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Abstract The Generations trial, a multicenter, placebo-

controlled, double-blind trial, compared arzoxifene

20 mg/day and placebo in 9,354 postmenopausal women with

osteoporosis (N = 5,252) or low bone mass (N = 4,102).

Primary outcomes were vertebral fracture in the osteoporotic

population and invasive breast cancer in all study participants.

Here, we report the detailed breast cancer findings from the

trial. Breast cancers were detected by annual mammograms

and clinical examination. After 48 months follow-up, breast

cancer incidence was compared between treatment groups by

estrogen receptor (ER) and progesterone receptor (PR) status

and baseline risk factors. Baseline breast cancer risk factors,

including age, estimated Gail risk, and bone mineral density,

were well balanced between treatment groups. A total of 75

breast cancers occurred 53 in the placebo group and 22 in the

arzoxifene group (HR 0.41, 95 % CI 0.25–0.68, P \ 0.001).

There were 62 invasive breast cancers, 39 identified as

invasive ER-positive (placebo 30, arzoxifene 9; HR 0.30, 95

% CI 0.14–0.63, P = 0.001) and 30 identified as invasive

PR-positive (placebo 23, arzoxifene 7; HR 0.30, 95 % CI

0.13–0.71, P = 0.003). Breast cancer risk reduction with

arzoxifene was similar between Gail risk groups (P interac-

tion = 0.31) and between low bone mass and osteoporosis

groups (P interaction = 0.35). Although generally well tol-

erated, there was a significant increase in venous thrombo-

embolism, vasomotor symptoms, muscle cramps, and some

gynecological events with arzoxifene. These findings dem-

onstrate that in this study arzoxifene reduced the risk of

ER-positive breast cancer in this population of postmeno-

pausal women with low bone mass or osteoporosis, an effect

similar to that seen with other SERMs.
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Introduction

There is now good clinical evidence that some selective

estrogen receptor modulators (SERMs) can substantially

reduce the incidence of breast cancer, a disease which is

widespread and for which prevention strategies are much
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needed. By virtue of their mechanism of action, however,

SERMS also have effects on various other tissues. Trials

have demonstrated tamoxifen efficacy in preventing breast

cancer in healthy pre- and post-menopausal women toge-

ther with favorable effects in reducing serum cholesterol

and bone loss in postmenopausal women [1–4]. These trials

have also shown unfavorable effects of tamoxifen includ-

ing endometrial thickening, atypia and cancer, uterine fi-

bromyomas, cataracts, venous thromboembolism (VTE),

and a nonsignificant increase in stroke. Furthermore, there

was no observed reduction in incidence of coronary events

or of non vertebral fractures with tamoxifen.

The 4-year Multiple Outcomes of Raloxifene Evaluation

(MORE) trial followed the tamoxifen trials, and was

designed to evaluate the benzothiophene SERM, raloxif-

ene, as a treatment to reduce fracture risk in postmeno-

pausal women with osteoporosis [5]. The results clearly

showed a reduction in vertebral fracture risk; while there

was an increase in VTE risk, there was no increase in the

risk of endometrial hyperplasia or stroke. In the MORE

trial, there was also a significant reduction in the incidence

of estrogen receptor (ER) positive invasive breast cancer

[6], an effect that persisted in the Continuing Outcomes

Relevant to Evista (CORE) trial, a follow up to MORE

with invasive breast cancer as the primary outcome [7]. In

the head-to-head NSABP-P2 trial (Study of Tamoxifen and

Raloxifene, STAR), the primary analysis in 2006 indicated

that the risk reduction of breast cancer by raloxifene was

the same as tamoxifen, but raloxifene use was associated

with a lower risk of gynecological toxicity, cataracts, and

VTE; the risk of other cancers, fractures, ischemic heart

disease, and stroke were similar for both drugs [8]. Based

on findings from these studies, raloxifene has been

approved in the United States and Mexico for invasive

breast cancer risk reduction in postmenopausal women

with osteoporosis or at increased risk for invasive breast

cancer.

