
European
www.ejconline.com

European Journal of Cancer 41 (2005) 1980–1989

Journal of

Cancer
SERMs in chemoprevention of breast cancer

Milena Gasco a, Alessandra Argusti a, Bernardo Bonanni b, Andrea Decensi a,b,*

a Division of Medical and Preventive Oncology, E.O. Ospedali Galliera, 16128 Genoa, Italy
b Division of Chemoprevention, European Institute of Oncology, 20141 Milan, Italy

Received 22 April 2005; accepted 22 April 2005

Available online 16 June 2005
Abstract

Selective estrogen receptor modulators (SERMs) play a key role in breast cancer chemoprevention. Tamoxifen has been shown to

reduce breast cancer incidence by 30–40% in at-risk subjects in large phase III trials. However, toxicity may be a limiting factor.

Thus, different strategies are being pursued to improve the risk: benefit ratio of using these compounds in chemoprevention. Firstly,

the second generation SERM raloxifene is currently undergoing evaluation in comparison with tamoxifen in a large phase III trial.

Also, lower doses of tamoxifen are being assessed in phase II–III trials. In addition, the combination of hormone replacement ther-

apy (HRT) or aromatase inhibitors and tamoxifen at low doses may reduce the risks while retaining the benefits of either agents.

Finally, new agents that interfere with the onset of ER-negative breast cancer are being sought for combination chemoprevention

since almost a third of breast cancers will not be sensitive to hormonal modulation.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The rationale behind cancer chemoprevention is

based on the hypothesis that the multi-step process of

carcinogenesis can be modulated, arrested or reversed

by natural or synthetic agents. Chemoprevention can

be divided into primary (to prevent the onset of disease

in healthy individuals at risk); secondary (to treat a pop-

ulation with a premalignant condition in order to arrest

the development of cancer) or tertiary (to protect sub-
jects cured of an initial cancer against second primary

tumours).

SERMs play a key role in breast cancer chemopre-

vention. These agents antagonise estrogens in some tis-

sues and mimic their action in others. The mechanism

for tissue selectivity appears to be related to differences
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in their molecular and three-dimensional structures,

which affect the transcriptional activity of the activated
estrogen receptor. For example, tamoxifen and toremi-

fene act as estrogen antagonists in breast tissue and as

estrogen agonists in the endometrium. Conversely,

raloxifene behaves as an estrogen antagonist in both

the breast and the endometrium.

Studies of tamoxifen have shown that chemopreven-

tion can successfully cover all three settings of preven-

tion: (a) primary chemoprevention, as shown in the
NSABP P-1 trial in healthy women at increased risk

according to the Gail�s model [1]; (b) secondary chemo-

prevention, as described in the NSABP B-24 trial, in

which patients with ductal carcinoma in situ (DCIS)

benefited from tamoxifen for prevention of ipsilateral

and contralateral breast cancer [2]; and (c) tertiary

chemoprevention, as demonstrated in the EBCTCG

meta-analysis, wherein tamoxifen was associated with
prevention of contralateral breast cancer in definitively

treated breast cancer patients [3]. Based on the results
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of the NSABP P-1 study, the Food and Drugs Adminis-

tration has approved the use of tamoxifen as a chemo-

preventive agent in women with individual risk

P1.66% in 5 years according to the Gail�s model, which

includes age, age at menarche, age at first pregnancy,

first degree family history of breast cancer and number
of biopsies for benign disease, with or without atypical

hyperplasia (http://bcra.nci.nih.gov/brc/).

However, tamoxifen causes undesirable side effects,

including an increased risk of endometrial cancer and

venous thromboembolic events (VTE). Other SERMs

are therefore entering the field of clinical cancer preven-

tion and a large number of agents are likely to be tested

in the next few years. In this review, we shall summarise
the results of the major chemoprevention trials for

breast cancer published so far and discuss some of the

current issues in the field of clinical breast cancer pre-

vention, with special emphasis to the search of strategies

to optimise tamoxifen use.
2. Important issues in chemoprevention trials

The high costs of large chemoprevention studies

have prompted the search for intermediate, surrogate

endpoints of intervention efficacy. These are defined

as biological markers or events that may be assessed

or observed before the clinical appearance of the dis-

ease and are associated with the development of that

disease. Reduction in cancer incidence among popula-
tions receiving a chemopreventive intervention may

require years to evaluate. Therefore, monitoring inter-

mediate markers that correlate with a reduction in can-

cer incidence would allow the prompt evaluation of

potentially active chemopreventive agents. Moreover,

the identification of risk biomarkers would provide in-

sight into critical pathways associated with carcinogen-

esis and additionally characterise the activity of
investigational agents. Analysis of molecular pathways,

