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Abstract
Purpose: Raloxifene is a selective estrogen receptor (ER)
modulator approved for prevention and treatment of
postmenopausal osteoporosis. This is an exploratory study
of raloxifene in primary breast cancer patients.
Experimental Design: Postmenopausal women (50 – 80
years of age), with histological or cytological diagnosis of
stage I or II primary breast cancer, were randomly
assigned to 14 days of placebo, 60 mg/day raloxifene, or
300 mg twice daily (600 mg/day) of raloxifene. A core
biopsy of the primary tumor was obtained before
therapy, and a representative sample of the excised
tumor was obtained from the operative specimen after
treatment. Paired baseline and endpoint biopsies from
each patient were analyzed for Ki67, apoptosis, and
estrogen and progesterone receptors. Treatment group
differences in efficacy measurements were primarily
evaluated for baseline-to-endpoint change and percentage
change using a one-way ANOVA with treatment as the
fixed effect.
Results: Of 167 enrolled patients, 143 had evaluable
efficacy data. Most breast cancer cases were invasive
(98.6%), stage I (76.6%), and ER-positive (83.2%). In
patients with ER-positive tumors, Ki67 increased 7%
from baseline on placebo and decreased by 21% on 60
mg/day raloxifene (P ⴝ 0.015 versus placebo) and by
14% on 600 mg/day raloxifene (P ⴝ 0.064 versus
placebo). Raloxifene did not affect apoptosis. ER
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decreased significantly with 60 mg/day or 600 mg/day
raloxifene compared with placebo (P < 0.01 for each
comparison). Raloxifene had no statistically significant
effects on Ki67 among patients with ER-negative tumors.
There were no treatment differences in adverse events.
Conclusion: In this exploratory trial, 60 mg/day
raloxifene showed a significant antiproliferative effect in
ER-positive breast cancer, demonstrated by the decrease
in Ki67, with no effect in ER-negative cancer. This
provides support for raloxifene having a breast cancer
preventive effect in postmenopausal women.
Introduction
Raloxifene is a SERM5 that is approved for the prevention and
treatment of postmenopausal osteoporosis (1, 2). This is an
exploratory study of raloxifene in patients with primary breast
cancer.
An antiproliferative effect of raloxifene in the ER-positive
MCF-7 human breast cancer cell line has been documented in
model systems in vitro and in vivo (3, 4). In a placebocontrolled trial of the drug in postmenopausal patients with
osteoporosis, breast cancer incidence was substantially decreased with raloxifene (5). The drug is now under evaluation
as a preventive agent in comparison with tamoxifen in women
at increased risk of developing breast cancer (Study of Tamoxifen and Raloxifene trial, Ref. 6) and in comparison with
placebo in women at risk for heart disease [Raloxifene Use for
the Heart trial (7)].
A small number of studies have evaluated the antiproliferative effect of antiestrogens and SERMs in primary human
breast cancer by providing treatment during the short time
between diagnosis and excision/mastectomy, an interval during
which therapy is not conventionally given. Tamoxifen has been
reported to reduce the levels of Ki67, an immunohistochemical
marker of proliferation, after a median 21 days in a placebocontrolled trial of 103 patients (8). An effect in both ERpositive and ER-negative tumors was observed. The first human exposure to the steroidal pure antiestrogen ICI 182,780
(Faslodex) was in a 7-day, no-treatment controlled, presurgical
study in postmenopausal women with breast cancer (9). The
antiproliferative effect was confined to ER-positive tumors and
was accompanied by increased levels of apoptosis (10). The
tamoxifen analogue idoxifene reduces Ki67 by ⬃30% in postmenopausal women with ER-positive tumors, but in contrast to
the study with ICI 182,780, there was no effect on apoptosis
(11). The clinical relevance of these short-term biomarker studies is supported by the decrease in Ki67 levels after 2 weeks of