Since then, more potent SERMs, such as lasofoxifene,

bazedoxifene, and arzoxifene, have been developed and

evaluated for vertebral and non vertebral fracture risk

reduction. Lasofoxifene has shown to reduce the risks of

vertebral fractures, non vertebral fractures, ER-positive

breast cancer, and stroke with no increase in risk of

endometrial cancer [9, 10]. Bazedoxifene has been dem-

onstrated to reduce the risk of vertebral fracture, with no

evidence of breast or endometrial stimulation [11, 12].

In preclinical studies, arzoxifene was reported to be

effective for the prevention and treatment of mammary

tumors [13], and to have a endometrial safety profile

similar to raloxifene [14, 15]. In phase 2 studies of women

with advanced breast cancer [16, 17], tumor responses were

reported with both doses studied (20 mg and 50 mg/day),

with a higher response rate with the lower dose; both doses

were well tolerated. Development of arzoxifene for the

treatment of invasive breast cancer was stopped when it

was shown that arzoxifene was not superior to tamoxifen in

the treatment of locally advanced and metastatic disease

[18]. However, in pre-surgical studies in pre and post-

menopausal women with newly diagnosed ductal carci-

noma in situ (DCIS) and Stage I invasive cancer,

arzoxifene, given for an average of 1 month between initial

biopsy and subsequent surgical excision, resulted in a

favorable modulation of serum and tissue markers of can-

cer risk [19]. Together, these data supported the hypothesis

that arzoxifene may reduce the risk of invasive breast

cancer in postmenopausal women.

The placebo-controlled Generations trial was designed

to assess the effect of arzoxifene on the incidences of

vertebral fracture and invasive breast cancer as well as

safety endpoints in postmenopausal women with osteopo-

rosis or low bone mass. The primary results have been

recently reported [20] to show a significant reduction in

vertebral fracture but not in nonvertebral fracture inci-

dence, together with a significant reduction in invasive

breast cancer incidence. The previous report included

detailed safety data for arzoxifene in the Generations trial.

In this paper, we report the detailed breast cancer find-

ings from the Generations trial.

Methods

The Generations trial (Study H4Z-MC-GJAD) was a Phase

3, multicenter, double-blind, placebo-controlled, random-

ized study of postmenopausal women with osteoporosis or

low bone mass (osteopenia) conducted at more than 200

sites in 22 countries. The protocol was approved by the

ethics review board at each investigative site. All partici-

pants gave written informed consent for participation in

accordance with the principles of the declaration of Hel-

sinki. The study methodology has been described in detail

previously [20].

Briefly, eligible women were at least 2 years post-

menopausal and 60–85 years of age, inclusive. Women

were enrolled with osteoporosis (femoral neck or lumbar

spine T-score B -2.5, with or without a prevalent verte-

bral fracture) or low bone mass (osteopenia) (femoral neck

or lumbar spine T-score between [ -2.5 and B1.0 with

both skeletal sites [ -2.5 and no prevalent vertebral

fracture). Study exclusion criteria have been described

previously and included a history of breast cancer, VTE or

stroke.

Between July 2004 and May 2005, 9,354 postmeno-

pausal women were randomly assigned to receive either

oral arzoxifene HCl 20 mg or placebo for up to 60 months.

Randomization was performed using a block size of 4
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controlled by a computerized interactive voice response

system. Treatments were identical in appearance. All par-

ticipants were also provided with daily supplements con-

taining *500 mg of elemental calcium and 400–600 IU of

vitamin D.

Women were permanently discontinued from the study

if they did not meet enrolment criteria (e.g., inadvertently

enrolled). Women were discontinued from study drug, but

not study participation, if they experienced clinical events

that included invasive breast cancer, DCIS, or lobular

carcinoma in situ (LCIS), or if they used estrogen-con-

taining products or SERMs. Use of topical vaginal estro-

gens was allowed at the lowest possible doses and for a

total duration of 3 months or less.

The Generations trial was a 5-year study. Primary

database lock occurred when the last enrolled participant

had the opportunity to complete the 4-year mammograms

when approximately 60 invasive breast cancer cases were

expected.

