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T his is the first of a 
two part article on 
chemoprevention 
of breast cancer 

which will address the biological 
rationale for this strategy  and 
relevant clinical trials to date 
whilst the second part will 
focus on current guidelines and 
discussion thereof.

Long term exposure to oestrogen 
is a well-established risk factor 
for breast cancer development 
and most of the non-hereditary 
risk factors for this disease relate 
to the hormonal environment either directly 
or indirectly [1]. Oestrogens  increase the rate 
of cell proliferation by stimulating oestrogen 
receptor (ER)-mediated transcription which in 
turn increases the chance of more frequent 
errors of DNA replication [2]. In addition to these 
direct effects of oestrogen, there is evidence 
that metabolites of oestrogen are genotoxic 
depurinators that can directly remove base pairs 
from DNA which then becomes susceptible to 
point mutations consequent to defective DNA 
repair mechanisms. Therefore metabolites of 
oestrogen act in conjunction with ER-mediated 
events to induce breast cancer. Approaches to 
treatment and prevention of hormone-dependent 
breast cancer are based either on interference 
with the action of oestrogen  at the cellular level 
or preventing/reducing oestrogen production. 
As long ago as 1936, Lacassagne (Figure 1) first 
proposed that if development of breast cancer 
was linked to an aberrant increased sensitivity 
to oestrogen, then an antagonist should be an 

appropriate strategy to prevent 
“congestion of oestrogen in the 
breast” [3]. It is now recognised 
that ER alpha binds oestrogen 
which accumulates  in target sites 
(including mammary tissue and 
some breast cancers). Tamoxifen 
is a pioneering non-steroidal drug 
whose primary action is effected 
by competitively antagonising the 
interaction between endogenous 
oestrogen and ER. It is an example 
of  a selective oestrogen receptor 
modulator (SERM), which is a group 
of triphenylethylene compounds 
with mixed oestrogen agonist/

antagonist effects [4] (Figure 2). This duality 
of action renders these agents attractive for 
chemoprevention by virtue of their  antiestrogenic 
properties in breast tissue and oestrogenic 
effects in bone. Raloxifene is another SERM 
which is a candidate  for use in chemoprevention 
of breast cancer but it has a slightly different 
risk:benefit profile compared to tamoxifen and 
has now been evaluated in clinical trials. Use of 
aromatase inhibitors as chemopreventive agents 
is an alternative strategy based on reduction of 
peripheral oestrogen synthesis in post-menopausal 
women. Following cessation of ovarian function 
at the menopause oestrogens in post-menopausal 
women are derived mainly from peripheral 
synthesis in adipose tissue and the adrenal glands. 
The enzyme oestrogen synthetase (or aromatase) 
is present not only within these tissues, but also 
skeletal muscle and two-thirds of breast tumours 
and functions to convert androgenic precursors 
(testosterone and androstenedione) to oestradiol 
and oestrone respectively. This process of 
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Figure 1: Professor Antoine Lacassagne 
first proposed a therapeutic antagonist 
to”prevent the congestion of oestrone” 
in 1936.

Figure 2: Selective oestrogen receptor modulators with potential chemopreventive action for reduction of breast cancer incidence
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aromatisation in peripheral tissues releases 
relatively small amounts of oestrogen into 
the general circulation compared with 
ovarian sources in pre-menopausal women. 
However, local concentrations of oestrogen 
within the post-menopausal breast can 
reach levels comparable to the pre-
menopausal state due to local production 
by breast adipose tissue supplemented by 
intra-tumoral aromatase activity. 

Aromatase inhibitors block peripheral 
aromatisation of androgens and reduce 
both serum and intra-mammary tissue 
levels of oestrogen and have therapeutic 
efficacy in post-menopausal women 
only. Interestingly, SERMs only antagonise 
the action of oestrogens on ER 
positive cancer cells whilst (potentially 
carcinogenic) oestrogen metabolites 
remain unchallenged and can directly 
damage normal breast epithelial cells. 
An additional mechanistic benefit of 
aromatase inhibitors is blocking the 
formation of both oestrogen and its 
metabolites. This could render aromatase 
inhibitors true chemopreventive agents 
in the sense that they interfere with both 
the initiation (oestrogen metabolites) and 
promotion (parent oestrogen) of cancer [3]. 
These hormonal agents could potentially 
be employed either alone or combined 
with a SERM to maximise clinical benefits. 
Table 1 summarises the key studies to date 
on chemoprevention agents involving 
tamoxifen, raloxifene and aromatase 
inhibitors. 

