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Abstract

Clinical trials of the selective oestrogen receptor modulator (SERM), tamoxifen, have shown an early reduction in risk of breast
cancer in healthy women of approximately 40%, but with associated risks and benefits to normal tissues. An overall clinical benefit
and the identification of the women at risk of breast cancer who may gain benefit from tamoxifen has not been clearly established.
The identification of those women at risk who are most likely to gain benefit, and the development of other SERMs and aromatase

inhibitors which might be more active and have a more beneficial spectrum of activity on normal tissues in healthy women is
essential, if the aim of preventing breast cancer in healthy women is to be achieved.
# 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The concept that oestrogen is involved in the develop-
ment of most breast cancers [1–3] has encouraged the use
of antioestrogens, such as tamoxifen in healthy women
to prevent the disease. Clinical trials using tamoxifen
started over 15 years ago [4], and have now accrued
over 25 000 healthy women, but results at this time have
produced what appears to be conflicting and in many
ways unconvincing results. Although, overall, there
appears to be a reduction in the early incidence of breast
cancer [5], this effect is not large, especially for poor
prognosis invasive cancers, and there is no evidence that
this reduction will be maintained in the long term.
Furthermore, there is no clear cut evidence indicating
which women gain a risk reduction with tamoxifen and
whether this is of clinical benefit compared with treating
the cancers as they arise. Toxicity by tamoxifen, in these
otherwise healthy women including an increase in the
risk of endometrial cancer, is not insignificant.

This paper aims to put into perspective the results of
the trials so far, evaluate the risk factors which have
been identified which may predispose to oestrogenic
promotion of breast cancer, and review the future
strategy for anti-oestrogenic prevention of breast cancer
in healthy women.

2. Breast cancer prevention trials

A pilot trial was started at the Royal Marsden Hos-
pital in 1986, designed to evaluate the feasibility and
safety of tamoxifen given to healthy women to prevent
breast cancer. The early results showed that tamoxifen
appeared to have a ‘selective’ anti-oestrogenic effect on
the breast with potentially beneficial oestrogenic effects
on normal tissues [4] later defined as selective oestrogen
receptor modulation (SERM). This encouraged the start
in 1992 of multicentre trials in the USA, UK, Italy and
other parts of the world. The Royal Marsden trial con-
tinued as a single centre trial.
The early results of all of these well conducted, large,

double-blind randomised, placebo-controlled trials have
now been reported and are summarised in Table 1 and
in the text below.
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2.1. The National Surgical Adjuvant Breast Project
(NSABP P-1)

The NSABP P-1 trial randomised 13 388 healthy
women with an estimated risk of breast cancer of at
least 1.66/100 women/5 years determined by the Gail
model [6]. This model includes age, number of previous
benign breast biopsies, age at menarche and first live
birth, and number of first degree relatives with breast
cancer. In 1998, the results of this trial were published
[7] and the observed risk reduction of breast cancer by
49% (P=0.0001) was considered so striking that the
trial was prematurely closed and unblinded before a full
evaluation of the overall clinical benefits and risks,
including mortality, could be made. This decision meant
that no further randomised data from a longer follow-
up could be obtained from this trial and the crucial
question of whether it was better to reduce risk rather
than treat the disease as it arose remained uncertain.
This was particularly so because most of the 85 less

cancers which had not occurred in the women on
tamoxifen compared with placebo were likely to be
small, oestrogen receptor (ER)-positive and lymph
node-negative cancers and highly curable if allowed to
occur. Furthermore, the toxicity caused by tamoxifen in
the 6681 healthy women who had received the drug, on
average, for nearly 4 years, was more than had been
anticipated, with increases in endometrial cancer, polyps
and cysts, thromboembolism, cataracts and vasomotor
symptoms.
A mathematical model was developed in an attempt

to balance the observed risk reduction against the toxi-
city [8]. Those who were likely to gain most benefit were
the younger women who had an increased risk of breast
cancer, particularly those with benign pathology such as
lobular carcinoma in situ (LCIS) or atypical ductal
hyperplasia (ADH) or postmenopausal women who had
had a hysterectomy. These results did not establish that
giving tamoxifen to healthy women to prevent breast
cancer was better than treating the cancers as they
arose.
It is clearly encouraging that this trial was able to

show a very significant and substantial overall risk
reduction for breast cancer but, unfortunately, many
critical questions remained unanswered by this trial.