levels of circulating proteins or expression of histolog-

ical markers can be used as intermediate surrogate end-

points, thus reducing time, sample size and costs of

large trials which utilise conventional clinical end-

points. A typical example of a validated surrogate

endpoint in clinical trials is cholesterol in cardiovascu-

lar medicine. Although there are increasing data on the
validity of this strategy [4–6], no definitive surrogate

endpoint biomarker has been established so far in the

field of breast cancer chemoprevention. Several studies

[7–13] and a recent meta-analysis [14] have shown that

high circulating levels of insulin-like growth factor-1

(IGF-I) and low levels of insulin-like growth factor

binding protein-3 (IGFBP-3) are associated with an in-

creased breast cancer risk in premenopausal women.
These findings support their putative role as breast

cancer risk biomarkers. Genetic polymorphisms in the
IGFBP-3 gene have recently been shown to be associ-

ated with the level of blood IGFBP-3 protein and an

increased breast cancer risk [15]. An association be-

tween a polymorphism in the estrogen receptor a gene

and postmenopausal ductal breast cancer risk has also

been suggested, particularly in women with high body
mass index and therefore higher levels of circulating

endogenous estrogens [16]. Premalignant lesions, such

as hyperplasia and atypical hyperplasia, are also a po-

tential source of intermediate markers. Ductal lavage is

a promising and non-invasive method to obtain breast

epithelial cells from the ductal system for cytopatho-

logic analysis to provide individualised risk assessment

[17]. Several studies are ongoing, which evaluate end-
point biomarkers in ductal lavage fluid, such as atypia

and Ki-67 expression, in order to identify factors asso-

ciated with breast cancer initiation and progression.

An alternative biomarker approach to monitoring the

efficacy of chemoprevention may be detection of geno-

mic DNA shed from malignant breast cancer cells into

peripheral blood. Genetic and especially epigenetic

changes occurring in cancer cells, such as aberrant meth-
ylation within CpG sequences of specific genes, can

readily be detected in circulating DNA [18]. The princi-

ple of using circulating nucleic acids as a biomarker to

detect tumours cells has been convincingly established

in several major solid tumour types including oesopha-

geal [19] and prostate carcinomas [20]. Recent evidence

suggests that methylated sequences from the RASSF1A

and HIC-1 genes could be detected in DNA eluted from
the surface of peripheral blood cells of breast cancer pa-

tients even when methylated DNA was not detected in

plasma from the same patients [21]. Other alternative

candidate genes which may merit analysis include 14-

3-3r in which methylation is a frequent early event in

breast cancer [22]. Although additional work will be

required to verify sensitivity, specificity and ability to

detect preinvasive disease, the simplicity and non-inva-
siveness of this approach make it an attractive option

to consider in future strategies for assessing outcome

in cohorts of patients receiving chemopreventive agents.

Another crucial aspect is the definition of the appro-

priate target population(s) by identification of criteria

for selection of high-risk subjects [23]. Some examples

of these criteria are summarised in Table 1.
3. Tamoxifen studies

3.1. The NSABP P-1 study

This study [1] recruited 13,388 women with a breast

cancer risk P1.66% in 5 years according to the Gail�s
model, which is equivalent to an average 60 year old wo-
man�s risk or to the risk of a woman with history of lob-

ular carcinoma in situ. Women were randomised to

http://bcra.nci.nih.gov/brc/


Table 1

Risk factors for breast cancer other than the Gail�s model

� Intraepithelial neoplasia ADH,a LCIS, DCIS, or atypical cells in FNAs or ductal washing

� Prior breast cancer

� High hormone exposure For example, high IGF-I or low IGFBP-3 in premenopausal women, high estradiol

levels in postmenopausal women, HRT use, high mammographic density

� Gene mutation carriers For example, BRCA1 and BRCA2

� Single nucleotide polymorphisms For example, TGF b1
a Atypical ductal hyperplasia.
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receive either tamoxifen 20 mg/day or placebo. This trial

gave such positive results that an interim analysis led to

early closure. It was shown that tamoxifen reduces the

risk of invasive and non-invasive breast cancer by 49%

and 50%, respectively (two-sided P < 0.00001 and

P < 0.002) and decreases the occurrence of estrogen

receptor (ER)-positive tumours by 69%, with no effect

on estrogen receptor (ER)-negative tumours. The protec-
tive effect of tamoxifen was seen in women of all age

groups. Risk was also reduced in women with history

of lobular carcinoma in situ by 56% and by 86% in those

with atypical hyperplasia. All women in any category of

predicted 5-year risk had a risk reduction with tamoxifen.

Interestingly, tamoxifen produced an overall 20% reduc-

tion in the incidence of osteoporotic bone fractures.

