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Chemoprevention of Breast Cancer1

Prospects for the prevention of breast cancer have never
been greater. We are beginning to ﬁnd the lifestyle factors
that can reduce the risk for women of average risk, and
targeted chemoprevention for high-risk women is developing on a number of fronts. Likewise the need for prevention
has never been greater. There are 1.2 million new cases of
breast cancer worldwide every year, which far exceeds the
number of any other cancers, with cervix now being a distant
second at about 400,000 [1]. Not only is breast cancer the
commonest cancer in women, but it is also rapidly increasing, especially in the developing world.
While population-based programmes, based on reducing
obesity and increasing exercise, are likely to be effective for
breast cancer [2, 3] just as they have been for heart disease
(Fig. 32.1). However, as in cardiovascular disease, targeting
individuals at increased risk is likely to be a key part of an
effective overall policy. Over the last 50 years cardiac deaths
have been reduced by more than 50 % in the US and death
from strokes has been reduced by more than two-thirds
(Fig. 32.1). Much of this can be attributed to the identiﬁcation of high-risk individuals by measuring blood pressure
and cholesterol levels, and offering them targeted preventive
treatment. This is not yet widely done for any cancer, but
breast cancer is leading the way, and we now have some
important risk factors/biomarkers with a high population
attributable risk, which can be used to identify high-risk
women. While risk factors only identify individuals most
likely to develop a disease, a key requirement for a
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biomarker is that it responds to treatment in a way that
predicts quantitatively the extent of risk reduction for an
individual. At present, we have only candidate biomarkers
for a few cancers, notably breast cancer and prostate cancer.
Mammographic density is the most promising biomarker for
breast cancer, and more than 40 studies that date back to the
original work by Wolfe [4] have shown an increased risk for
women with radiographically dense breasts [5]. Since then
other researchers [6] have shown that quantiﬁcation of the
proportional area of the breast that is covered by mammographic dense tissue is the best measure available. We can
expect further improvements in measurement of density
through the use of computerised assessments, volume measurement, and identiﬁcation of other radiologic features,
such as diffuse disease versus nodular pattern, or structured
densities. However, even using current techniques breast
density is a common, readily measurable factor that indicates
an appreciable increase in risk in both premenopausal and
postmenopausal women [7, 8]. Although much remains to be
learned about how changes in density affect risk, the fact that
breast density is reduced by tamoxifen [9] and increased by
hormone-replacement therapy [10] suggests that we might
be able to predict the effect on risk from modiﬁcation of
breast density.

32.2
32.2.1

Chemoprevention Agents
Tamoxifen

Tamoxifen was ﬁrst shown to prevent new contralateral
tumours in women with breast cancer in 1985 [11]. This, plus
supporting animal studies [12], led to the proposal to use this
drug in primary prevention of high-risk women [13]. Four
prevention trials have now been completed (Table 32.1). The
combined results of these trials [14] indicated that about half
of oestrogen receptor positive tumours can be prevented with
5 years of prophylactic tamoxifen (Fig. 32.2a), but this agent
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Fig. 32.1 Change in the US death rates by cause, 1950 and 2001. Note age-adjusted to 2000 US standard population. Sources 1950 Mortality
Data—CDC/NCHS, NVSS, mortality revised. 2001 Mortality Data-NVSR-Death Final Data 2001-Volume 52, No. 3 http://www.cdc.gov/nchs/
data/nvsr52/nvsr52_03.pdf

has no impact on oestrogen receptor negative women
(Fig. 32.2b). Overall this amounts to a 38 % reduction in the
risk of breast cancer.
On the other hand, there were two major side effects of
tamoxifen—increases in endometrial cancer, and venous
thromboembolic events during the active treatment phase.
The former is increased about 21/2-fold whereas the latter is
approximately doubled. In simple terms giving 5 years of
tamoxifen to 1000 women aged 50 at double the population
risk would lead to 11 fewer breast cancers, six additional
deep vein thromboses and three extra endometrial cancers in
the ﬁrst ﬁve years of follow-up (Table 32.2). Given that
breast cancer is the most serious of these events, the balance
appears reasonably favourable.