5
The abbreviations used are: SERM, selective estrogen receptor modulator; ER,
estrogen receptor; PR, progesterone receptor.
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tamoxifen treatment before surgical resection of the primary
tumor in patients whose tumor subsequently showed an objective response to the drug. There was no decrease in patients who
failed to respond (12).
In the current exploratory study, postmenopausal women
with primary breast cancer were randomly assigned to 14 days
of one of two doses of raloxifene or placebo immediately before
surgery. The lower dose of raloxifene (60 mg/day) is used for
osteoporosis prevention and treatment (13), whereas the higher
dose (600 mg/day) had not been assessed previously and provided a log-linear dose range. The primary endpoint was tumor
cell proliferation as assessed by Ki67, a biomarker of proliferation shown previously to be suppressed by tamoxifen and the
pure antiestrogen ICI182,780 (8, 9); data were also collected on
apoptosis and ERs and PRs.
Materials and Methods
Study. This Phase II, double-blind, randomized, placebocontrolled trial was performed at 11 clinical trial centers in Italy
and the United Kingdom. Patients were eligible for the study if
they were postmenopausal, 50 – 80 years of age, had clinical
diagnosis of stage I or II [American Joint Committee on Cancer
(14)], histologically confirmed, primary breast cancer, and with
tumor size adequate for core biopsy. Patients were excluded if
they: had taken or received previous treatment for breast cancer, previous raloxifene therapy, any investigational agent
(within 6 months of study entry), or any estrogen or progesterone therapy including nonproprietary compounds (within 3
months of study entry); were candidates for neoadjuvant therapy; had a clinical history of hepatic or renal dysfunction; or
had active deep venous thromboembolic disease or were suspected of having hereditary predisposition for developing venous thromboembolic disease.
Patients were randomly assigned to receive raloxifene 60
mg once/day (marketed dose), raloxifene 300 mg twice/day, or
placebo. The Eli Lilly Clinical Trials Materials Group (Indianapolis, IN) performed randomization and packaged study drug
materials but was not involved in study design or patient
monitoring. The sponsor produced randomly numbered kits that
contained identically appearing raloxifene or placebo tablets.
Trial centers dispensed the kits in numerical order to the women
enrolled in the study. To maintain blinding, the 60 mg/day
raloxifene group also received placebo tablets; all of the groups
received the same number of tablets per day. Study drug was to
be taken for 14 days between biopsy and surgical resection of
the primary tumor.
Each patient gave written informed consent, and the study
was approved by the ethical committees of the participating
clinical centers. Additional patients were recruited to replace
those found to be ineligible or nonevaluable for the primary
endpoint.
Biopsy Methods. Before the start of study medication, a corecut biopsy of the primary breast tumor was obtained using a
14-gauge needle, and at surgery a sample of the excised tumor
was obtained from the operative specimen. Both specimens
were fixed in 10% normal buffered formalin and embedded in
paraffin wax. The embedded blocks were sent to the Royal
Marsden Hospital, London, United Kingdom, for processing
and analysis. Sections (3 m thick) of the paraffin wax blocks
were cut onto positively charged slides and dried overnight at
37°C before being used for immunohistochemical analysis.
Analytical Methods. Measurement of cell proliferation was
by immunohistochemical assay using the MIB1 mouse monoclonal antibody to Ki67 (15). Measurement of apoptosis was by

terminal deoxynucleotidyl transferase-mediated nick end labeling; the apoptotic index was expressed as a percentage of the
total number of cells displaying apoptotic bodies (15). Tumor
cells/section (3000) were counted for Ki67 and apoptotic index
based on precision data published previously. ER expression
was demonstrated with the DAKO 1D5 mouse monoclonal
antibody (16) and PR with the Novocastra antibody NCL-PgR
clone 1A6 (17). ER and PR expression were assessed semiquantitatively by determining the percentage of tumor cells
stained by the primary antibody and assessing the intensity of
staining using a score of 0 –3, corresponding to negative, weak,
intermediate, and strong staining intensities in 10 high-powered
fields. The percentage of tumor cells in each of these categories
was used to calculate the overall H-score as follows: (% of cells
intensity 1 ⫻ 1) ⫹ (% of cells intensity 2 ⫻ 2) ⫹ (% of cells
intensity 3 ⫻ 3), which provides scores ranging from 0 to 300.
Tumors with a score of ⱖ20 were considered positive for either
ER or PR. In all of the cases, paired baseline and endpoint
samples from the same patient were stained and scored in the
same assay batch. Scoring was conducted by one analyst and
was subject to quality control checks by a second; if the scorers
disagreed, differences were resolved by agreement after double-headed microscopic examination.
Statistical Methods. All of the analyses were based on assigned treatment at the time of randomization, regardless of
compliance status. The original sample size of 50 patients/
treatment group was intended to have 80% power to detect a
25% reduction in the post-treatment:pretreatment ratio of Ki67
comparing raloxifene with placebo (protocol-defined primary
analysis), based on precision data published previously (15).
During a planned interim analysis, it was discovered that this
sample size calculation was flawed because of mathematical
errors and that the study lacked sufficient power for the primary
analysis. The incorrect sample size was reported to the data
monitoring board responsible for monitoring the safety and
efficacy of the study. Given the exploratory nature of the study,
the data monitoring board decided not to extend the sample size
at that time. Efficacy analyses of Ki67, apoptosis, ER, and PR
were performed on data from 143 patients with paired baseline
and endpoint data. It was a priori known that raloxifene was
most likely to have an effect in patients with ER-positive
tumors. Therefore, although data from all of the randomized
patients are included here, the efficacy analyses and their interpretation focus on patients with ER-positive or ER-positive/
PR-positive tumors. All of the safety analyses included data
from all of the randomized patients.
Treatment-group differences between each raloxifene dose
and placebo in the ratio of post-treatment:pretreatment Ki67
was evaluated using the approximate normal statistic 公n/2 ⫻
log(Xn/Yn), where Xn and Yn are the mean post-treatment:
pretreatment ratio for raloxifene dose group and placebo group,
respectively (18). Because this protocol-defined primary analysis was underpowered, treatment group differences were also
evaluated for baseline-to-endpoint change and percentage
change using a one-way ANOVA, with treatment as the fixed
effect. Because efficacy data were skewed and, in some cases,
heterogeneity of variance was observed, ANOVA was performed on the rank-transformed data. Within-group change and
percentage change were tested by a Wilcoxon signed rank
statistic. Medians are presented as descriptive statistics of the
variables, and the standard errors for the medians were estimated using the d-delete jackknife method (19). Treatment
group differences were also analyzed in the percentage of
patients whose Ki67 measurements decreased during the study
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Fig. 1. Patient enrollment and follow-up. Patients
were evaluable if they had paired pretreatment and
post-treatment data on Ki67, apoptosis, ER, and
PR. Reasons why patients had missing data include
the following: no post-treatment biopsy because of
early discontinuation, patient refused surgery, inadequate sample, specimen not clearly identified,
or no malignancy at baseline.