However, women aged 50 or older had a four-fold in-
creased risk of early stage endometrial cancer, a three-

fold increased risk of pulmonary embolism and a signif-

icant excess of cataract [1].

Based on the trial results, the Food and Drug Admin-

istration approved the use of chemopreventive tamoxi-

fen in high-risk individuals. This study provides the

first example of a medication approved and marketed

as a cancer preventive agent. However, the striking re-
sults of the NSABP P-1 trial were only partially con-

firmed in European trials [24–27].

3.2. The Royal Marsden trial

In this pioneering study [24], 2494 healthy women

aged between 30 and 70, at increased risk of breast can-

cer because of family history, were accrued and random-
ised in a double blind fashion to receive either tamoxifen

20 mg/day or placebo for up to 8 years. The initial anal-

ysis after a median follow-up of 70 months, when the

study had adequate power to detect a 50% reduction

of breast cancer in the tamoxifen arm, reported the same

overall frequency of breast cancer in both arms

(P = 0.8). Interestingly, women who were already on

HRT, mostly by oral route, at the time of recruitment
showed an increased risk of breast cancer compared to

non-HRT-users, whereas those who started HRT while

on trial had a significantly reduced risk. There were four

cases of endometrial cancer in the tamoxifen arm vs one

in the placebo arm and seven cases vs four of VTE and

pulmonary embolism. In an updated analysis after a
median follow-up of 123 months, there was still no sig-

nificant reduction of breast cancer on tamoxifen (69

on tamoxifen vs 82 on placebo), despite a trend for risk

reduction in women on HRT who took tamoxifen (haz-

ard ratio, HR = 21%; P = 0.12) [25].

3.3. The Italian study

This study recruited 5408 healthy women aged

35–70 years who had had prior hysterectomy for non-

malignant conditions [26]. At a median follow-up of

81.2 months, there was a non-significant trend to fewer

cases on tamoxifen (34 vs 45 events). Tamoxifen signifi-

cantly reduced the incidence of breast cancer in the high-

risk group (3 vs 15 events, P = 0.003), defined on the ba-

sis of baseline as well as reproductive and hormonal
characteristics, whereas no such effect was seen in the

low-risk group (P = 0.89). No difference was observed

in the subset of women who had never taken HRT. Con-

versely, women who had taken HRT at some point be-

fore or during the study (n = 1584) had fewer breast

cancers in the tamoxifen arm (6 on tamoxifen vs 17 on

placebo, HR = 0.35, 95% confidence interval, CI,

0.14–0.89). There were 28 VTE on placebo and 44 on
tamoxifen (HR = 1.63, 95% CI, 1.02–2.63), 80% of

which were superficial phlebitis, accounting for all the

excess due to tamoxifen within 18 months from ran-

domisation. In multivariate regression analysis, age

P60 years, height P165 cm and diastolic blood pressure

P90 mmHg had independent detrimental effect on VTE

risk during tamoxifen, whereas transdermal estrogen

therapy during tamoxifen was not associated with any
excess of VTE (HR = 0.64, 95% CI = 0.23–1.82) [27].

3.4. The IBIS trial

In the IBIS trial [28], 7152 women aged 35–70 at in-

creased risk for breast cancer were recruited for a double

blind, placebo controlled, tamoxifen study. Nearly all

participants (97%) had a family history of breast cancer.
At a median follow up of 50 months, tamoxifen

treatment resulted in a 33% reduction of breast cancer

incidence compared to placebo (P = 0.01). A non-signif-

icant two-fold relative increase (11 vs 5) of endometrial

cancer was observed (P = 0.20) in the tamoxifen arm.

Thromboembolic events were significantly increased in
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the tamoxifen arm (P = 0.001). Major VTE increased

significantly on tamoxifen within three months of major

surgery, immobilisation or fracture. No differences in

bone fractures and cataract were observed.
4. Overview of prevention trials with SERMs

A recent meta-analysis has been conducted [29],

which included the 28,406 healthy subjects participating

in all four major primary prevention trials of tamoxi-

fen, the 7705 osteoporotic women enrolled in the multi-

ple outcome raloxifene endpoint (MORE) study and

the 14,170 patients participating in adjuvant trials
where the effect on contralateral breast cancer was as-

sessed. The tamoxifen prevention trials showed a 38%

(95% CI 28–46) reduction of breast cancer incidence.

