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the first step has been taken and confirmed that tamoxifen re-
duces the short-term risk to developing breast cancer. Those
that most benefit are the perimenopausal and hysterec-
tomized women with low risk of thrombosis [7]. The greatest
risk reduction, corresponding to a GAIL calculated risk of
>5%, emerges in the group with CLIS (carcinoma lobulare in
situ) or those women under 50 with more than one first-de-
gree relative suffering from breast cancer. In this subgroup,
the health economic cost and benefit analysis is also positive
[8]. The most extensive European prevention study (Interna-
tional Breast Cancer Intervention Study I = IBIS I) demon-
strated a reduction of breast cancer incidence in women with 
a median age of 51 years (33%, odds ratio 0.67; 95% CI
0.49–0.91). Hormone replacement therapy taken concomitant-
ly in 40% of the participating women did not impede the pre-
ventive tamoxifen effect. A meta analysis of all 4 randomized
tamoxifen prevention studies illustrates a reduction in the in-
cidence of breast cancer of 38% [9, 10]. However, it must be
stated that 44% of women attending a prevention consulation,
do refuse tamoxifen as a preventive agent due to concerns
about potential side effects [11].
Having proved in principle the possibility of breast cancer pre-
vention, more substances have been and will be investigated
in the field with the aim of a reduction in incidence and mor-
tality with increased therapeutical index.

Selective Receptor Modulators (SERM) – Raloxifen

Secondary observations of the MORE study (Multiple Out-
comes of Raloxifen Evaluation – raloxifen versus placebo in
order to prevent fractures caused by osteoporosis) demon-
strated a significant reduction (RR 0.28) of estrogen receptor
positive breast cancers in the raloxifen arm [12]. In contrast to
the results of the NSABP-P1 study in which a 33% reduction

From the Initial Idea to the First Study Results

Inspired by the positive results of early breast cancer therapy
studies, 20 years ago the idea of adopting the least harmful of
the existing arsenal of endocrine therapies as prophylatic
agents was implemented. Included were healthy women with
the then known risk variables such as age, family history and
pre-invasive lesions.
Only a quarter of all women with an increased risk of breast
cancer has a realistic assessment of their individual risk of dis-
ease [1, 2]. This reflects both the perceived threat of the dis-
ease as well as the wish to protect themselves. Only 19.5% of
women in the high-risk group are informed about the possibil-
ities of chemoprevention while 55.3% stated they would be
prepared to use it if available [3, 4].
Lifestyle changes, such as improved nutrition and physical ac-
tivity as well as surgery and chemoprevention are measures
currently available to these women to decrease their breast
cancer risk. The rationale for using anti-estrogens such as ta-
moxifen for the prevention of breast cancer is provided by the
demonstrated risk reduction of 43–49% in the incidence of
ipsi- or contra-lateral invasive recurrences in comparison to
placebo in women with DCIS or early stage breast cancer [5]. 
This has been confirmed by placebo-controlled studies of
breast cancer prevention with tamoxifen. The most extensive
study worldwide, the National Surgical Adjuvant Breast and
Bowel Project P-1 with 13388 participants, showed a reduc-
tion in the incidence of receptor-positive invasive and non-in-
vasive breast cancers of about 50% in all age groups.
Based on these data, the Food and Drug Administration ap-
proved tamoxifen prophylaxis for women with a 5 year risk of
disease >1.66%, marking the historic first FDA approval of
any agent for cancer risk reduction. The P-1 trial and FDA ap-
proval have created a paradigm shift toward pharmacologic
preventive approaches for controlling breast cancer [6]. Thus
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of breast cancer was achieved by tamoxifen in the first year
with a stable risk reduction throughout the whole term of the
study, the preventive effect of raloxifen was first registered
after 1 year of treatment.
A sub-group analysis showed a significantly higher risk of
breast cancer in the placebo group correlating with higher
serum estradiol levels and a more distinct risk reduction under
raloxifen in this population [8]. Recent results of the
MORE/CORE study [13] proved the preventive effectiveness
of raloxifen for the subgroup of the osteoporotic post-
menopausal women, whereby only about 50% of the partici-
pants in the study would have been expected to have an in-
creased risk of breast cancer [14]. As a result of the implied
preventive effect of 72% after a 4-year raloxifen treatment,
an enlarged trial of altogether 8 years of raloxifen versus 
4 years of raloxifen and 4 years of placebo was initiated. Re-
sults reported a 66% reduction in breast cancer incidence of
all invasive (HR 0.34; CI 0.22–0.50) and 76% of receptor-posi-
tive breast cancers (HR 0.24; CI 0.15–0.40). An important ad-
ditional finding was that raloxifen led to a reduction in mam-
mographic density, with corresponding improvement in early
detection of the cancers in the raloxifen arm.
The STAR study compared the standard tamoxifen with
raloxifen in a trial with 22,000 women. First results were pre-
sented in 2006 showing an identical risk reduction of invasive
breast cancers in both arms, but a less distinct preventive ef-
fect in the non-invasive breast cancer subgroup. Raloxifen
presented a rather better side effect profile than tamoxifen. 