Breast cancer assessment

Bilateral mammograms and breast examinations were

performed at baseline screening for the study and yearly

thereafter, as well as at early termination if[6 months had

passed since the previous mammogram. Women who had

a mammogram performed within 6 months before baseline

screening, with no abnormalities detected did not require

further mammography before study entry. Mammograms

were considered abnormal if written report suggested that

follow-up imaging procedures were required, a lesion

requiring sampling was identified, or if the investigator

deemed findings to be clinically significant for any other

reason. Initial assessment of mammograms was performed

locally. If the local reading diagnosed a potential incident

breast cancer (invasive, DCIS, or LCIS), all related data

were collected and adjudicated. External adjudication was

performed by members of an independent clinical events

committee that was blinded to treatment group assign-

ments to confirm all cases of breast cancer (both invasive

and noninvasive) and atypical ductal hyperplasia. The

adjudicated diagnosis of breast cancer was to be based on

central review of pertinent clinical and diagnostic infor-

mation, including original mammogram films, related

radiology reports, reports from any additional studies (e.g.,

ultrasound), local pathology and surgical reports, clinical

information related to cancer staging, and treatment

reports. Tissue blocks from the tumor or microscopic

slides representing the primary diagnosis of the tumor

were sent to the central laboratory for histological diag-

nosis and for estrogen receptor/progesterone receptor (ER/

PR) status.

Statistical analysis

The two primary outcomes were new vertebral fractures at

36 months and invasive breast cancer when all participants

had the opportunity to complete 48 months of follow up.

This report is confined to breast cancer outcomes in all

participants at 48 months.

Comparisons of baseline characteristics between treat-

ment groups were performed by one-way analysis of var-

iance for continuous variables. For categorical variables, a

Pearson’s v2 test was used if the total number of women

within each category was ten or more, or a Fisher’s exact

test otherwise.

The primary analysis of invasive breast cancer efficacy

was assessed using data available at the primary database

lock at 48 months. Analyses were based on the intention-

to-treat principle. Time-to-event analysis methods were

used and treatment group differences on the incidence of

breast cancer were assessed with a log rank test at a sig-

nificance level of 0.04. Hazard ratios (HRs) and 95 %

confidence intervals (CIs) were calculated from a cox

proportional hazards regression model. Counts and pro-

portions of subjects with an invasive breast cancer were

also provided. Subgroup analyses were conducted for

subgroups of interest, including Gail score [21], if the

number of outcomes was at least 50. Treatment by sub-

group interactions were tested at the liberal 0.10 signifi-

cance level. No adjustments were made for multiple

comparisons. Statistical analyses were performed with the

use of SAS software, version 8.2 (update version at later

date) (SAS Institute), and all data were analyzed by Eli

Lilly and Company. With a two-sided alpha of 0.04, the

trial sample size provided 80 % power to detect a 55 %

relative reduction in risk of invasive breast cancer.

Results

Of the 16,948 postmenopausal women screened, 9,354

women were eligible and consented to randomization

(4,678 to placebo and 4,676 to arzoxifene). A total of 5,252

had osteoporosis and 4,102 had a low bone mass. Overall,

78 % completed the study (Fig. 1). Both treatment groups

were evenly balanced for characteristics associated with

risk of breast cancer including age, previous benign breast

biopsies, family history of breast cancer, estimated Gail

risk, and BMD (Table 1).

At the time of primary database lock (48 months), a

total of 75 breast cancers had occurred and been adjudi-

cated (placebo 53, arzoxifene 22, HR 0.41, 95 % CI

0.25–0.68, P \ 0.001) (Table 2, Fig. 2). There were 62

invasive breast cancers (placebo 43, arzoxifene 19; HR

0.44, 95 % CI 0.26–0.76, P = 0.002) (Table 2, Fig. 2). Of
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those invasive breast cancers with known receptor status,

39 were invasive ER-positive (placebo 30, arzoxifene 9;

HR 0.30, 95 % CI 0.14–0.63, P = 0.001) and 30 were

invasive PR-positive (placebo 23, arzoxifene; HR 0.30, 95

% CI 0.13–0.71, P = 0.003) (Table 2, Fig. 2). Only 13

noninvasive cancers occurred during the 48 month

follow-up (placebo 10, arzoxifene 3, HR 0.30, 95 % CI

0.08–0.1.09, P = 0.053) (Table 2).

The incidence of invasive breast cancer in the placebo

group was higher in the women who had a Gail score

B1.66 compared to [1.66 (1.6 per 1,000 woman-years vs.