Table 1

No. of patients
Mean age (yr range)
Mean yr postmenopause (range)
Mean weight (kg)
Patients with hysterectomy (% yes)
Previous HRT use (% yes)
Tumor type [n (%)]
Invasive
Other
Unspecified
Stage of diagnosis [n (%)]
Stage I
Stage II
Unspecified
Family breast cancer historya (% yes)
a

Baseline characteristics of evaluable patients
Placebo

RLX 60

RLX 600

44
66 (51–79)
16 (2–42)
70.5
22.7
25.0

50
66 (43–81)
17 (2–39)
68.2
18.0
22.0

49
67 (51–80)
17 (0–34)
68.5
14.3
20.4

43 (97.7)
0 (0.0)
1 (2.3)

49 (98.0)
1 (2.0)
0 (0.0)

49 (100)
0 (0.0)
0 (0.0)

33 (75.0)
9 (20.5)
2 (4.5)
26.0

38 (76.0)
10 (20.0)
2 (4.0)
10.2

34 (69.4)
13 (26.5)
2 (4.1)
18.2

P
0.920
0.941
0.681
0.573
0.866
0.389

0.943

0.126

At least one primary relative (mother, sister).

using the 2 test. Adverse events were analyzed by the 2
statistic. Potential treatment-group differences in baseline characteristics were assessed by Student’s t test for continuous
variables and by the 2 test for categorical variables.
Results
The study randomized 167 patients (53 placebo, 58 raloxifene
60 mg/day, and 56 raloxifene 600 mg/day) with primary breast
cancer, 143 of whom had paired pretreatment and post-treatment data on Ki67, apoptosis, ER, and PR (Fig. 1). The distribution was even across treatment groups: 44, 50, and 49 in the
placebo, raloxifene 60 mg/day, and 600 mg/day groups, respectively. Patient characteristics of the evaluable patients are summarized in Table 1. The majority (98.6%) of breast cancer cases
were invasive; 76.6% were stage I, and 23.4% were stage II. At
baseline, 119 patients (83.2%) had ER-positive tumors,
whereas 24 patients (16.8%) had ER-negative tumors; 107
patients (74.8%) had PR-positive tumors and 36 patients
(25.2%) had PR-negative tumors; 101 tumors (70.6%) stained
positively for both ER and PR. No treatment-group differences
were observed for any baseline characteristic. At baseline, Ki67
was significantly higher in ER-negative patients (median ⫽
36.3) than in ER-positive patients (median ⫽ 14.0; P ⬍ 0.001).
More than 96% of patients took study drug for at least 13
days; only 5 patients (1 placebo and 2 each 60 mg/day ralox-

ifene and 600 mg/day raloxifene) did not take study drug for at
least 13 days.
The protocol-defined primary analysis was to compare the
ratio of post-treatment:pretreatment Ki67 levels between raloxifene and placebo. For all of the randomized patients, a reduction in the mean ratio of Ki67 was observed in both raloxifene
groups compared with placebo. The reduction from placebo
was 31.2% in the 60-mg raloxifene group (P ⫽ 0.070) and
23.4% in the 600-mg raloxifene group (P ⫽ 0.199). In patients
with ER-positive tumors, the reduction from placebo was
35.0% (P ⫽ 0.057) and 23.8% (P ⫽ 0.234) in the 60-mg and
600-mg raloxifene groups, respectively.
A more common endpoint in these types of studies is the
percentage change in Ki67 from baseline to end point, measured as the difference between the two time points. When data
from all of the evaluable patients were analyzed (including
patients with both ER-positive and ER-negative tumors), both
doses of raloxifene significantly decreased Ki67 by 15% from
baseline (within-group; P ⬍ 0.02), corresponding to a decrease
of 20% compared with placebo (P ⫽ 0.025 and 0.049 for 60
mg/day and 600 mg/day raloxifene, respectively).
In patients with ER-positive tumors, there was a statistically significant treatment effect for median percentage change
in Ki67 (Fig. 2). Ki67 increased ⬃7% from baseline among
patients treated with placebo, whereas it decreased by 21%
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vasodilatation (hot flashes), reported by 10.2% of all patients
(9.4%, 10.5%, and 10.7% in the placebo, 60 mg/day raloxifene
group, and 600 mg/day raloxifene group, respectively). One
patient (assigned to 60 mg/day raloxifene) died after surgery
because of myocardial infarction; the investigator assessed that
this was not attributable to study drug. There were no statistically significant treatment-group differences in the incidence of
adverse events overall or in the incidence of any individual
adverse event.