ER-positive cancers were decreased by 48% (36–58;

P < 0.0001), whereas no effect was seen on ER-negative

breast cancer (HR ratio 1.22 [0.89–1.67]). Age had no

apparent effect on tamoxifen efficacy. Rates of endome-

trial cancer were increased in all tamoxifen prevention
trials (relative risk, RR 2.4 [1.5–4.0]) and in the adju-

vant trials (RR 3.4 [1.8–6.4]), whereas no increase has

been seen so far with raloxifene. Venous thromboem-

bolic events were increased in all tamoxifen studies

(RR 1.9 [1.4–2.6] in the prevention trials; P < 0.0001)

and with raloxifene (RR 3.1, CI 1.5–6.2). Overall, there

was a non-significant 9% reduction of breast cancer

mortality with tamoxifen as a primary preventive
agent.

Clear evidence is now available that tamoxifen can re-

duce the risk of ER-positive breast cancer. New ap-

proaches are needed to prevent ER-negative breast

cancer and to reduce tamoxifen-related adverse events.

Such approaches include tamoxifen at lower doses and

the use of aspirin to reduce the risk of VTE. In addition,

newer agents such as raloxifene and the aromatase
inhibitors await evaluation.
5. Raloxifene

This agent is another SERM with estrogen antagonist

action in both breast and uterus [30] and agonist action

in bone. It maintains bone density and lowers LDL cho-
lesterol in postmenopausal women [31]. It is potentially

less hazardous than tamoxifen, as it has not been asso-

ciated with increased risk of endometrial cancer. A re-

cent report from the CORE study (follow-up to the

MORE trial) showed that raloxifene for 8 years reduced

the incidence of newly diagnosed breast cancer by 66%,

with a marked effect on ER-positive tumours (risk re-

duced by 76%) and no effect on ER-negative tumours
and non-invasive cancers [32,33]. There is no reported
increase of endometrial cancer so far, whereas the effects

on VTE look similar to those of tamoxifen [29].

Raloxifene is being evaluated in comparison with

tamoxifen in the STAR study, a large primary preven-

tion trial of tamoxifen 20 mg/day vs raloxifene 60 mg/

day for 5 years. The study population includes postmen-
opausal women at high risk based on the Gail�s model

and women with previous lobular carcinoma in situ. A

total of 19,747 subjects have been recruited in order to

assess the advantages of raloxifene over tamoxifen.

The accrual has been completed in November 2004.

The main outcome measure is breast cancer incidence

and the results are expected in 2006.
6. Tamoxifen at lower doses

The use of tamoxifen as a chemopreventive agent

may be limited by the risk of endometrial cancer and

VTE. A simple and economic approach to retain tamox-

ifen efficacy while reducing the risks may be a dose

reduction. The rationale for this approach is summa-
rised in Table 2 and supported by several observations.

In a study conducted by us, standard dose tamoxifen

(20 mg/day) and two different lower doses (10 mg/day

and 10 mg on alternate days) were administered for

two months to a cohort of 127 healthy women [34]

and changes in serum biomarkers regulated by the estro-

gen receptor were evaluated, including lipid profile,

blood cell count, fibrinogen, antithrombin III, osteocal-
cin and IGF-I. No evidence for a concentration-re-

sponse relationship was observed for most of the

biomarkers. The concept of a dose reduction was further

supported by the observation that tamoxifen has very

high tissue distribution, ranging from 5 to 60 times its

blood concentrations [31,35], and a prolonged half-life

(9 and 13 days for tamoxifen and metabolite X, respec-

tively) [31,36]. Also, the breast tissue level attainable
with 10 mg per alternate days still exceeds the in vitro

growth inhibitory concentration of tamoxifen in breast

cancer cell lines. Interestingly, a recent cross-sectional

study conducted in older, nursing home residents in

New York State long-term facilities has shown a signif-

icant reduction of bone fracture rate among breast can-

cer women taking tamoxifen 10 mg/day [37]. The

concept of a dose reduction has further been assessed
in a preoperative trial [38] in which 120 women with

breast cancer were treated with either 20 mg or 5 mg

or 1 mg/day of tamoxifen for 4 weeks before surgery.

The effects of different doses of tamoxifen on breast

cancer proliferation were studied using Ki-67 expression

as the main surrogate endpoint marker. The change in

Ki-67 expression induced by lower doses of tamoxifen

was comparable to that achieved with the standard dose,
implying that tamoxifen at low doses retains antiprolif-

erative activity. Several blood biomarkers of tamoxifen



Table 2

Tamoxifen: rationale for a dose reduction

� Binding to ER follows a saturation kinetics

� Twenty milligram per day is as effective as 30–40 mg/day in the global meta-analysis

� The endometrial effect is dose dependent

� Animal data show complete inhibition of tumour formation at a dose equivalent to 1 mg/day in humans

� Preoperative clinical trials show similar antiproliferative effects of 1 mg and 5 mg/day compared to 20 mg/day
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estrogenicity associated with the risk of breast cancer,

cardiovascular disease and bone fracture showed

dose–response relationship, suggesting that low doses

of tamoxifen may be associated with reduced, favour-

able and unfavourable, estrogenic effects of tamoxifen.