Selective oestrogen receptor 
modulators as chemopreventive 
agents

TAMOXIFEN
Tamoxifen has proven efficacy in treatment 
of breast cancer over the past 30 years, 
with significant increases in survivorship 
in ER positive patients receiving systemic 
adjuvant therapy [5]. Accrual of a 
vast clinical database underpinned by 
mechanistic evaluation from pre-clinical 

models and in vitro studies catalysed 
the exploration of tamoxifen as a 
chemopreventive in high risk women. 
The clinical rationale for this approach 
was further re-inforced by reduction 
in risk of contralateral breast cancer in 
adjuvant trials of tamoxifen [6]. Several 
placebo-controlled chemoprevention 
trials of tamoxifen in high risk pre- and 
post-menopausal women have revealed 
a reduction of about 50% (ranging from 
31% to 67%) in the cumulative incidence 
of both invasive and non-invasive breast 
cancer at a median follow ranging from 
96 to 158 months [7,8,9,10]. Primary effects 
are confined to ER positive disease with 
comparable benefits evident for white 
and black women in the NSABP P-1 trial 
but inconclusive data on the efficacy of 
tamoxifen for risk reduction in BRCA-1 and 
BRCA-2 gene mutation carriers [11].  Risk 
reductions in excess of 50% were noted for 
BRCA-2 but not BRCA-1 mutations carriers 
in the NSABP P-1 study which may relate 
to ER positivity of tumours in BRCA-2 
carriers [7]. Moreover, recent data suggests 
that not only is tamoxifen effective during 
therapy, but chemoprevention is enhanced 
for many years following cessation of 
therapy with a carry-over effect. Longer-
term follow up data is now available from 
the IBIS-1 trial which randomised high 
risk pre- and post-menopausal women to 
either tamoxifen (3579) or placebo (3575) 
[12]. Of note, some women had used 
hormone replacement therapy (oestrogen 
alone or combined) and about one-third 
had undergone hysterectomy. During the 
first 10 years of follow up, breast cancer 
incidence for tamoxifen and placebo 
arms was 4.6% and 6.3% respectively with 
a number needed to treat (NNT) of 59 
women to prevent 1 breast cancer. At 20 
years follow-up, these figures were 7.8% 
(95% CI 6.9 – 9.0) and 12.3% (95% CI 10.1 
– 14.5) respectively with the NNT having 
fallen to 22 (95% CI 19 – 26). There is a 
sustained benefit from tamoxifen with 
incidence curves remaining divergent. This 

important observation demonstrates the 
continuing anti-tumour action of tamoxifen 
at a time when there are very few side 
effects (e.g. weight gain, hot flushes) from 
the drug and therefore a highly favourable 
therapeutic index. Increased risks of 
thromboembolism were seen only during 
treatment with tamoxifen in the IBIS-1 trial 
and no significant cardiac side-effects were 
reported from a 5 year pulse of tamoxifen. 
Indeed, the side effect profile of tamoxifen 
and other potential agents are crucial 
considerations in the chemopreventive 
setting when the risk:benefit ratio is 
shifted and healthy women receive a 
pharmacological intervention for which the 
benefits are less tangible in the absence 
of any validated biomarker of response. 
A modest increase in endometrial cancer 
in postmenopausal women has been well 
documented with relative increases of 
2.53 and 1.45 in the NSABP P-1 and IBIS-
1 trials respectively A total of 29/3579 
and 20/3575 women in tamoxifen and 
placebo groups respectively developed 
endometrial cancer in the IBIS-1 trial and 
most of these cases occurred during the 
first 5 years [7,10]. Nonetheless, neither this 
problem nor any significantly elevated risk 
of thromboembolism has been noted in 
premenopausal women [13].

RALOXIFENE
Concerns over an increased incidence 
of endometrial cancer amongst post-
menopausal women taking tamoxifen 
have led to re-assessment of other non-
steroidal antioestrogens with attenuated 
uterotrophic activity in the rodent 
uterus. The recognition that tamoxifen 
and raloxifene were selective oestrogen 
receptor modulators (SERMs) with 
oestrogenic effects in bone created a new 
dimension in therapeutics which has been 
exploited in current chemoprevention 
strategies. If a SERM is oestrogenic in bone 
but antioestrogenic in breast tissue, then 
perhaps a SERM could be used to prevent 
osteoporosis with concomitant prophylaxis 

BREAST CANCER

Table 1: Recommendations for chemoprevention in higher risk women 

PRE-MENOPAUSAL WOMEN POST-MENOPAUSAL WOMEN

USA TAMOXIFEN * (20mg daily for 5 years) TAMOXIFEN * (20mg daily for 5 years)

