

Stomach
 5
 1
 0.08
 0.02
 0.06
 0.20
 0.004–1.76

Thyroid gland
 18
 32
 0.29
 0.51
 −0.22
 1.76
 0.96–3.32

Urinary bladder
 15
 12
 0.24
 0.19
 0.05
 0.79
 0.34–1.81

Site unspecified/unspecified nature
 15
 19
 0.24
 0.30
 −0.06
 1.25
 0.60–2.64

Secondary/uncertain
 4
 5
 0.06
 0.08
 −0.02
 1.23
 0.27–6.22
Abbreviations: CI, confidence interval; gyn, gynecologic; hemato, hematopoietic; lymph, lymphatic; NSABP STAR, National
Surgical Adjuvant Breast and Bowel Project Study of Tamoxifen and Raloxifene; RR, risk ratio.
*Risk ratio for women in the raloxifene group compared with women in the tamoxifen group.
†Rate in the tamoxifen group minus rate in the raloxifene group.
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significantly elevated in the tamoxifen group compared
with the raloxifene group (P = 0.007; right panel of Fig.
2 and top of Table 5). The average annual rates of throm-
boembolic events were 3.30 per 1,000 (tamoxifen) and
2.47 per 1,000 (raloxifene; RR = 0.75; 95% CI, 0.60–0.93).

Cataracts
When compared with the results in the placebo group in

the BCPT, tamoxifen increased the incidence of cataract
development and cataract surgery (3). Raloxifene does
not have this effect. In the original report of STAR, cataract
events were significantly elevated in the tamoxifen group
compared with the raloxifene group, and these differences
persisted in the current analysis (bottom of Table 5). The
rate of cataract development (RR = 0.80; 95% CI, 0.72–
0.89) and the rate of cataract surgery (RR = 0.79; 95%
CI, 0.70–0.90) are about 20% less in the raloxifene group
than in the tamoxifen group.

Mortality
The number of deaths observed during follow-up is

shown in Table 6. There is no statistically significant mor-
tality difference between the treatment groups. Overall,
236 deaths occurred in the tamoxifen group and 202
deaths in the raloxifene group, for an RR of 0.84, which
was not statistically significant (95% CI, 0.70–1.02). When
the differences between treatment groups are compared by
specific causes of death, the data are consistent with varia-
tion due to chance.
Discussion

Tamoxifen has been shown to reduce the risk of con-
tralateral breast cancer in women with invasive breast
cancer and DCIS (12, 13). The benefit appears to be very
durable. After 2 to 5 years of adjuvant tamoxifen, the
contralateral breast cancer reduction continued through at
least 15 years of follow-up (2, 14). In primary prevention
Cancer Prev Res; 3(6) June 2010
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trials of tamoxifen in women at risk for the future develop-
ment of breast cancer, 5 to 8 years of tamoxifen significantly
reduced the incidence of invasive breast cancer, and this
benefit persisted for at least 7 to 12 years (6, 15, 16).
Raloxifene has also been shown to reduce the incidence

of primary invasive breast cancer (compared with place-
bo). The Multiple Outcomes of Raloxifene Evaluation
(MORE) trial randomized 7,704 postmenopausal women
with osteoporosis; with a median follow-up of 45 months,
raloxifene (given for 4 years) reduced the incidence of
breast cancer by 76% (RR = 0.24; 95% CI, 0.13–0.44;
ref. 7). In the Raloxifene Use for the Heart (RUTH) trial,
10,101 postmenopausal women with coronary heart dis-
ease or multiple risk factors for this disease were assigned
to either raloxifene (60 mg/d) or placebo. With 5.6 years
median follow-up, raloxifene reduced the incidence of in-
vasive breast cancer by a significant 44% (hazard ratio
[HR] = 0.56; 95% CI, 0.38–0.83; ref. 17). As detailed in
the initial report of STAR, after a median follow-up of
47 months, raloxifene was as effective as tamoxifen in re-
ducing the risk of invasive breast cancer. The updated re-
sults reported here demonstrate that after a median
follow-up of 81 months, which represents 60 months of
treatment plus an additional 21 months of follow-up, ra-
loxifene no longer appears to be as effective as tamoxifen
in preventing primary invasive breast cancer. Raloxifene
does appear, however, to retain approximately 76% of ta-
moxifen's effectiveness, which represents as much as a
38% reduction in invasive breast cancer (compared with
an untreated group). The initial STAR report also suggested
that raloxifene may not be as effective as tamoxifen in pre-
venting the development of noninvasive breast cancers
(LCIS and DCIS combined). The updated results show
that the difference between the treatment groups has
narrowed, and much like its effect against invasive breast
cancer, raloxifene is about 78% as effective as tamoxifen in
reducing the risk of noninvasive breast cancer. Patients
with a history of LCIS or atypical hyperplasia of the breast
Table 5. Rates of thromboembolic events, cataracts, and cataracts surgery—NSABP STAR Trial (P-2)
Type of event
 Events, n
arch.
on O 
Rate per 1,000
Cancer Preve