2.2. The Italian National Trial (INT)

Women accrued to this trial had no special risk fac-
tors for breast cancer but, because of concerns about
the effects of tamoxifen on the uterus, all women needed
to have had a hysterectomy (74% of whom had also had
an oophorectomy). The results of this trial reported in
1998 [9], with an update in 2002 [10], showed no sig-
nificant overall risk reduction for breast cancer,
although there was a risk reduction for those womenT
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who received hormone replacement therapy (HRT). The
women in this trial were generally at a low risk of breast
cancer, probably because most had had a previous
oophorectomy. This may have compromised any sub-
sequent tamoxifen risk reduction unless the women were
also receiving HRT.

2.3. The Royal Marsden Trial (RMHT)

In 1986, when this trial started, because of the possi-
ble unknown toxicity of tamoxifen in healthy women,
only women with a strong family history of breast can-
cer were considered eligible. The participants were
therefore younger and had an age-corrected risk for
breast cancer of approximately 4-fold which was higher
than participants in all the other trials. Furthermore,
women with high risk benign breast pathology such as
LCIS were excluded. The results, reported in 1998 [11],
showed no risk reduction for breast cancer by tamoxifen.

2.4. The International Breast Intervention Study l
(IBIS-I )

The results of this trial, which randomised 7140
women with an age-corrected risk for breast cancer of
approximately 2- to 3-fold, were similar to the NSABP
P-1 trial [12]. There was a smaller, but still significant,
risk reduction for all breast cancers of approximately
32%, but for invasive cancers this was not significant
(64 tamoxifen, 85 placebo, Odds Ratio (OR) 0.75, 95%
Confidence Interval (CI) of 0.54–1.04). The 21 less
invasive breast cancers which did not occur in women
on tamoxifen were all ER-positive, and mostly axillary
lymph node-negative cancers and of less than 2 cm. If
they had been allowed to occur they would have been
mostly curable.
The toxicity for this trial was similar to that reported

for the NSABP P-1 trial, again raising the questions of
whether there was likely to be any overall clinical benefit
and whether prevention, by the fairly indiscriminant use
of tamoxifen, given for 5 years to large numbers of
healthy, relatively low-risk women is better than the
treatment of the few extra cancers as they arise. This is
particularly important in this trial because there was a
significant (P=0.01) increase in overall mortality for
women on tamoxifen.

2.5. The multiple outcomes of raloxifene evaluation
(MORE)

Independent of the tamoxifen trials, in 1994, a trial was
started in women with osteoporosis [13] evaluating the
prevention of fracture potential of another selective oes-
trogen receptor modulator (SERM), raloxifene. Women
in this trial had annual mammography to monitor the
effect of this drug on breast cancer incidence.

Annual mammography in this osteoporosis trial
showed that after 30 months of follow-up, there was a
76% reduction in the incidence of breast cancer [14,15]
associated with a significant reduction in the incidence
of osteoporotic fractures in the spine [16], in serum
cholesterol [17], and in cardiac events in women at
increased risk of heart disease [18]. Like tamoxifen,
there was an increase in thromboembolism and vaso-
motor symptoms. However, there was no evidence of an
increase in the risk of endometrial cancer, polyps, cysts
or endometrial thickening. Raloxifene, unlike tamoxi-
fen, had no oestrogenic effects on the uterus, indicating
that its oestrogenic activity is relatively impeded. A
similar impeded oestrogenic activity on breast cells
could account for the relatively high risk reduction of
breast cancer reported in this trial, compared with the
tamoxifen trials.

2.6. Overview (meta-analysis)

An overview of the four tamoxifen breast cancer pre-
vention trials has recently been undertaken evaluating
the main outcomes of breast and endometrial cancer
incidence, vascular events and mortality [5]. The com-
bined data showed a 38% reduction in breast cancer
incidence (95% CI 28–46%, P=0.001). There was an
increase in endometrial cancer events (Relative Risk
(RR) 2.4, CI 1.5–4.0) and thromboembolic events (RR
1.9, CI 1.4–2.6), but not in cardiovascular events.
Overall, there was no significant effect on mortality (RR
0.91, CI 0.70–1.18). The data, together with the data
from the very large breast cancer adjuvant treatment
trials [19], indicate that it is very unlikely that mortality
is increased by tamoxifen.
The range in the risk reduction results of the four

individual tamoxifen trials on breast cancer incidence
are only just statistically compatible, indicating that
factors other than statistical variation are likely to
account for the differences in results. The risk char-
acteristics of the women in these trials could be a major
factor. For example, in the P-1 trial, younger women
who had ADH and LCIS, which are usually ER-posi-
tive, were included. This could have accounted for a
higher chemoprevention effect in these women. In con-
trast, in the Marsden trial, women with high-risk benign
pathology were excluded, whereas a high proportion of
younger women who were likely to be carrying high-risk
breast cancer predisposing genes, which may predispose
to ER-negative cancers, were included. It is possible
that these women were less likely to have a risk reduc-
tion by tamoxifen. The risk criteria for women in the
IBIS trial were somewhere between that for the P-1 trial
and the Marsden trial.
Although, at first sight, a 38% risk reduction of breast