3.8 per 1,000 woman-years, P = 0.004), but similar in

Fig. 1 Enrollment, treatment assignment, and follow up
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those with low bone mass versus osteoporosis (2.8 per

1,000 woman-years vs. 1.8 per 1,000 woman-years,

P = 0.13) and in those aged B65 years versus [65 years

(2.2 per 1,000 woman-years vs. 2.4 per 1,000 woman-

years, P = 0.79) (Table 3). However, the risk reduction

with arzoxifene was similar in both Gail risk groups (HR

Table 1 Participant

characteristics according to

treatment allocation

a In women with prior breast

biopsy
b Female first degree relatives

with breast cancer
c 5-year risk of invasive breast

cancer determined using the

Gail model [20]

Placebo (N = 4,678) Arzoxifene 20 mg/day

(N = 4,676)

Osteoporosis status, N (%)

Low bone mass (osteopenia) 2066 (44.2) 2036 (43.5)

Osteoporosis 2612 (55.8) 2640 (56.5)

Mean lumbar spine T-score (SD) -2.2 (1.2) -2.3 (1.2)

Mean age, years (SD) 67.4 (5.5) 67.5 (5.6)

Age category, N (%)

C60 or B65 years 2011 (43.0) 2060 (44.10)

[65 years 2667 (57.0) 2616 (56.0)

No. of prior breast biopsies, N (%)

1 412 (8.8) 404 (8.6)

2 90 (1.9) 97 (2.1)

C3 37 (0.8) 45 (1.0)

Diagnosis of atypical hyperplasiaa, N (%) 13/539 (2.41) 8/546 (1.47)

Family history breast cancerb, N (%)

1 282 (6.03) 273 (5.84)

2 16 (0.34) 15 (0.32)

C3 2 (0.04) 1 (0.02)

Mean 5-year predicted invasive breast cancer riskc (SD) 1.5 (0.7) 1.5 (0.6)

5-year predicted invasive breast cancer risk, N (%)

Low risk (B1.66 %) 3237 (69.3) 3264 (69.8)

High risk ([1.66 %) 1436 (30.7) 1410 (30.2)

Mean age at first live birth (SD) 23.5 (5.0) 23.6 (5.1)

No. live births

1 604 (14.0) 620 (14.5)

2 1286 (29.8) 1251 (29.2)

C3 2294 (53.1) 2285 (53.4)

Table 2 Four-year breast

cancer findings according to

treatment allocation

All breast cancers that were PR-

positive were also ER-positive

ER estrogen receptor, PR
progesterone receptor

n (incidence rate, per 1,000 woman-

years)

Hazard ratio (95 % CI) P value

Placebo

(N = 4,678)

Arzoxifene

20 mg/day

(N = 4,676)

All breast cancers 53 (2.81) 22 (1.16) 0.41 (0.25–0.68) \0.001

Invasive breast cancer [20] 43 (2.28) 19 (1.01) 0.44 (0.26–0.76) 0.002

Invasive ER-positive 30 (1.59) 9 (0.48) 0.30 (0.14–0.63) \0.001

Invasive ER-negative 10 (0.53) 10 (0.53) 1.00 (0.42–2.41) 0.997

Invasive ER status unknown 3 (0.16) 0 – 0.250

Invasive PR-positive 23 (1.22) 7 (0.37) 0.30 (0.13–0.71) 0.003

Invasive PR-negative 17 (0.90) 12 (0.63) 0.71 (0.34–1.48) 0.36

Invasive PR status unknown 3 (0.16) 0 – 0.250

Noninvasive breast cancer 10 (0.53) 3 (0.16) 0.30 (0.08–1.09) 0.053

Ductal carcinoma in situ 8 (0.17) 3 (0.06) 0.38 (0.10–1.42) 0.133

Lobular carcinoma in situ 1 (0.02) 0 – [0.999
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0.32 vs. 0.57, P value for interaction = 0.31), in the low

bone mass and osteoporosis groups (HR 0.34 vs. 0.57,

P value for interaction = 0.35) and in both age groups (HR

0.38 vs 0.49, P value for interaction = 0.67) (Table 3).

The histological features of the 75 breast cancers are

summarized in Table 4. There were no significant differ-

ences in mean tumor size or stage or in incidence of lymph

node involvement between treatment groups.