Taken together, these findings provide a strong rationale

for the formal assessment of low dose tamoxifen in a

preventive context.
7. Hormonal replacement therapy and tamoxifen

Prolonged use of HRT may increase breast cancer

risk due to increased expression of estrogen receptors

in the breast tissue, leading to enhanced sensitivity to

the mitogenic effect of estrogens [39]. The addition of
a SERM may reduce this growth promoting effect.

Notably, in a subgroup analysis of the Italian Study,

there was a significant difference in the incidence of

breast cancer between tamoxifen and placebo among

women who had used HRT at some point during the

trial (P = 0.022), whereas no difference was recorded

among women who had never used HRT [26]. On the

other hand, the use of tamoxifen is associated with in-
creased risk of endometrial cancer and the use of prog-

estins in the HRT regimen might reduce this tamoxifen-

related side effect. A number of studies indicate that the

combination of HRT and a SERM such as tamoxifen

may reduce the risks (breast cancer, endometrial cancer

and VTE), while retaining the benefits, of either agent

alone [26,28]. These findings provide strong justification

for studying the effect of the combination of HRT and
tamoxifen in chemoprevention.

The HOT study (HRT opposed by tamoxifen), a

phase III trial addressing this issue, has recently been

launched in Italy [40]. As of March 31, 2005, approxi-

mately 1650 healthy postmenopausal women on HRT

have been randomised to receive tamoxifen 5 mg/die or

placebo for 5 years. The study is powered to detect a

40–50% reduction in the incidence of invasive breast
cancer and DCIS in the tamoxifen arm.

Preliminary results of a pilot 4-arm randomised study

of 210 postmenopausal HRT users, receiving either

tamoxifen at 1 mg/day, 5 mg/day and 10 mg/week or

placebo, have recently been presented [41]. The primary

endpoint was the modification of serum IGF-I levels.

Secondary endpoints included changes of endometrial

thickness and modifications in the levels of several circu-
lating biomarkers. In a preliminary analysis, all doses of

tamoxifen significantly decreased plasma IGF-I levels

and ultrasensitive C-Reactive Protein (CRP). Endome-

trial thickness was non-significantly increased by any

of the tamoxifen dose levels. Final results are awaited

shortly.
8. Tamoxifen vs aromatase inhibitors

The new third generation aromatase inhibitors have

shown efficacy in advanced breast cancer and have a

favourable toxicity profile. Each of these compounds

leads to a nearly total blockade of peripheral conversion

of androgens to estrogens, by inhibiting the aromatase

enzyme complex, and a marked decline in circulating
estrogen levels. They offer another approach to local

control, prevention of recurrence and prevention of pri-

mary breast cancers, which may be superior and/or com-

plimentary to the use of SERMs.

A very large trial (ATAC) [42] has evaluated the role

of anastrozole both alone and in combination with

tamoxifen compared with tamoxifen in the adjuvant set-

ting for early breast cancer. A total of 9366 patients were
enrolled and more than 1000 recurrences or deaths were

recorded. After a median follow-up of 33 months, the

3-year disease-free survival (DFS) of the hormone

receptor-positive patients was significantly increased in

the anastrozole arm (89.4% vs 87.4% on tamoxifen,

P = 0.013). Incidence of contralateral breast cancer

was also significantly lower with anastrozole than with

tamoxifen (odds ratio OR = 0.42 [0.22–0.79],
P = 0.007). Results with the combination were not sig-

nificantly different from those with tamoxifen only.

The side effect profile of anastrozole was favourable,

with fewer endometrial cancers (P = 0.02), vaginal

bleeding and discharge (P < 0.0001), cerebrovascular

events (P = 0.0006), venous thromboembolic events

(P = 0.0006) and hot flushes (P > 0.001) compared to

tamoxifen. However, there were significant increases in
musculo-skeletal disorders and bone fractures

(P < 0.0001) in the anastrozole arm. At a median

follow-up of 68 months, the advantage of anastrozole

was confirmed for both DFS (P = 0.01) and contralat-

eral breast cancer (35 vs 59, HR = 0.52, 95% CI,

0.38–0.88, P = 0.01) [43]. Whereas the overall safety pro-

file of anastrozole remained consistent with the original

report, there was a slight trend to a higher risk of ische-
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mic cardiovascular disease on anastrozole compared to

tamoxifen (127 vs 104, OR = 1.23, 95% CI, 0.95–1.60).