cancer using tamoxifen seems substantial, the absolute
reduction in the numbers of women who develop breast
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cancer in the prevention setting is small in comparison
with the very large numbers of healthy women who
need prolonged, potentially toxic treatment to achieve
this. To make prevention of breast cancer by endocrine
intervention a feasible proposition, the efficacy of the
treatments must be maximised. This can be done in two
ways. Firstly, by using agents which are more effective
and less toxic than tamoxifen and secondly by defining
risk factors which will identify those women at sig-
nificant risk who are most likely to gain benefit from the
use of these agents. By eliminating those women unli-
kely to gain benefit from future trials, the efficacy and
risk benefit ratio will improve. What risk factors need to
be evaluated and what agents should be tested?

3. Risk factors for breast cancer

Many factors have been implicated in breast cancer
risk including increasing age [20] early menarche and
late menopause [6,21–23] family history [6,21–24] early
age at first live birth [6,21,23], benign breast biopsy
[6,21,23] including ADH [25] and LCIS [7] cytological
ductal atypia [25–30] increased breast mammographic
density [31–33], high bone density [34,35], high circulat-
ing oestrogen levels [3,36], high plasma insulin-like
growth factor levels [37,38], high body mass [33,39,40]
and use of oral contraception and hormone replacement
therapy [41]. Most of these risk factors are likely to have
an underlying oestrogenic basis and some have an
established inherited component (Table 2).
Risk factors may be caused by genetic mutations

which increase the risk of breast cancer by increasing
oestrogenic activity in the body. This can be caused by a
high production of oestrogen or by increased cellular
sensitivity to normal levels of oestrogen [42]. Other

genetic mutations such as BRCA 1 may cause breast
cancer by non-oestrogenic mechanisms such as defects
in the control of cell replication, or DNA repair. How-
ever, the incidence of the second copy mutation and
other required gene mutations may be increased by
oestrogen promotion of cell replication, thereby
increasing the penetrance of the carrier state.
As an example of an inherited oestrogenic risk factor,

high mammographic breast density is of special interest,
because it does appear to be predominantly genetically
determined [43–45] and related to higher circulating
levels of oestrogen [43]. Furthermore, it is increased by
the use of HRT [46] and reduced by the use of tam-
oxifen [43,44], indicating that it is a phenotypic marker
of a genetic oestrogenic predisposition to breast cancer
risk which could be used to identify and monitor an
anti-oestrogenic intervention.
Many of the known risk factors are interrelated,

probably because of an underlying increased oestro-
genic risk. For example, the link between the predictive
value of bone density and a family history of breast
cancer depends on high levels of plasma oestrogen [47]
and it is these women who have the risk reduction of
breast cancer with raloxifene [48].
Combinations of risk factors may be synergistic and

produce models which better predict breast cancer. For
example, the Gail model [6] is based on the number of
first degree relatives with breast cancer, age at
menarche, age at first live birth, and the number of
benign breast biopsies. Most of these risk factors are
related to oestrogen. In contrast, the Claus model [49],
developed in a younger high-risk population, is based
on a complete family history of breast and other can-
cers. This model identifies women who are likely to have
high penetrance breast cancer predisposing genes, which
may not be primarily oestrogen based. Models for risk
which include risk factors which are not oestrogen
based may identify women at high risk of developing
cancers which are resistant to tamoxifen. These women,
although at high risk, would not gain benefit from
tamoxifen prevention of breast cancer.
An algorithm needs to be developed which is based on

endocrine risk factors such as mammographic breast
density, bone mineral density, plasma oestrogen levels,
menstrual, obstetric and lactation history, benign ER-
positive high-risk histology such as ADH or LCIS, use
of oral contraceptives and HRT and any other factors
which may have an oestrogenic basis. The identification
of the genes which may predispose to these risks would
really make the prospect of endocrine prevention com-
pelling. What genes could be involved?
It is likely that most breast cancers are initiated by

single or multiple genetic defects [50]. Some of these
genetic events will need little promotion in order to
develop into clinical cancers. Others will depend on
promotion to become clinical cancers. Oestrogen is

Table 2

Risk factors for breast cancer

Risk factors Likely to

be endocrine

based

Likely to

be inherited

[Refs]

Increasing age + or � [20]

Early menarche + [6,21–23]