Fig. 2. Median percentage change from baseline in Ki67 among ER-positive
tumors. Ki67 increased ⬃7% from baseline among patients treated with placebo,
whereas it decreased by 21% among patients treated with 60 mg/day raloxifene
(P ⫽ 0.015 versus placebo). There was also a reduction in Ki67 among patients
treated with 600 mg/day raloxifene (14% from baseline), but this was not
statistically significantly different from the change in the placebo group (P ⫽
0.064).

among patients treated with 60 mg/day raloxifene (P ⫽ 0.015
versus placebo). There was also a reduction in Ki67 among
patients treated with 600 mg/day raloxifene (14% from baseline), but this was not statistically significantly different from
the change in the placebo group (P ⫽ 0.064; Table 2). Similar
results were observed among the subset of patients with ERpositive/PR-positive tumors: median percentage change was
⫹8%, ⫺25%, and ⫺13% in the placebo, 60 mg/day raloxifene,
and 600 mg/day raloxifene groups, respectively. There was no
significant effect of raloxifene in ER-negative tumors.
The percentage of all of the evaluable patients with ERpositive tumors of which the Ki67 measurements decreased
below baseline during treatment additionally supports the effectiveness of raloxifene to reduce Ki67: 69.1% and 63.4% of
patients assigned to 60 mg/day and 600 mg/day raloxifene,
respectively, compared with 38.9% assigned to placebo (P ⫽
0.008 and 0.032 for 60 mg/day and 600 mg/day raloxifene
versus placebo, respectively). Similar results were observed
among the subset of patients with ER-positive/PR-positive tumors.
Among all of the evaluable patients or just those with
ER-positive or ER-positive/PR-positive tumors, there was no
significant effect of raloxifene on apoptosis (Table 2).
Patients with initial ER-positive tumors receiving either
dose of raloxifene or placebo demonstrated a significant decrease in tumor ER immunoreactivity (H-score) during the
two-week treatment period (Table 2). However, patients receiving either 60 mg/day or 600 mg/day raloxifene experienced
significantly greater decreases in ER H-score (21.2% and
28.8%, respectively) during therapy as compared with those
receiving placebo (8.9%; P ⱕ 0.010 for each comparison). The
effect of therapy on tumor ER levels was similar for patients
with initial ER-positive/PR-positive tumors. H-score for PR
remained stable in all three of the groups. There was no significant correlation between change in ER and change in Ki67.
Raloxifene was generally safe and well tolerated. Treatment-emergent adverse events were reported by 51 patients
(30.7%; 18 on placebo, 19 on 60 mg/day raloxifene, and 14 on
600 mg/day raloxifene); only 2 patients (1 each on placebo and
600 mg/day raloxifene) discontinued the trial because of an
adverse event. The most commonly reported adverse event was

Discussion
In this 14-day exploratory study in postmenopausal women
with primary breast cancer, 60 mg/day raloxifene significantly
decreased Ki67 but did not affect apoptosis. Both doses of
raloxifene (60 mg/day and 600 mg/day) significantly decreased
ER compared with placebo.
In a trial of 7705 postmenopausal women with osteoporosis, raloxifene (pooled 60 and 120 mg/day doses) was found
to reduce the risk of newly diagnosed invasive breast cancer by
76% (95% confidence interval: 56 – 86%) and ER-positive
breast cancer by 90% (95% confidence interval: 76 –96%)
compared with placebo without significantly affecting the risk
of ER-negative breast cancer (5). Because follow-up in that
study was for a median of only 40 months, and breast cancer
generally takes several years to grow to a clinically or radiographically detectable size (20), it may be that some of the risk
reduction represented suppression or regression of subclinical
cancer. It seems likely that the response of such ER-positive
subclinical disease will be comparable with that of the early
stage ER-positive primaries as included in the present study.
Overall, the results presented here support raloxifene having an
antiproliferative effect on ER-positive but no effect on ERnegative cancers.
The use of immunohistochemical methodology limits the
quantitative interpretation of the data. However, the scoring
systems used in our earlier studies of this type have revealed
changes for each of the parameters measured (9 –11). Therefore, these systems may be expected to reveal meaningful
changes elicited by raloxifene.
Previous studies have indicated that two clinically active
antiestrogens, tamoxifen and ICI 182,780, both have antiproliferative effects within 2 weeks of initiating therapy (10, 12,
21), and importantly, for tamoxifen, such changes relate to
subsequent response to therapy (12). It is not appropriate to
compare the degree of change in Ki67 in those studies with the
present one, because different types of biopsy (smaller frozen
core-cut or fine needle aspiration) and antibodies were used.
However, it has been reported (11) in a study using identical
methodology to that used in this study that idoxifene (40
mg/day) reduced Ki67 from mean pretreatment levels of 20.1%
to 14.3% after 14 –21 days in ER-positive tumors. These effects
appear to be slightly greater than those found with raloxifene,
but the results were obtained in a different study, so this
apparent difference would need to be confirmed in a direct,
randomized comparison.
The key question in this study was whether raloxifene had
any antiproliferative activity. At the time this study was designed, there were no data on the effects of raloxifene in either
established tumors or in the prevention setting. A comparison
against tamoxifen was not undertaken, because it would have
required a much larger number of patients to accommodate a
fourth study arm. In addition, the 7–10 day half-life of tamoxifen means that a steady state is not reached for several weeks
(22), which would have compromised interpretation of the data.
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Table 2