The IES trial evaluated the role of exemestane in the

adjuvant setting [44]. After 2–3 years of tamoxifen ther-

apy, 4742 patients were randomised between switching

to exemestane or continuing tamoxifen for the remain-
der of the 5 years of treatment. After a median follow

up of 30.6 months, DFS was 91.5% in the exemestane

group vs 86.8% in the tamoxifen group (P = 0.001). In

addition, exemestane significantly reduced the risk of

contralateral breast cancer (HR = 0.44, 95% CI, 0.20–

0.98, P = 0.04). Thromboembolic events were more

common with tamoxifen (P = 0.007), as were gyneco-

logic symptoms, vaginal bleeding and muscle cramps.
Exemestane was associated with a higher incidence of

arthralgia and diarrhea. Fractures were also more fre-

quent in the exemestane group, although the difference

did not reach statistical significance.

The MA-17 trial evaluated the role of letrozole for

5 years vs placebo in postmenopausal women who had

completed 5 years of tamoxifen therapy [45]. A total of

5187 women were recruited. The trial was terminated
after a median follow-up of 2.4 years due to a significant

improvement in DFS in the letrozole group (estimated

four-year DFS 93% vs 87% with placebo, P 6 0.001).

Similarly, letrozole reduced the risk of new contralateral

breast cancer (HR = 0.57, 95% CI, 0.43–0.75,

P = 0.00008). Hot flushes, arthritis, arthralgia and myal-

gia were more frequent in the letrozole group (P < 0.05),

whereas vaginal bleeding was more common with pla-
cebo (P = 0.01). There was no statistically significant

difference in the rate of cardiovascular events and new

bone fractures. In an updated analysis, the study re-

ported not only an overall benefit in DFS, but also a

survival advantage in women with node-positive disease

[46]. This is the only trial to date to demonstrate a sur-

vival advantage for an aromatase inhibitor in the adju-

vant setting.
A forth adjuvant trial, the BIG 1-98 study, has re-

cently been presented at the St. Gallen conference [47].

More than 8000 postmenopausal women with hormone

receptor-positive early breast cancer were randomised to

the following arms: tamoxifen for 5 years, letrozole for

5 years, tamoxifen for 2 years followed by letrozole for

3 years, and letrozole for 2 years followed by tamoxifen

for 3 years. At a median follow-up of 26 months, letroz-
ole was associated with a significant 19% reduction in

the risk of relapse (P = 0.003) and a noticeable 27% de-

crease in the risk of distant metastases compared with

tamoxifen (P = 0.0012). Letrozole significantly reduced

vaginal bleeding, hot flushes, and endometrial cancer

compared to tamoxifen. Hypercholesterolemia, grade

3–5 stroke and other cardiovascular events were more

common on letrozole. As expected with estrogen depri-
vation therapy, the number of new bone fractures was

5.8% on letrozole and 4.1% on tamoxifen. Grade 3–5
thromboembolic events were more common with

tamoxifen. In patients who remained free of cancer

recurrence, more deaths due to stroke (7 vs 1) or cardiac

events (26 vs 13) were reported in the letrozole compared

to the tamoxifen arm.

Given the encouraging results on contralateral breast
cancer risk, aromatase inhibitors hold promise as chemo-

preventive agents in postmenopausal women and are

being evaluated in such setting. The IBIS-II trial will

randomise 6000 postmenopausal women aged 40–70, at

increased risk for breast cancer, to receive either anastroz-

ole or placebo. Increased risk is determined from family

history, previous benign disease with evidence of prolifer-

ation,mammographic dysplasia, andnulliparity.Aparal-
lel trial of 4000 women with DCIS will also be conducted,

except that randomisation will be between tamoxifen and

anastrozole. Three NCIC-CTG trials (MAP.1, MAP.2

andMAP.3) are comparing letrozole to placebo, exemes-

tane toplacebo, and exemestanewith orwithout celecoxib

to placebo in postmenopausal women at increased risk of

breast cancer. These studies will provide essential infor-

mation on the long-term safety of a total estrogen with-
drawal in healthy women on several target systems,

including bone, cardiovascular and brain.
9. Combination of SERMs and aromatase inhibitors

In the ATAC study, the combination of anastrozole

and tamoxifen did not result in any advantage compared
to tamoxifen only, possibly due to an adverse pharma-

cokinetics interaction between the two drugs, which re-

duces by 30% the bioavailability of anastrozole.