RALOXIFENE** (60mg daily for 5 years)

EXEMESTANE (25mg daily for 5 years)

UK TAMOXIFEN* (20mg daily for 5 years) TAMOXIFEN * (20mg daily for 5 years)

RALOXIFENE** (60mg daily for 5 years)

*  – no significantly increased risk of endometrial cancer or blood clots 
** – no significantly increased risk of endometrial cancer [tamoxifen, raloxifene and exemestane taken as oral preparations]
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of breast cancer in postmenopausal 
women. Raloxifene has been successfully 
tested for reduction of fractures in 
women at high risk for osteoporosis 
and has been confirmed to significantly 
reduce the incidence of ER positive breast 
cancer (58% risk reduction) in those 
patients receiving long term raloxifene for 
prevention of breast cancer [14,15]. These 
encouraging findings combined with the 
desire to minimise overall side effects 
sporned the Study of Tamoxifen and 
Raloxifene (STAR) trial, a head-to-head 
comparison of tamoxifen and raloxifene 
as chemopreventive agents in higher 
risk postmenopausal women [16]. Initial 
analysis performed at a median follow 
up of 4.6 years showed that raloxifene 
was equivalent to tamoxifen in reducing 
the incidence of ER positive breast 
cancer by 50%, but was less effective 
in prevention of non-invasive disease. 
Raloxifene may therefore interfere 
with progression of in situ to invasive 
disease, but have no impact on the pre-
malignant to in situ transition. Raloxifene 
had a more favourable side effect 
profile with marginally yet statistically 
significant reductions of thromboembolic 
events (deep venous thrombosis only), 
cataracts, lens replacement, benign 
uterine hyperplasia and endometrial 
cancer (more than half the patients had 
undergone prior hysterectomy in the 
STAR trial) [16]. Interestingly, with slightly 
longer follow up (6 years) there is some 
attrition in the efficacy or raloxifene 
relative to tamoxifen with the former 
associated with significantly increased 
risk of invasive breast cancer (RR 1.24) and 
a non-significant increased risk of ductal 
carcinoma in situ (RR 1.22) [17,18]. A further 
update of the STAR trial was presented 
at the American Society of Clinical 
Oncology (ASCO) meeting earlier this year 
and confirmed that these results remain 
consistent [19]. 

LASOFOXIFENE
The Post-menopausal Evaluation and 
risk Reduction with Lasofoxifene (PEARL) 
trial assessed one of the newer SERMs 
(lasofoxifene) against placebo [20]. This 
trial specifically evaluated the benefits of 
lasofoxifene in terms of reduced fracture 
rates (vertebral/non-vertebral) together 
with the incidence of ER positive breast 
cancer and showed risk reductions for 
breast cancer (79%), vertebral fractures 
(42%), coronary events (32%) and stroke 
(36%) [21]. 

Aromatase inhibitors as 
chemopreventive agents
Aromatase inhibitors (alone or sequenced 
before/after tamoxifen) have been 
shown in clinical trials to have marginally 
improved anti-tumour efficacy than 
tamoxifen alone and are associated 
with notably greater reductions in 
contralateral cancer (up to 70% compared 
with 50% for tamoxifen) [22]. Although 
aromatase inhibitors are associated 
with a lower risk of thromboembolism 
compared with tamoxifen, there is an 
increased risk of fractures, osteoporosis, 
arthritis, and arthralgias. Indeed, patients 
consistently report a higher incidence of 
musculoskeletal symptoms and these can 
be troublesome for older women. The 
potential side-effect profile of aromatase 
inhibitors has led to some caution in 
pursuance of chemopreventive strategies 
based on these agents. Use of aromatase 
inhibitors in this context may be premature 
in the absence of longer term data on side-
effects including not only musculoskeletal 
symptoms but also elevated cholesterol 
and neurocognitive problems (memory 
loss, attention span, executive functioning 
and word finding). Nonetheless, two 
trials have specifically addressed the 
benefit of aromatase inhibitors in the 
chemopreventive setting and the most 
recent update of the ASCO guidelines on 
pharmacological interventions for breast 
cancer risk reduction lists an aromatase 
inhibitor as a chemopreventive option [23]. 