Median change and median percentage change during treatment in patients with ER-positive breast cancer
ANOVA Pb

Tests (unit)

Ki67 (% of labeled cells)

Apoptosis (% of labeled cells)

ER (H-score)

PR (H-score)

Treatment

Placebo
RLX 60
RLX 600
Placebo
RLX 60
RLX 600
Placebo
RLX 60
RLX 600
Placebo
RLX 60
RLX 600

n

a

36
42
41
36
42
41
36
42
41
36
42
40

Baseline
(median ⫾ SE)

Median change
(median ⫾ SE)

Median % change
(median ⫾ SE)

13.35 ⫾ 3.01
13.35 ⫾ 1.82
14.60 ⫾ 2.12
0.60 ⫾ 0.05
0.60 ⫾ 0.09
0.70 ⫾ 0.06
207.50 ⫾ 8.04
206.00 ⫾ 8.12
211.00 ⫾ 9.86
107.00 ⫾ 30.96
106.00 ⫾ 14.34
134.00 ⫾ 15.99

0.75 ⫾ 0.44
⫺2.75 ⫾ 0.74c
⫺2.30 ⫾ 1.63d
0.05 ⫾ 0.09
0.10 ⫾ 0.06
0.00 ⫾ 0.07
⫺20.5 ⫾ 8.08c
⫺46.00 ⫾ 9.46c
⫺65.00 ⫾ 11.75c
⫺0.55 ⫾ 5.23
0.70 ⫾ 4.44
⫺9.00 ⫾ 7.54

7.09 ⫾ 3.81
⫺21.0 ⫾ 12.53d
⫺14.2 ⫾ 13.68d
4.54 ⫾ 15.24d
16.7 ⫾ 11.64d
0.00 ⫾ 9.20
⫺8.92 ⫾ 3.41c
⫺21.2 ⫾ 3.71c
⫺28.8 ⫾ 4.11c
⫺0.44 ⫾ 5.46
1.19 ⫾ 7.33
⫺5.77 ⫾ 3.40

Overall

Raloxifene dose
vs. placebo

0.042
0.015
0.064
0.462

0.002
0.010
⬍0.001
0.718

a

RLX 60, raloxifene HCl 60 mg/day; RLX 600, raloxifene HCl 600 mg/day; n, no. of patients with paired data.
Between-group P based on ANOVA for the rank-transformed percentage change.
Within-group P ⱕ 0.001.
d
Within-group P ⬍ 0.05.
b
c

The pharmacokinetics of raloxifene are not linear, but the
600 mg/day dose would be expected to result in plasma levels
⬃8-fold higher than those seen with 60 mg/day. However, there
was no dose-relationship in the change in Ki67 in this study.
Thus, it would appear that antiproliferative effects of raloxifene
are maximal at the exposure levels achieved with the 60 mg/day
dose, the dose approved for prevention and treatment of osteoporosis and under investigation for prevention of breast cancer
and heart disease. This lack of a dose relationship might be
explained by saturation of the ER at the lower dose, but we do
not have data to address whether this is the case. The data
provide no support for exploring doses of raloxifene above 60
mg/day in future chemoprevention studies.
It is notable that reduced antitumor effectiveness was
observed previously at higher doses of raloxifene (and three
other nonsteroidal antiestrogens including tamoxifen) in 7,12dimethylbenz(a)anthracene-induced mammary tumors in rats
(23). It is unclear whether these observations in animals with
intact ovarian function have mechanistic similarities to those
made in the postmenopausal breast cancer patients in the present study.
Raloxifene had no appreciable effect on apoptosis in this
study. A number of studies have shown that apoptosis can be
induced by estrogen withdrawal or by treatment with an antiestrogen, both in vitro and in animal model systems (17,
24 –26). In an earlier small study, apoptosis was also found to
be significantly higher in patients treated with ICI 182,780
compared with controls; in patients treated with tamoxifen,
there was a small change in apoptosis with borderline statistical
significance in patients with ER-positive tumors (10). Thus, the
absence in this study of a significant increase in apoptotic index
after treatment with raloxifene was unexpected. However, it
was recently noted that idoxifene did not increase apoptosis in
primary breast tumors (11) despite doing so in a xenograft
model (25). Thus, it is possible that despite effects seen in
model systems there may be no significant effect on apoptosis
by SERMs in patients, at least during the first few weeks of
therapy.
The measurement of ER and PR content is of importance
when evaluating the likely response to endocrine therapy, because it has been well established that response occurs almost
exclusively in steroid receptor-positive disease. The greater
decrease in ER levels in the raloxifene-treated patients than in