Moreover, the estrogenic effect of tamoxifen may prevail

in an estrogen deprived environment. However, the

combination of low dose tamoxifen with an aromatase

inhibitor might provide an advantage by counteracting

the risk of bone fractures and ischemic cardiovascular
events. The same combination used in the ATAC study,

but with a much lower dose of tamoxifen (10 mg/week),

is being evaluated in 75 postmenopausal DCIS or lobu-

lar carcinoma in situ (LCIS) patients randomised to re-

ceive anastrozole 1 mg/day or tamoxifen 10 mg/week

or their combination for 12 months [48]. Primary end-

point is the plasma concentration of the two drugs. Sec-

ondary endpoints include the effects of each treatment
on biomarkers of breast cancer, bone turnover and car-

diovascular risk. Results are awaited shortly.
10. Combination of SERMs and retinoids

Retinoids play a crucial role in cellular proliferation

and differentiation, but their poor clinical tolerability
has prevented their use as cancer preventive agents,

leading to the synthesis and evaluation of derivatives.
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One such compound is (N-4-hydroxyphenyl) retinamide

(4-HPR) or fenretinide, a synthetic amide derivative of

all-trans retinoic acid [49], which is one of the less toxic

vitamin A analogues studied in breast cancer chemopre-

vention. 4-HPR induces the generation of reactive oxy-

gen species and promotes apoptosis through both
retinoid receptor-dependent and -independent mecha-

nisms [50–53]. It also lowers circulating IGF-I levels,

which have been associated with increased risk of pre-

menopausal breast cancer, prostate cancer and colorec-

tal cancer [54–58]. Fenretinide has shown in vitro and in

vivo activity against mammary, bladder, lung, ovary,

cervix, neuroblastoma, leukeamia and prostate preclini-

cal models [59]. On the basis of the selective accumula-
tion of fenretinide in the human breast [60] and the

good tolerability in humans [49], a phase III trial was

started in 1987 to evaluate the role of fenretinide in

breast cancer chemoprevention. 2972 women with a his-

tory of stage I breast cancer were randomised to fenret-

inide 200 mg/day or no intervention for 5 years. Primary

endpoint was the occurrence of contralateral breast can-

cer. After a median follow-up of 8 years, the incidence of
contralateral breast cancer was comparable in the two

arms [61]. However, a beneficial trend (35% reduction)

was observed in the subgroup of premenopausal wo-

men. Interestingly, modulation of plasma IGF-I levels

by fenretinide followed a similar pattern, with IGF-I lev-

els showing a reduction in premenopausal women only.

The potential synergism between fenretinide and

tamoxifen was assessed in a 2 · 2 factorial design bio-
marker study. A total of 235 premenopausal women at

high risk of breast cancer were randomised to either

tamoxifen 5 mg/day, or fenretinide 100 mg twice daily,

or both agents or placebo for 2 years [62]. Primary end-

points were the changes in IGF-I levels and mammo-

graphic percent density. Additional endpoints included

changes in endometrial thickness and proliferation,

presence of ovarian cysts and atypia in fine needle aspi-
rates (FNA). Recruitment was stopped based on the

lack of a synergistic interaction on the primary end-

points. After a median follow-up of 40 months, 35 sub-

jects dropped the study for refusal (n = 19) or adverse

events (n = 16). So far, no difference in the rate of pri-

mary or recurrent breast cancer has been observed

among arms. Of the two serious adverse events, one

stage I endometrial cancer occurred in the fenretinide
arm and one optic nerve ischemia in the tamoxifen

arm. There was no increased endometrial thickness

and no difference in endometrial polyps among the four

arms. Mature results are awaited.
11. Chemoprevention strategies in women at genetic risk

Women carrying a germline mutation of either

BRCA1 or BRCA2 have a markedly increased lifetime
risk of developing breast and/or ovarian cancer, typi-

cally at early ages [63–66]. Oophorectomy performed

early in reproductive life is effective in reducing breast

cancer risk in BRCA1/2 carriers [67], suggesting a poten-

tial role for preventive hormone therapy. To date how-

ever, no chemoprevention trial has specifically been
designed for BRCA1/2 carriers and this area of research

remains controversial. BRCA1/2 associated tumours

present with distinctive features: BRCA1 tumours are

mostly ER- and progesterone receptor (PgR)-negative,

whereas BRCA2 tumours are more commonly ER/

PgR-positive [68–73]. The lack of ER/PgR positivity in

BRCA1 tumours suggests that treatment with tamoxi-

fen, or other hormone therapy, may be less effective in
this patient population [69,70].

A favourable trend towards a reduction of contralat-

eral breast cancer in BRCA1 mutation carriers

receiving adjuvant tamoxifen was demonstrated in a

case-control study [74]. A subsequent analysis was per-

formed by Foulkes et al. [75] to assess the impact of

BRCA1 mutation status on the response to adjuvant

tamoxifen in a retrospective cohort of 292 Ashkenazi
Jewish women with first primary invasive breast cancer

genotyped for BRCA1 and BRCA2 mutations. It was

concluded that tamoxifen might be effective for

BRCA1 breast cancer irrespective of the ER status of

the tumour, implying that the ER-negative status that

occurs in BRCA1 cancers may not have the same effect

on response to tamoxifen as it does in the general pop-

ulation. Conversely, recent data from the NSABP-P1
trial indicate that tamoxifen may reduce breast cancer

risk in BRCA2 but not in BRCA1 carriers, although

the numbers were too small to draw definitive conclu-

sions [76].