 
ctober 1, 2020. © 2010 American A
RR*
ntio

ssoc
RR
(95% CI)
Tamoxifen
 Raloxifene
 Tamoxifen
 Raloxifene
 Difference†
Thromboembolic events
 202
 154
 3.30
 2.47
 0.83
 0.75
 0.60–0.93

Pulmonary embolism
 84
 68
 1.36
 1.09
 0.27
 0.80
 0.57–1.11

Deep-vein thrombosis
 118
 86
 1.93
 1.38
 0.55
 0.72
 0.54–0.95
Cataracts and Cataract Surgery

Developed cataracts during follow-up‡
 739
 603
 14.58
 11.69
 2.89
 0.80
 0.72–0.89

Developed cataracts and had cataract surgery‡
 575
 462
 11.18
 8.85
 2.33
 0.79
 0.70–0.90
Abbreviations: CI, confidence interval; NSABP STAR, National Surgical Adjuvant Breast and Bowel Project Study of Tamoxifen and
Raloxifene; RR, risk ratio.
*Risk ratio for women in the raloxifene group compared to women in the tamoxifen group.
†Rate in the tamoxifen group minus rate in the raloxifene group.
‡Women at risk were those with no prior history of cataracts at entry (8,341 and 8,336 tamoxifen and raloxifene participants,
respectively).
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have a 4-fold to 10-fold increased risk of subsequent inva-
sive disease, and tamoxifen and raloxifene were equally ef-
fective in reducing this risk in the initially reported STAR
results. The current analyses indicate that this equality is
no longer the case for STAR women with a history of atyp-
ical hyperplasia (RR = 1.48; 95% CI = 1.06-2.09), although
results for the LCIS group remain similar to those reported
originally (RR = 1.13; 95% CI, 0.76–1.69).
Only a slight difference was evident between treatment

groups in the cumulative incidence of both invasive and
noninvasive breast cancer (Fig. 1) through the first
20 months of the study. After 30 months, a clear separa-
tion of the treatment curves was observed, with a higher
cumulative incidence of both invasive and noninvasive
breast cancer in the raloxifene group. Why are we seeing
this apparent diminution of raloxifene's benefits with lon-
ger follow-up? When the initial STAR results were pub-
lished, all participants were notified of the results, and
women who were still receiving tamoxifen were offered
the option of crossing over to raloxifene therapy for the
remainder of their 5 years of treatment. Only 879 women
(9%) chose this option. The cross-over is unlikely to fully
explain our updated findings.
Is nonadherence with the medication an issue? Only

about 2% of orally administered raloxifene becomes
bioavailable, and the biological half-life of raloxifene
is much shorter than that of tamoxifen. Missing a day
or 2 of raloxifene may result in a greater reduction of
effectiveness than would similarly skipped doses of ta-
moxifen. However, overall adherence to protocol medi-
cation, as measured by pill counts, was similar in the
two groups, and the protocol medication drop-off rates
were higher in the tamoxifen group (38.9% versus
27.4%), indicating that nonadherence or drop-offs in
the raloxifene group do not provide the answer. Ralo-
xifene may simply be less potent than is tamoxifen. It
was originally developed as a drug to treat breast cancer
but was less effective than was tamoxifen in that setting
as well (18).
The superiority of tamoxifen over raloxifene in reducing