the placebo group is consistent with some, but not all, earlier
data with tamoxifen (8, 21) and with idoxifene (11) but is not
as great an effect as that seen with ICI 182,780 (9, 27), which
decreases stability of the ER protein (28). The decrease in ER
in the placebo group emphasizes the importance of placebo
controls in this sort of study. This decrease may have occurred
as a result of differences in histological fixation between corecuts and excision biopsies or systematic bias because of a
differential effect of tissue heterogeneity on scoring of ER
between core-cuts and excision biopsies. Other possible explanations are that the taking of a core-cut might itself induce a
change in ER in the tumor (as a result of the local release of
healing/growth factors) or that systematic differences in scoring
between core-cuts and excisions might occur despite efforts to
avoid this. An additional consideration in the interpretation of
the greater decrease seen in the raloxifene-treated tumors is that
the change in the ER H-score may result from a conformational
change in ER induced by the binding of raloxifene (29), which
could influence the binding to the antibody.
Additional studies would be necessary to determine
whether the decrease in ER expression persists with continued
treatment. However, it is important to recognize that if this
occurred, it may lead to incorrect assignment of ER status in
patients taking raloxifene for the prevention or treatment of
osteoporosis or who are in breast cancer chemoprevention
trials. As noted above (5), the decreased breast cancer incidence
seen in osteoporosis trials with raloxifene was restricted to
those tumors categorized as ER positive. This interpretation
may require additional consideration in the light of raloxifene
suppression of ER.
PR is an estrogen-induced gene, and its expression may
denote an intact estrogen response mechanism (30). Thus, decreases in PR expression may be considered indicative of an
antiestrogenic effect as seen with ICI 182,780 (9, 27). In contrast, the early increases seen in PR after initiating tamoxifen
treatment are considered indicative of an early predominance of
an agonist effect of tamoxifen (at least on the PR gene; Ref. 12).
There was no change in PR expression in this study, which
suggests that raloxifene lacks an estrogenic effect on the PR
gene.
In conclusion, in this exploratory trial, 60 mg/day raloxifene significantly decreased growth of ER-positive breast cancer as shown by the decrease in the Ki67 labeling index, with
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no effect in ER-negative cancers. It is likely that 60mg/day
raloxifene will have a similar effect on subclinical disease and
thereby a prophylactic effect on breast cancer incidence in
postmenopausal women.
Acknowledgments
We thank Dr. Clet Niyikiza for his involvement in the design and implementation
of this study; Janine Salter for supervising the analytical work; Roger A’Hern for
statistical assistance; Dr. Stephen Eckert for statistical review of the manuscript;
Omar Khan, FRCS, and Sister Claire Ryan for study coordination; and Erin L.
Walls, ELS, for assistance in editing and preparing the manuscript.
The following sites and investigators participated in the trial: European
Institute of Oncology Chemoprevention Unit, Dr. A. Costa, Dr. B. Bonanni, and
Dr. A. Decensi, and Breast Surgery Division, Dr. P. Veronesi, Dr. B. Ballardini,
and Dr. G. Veronesi; Royal Marsden NHS Trust, Dr. T. J. Powles, Dr. I. Smith,
Dr. G. Middleton, and Dr. M. Dowsett; Huddersfield Royal Infirmary, Dr. J. R.
Sainsbury; University Hospital South Manchester, N. Bundred, Dr. A. Howell,
Dr. L. Barr, and Dr. A. Baildam; Royal Free Hospital, London, Hampstead NW3
2QG, United Kingdom, Dr. A. Jones, and S. Parbhoo; and St. George’s Hospital,
Department of Radiotherapy and Oncology, Tooting, London SW17 0QT, United
Kingdom, Dr. J. L. Mansi; and Salisbury District Hospital, Salisbury, Wiltshire
SP2 8BJ United Kingdom, Dr. T. Iveson.