Recent reports have shown that the wild-type

BRCA1 protein may repress ER function, either directly

or indirectly [77]. Therefore, tumours that lack func-

tional BRCA1 protein may be particularly responsive
to hormone manipulation. In addition, tamoxifen can

induce cell death via oxidative stress in ER-negative can-

cer cell lines [78], and this effect may be more prominent

in BRCA1-null cells, which have profound defects in

DNA repair. Thus, tumours that lack both ER and

BRCA1 may respond differently to tamoxifen than

those that lack only ER. Aromatase inhibitors may be

an alternative prevention strategy in BRCA1/2 carriers
and are being evaluated in such setting.
12. Prevention of ER-negative breast cancer

SERMs can reduce the incidence of ER-positive

breast cancer in at-risk women, while the incidence of

ER-negative cancers does not seem to be affected by
these compounds. Similar results are likely with aroma-

tase inhibitors. Approximately 20–30% of all invasive
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breast cancers are ER-negative and some ER-positive

precancerous lesions might be resistant to tamoxifen

intervention. Furthermore, women with a family history

of breast and ovarian cancer have a higher risk of devel-

oping ER-negative breast cancer compared with the

general population. Therefore, strategies to prevent
ER-negative tumours are actively being sought and wo-

men with BRCA1 mutations, ER-negative DCIS or

prior ER-negative breast cancer are potential candidates

for phase I and phase II chemoprevention trials with no-

vel agents targeting alternative, important molecular

pathways (Fig. 1). A number of trials with new potential

chemopreventive agents are currently being planned in

women at increased risk for ER-negative breast cancer.
These include tyrosine kinase inhibitors, cyclin-depen-

dent kinase inhibitors, ligands for peroxisome prolifera-

tor-activated receptor c (PPAR ligands, glitazones),

RXR selective ligands (rexinoids), COX-2 selective

inhibitors, demethylating agents, histone deacetilase

inhibitors and Vitamin D3 derivatives.

ErbB-2 and EGFR are overexpressed in at least 30%

of breast cancers and overexpression has been corre-
lated with poor outcome. EGFR tyrosine kinase inhib-

itors have shown protective activity against the

development of breast cancer in several studies, includ-

ing inhibition of proliferation in DCIS [79]. However,

the safety of these agents is still under investigation,

the most common toxicities thus far reported being

diarrhoea, skin rash and interstitial pneumonia. An-

other potential molecular target for ER-negative breast
cancer prevention is COX-2 over expression, which has

been correlated with breast carcinogenesis. One of the

possible mechanisms of action of COX-2 is induction

of aromatase through prostaglandin E2, leading to

increased levels of estrogens. The chemopreventive

activity of COX-2 inhibitors can thus be due to gene-

specific activity, antiangiogenetic and pro-apoptotic
Ras, Raf, PI3K

MAPKs, JNKs, p38, AKT

Transcription

RAR:RXR

PPARγER:ER

Suppress Breast Tumor Development

NSAIDs, Cox2 Inhibitors

Kinase 
Inhibitors

RA

Retinoids,

Glitazones

EGF
HRG

Tyrosine 
Kinase 

Inhibitors

E2

SERMs

Novel Targets for the Prevention of Breast Cancer

AIs

Fig. 1. Selected molecular targets for breast cancer chemoprevention.
properties, and tissue specific inhibition of estrogen

synthesis [80].
13. Conclusions

Cancer prevention is an important public health issue

and chemoprevention of breast cancer is a very promis-

ing area that has already achieved significant objectives

in recent years. Despite the encouraging results of the

clinical trials described in this review, several important

questions await resolution, including the appropriate

duration and dose of tamoxifen, concomitant use of

aspirin, development of new SERMs, assessment of
long-term efficacy and safety of aromatase inhibitors, a

better definition of subjects at increased risk for ER-po-

sitive breast cancer, the exclusion of subjects at risk for

adverse events and the discovery of agents with activity

in ER-negative cancers.

Another issue of primary importance is the identifica-

tion of risk biomarkers and molecular targets and the

introduction of these into chemoprevention trials.
Modern molecular technology such as microarrays and

proteomicswill clearly facilitate identificationof suchbio-

markers and expedite definition of appropriate target

populations for intervention. This approach will allow

the research in cancer prevention to expand in a cost-effec-

tive way in the near future. It is our hope that these efforts

will improve our ability to prevent breast cancer and, ulti-

mately, our strategies to reduce breast cancer mortality.
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