Discussion

The primary objectives of the Generations trial were to

evaluate the effectiveness of arzoxifene 20 mg/day in

preventing vertebral fractures in post menopausal women

with osteoporosis and preventing invasive breast cancer in

postmenopausal women with osteoporosis or with low

bone density. We have previously reported an overall 56 %

reduction in invasive breast cancer incidence (P = 0.002)

[20], and here we report the details of the breast cancer

outcomes. There were a total of 75 breast cancers (invasive

and non invasive) identified and adjudicated, with a 59 %

reduction in overall breast cancer incidence with arzoxif-

ene compared to placebo. Of the invasive breast cancers,

39 were identified as invasive ER-positive and 30 as

invasive PR-positive, with a 70 % risk reduction for both

subgroups in women randomized to arzoxifene compared

to placebo (P = 0.001 and 0.003). There was a low inci-

dence of non invasive cancer in the trial with no indication

of any increase with arzoxifene.

In the previous report of the main outcomes [20], it was

noted that arzoxifene was generally well tolerated. Endo-

metrial carcinoma occurred in 9 (0.2 %) women random-

ized to arzoxifene versus 4 (0.1 %) in the placebo group

P = 0.165). There was an increase in VTE in women

randomized to arzoxifene (1.3 vs. 0.6 %, P \ 0.001). There

was no difference in incidence of serious adverse events

between the two treatment groups. There was a small

absolute but significant increase in cholecystitis and

chronic obstructive respiratory disease with arzoxifene.

There was no difference in all cause mortality (P = 0.62).

These results are in keeping with the reported breast

cancer risk reductions with other SERMs. A meta-analysis

of all tamoxifen trials indicated a risk reduction of 38 % for

all breast cancers, and of 48 % for ER-positive cancers

[22]; a recent further analysis of the NSABP P2 study has

reported a lessening of the raloxifene risk reduction of

breast cancer by raloxifene compared to tamoxifen [23].

While lasofoxifene has been shown to reduce risk of

invasive breast cancer [9, 10], the effect of bazedoxifene on

invasive breast cancer has not been specifically studied.

It has previously been reported that breast cancer inci-

dence in postmenopausal women increases with increasing

bone mass, in keeping with the higher estrogen levels in

women with higher bone mass [6]. In the Generations trial,

there was a numerically (statistically nonsignificant) higher

Table 3 Four-year invasive breast cancer findings by subgroup

n/N (incidence rate, per 1000 woman-years) Hazard ratio (95 % CI) P value P value

for interaction
Placebo Arzoxifene

20 mg/day

5-Year predicted risk B1.66 %a 21/3242 (1.60) 12/3264 (0.91) 0.57 (0.28–1.16) 0.119 0.305

5-Year predicted risk [1.66 % 22/1436 (3.83) 7/1410 (1.22) 0.32 (0.14–0.75) 0.008

Low bone mass (osteopenia) 24/2066 (2.84) 8/2036 (0.96) 0.34 (0.15–0.75) 0.008 0.346

Osteoporosis 19/2612 (1.82) 11/2640 (1.04) 0.57 (0.27–1.20) 0.139

Age C60 and B65 years 18/2011 (2.18) 7/2060 (0.83) 0.38 (0.16–0.91) 0.031 0.667

Age [65 years 25/2667 (2.35) 12/2616 (1.15) 0.49 (0.24–0.97) 0.040

a 5-year predicted risk of breast cancer defined using Gail score

Table 4 Histological characteristics of breast cancers according to

treatment allocation

Placebo Arzoxifene

20 mg/day

Lymph nodes positive? N (%) N = 53 N = 22

Yes 8 (15.4) 3 (13.6)

No 31 (59.6) 15 (68.2)

Unknown 13 (25.0) 4 (18.2)

Tumor stage N (%) N = 47 N = 21

0 9 (17.0) 3 (13.6)

I 25 (47.2) 13 (59.1)

IIA 7 (13.2) 3 (13.6)

IIB 2 (3.8) 1 (4.5)

IIIA 0 0

IIIB 0 0

IIIC 1 (1.9) 0

IV 0 0

Unknown 9 (17.0) 2 (9.1)

Mean tumor size (SD) (cm) 1.530 (0.830) 1.181 (0.785)
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incidence of breast cancer in the low bone mass group

compared to the osteoporotic group in women randomized

to placebo. While arzoxifene appeared to have a significant

effect on breast cancer incidence in women with low bone

mass but not those with osteoporosis, the interaction

P value for a treatment effect was not significant for this

subgroup analysis.