Late menopause + [6,21–23]

Family history + or � +++ [6,21–24]

Early first pregnancy + [6,21,23]

Benign breast biopsy ? [6,21,23]

Cellular atypia + ? [25–30]

Lobular carcinoma in situ + ? [7]

High breast mammographic density + ++ [31–33]

High bone mineral density + ++ [34,35]

High serum oestrogens + ? [3,36]

High plasma IGF ? [37,38]

High body mass ? [33,39,40]

Use of oral contraceptives + [41]

Use of HRT + [41]

IGF, insulin-like growth factor.
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probably the most important promoter for breast can-
cer and any inherited genetic polymorphisms which
cause an increase in tissue oestrogen levels or in the
sensitivity of the cells to oestrogen, may be important
inherited risk factors for breast cancer. These inherited
risks may be reflected in a family history for breast
cancer which will not be as well defined as for the high-
risk genes such as BRCA, but may be identified by
inherited phenotypic features such as high mammo-
graphic density, high bone mineral density, high-risk
benign pathology such as LCIS, ADH and atypia, high
levels or more prolonged pre-menopausal levels (early
menarche or late menopause) of circulating oestrogens
and other less well defined features such as body mass.
The likely gene targets for enhanced oestrogenic

activity and ‘super’ promotion are the genes involved in
oestrogen synthesis [51], in oestrogen metabolism and in
oestrogen binding and those genes that determine the
sensitivity of ERs (ERa and ERb) to oestrogen [42]. The
components of the ER most likely to increase the oes-
trogen sensitivity of ER would be changes in the activity
of co-regulators, particularly overexpression of a co-acti-
vator such as AIB1 [52] or a mutation of a co-repressors
such as NCoR or SMRT. Mutations of the ERs, parti-
cularly ERb which modulates the oestrogen activation
of ERa could cause ‘super’ promotion, as could muta-
tions in critical parts of ERa which bind the co-repressors
[53–55]. Other factors such as HER2 [52], epidermal
growth factor (EGF) and insulin-like growth factor 1
(IGF1) [56], and other hormone receptors such as the
progesterone receptors interact with ER and inherited
polymorphisms which affect the activity of any of these
could increase the oestrogenic promotion of breast cancer.
Inherited mutations in the ER mechanism which

increases the sensitivity to oestrogen would undoubtedly
have an effect on the balance of oestrogenic and anti-
oestrogenic effects of tamoxifen so that tamoxifen could
lose its prevention effect and even become a promoter of
breast cancer.

Having identified the risk factors which make it more
likely that women will gain benefit from an endocrine
intervention what are likely to be the most effective and
least toxic endocrine agents to be tested.

4. Agents which may be more effective and less toxic

than tamoxifen

It therefore seems that the preventive effect of
tamoxifen depends on its anti-oestrogenic anti-
proliferative effect being more than its oestrogenic pro-
liferative effect and this may vary according to the
genetic risk factors involved in the development of the
cancer. Other SERMS may have less oestrogenic activ-
ity because of differences in structure. For example,
tamoxifen is oestrogenic on the uterus whereas ralox-
ifene, which has a side chain which masks a critical part
of the ER, preventing the recruitment of the coactivator
SRC1, is anti-oestrogenic on the uterus [57]. This impe-
ded oestrogenic activity of raloxifene might make it
more active than tamoxifen for prevention of breast
cancer and account for the encouraging results from the
MORE trial. Raloxifene and tamoxifen are now being
directly compared for risk reduction and toxicity in the
NSABP P-2 trial which will accrue 22 000 women with a
similar Gail risk to those women in the P-1 trial. Other
SERMs such as lasofoxifene are being evaluated for
breast cancer risk reduction.
For the most part, the spectrum of activity of these

SERMs on normal tissues and on cancer cells will
depend on their chemical structures. It should therefore
be possible to achieve multiple benefits on normal tis-
sues and an enhanced anticancer effect compared with
tamoxifen (Table 3).
Another approach is to look at agents which have

only anti-oestrogenic activity such as the aromatase
inhibitors or the so called ‘pure’ anti-oestrogens. The
lack of any oestrogenic activity should make these