ANASTROZOLE
The International Breast Cancer 
Intervention (IBIS –II) study randomised 

3,864 high risk (strong family history 
of breast/ovarian cancer, lobular 
carcinoma in situ, ductal carcinoma 
in situ and proliferative disease with 
atypia) postmenopausal women to 
receive either 5 years of anastrozole 
(1mg daily) (n=1,920) or placebo (n=1,944). 
Compliance rates were 72% and 68% for 
anastrozole and placebo respectively 
and at a median follow up of 5 years 
anastrozole was associated with halving 
of breast cancer risk (hazard ratio 0.47, 
95% CI 0.32 – 0.68; p<0.0001) (Figure 
3); 40 deaths were recorded in the 
anastrozole group compared with 85 for 
placebo. Moreover, only 10% of excess 
musculoskeletal side-effects in the 
anastrozole group were attributable to 
aromatase inhibitor therapy and there 
was a small non-significant increase in 
fracture rate (8.5% versus 7.7%). Both 
musculoskeletal symptoms and fracture 
rates were remarkably similar between 
the treatment and placebo groups – 
indicating that women reported relatively 
high levels of symptoms in the placebo 
group. Approximately half the women in 
both groups reported musculoskeletal 
and vasomotor symptoms with about 
one-fifth experiencing significant 
gynaecological problems [24]. 

EXEMESTANE
The other aromatase inhibitor 
chemoprevention trial (MAP3) examined 
the benefit of exemestane (25 mg daily for 
5 years) versus placebo in a randomised 
comparison of 4,560 post-menopausal 
women at increased risk of breast cancer. 
With a limited median follow up of 3 

Figure 3: Cumulative incidence of breast cancers for tamoxifen and placebo groups (solid lines = all breast cancers; dashed 
lines = ER positive cancers) Cuzik J et al. Lancet Oncol 2015; 16: 67 – 75 Figure 1, page 70. Reproduced with permission of The 
Lancet Oncology.
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years, there were 32 cases of invasive 
breast cancer in the placebo group 
compared with 11 amongst 2,285 women 
receiving exemestane, representing a 65% 
reduction in risk of breast cancer [25]. 
Interestingly, exemestane did not impact 
upon the incidence of non-invasive 
cancer thereby contrasting with IBIS-
II but echoes results of the raloxifene 
arm in the STAR trial. Side effects 
of aromatase inhibitor therapy were 
generally reported as not severe with hot 
flushes and joint pains being relatively 
common but no increased incidence of 
osteoporosis, fractures or deaths from 
any cause. In particular, there were no 
significant increases in bone fractures, 
hypercholesterolaemia or cardiovascular 
events attributable to exemestane which 
has some bearing in terms of choice of 
aromatase inhibitor for any proposed 
chemoprevention trials. It should be 
noted that supplemental vitamin D and 
calcium did not prevent age-related bone 
loss in the MAP-3 trial [26]. This trial also 
demonstrated the benefit of exemestane 
in reducing risk of contralateral disease 
in women who undergo mastectomy for 
ductal carcinoma in situ (DCIS).

LETROZOLE
The non-steroidal aromatase inhibitor 
letrozole is currently being evaluated in 
a couple of smaller trials in the United 
States. The randomised double-blind 
LIBER trial is investigating use of this 
agent for prevention of breast cancer in 
post-menopausal women who are BRCA-
1 or BRCA-2 mutation carriers whose 
cumulative lifetime risk is 56 – 80%. The 
intervention group will receive letrozole 
(2.5mg daily) for a total duration of 5 
years (versus placebo) as a potential 
alternative strategy to either anastrozole 
or exemestane [27].

FENRETINIDE
Fenretinide is a vitamin A analogue 
shown to inhibit breast carcinogenesis 
in pre-clinical studies. Veronesi and 
colleagues conducted a randomised trial 
to assess the efficacy of this agent in 
prevention of second malignancies in 
women with early breast cancer. Almost 
3,000 women who had undergone 
surgical resection for stage I breast 
cancer or DCIS were randomised to 
receive either 5 years of fenritinide 
orally (200 mg/day) or no treatment. 

There was no difference in the incidence 
of contralateral or ipsilateral breast 
cancer between the two groups, 
although a posthoc analysis revealed 
benefit amongst pre-menopausal 
women with a significant reduction 
of second breast cancers in this group 
which persisted for several years after 
cessation of treatment. These results 
have prompted arguments for a trial of 
fenretinide in young women at high-risk 
of developing breast cancer, although 
it is no longer under development as a 
chemopreventive agent [28,29].

Impact of chemoprevention 
on mortality
Despite almost 20 years of follow 
up within the IBIS-1 trial, it remains 
too early to conclude whether 
chemoprevention with tamoxifen will 
impact upon mortality as only 5 deaths 
from breast cancer have so far been 
reported (RR 1.19) [22]. Moreover, both 
this and other chemoprevention trials 
have limited power to detect potential 
reductions in mortality (primary 
endpoint was reduction of incidence 
rather mortality).
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