However, a key question will be the extent to which
beneﬁts and side effects extend beyond the 5 year treatment
period. Recent reports [15, 16] show that the beneﬁts extend
well beyond the active treatment period, but the side effects
largely do not. In particular in years 5–10, after 5 years if
tamoxifen in the IBIS-I trial, the risk of new ER-positive
breast cancer was reduced by 44 %.
In addition, endometrial cancer and thromboembolic
events were not in excess after completion of treatment. Thus
one can expect that another 11 cancers will be prevented in this
period and there will be no additional major side effects, so
that the 10 year risk-beneﬁt ratio will be substantially
improved over the 5 year estimate currently available. Furthermore, as there was no diminution of beneﬁt even at year

Table 32.1 Breast cancer prevention trials using tamoxifen
Trial (Entry dates)

Population

Royal Marsden
(1986–1996)

High-risk

Number
randomised

Agents (vs. placebo) and daily dose
(mg)

Intended duration of
treatment (years)

2471

Tamoxifen 20

5–8

13,388

Tamoxifen 20

5

5408

Tamoxifen 20

5

Family history
NSABP-P1 (1992–
1997)

High-risk women
>1.6 % 5 years risk

Italian (1992–1997)

Normal risk
Hysterectomy

IBIS-I (1992–2001)

>twofold relative risk

Adjuvant overview
(1976–1995)

Women with ER + operable
breast cancer in 11 trials

7139
*15,000

Tamoxifen 20

5

Tamoxifen 20–40 with or without
chemotherapy in both arms

3 or more
(average *5)
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Fig. 32.2 a Overview of impact of tamoxifen in prevention trials for ER-positive invasive breast cancer. b Overview of impact of tamoxifen in
prevention trials for ER-negative invasive breast cancer

Table 32.2 Predicted outcome in 1000 women aged 50 at high-risk of breast cancer followed for 5 or 10 years
Follow-up period (years)
Breast cancer
VTE
Endometrial cancer

No treatment

Tamoxifen for 5 years

5

30

19

10

60

38

5

6

12

10

12

18

5

2

5

10

5

8
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Table 32.3 Prevention trials using raloxifene
Trial (Entry
dates)

Population

MORE
(1994–1999)

Normal risk

Number
randomised

Agents (vs. placebo) and
daily dose (mg)

Intended duration of
treatment (years)

7705

Raloxifene 60 or 120 (3
arm)

4

4011

Raloxifene 60

Additional 4

Postmenopausal women with osteoporosis
CORE
(2000–2004)

Normal risk
Postmenopausal women with osteoporosis

RUTH
(1998–2000)

Postmenopausal women ≥55 years with CHD
or risk factors

10,101

Raloxifene 60

5

STAR
(2001–2005)

High-risk postmenopausal women >1.6 %
5 years breast cancer risk

19,747

Raloxifene 60 versus
tamoxifen (20)

5

10, the beneﬁts could persist even longer, making tamoxifen
chemoprevention even more attractive, especially for women
in the late premenopausal years, where life-expectancy is
long. Raloxifene four trials have reported on the use of
raloxifene for breast cancer prevention (Table 32.3). Two
independent parts of the MORE/CORE trial have reported on
the reduction of breast cancer in osteoporotic women. The
original intent of this trial was to reduce bone fracture rates
[17]. After 4 years of treatment a 65 % reduction in all breast
cancer was found in the MORE segment [18]. This led to
another 4 years of blinded treatment in the CORE study,
where breast cancer was the primary endpoint. Results here
were also very favourable with a 50 % reduction in breast
cancer [19]. Raloxifene appears to be associated with some
increase of thromboembolic complications, as with tamoxifen, but it does not stimulate the endometrium, so that there
are no excess of endometrial cancers or other gynaecologic
problems.
The RUTH study, which is evaluating the impact of
raloxifene on cardiovascular endpoints in 10,101 women at
increased risk of cardiovascular events [20] found reductions
in breast cancer similar in size to that seen for tamoxifen in
other studies. Also the STAR trial comparing raloxifene
directly to tamoxifen in 19,747 women at high-risk for breast
cancer recently found similar efﬁcacy for the two drugs, but
fewer gynaecologic and thromboembolic side effects with
raloxifene [21]. Based on these results, one can safely
anticipate that raloxifene will become a useful part of the
armitarium for preventing postmenopausal breast cancer.

32.2.2

Aromatase Inhibitors

32.2.2.1 Efficacy
Most of what we know about the potential use of AIs in prevention derives from adjuvant studies in women with early
breast cancer, where the development of isolated contralateral