In the Generation trial, in women randomized to placebo

there was a statistically significantly higher incidence of

invasive breast cancer for the subgroup of women with a

Gail score [1.66 % at 5 years compared to those with a

Gail score B1.66. While arzoxifene appeared to have a

significant effect on breast cancer incidence in women at

higher risk of invasive breast cancer (defined by Gail score)

compared with the lower risk subgroup, the interaction

P value for a treatment effect was not significant for this

subgroup analysis. The invasive breast cancer risk for the

group of women aged B65 years was similar to that in the

group of women aged [65 years (placebo group compar-

ison), and the effect of arzoxifene on invasive breast cancer

risk did not differ between the two subgroups. These results

are similar to that reported for tamoxifen and raloxifene

and indicate that the magnitude of this benefit is indepen-

dent of the level of risk.

The histological features of the 22 cancers which occur-

red in the arzoxifene group were similar in size and axillary

node status to the 53 cancers in the placebo group indicating

that use of arzoxifene did not facilitate nor compromise the

radiological or clinical diagnosis of breast cancer.

The breast cancer findings of the Generations trial indi-

cate that the risk reduction of breast cancer with arzoxifene

is similar to that for other SERMs. Consequently, the use-

fulness of this drug for this purpose, should it have continued

in clinical development, would have depended upon the

spectrum of other benefits as well as the safety profile

compared to other breast cancer risk reducing agents.

Treatment with arzoxifene resulted in a significant 42 %

reduction in vertebral fracture incidence, but no significant

reduction in the incidence of non vertebral fracture, coro-

nary events or stroke at 4 years, with no increase in overall

serious adverse events. Arzoxifene was generally well tol-

erated but there was an increase in some gynecological-

related adverse events, VTE, vasomotor symptoms, and

muscle cramps [20]. For tamoxifen, the main risks associ-

ated with its use are an increased risk of endometrial atypia

and cancer, VTE, vasomotor symptoms, and cataracts. Ra-

loxifene does not have any adverse effects on the endome-

trium, but like other SERMs in clinical use, does increase the

risk of VTE and vasomotor symptoms. Lasofoxifene

0.5 mg/day has been reported to reduce the incidence of

vertebral fractures at 3–5 years, and the incidence of non

vertebral fractures, and ER positive breast cancer at 5 years

in postmenopausal women with osteoporosis; a lower dose

of 0.25 mg/day was less effective and was associated with

an unexplained increase in mortality compared to placebo

[9]. There was no evidence that lasofoxifene increased the

risk of major coronary events or stroke assessed as safety

endpoints, with significantly fewer of these events reported

in the lasofoxifene 0.5 mg/day versus placebo at 5 years.

The Generation trial has some limitations. The duration

of follow up was short with no data to predict the overall

long term risks and benefits. Two of the tamoxifen trials

[24, 25] had longer follow up extending out to nearly

20 years, and in these studies, tamoxifen showed a

continuing post treatment breast cancer risk reduction with

toxicity confined for the most part to the treatment period.

However, there is little information about the optimal

duration of treatment with SERMs for breast cancer and

fracture risk reduction or about the duration of the post

treatment risk reduction benefits for outcomes in bone,

breast, and blood vessels. A further limitation is that this

study did not include an active control so direct comparison

with other agents for breast cancer or fracture risk reduc-

tion is not possible. At the time that, the study was

designed and enrolled there was no active control that was

approved for both treatment of osteoporosis and for inva-

sive breast cancer risk reduction.

In conclusion, the results from the Generations trial

provide further evidence that SERMs can substantially

reduce the risk of invasive ER-positive breast cancer in

postmenopausal women. Unfortunately, although arzoxif-

ene achieved the primary endpoint of invasive breast can-

cer risk reduction in this study, its anti-fracture efficacy

compared with currently available osteoporosis treatments

was not considered to be sufficient to justify further clinical

development of the drug.
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