Table 3

Properties of an ideal serm

Organ Objective Surrogate marker

Breast Reduce breast cancer Breast density

Bone Reduce osteoporotic fracture Bone mineral density

Bone markers

Lipids Reduce atheroma/stroke/mycardial infarction Lipid profile

Brain Reduce Alzheimers Cognitive tests

Improve cognitive function Cognitive tests

Reduce vasomotor symptoms Gonadotrophin levels

Maintain libido None

Uterus/ovaries No polyps, cysts, Uterine ultrasound

No endometrial hyperplasia or cancer Endometrial sampling

Pelvic floor No Incontinence/uterine prolapse None

Clotting No increase in thromboembolism Clotting factors

Eye No increase in cataract or retinopathy Ophthalmic examination

Other cancers Not genotoxic Structural clearance
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agents more active for breast cancer risk reduction than
tamoxifen. The third generation non-steroidal aroma-
tase inhibitors, such as anastrozole (Arimidex) and
letrozole are very powerful inhibitors of oestrogen
synthesis [58] and have no innate oestrogenic activity.
These agents have been shown to be more active than
tamoxifen in postmenopausal women for the treatment
of advanced breast cancer [59–62] and anastrozole has
been shown to be more active than tamoxifen at reducing
the risk of relapse and the risk of developing new breast
cancers in patients with operable breast cancer [63].
One problem with using these agents for prevention is

that they are only effective in postmenopausal women.
Another worrying issue is the toxicity, which has not
been well established at this time, because of the small
numbers of patients who have had a significant duration
of treatment. The levels of oestrogen achieved by these
agents are very low [58] and not previously achieved in
vivo. The long-term effects of these very low levels of
oestrogen on bone, the pelvic floor, the cardiovascular
system, lipids or the brain are not known. The early
report from the Arimidex, Tamoxifen Alone or in
Combination (ATAC) trial indicate an increased frac-
ture rate after only 30 months of treatment with ana-
strazole [63]. Some tissue specificity with aromatase
inhibitors may be possible, because of the variation in
the tissue-specific promoters of aromatase in different
tissues allowing some normal tissue sparing of aroma-
tase inhibitor activity [64]. Alternatively, it is possible
that the third generation steroidal aromatase inhibitors
such as exemestane may have less anti-oestrogenic
impact than the non-steroidal aromatase inhibitors on
normal tissues [59]. Clearly, the many potential advan-
tages of using a SERM (Table 3) will not occur with
aromatase inhibitors.
If raloxifene is better than tamoxifen in the P-2 trial a

back-to-back comparison of raloxifene with anastrazole
to directly compare efficacy and toxicity will be essen-
tial. Generally it would seem more likely that the devel-
opment of a SERM with better risk reduction of breast
cancer than tamoxifen, together with other additional
benefits and with no toxicity on the uterus, is likely to be
a more promising agent for breast cancer prevention
than the use of the powerful aromatase inhibitors which
are likely to have detrimental anti-oestrogenic side-
effects. The complexity of using an ‘add on’ prevention
of these anti oestrogenic complications by use of such
agents as the bisphosphonates to prevent fractures is
unattractive.

5. Conclusions

At this time, the NSABP P-1, the IBIS and the
MORE trial have clearly shown that it is possible to
achieve a risk reduction for breast cancer by using anti-

oestrogenic agents. Whether this will provide long-term,
overall clinical benefit, and in which women at risk,
remains uncertain.
In order to maximise the chance of achieving clinical

benefit by endocrine prevention, the strategy for the
next generation of trials should be to develop an algo-
rithm of risk factors which target women who have a
high risk of developing endocrine-dependent cancers.
These high risk, but likely to be endocrine-responsive,
women should be recruited to the trials to test the next
generation of agents which may be more active at pre-
venting breast cancer, be less toxic, and also have other
benefits.
To do this, the statistical design of these trials will be

critical. It is essential that multiple outcomes can be eval-
uated so that real long-term clinical benefit can be identi-
fied. The design of the huge P-1 trial, with such
statistical power that only the early risk reduction of
breast cancer could be detected before the trial was
stopped, will not do this. It is likely that for prevention
trials multiple benefits such as prevention of breast
cancer, osteoporotic fractures and heart disease will be
required, and this will need to be carefully balanced
against as little toxicity as possible, in order to achieve
an overall clinical benefit. Surrogate markers of some of
these outcomes will be required (Table 3).
For these reasons, the trial design for prevention trials

needs to be reviewed so that the early risk reduction of
breast cancer is not the single outcome. The trials
should be allowed to mature so that an agreed spectrum
of multiple outcomes (or agreed surrogate markers of
these outcomes) can be evaluated and the possibility of
an overall predetermined spectrum of events in many
tissues should be agreed to produce an event rate which
is the ‘gold standard’ for prevention trials. Only in this
way will we be able to answer the fundamental question
as to whether prevention of breast cancer is better than
cure.
With the new agent for reducing the oestrogenic drive

to breast cancer cells, and by selection of the women at
risk who are most likely to gain benefit, it is likely that we
could prevent the development of most breast cancers.
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