tumours as a ﬁrst event is a good model for prevention of new
tumours in healthy women. This has proved a reliable source
for estimating the qualitative effects of tamoxifen in prevention, both in terms of major side effects, and in terms of efﬁcacy. This approach has generally been more reliable than
animal models or observational epidemiologic studies,
although randomised intervention studies in the prevention
setting remain essential for directly quantifying effectiveness
in this setting and balancing risks and beneﬁts.
To date, eight different adjuvant trials have reported on
the use of three different AIs for postmenopausal women
with breast cancer [22–29]. In these trials, adjuvant AIs have
been found effective in three clinical settings, as initial
treatment, after 2–3 years of tamoxifen, or as extended
treatment after 5 years of tamoxifen.
In these trials, a consistent reduction in the rates of
contralateral breast cancer has been observed in the group
receiving the AI (Fig. 32.3). For example, in the ATAC trial,
the number of contralateral breast cancers was reduced from
59 in the tamoxifen arm to 35 on anastrozole, a 42 %
reduction (95 % CI, 12–62 %; P = 0.01). A larger reduction
of 53 % (95 % CI, 27–71 %; P = 0.001) was seen in the
hormone receptor-positive patients [22]. Tamoxifen itself is
known to reduce the incidence of contralateral tumours by
46 % in women with mostly ER-positive primary tumours,
suggesting that the overall reduction of receptor-positive
breast cancer associated with anastrozole compared to no
treatment may be around 70–80 %. Information on the
receptor status of the second cancers in this trial is not yet
available, but one would expect the preventive effect to be
restricted to ER-positive contralateral tumours, and to be
greater for this group than for new breast tumours overall.

32.2.2.2 Side Effects
The profound oestrogen depletion associated with AIs produces a new state of human existence, and this is bound to
have other effects beyond those related to breast
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Fig. 32.3 Contralateral tumours in aromatase inhibitor trials. Combined odds ratio is 0.53 (95 % CI [0.41, 0.68])

carcinogenesis. These effects can most reliably be studied in
prevention trials where a placebo is employed, allowing a
direct determination of the effect of the AI. There are suggestions from adjuvant trials comparing AIs to tamoxifen,
that AIs may also reduce endometrial cancer and cerebrovascular events to below baseline rates, but full evaluation is difﬁcult because there is no untreated comparison
group. Bone loss leading to increased fracture rates appear to
be the most serious side effect of AIs, and methods for
combating them will be essential if these drugs are to be
used prophylactically [30]. Generally similar side-effect
proﬁles are seen for all AIs and the results for anastrozole
from the ATAC trial are shown in Tables 32.4 and 32.5.

32.3

Prevention Trials

Two primary prevention trials using AIs are currently in
progress. One uses anastrozole while the other uses
exemestane.

32.3.1

International Breast Cancer
Intervention Study-II

The international breast cancer intervention (IBIS)-II trial
began in February 2003 and is comparing anastrozole to
placebo on 6000 postmenopausal women at increased risk of

Table 32.4 ATAC: predeﬁned adverse events. From [22]
P value

Completion analysis (%)
A

T

35.7

40.9

<0.0001

Vaginal bleeding

5.4

10.2

<0.0001

Vaginal discharge

3.5

13.2

<0.0001

Hot flushes

Endometrial cancer

a

0.2

0.8

0.02

Ischaemic cerebrovascular event

2.0

2.8

0.03

Venous thromboembolic events

2.8

4.5

0.0004

Deep venous thromboembolic events

1.6

2.4

0.02

Joint symptoms

35.6

29.4

<0.0001

Total fracturesb

11.0

7.7

<0.0001

Adverse events on treatment or within 14 days of discontinuation
Excludes patients with prior hysterectomy and includes on- and off-therapy AEs
b
Fractures occurring at anytime prior to recurrence (includes patients no longer receiving treatment)
a
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Table 32.5 Non-predeﬁned
adverse events during treatment
or within 14 days of
discontinuation. From [31]

Treatment ﬁrst received (n [%])

Odds ratioa
(99 % Cl)

P value

Anastrozole
(n = 3092)

Tamoxifen
(n = 3094)

Hypertension

402 (13)

349 (11)

1.18 (0.96–1.44)

Diarrhoea

265 (9)

216 (7)

1.25 (0.98–1.60)

0.02

Dry mouth

113 (4)

73 (2)

1.57 (1.06–2.32)

0.003b

Reduction in libido

39 (1)

12 (<1)

3.28 (1.4–7.7)

0.0001b

Dyspareunia

28 (1)

9 (<1)

3.13 (1.16–8.42)

0.002b

Gynaecological eventsc

95 (3)

324 (10)

0.27 (0.20–0.37)

<0.0001

Hysterectomyd

30 (1)

115 (5)

0.25 (0.15–0.43)

<0.0001

Vaginal moniliasis

38 (1)

136 (4)

0.27 (0.17–0.44)

<0.0001

Urinary incontinence

74 (2)

133 (4)

0.55 (0.37–0.80)

<0.0001

0.04

Urinary-tract infection

244 (8)

313 (10)

0.76 (0.60–0.96)

0.002

Osteopenia or
osteoporosis

325 (11)

226 (7)

1.49 (1.18–1.88)