breast cancer risk comes with a cost: significantly more
endometrial cancers, hysterectomies for benign disease,
thromboembolic events, and cataracts. These toxicities
may be acceptable for the treatment of breast cancer
but have proved to be a barrier to the use of tamoxifen
for preventing primary breast cancers. It is important
to point out that, unlike raloxifene, tamoxifen is approved
for use in premenopausal women, and the BCPT (NSABP
P-1) showed no excessive risk of endometrial cancers or
thromboembolic events in the tamoxifen-treated pre-
menopausal group compared with the placebo group.
For premenopausal women at increased risk, particularly
those with biopsy-proven risk factors such as LCIS or
atypical hyperplasia, tamoxifen has a positive risk/bene-
fit ratio and should be presented as a treatment option.
A similar risk/benefit ratio may exist in younger post-
menopausal women with elevated Gail scores and a prior
hysterectomy.
www.aacrjournals.org
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Our results demonstrate that raloxifene (compared with
tamoxifen) retains substantial benefit in reducing the risk
of invasive breast cancer and has fewer life-threatening side
effects, including significantly fewer endometrial cancers,
and these results are in keeping with those in the placebo-
controlled raloxifene trials. We saw no significant increases
in other primary cancers, although there were numerically
more ovarian cancers and thyroid cancers. Neither of these
tumors was noted to be of concern in the other raloxifene
trials, but we plan to continue to follow STAR patients with
particular attention to all potential long-term side effects.
The 5-year duration of therapy in STAR was a carryover

from the P-1 trial of tamoxifen versus placebo, in which
5 years of tamoxifen was chosen based on the duration
of treatment in adjuvant trials. In the combined results
of MORE and the Continuing Outcomes Relevant to Evista
(CORE) trial, which involved as much as 8 years of ralox-
ifene therapy, a 66% reduction in the incidence of invasive
breast cancer was seen in the raloxifene-treated group
compared with the placebo group (HR = 0.34; 95% CI,
0.22–0.50). The women in the MORE/CORE studies were
not selected based on breast cancer risk, and the majority
had Gail scores below 1.66%, although some high-risk
women were included.
Laboratory studies demonstrate that the antitumor ac-

tions of raloxifene and related hydroxylated SERMs depend
on the duration of administration (19–21). In other words,
longer administration periods are necessary to control
tumorigenesis with short-acting SERMs with poor bioavail-
ability (20). It may be that the long-term benefit of tamox-
ifen in controlling tumorigenesis occurs because of the
development and evolution of a sophisticated SERM-
resistant disease that becomes vulnerable to the apoptotic
actions of physiologic estrogen (22) once tamoxifen is
stopped. In contrast, the evolution of acquired SERM resis-
tance may not advance as quickly with raloxifene as with
tamoxifen, and raloxifene only remains therapeutically
effective as long as it is given (8). It is unlikely that the opti-
mal duration of raloxifene for chemoprevention will be
evaluated in a breast cancer prevention setting; however,
the use of raloxifene in treating and preventing osteoporosis
is approved for an indefinite period of time. Therefore, con-
tinuing raloxifene therapy beyond 5 years might be an ap-
proach that would preserve its full chemopreventive activity.
Large randomized cancer-prevention trials with long-

term clinical follow-up of a carefully characterized pop-
ulation of individuals provide a valuable resource
beyond the primary aims of the study. In the NSABP
STAR (P-2) and BCPT (P-1), baseline blood samples
have been collected and stored from more than 30,000
women at an increased risk for breast cancer, as have
tumor specimens from breast cancer events. Various
studies have already been conducted using these re-
sources, and others are underway, including a genome-
wide-association study by NSABP in collaboration with
the National Institutes of Health Pharmacogenetics
Research Network (PGRN) and the RIKEN Yokohama
Institute Center for Genomic Medicine; this study includes
Cancer Prev Res; 3(6) June 2010 703
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Table 6. Distribution of Deaths - NSABP STAR Trial (P-2)