References
1. Delmas, P. D., Bjarnason, N. H., Mitlak, B. H., Ravoux, A-C., Shah, A. S.,
Huster, W. J., Draper, M., and Christiansen, C. Effects of raloxifene on bone
mineral density, serum cholesterol concentrations, and uterine endometrium in
postmenopausal women. N. Engl. J. Med., 337: 1641–1647, 1997.
2. Ettinger, B., Black, D. M., Mitlak, B. H., Knickerbocker, R. K., Nickelsen, T.,
Genant, H. K., Christiansen, C., Delmas, P. D., Zanchetta, J. R., Stakkestad, J.,
Gluer, C. C., Krueger, K., Cohen, F. J., Eckert, S., Ensrud, K., Avioli, L. V., Lips,
P., and Cummings, S. R. Reduction of vertebral fracture risk in postmenopausal
women with osteoporosis treated with raloxifene: results from a 3-year randomized clinical trial. JAMA, 282: 637– 645, 1999.
3. Short, L. L., Glasebrook, A. L., Adrian, M. D., Cole, H., Shetler, P., Rowley,
E. R., Magee, D. E., Pell, T., Zeng, G., Sato, M., and Bryant, H. U. Distinct effects
of selective estrogen receptor modulators on estrogen dependent and estrogen
independent human breast cancer cell proliferation. J. Bone Miner. Res., 11:
(Suppl. 2): S482, 1996.
4. Fuchs-Young, R., Iversen, P., Shelton, P., Layman, N., Hale, L., Short, L.,
Magee, D., Sluka, J., Glasebrook, A., Bryant, H., and Palkowitz, A. Preclinical
demonstration of specific and potent inhibition of mammary tumor growth by
new selective estrogen receptor modulators (SERMs). Eighty-eighth Annual
Meeting of the American Association for Cancer Research. Proc. Am. Assoc.
Cancer Res., 38: 573, 1997.
5. Cummings, S., Eckert, S., Krueger, K., Grady, D., Powles, T., Cauley, J.,
Norton, L., Nickelsen, T., Bjarnason, N., Morrow, M., Lippman, M., Black, D.,
Glusman, J., Costa, A., and Jordan, V. C. The effect of raloxifene on risk of breast
cancer in postmenopausal women. JAMA, 281: 2189 –2197, 1999.
6. NIH and Office of Cancer Communications. Publication of the MORE Trial
Results Support Study of Tamoxifen and Raloxifene (STAR). Press Release of
National Cancer Institute Issued June 15, Bethesda MD, 1999.
7. Barrett-Connor, E., Wenger, N. K., Grady, D., Mosca, L., Collins, P.,
Kornitzer, M., Cox, D. A., Moscarelli, E., and Anderson, P. W. Hormone and
nonhormone therapy for the maintenance of postmenopausal health: the need for
randomized controlled trials of estrogen and raloxifene. J. Women Health, 7:
839 – 847, 1998.
8. Clarke, R. B., Laidlaw, I. J., Jones, L. J., Howell, A., and Anderson, E. Effect
of tamoxifen on Ki67 labelling index in human breast tumours and its relationship
to oestrogen and progesterone receptor status. Br. J. Cancer, 67: 606 – 611, 1993.
9. DeFriend, D. J., Howell, A., Nicholson, R. I., Anderson, E., Dowsett, M.,
Mansel, R. E., Blamey, R. W., Bundred, N. J., Robertson, J. F., and Saunders, C.
Investigation of a new pure antiestrogen (ICI 182780) in women with primary
breast cancer. Cancer Res., 54: 408 – 414, 1994.
10. Ellis, P. A., Saccani-Jotti, G., Clarke, R., Johnston, S. R., Anderson, E.,
Howell, A., A’Hern, R., Salter, J., Detre, S., Nicholson, R., Robertson, J., Smith,