<0.0001b

Muscle cramps

132 (4)

235 (8)

0.54 (0.41–0.72)

<0.0001

Carpal-tunnel syndrome

78 (3)

22 (1)

3.61 (1.93–6.75)

<0.0001b

Paresthaesia

215 (7)

145 (5)

1.52 (1.14–2.02)

0.0001b

Thrombocytopenia

13 (<1)

28 (1)

0.46 (0.19–1.10)

0.03

Anaemia

113 (4)

159 (5)

0.70 (0.51–0.97)

0.005

Nail disorder

54 (2)

92 (3)

0.58 (0.37–0.91)

0.002

Fungal infection

23 (1)

45 (1)

0.51 (0.26–0.99)

0.01

Increase in alkaline
phosphatase

55 (2)

8 (< 1)

6.99 (2.63–
18.56)

<0.0001b

Hypercholesterolaemia

278 (9)

108 (3)

2.73 (2.02–3.69)

<0.0001b

a

Refers to anastrozole versus tamoxifen
Favours tamoxifen
c
Includes endometrial hyperplasia, endometrial neoplasia, cervical neoplasm, and enlarged uterine ﬁbroids
d
Recorded in 2229 patients assigned anastrozole and 2236 assigned tamoxifen (excluding those with
hysterectomy at baseline)
b

IBIS II- PREVENTION STRATUM
• High Risk Post-menopausal women, aged 40-70.
• Placebo controlled 2-arm trial for high risk
• 5 Year Treatment
RANDOMISATION

PLACEBO

ANASTROZOLE
1mg

n = 6,000 High Risk

Fig. 32.4 IBIS II: prevention stratum
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breast cancer (Fig. 32.4). This study is still open to recruitment. Entry criteria are similar to IBIS-I, except that only
postmenopausal women are eligible and women with
mammographic density covering at least 50 % of the
mammogram, are also eligible. A parallel study of anastrozole versus tamoxifen in 4000 postmenopausal women with
locally resected ER-positive DCIS is also being conducted as
part of this activity.

32.3.2

Map.3

Another prevention trial with AIs is currently underway
using exemestane. This trial sponsored by the NCIC-Clinical
Trials Group compares exemestane for 5 years placebo in
3000 postmenopausal women at increased risk. Risk factors
needed for eligibility include a Gail score >1.66, age >60
years, prior atypical ductal or lobular hyperplasia, or DCIS
treated with mastectomy.

32.3.3

New Agents

Several lines of investigation for improved agents are
underway. One approach is to search for SERMs that have
an even more favourable proﬁle that raloxifene, which still
has thromboembolic concerns and leads to vasomotor
symptoms such as hot flushes and night sweats. However, its
lack of gynaecologic symptoms has stimulated the search for
a perfect SERM which would be anti-oestrogenic for the
breast, endometrium, and lipid proﬁle, but have oestrogenic
effects on bones and brain (vasomotor symptoms). Two
compounds have completed stage III human testing, arzoxifene and lasofoxifene, and several more are in early
development.
Oestrogen receptor negative tumours remain a challenge
for prevention, and new targets will be needed to prevent
these tumours. There is interest in EGFR blockers [geﬁtinib
(sp.)] and agents targeting HER2 such as trastuzamab, and
joint blockers of both targets (lapatinib), but these current
agents are too toxic for prevention. NSAIDs [32, 33],
COX-2 inhibitors [34, 35], retinoids, rexinoids [36], and
statins [37–39] may also protect against both receptor positive and receptor negative tumours, but only results from
observational studies or adjuvant studies or trials with other
primary endpoints are available at the moment, and the
results still have inconsistencies.

32.4

Conclusions

Approaches to prevent receptor positive are well established,
and the challenge now is to reduce side effects and ﬁnd
agents with very favourable beneﬁt to risk ratios. Raloxifene

599

achieves a better side-effect proﬁle than tamoxifen, but the
efﬁcacy is similar. The AIs hold promise for greater efﬁcacy
and fewer, but different side effects from SERMs. Unfortunately, a direct comparison of raloxifene versus letrozole in
the NSABP P-4 trials looks unlikely to be funded, so decisions about which to use will have to be based on indirect
comparisons of the other trials looking at AIs or SERMs
separately. The side effect proﬁles will be critical in determining which to use both overall and for individual patients.
Good biomarkers will greatly accelerate our ability to
evaluate new agents, and breast density is currently the most
attractive candidate. However, its ability to predict the degree
of risk reduction still needs validation and good serum
markers are still awaited. The prevention of oestrogen receptor
negative breast cancer remains an unmet challenge, but new
agents offer an approach to preventing these cancers as well.
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