Aromatase Inhibitors – Anastrozole

Aromatase inhibitors (AIs) suppress serum estradiol levels
below detection levels in postmenopausal women. This as well
their proven efficacy and positive tolerability profile com-
pared to tamoxifen has led to automatic consideration of the
AIs as preventive agents. These considerations are supported
by the ATAC study which reports a reduction in contra-lateral
recurrence rates of 58% [9, 15]. The improved therapeutical
index for anastrozole leads to the expectation of a 77% reduc-
tion in breast cancer incidence. The IBIS II trial is currently
recruiting 6000 postmenopausal women at increased risk for
developing breast cancer (RR > 2) and compares anastrozole
versus placebo.

Conclusions

The promising results of the present breast cancer preven-
tion studies suggest that a reduction in the incidence of re-

ceptor-positive breast cancers is possible by preventing car-
cinogenesis in some form rather than blocking tumor pro-
gression once diagnosis has been confirmed. Although pre-
liminary, this opens a new dimension in the treatment of
breast cancer, which warrants further exploration. The prob-
lem of treating a huge number of healthy women in order to
prevent disease in a small subgroup of these women remains.
Improvements in risk calculation models support physicians
advising high-risk women, but a more targeted selection of
those likely to develop breast cancer, for example via genetic
profiling, is required. 
The positive impact of breast cancer prevention on overall
survival has yet to be proved. Despite good intentions an indi-
vidual risk-benefit balance has to be ensured. Thus chemo- as
well as operative prevention measures should only be con-
ducted under conditions of a study and in established centers.
New substance classes should be considered in the future in
the quest for effective preventive agents independent of
tumor characteristics such as the hormone receptor-status.
Further agents under consideration are those which inhibit
known mechanistic pathways of carcinogenesis such as the
anti-proliferative, anti-angiogenetic and apoptosis-inducing
agents cyclooxygenase, lipoxygenase and cyclin-dependent ki-
nase inhibitors [6, 16–18]. Future studies results will shed light
on which substances can be used most effectively with the
least side effects, define the most appropriate populations and
the length of treatment necessary.
The first generation of prevention studies has included women
with a defined group risk and has been limited to the en-
docrine agents – the anti-estrogens, selective receptor modula-
tors and aromatase inhibitors. The most mature results sug-
gest that cost-effectiveness is proven for tamoxifen in patients
a high risk of breast cancer (3–5%) [19]. At present raloxifen
appears to be the substance with the best therapeutical index.
We are anxiously awaiting the results of the IBIS II study with
anastrozole.
For a woman with an increased risk of breast cancer seeking
advice on prevention today, it can be stated that tamoxifen has
the greatest preventive benefit for the younger hysterec-
tomized woman, whereas women with higher estrogen levels
and low bone density benefit most of all from raloxifen.
Women should be offered participation in the IBIS II study
providing the chance of prevention with anastrozole. Further
and future evaluations of prevention studies will reveal the in-
fluence of preventive measures on breast cancer specific mor-
tality and on overall mortality. The benefit must ultimately be
balanced against the harm, principally of side effects but also
the currently high number of women undergoing unnecessary
prevention.
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