I. E., and Dowsett, M. Induction of apoptosis by tamoxifen and ICI 182780 in
primary breast cancer. Int. J. Cancer, 72: 608 – 613, 1997.
11. Dowsett, M., Dixon, J. M., Horgan, K., Salter, J., Hills, M., and Harvey, D.
Antiproliferative effect of idoxifene in a placebo-controlled trial in primary
human breast cancer. Clin. Cancer Res., 6: 2260 –2267, 2000.
12. Makris, A., Powles, T. J., Allred, D. C., Ashley, S., Ormerod, M. G., Titley,
J. C., and Dowsett, M. Changes in hormone receptors and proliferation markers
in tamoxifen treated breast cancer patients and the relationship with response.
Breast Cancer Res. Treat., 48: 11–20, 1998.
13. Evista Package Insert. Indianapolis, IN: Eli Lilly and Company, 1999.
14. Beahrs, O. H., Henson, D. E., Hutter, R. V. P., and Kennedy, B. J., IV. (eds.).
American Joint Committee on Cancer. Manual for the Staging of Cancer,
pp. 149 –154. Philadelphia, PA: J. B. Lippincott Company, 1992.
15. Ellis, P. A., Smith, I. E., Detre, S., Burton, S. A., Salter, J., A’Hern, R.,
Walsh, G., Johnston, S. R., and Dowsett, M. Reduced apoptosis and proliferation
and increased Bcl-2 in residual breast cancer following preoperative chemotherapy. Breast Cancer Res. Treat., 48: 107–116, 1998.
16. Saccani Jotti, G., Johnston, S. R., Salter, J., Detre, S., and Dowsett, M.
Comparison of new immunohistochemical assay for oestrogen receptor in paraffin wax embedded breast carcinoma tissue with quantitative enzyme immunoassay. J. Clin. Pathol. (Lond.), 47: 900 –905, 1994.
17. Detre, S., Salter, J., Barnes, D. M., Riddler, S., Hills, M., Johnston, S. R.,
Gillett, C., A’Hern, R., and Dowsett, M. Time-related effects of estrogen withdrawal on proliferation- and cell death-related events in MCF-7 xenografts. Int.
J. Cancer, 81: 309 –313, 1999.
18. Pocock, S. J. Group sequential methods in the design and analysis of clinical
trials. Biometrika, 64: 191–199, 1977.
19. Efron, B., and Stein, C. The jackknife estimate of variance. Ann. Stat., 9:
586 –596, 1981.
20. Spratt, J. S., Meyer, J. S., and Spratt, J. A. Rates of growth of human
neoplasms: Part II. J. Surg. Oncol., 61: 68 – 83, 1996.
21. Johnston, S. R., MacLennan, K. A., Sacks, N. P., Salter, J., Smith, I. E., and
Dowsett, M. Modulation of Bcl-2, and Ki-67 expression in oestrogen receptorpositive human breast cancer by tamoxifen. Eur. J. Cancer, 30A: 1663–1669,
1994.
22. Patterson, J. S., Settatree, R. S., Adam, H. K., and Kemp, J. V. Serum
concentrations of tamoxifen and major metabolites during long-term Nolvadex
therapy, correlated with clinical response. In: H. T. Mouridsen, and T. Palshof
(eds.), Breast Cancer: Experimental and Clinical Aspects, pp. 89 –92. Oxford,
United Kingdom: Pergamon Press, 1980.
23. Wakeling, A. E., and Valcaccia, B. Antiestrogenic and antitumor activities of
a series of non-steroidal antiestrogens. J. Endocrinol., 99: 455– 464, 1983.
24. Kyprianou, N., English, H. F., Davidson, N. E., and Isaacs, J. T. Programmed
cell death during regression of the MCF-7 human breast cancer following estrogen ablation. Cancer Res., 51: 162–166, 1991.
25. Johnston, S. R., Boeddinghaus, I. M., Riddler, S., Haynes, B. P., Hardcastle,
I. R., Rowlands, M., Grimshaw, R., Jarman, M., and Dowsett, M. Idoxifene
antagonizes estradiol-dependent MCF-7 breast cancer xenograft growth through
sustained induction of apoptosis. Cancer Res., 59: 3646 –3651, 1999.
26. Warri, A. M., Huovinen, R. L., Laine, A. M., Martikainen, P. M., and
Harkonen, P. L. Apoptosis in toremifene-induced growth inhibition of human
breast cancer cells in vivo and in vitro. J. Natl. Cancer Inst., 85: 1412–1418, 1993.
27. Dowsett, M., Howell, R., Salter, J., Thomas, N. M., and Thomas, E. J. Effects
of the pure anti-oestrogen ICI 182780 on oestrogen receptors, progesterone
receptors and Ki67 antigen in human endometrium in vivo. Hum. Reprod. (Oxf.),
10: 262–267, 1995.
28. Gibson, M. K., Nemmers, L. A., Beckman, W. C., Jr., Davis, V. L., Curtis,
S. W., and Korach, K. S. The mechanism of ICI 164,384 antiestrogenicity
involves rapid loss of estrogen receptor in uterine tissue. Endocrinology, 129:
2000 –2010, 1991.
29. Brzozowski, A. M., Pike, A. C. W., Dauter, Z., Hubbard, R. E., Bonn, T.,
Engstrom, O., Ohman, L., Greene, G. L., Gustafsson, J-A., and Carlquist, M.
Molecular basis of agonism and antagonism in the oestrogen receptor. Nature
(Lond.), 389: 753–758, 1997.
30. Horwitz, K. B., Koseki, Y., and McGuire, W. L. Estrogen control of progesterone receptor in human breast cancer: role of estradiol and antiestrogen.
Endocrinology, 103: 1742–1751, 1978.

Downloaded from cebp.aacrjournals.org on January 20, 2022. © 2001 American Association for Cancer Research.

Effect of Raloxifene on Breast Cancer Cell Ki67 and Apoptosis:
A Double-Blind, Placebo-controlled, Randomized Clinical Trial
in Postmenopausal Patients
Mitch Dowsett, Nigel J. Bundred, Andrea Decensi, et al.
Cancer Epidemiol Biomarkers Prev 2001;10:961-966.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cebp.aacrjournals.org/content/10/9/961

This article cites 26 articles, 6 of which you can access for free at:
http://cebp.aacrjournals.org/content/10/9/961.full#ref-list-1
This article has been cited by 19 HighWire-hosted articles. Access the articles at:
http://cebp.aacrjournals.org/content/10/9/961.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cebp.aacrjournals.org/content/10/9/961.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cebp.aacrjournals.org on January 20, 2022. © 2001 American Association for Cancer Research.