Cause of death Deaths, n

Tamoxifen Raloxifene

Cancer 101 86

Bladder 1 3
Bone, articular cartilage and connective tissue 1 1
Brain 6 4
Breast 11 4
Colon 4 3
Endocrine gland 0 1
Gallbladder 2 1
Kidney 1 1
Liver 7 1
Lung 25 28
Lymphatic/hematopoietic 12 11
Oral 2 1
Ovary 8 7
Pancreas 7 5
Peritoneum 2 0
Skin 2 0
Spleen 0 1
Stomach 2 1
Thyroid 1 0
Uterus 2 2
Other, uncertain, and unspecified sites 5 11

Circulatory/vascular disease 42 42

Aortic 1 2
Atherosclerosis 0 1
Cerebrovascular disease, unspecified 1 0
Hypertensive disease 1 4
Ischemic heart disease 13 8
Other heart disease 9 14
Peripheral vascular disease, unspecified 0 1
Polyarteritis nodosa 0 1
Pulmonary embolism 3 2
Primary pulmonary hypertension 1 0
Stroke 13 9

Other 93 74

Accident, auto 3 4
Accident, fire 1 0
Alcohol dependence syndrome 1 1
Asphyxiation and strangulation 1 0
Complications of surgery 0 1
Dementia 0 1
Diabetes 1 3
Disorders of metabolism 1 0
Emphysema 1 0
Injury, intracranial 2 2

(Continued on the following page)
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Table 6. Distribution of Deaths - NSABP STAR Trial (P-2) (Cont'd)

Cause of death Deaths, n

Tamoxifen Raloxifene

Injury, other 1 0
Interferon toxicity 0 1
Intestinal infectious disease 0 1
Other conditions of the blood 0 2
Other conditions of the brain/neurological system 7 3
Other diseases of the digestive system 7 6
Other Diseases of the urinary system 2 1
Other respiratory disease 13 7
Pneumonia 2 4
Poisoning 2 0
Septicemia 4 3
Skin infections 0 1
Symptoms, signs, and ill-defined conditions 2 3
Unknown 42 30

Total deaths (rate per 1,000) 236 (3.81) 202 (3.22)
Risk ratio (95% CI) 0.70–1.02)

Abbreviations: CI, confidence interval; NSABP STAR, National Surgical Adjuvant Breast and Bowel Project Study of
Tamoxifen and Raloxifene.
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a detailed evaluation of cytochrome P450 2D6 (CYP2D6)
status (refs. 23–27; access to these data and specimens is
not restricted to NSABP members; the pathology section
of the NSABP web site, ref. 28, describes the process by
which one can submit applications for such projects).
In conclusion, with a median follow-up of 81 months,

our long-term, updated results show that raloxifene re-
tained 76% of the effectiveness of tamoxifen in prevent-
ing invasive disease, that its level of effectiveness grew
closer over time to that of tamoxifen (78% as effective)
in preventing noninvasive disease, and that raloxifene
remained far less toxic (e.g., now with highly statistically
significantly fewer endometrial cancers). These relative
effects of the drugs in the longer term—including greater
potency of tamoxifen in preventing invasive and nonin-
vasive disease and significantly less endometrial toxicity
with raloxifene—are more consistent with the profiles that
were expected on the basis of findings from other pub-
lished studies. With deep public-health implications, these
results help to clarify that both raloxifene and tamoxifen
are good preventive choices for higher-risk postmeno-
pausal women, depending largely on a woman's personal
risk factors for breast cancer. For postmenopausal women
with elevated risk, these results should encourage wide-
spread acceptance of raloxifene for breast cancer risk re-
duction, especially in women with an intact uterus who
www.aacrjournals.org
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also face a risk of osteoporosis and fracture. The results
should also promote greater acceptance of tamoxifen
(given its greater efficacy) by premenopausal women
who are at a very high risk for breast cancer. Such in-
creased acceptances of both SERMs for breast cancer risk
reduction ultimately would reduce the public health bur-
den of the disease.
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