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Preventing invasive breast cancer using endocrine therapy
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Abstract

Developments in breast cancer treatment have resulted in reduction in breast cancer mortality in
the developed world. However incidence continues to rise and greater use of preventive
interventions including the use of therapeutic agents is needed to control this burden. High quality
evidence from 9 major trials involving more than 83000 participants shows that selective oestrogen
receptor modulators (SERMSs) reduce breast cancer incidence by 38%. Combined results from 2
large trials with 8424 participants show that aromatase inhibitors (Als) reduce breast cancer
incidence by 53%. These benefits are restricted to prevention of ER positive breast cancers.
Restricting preventive therapy to high-risk women improves the benefit-harm balance and many
guidelines now encourage healthcare professionals to discuss preventive therapy in these women.
Further research is needed to improve our risk-prediction models for the identification of high risk
women for preventive therapy with greater accuracy and to develop surrogate biomarkers of
response. Long-term follow-up of the IBIS-I trial has provided valuable insights into the durability
of benefits from preventive therapy, and underscores the need for such follow up to fully evaluate
other agents. Full utilisation of preventive therapy also requires greater knowledge and awareness
among both doctors and patients about benefits, harms and risk factors. Healthcare professionals
should routinely discuss preventive therapy with women at high-risk of breast cancer.
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Introduction

Breast cancer is by far the commonest cancer in women today and is a major cause of death.
Its incidence continues to rise with an estimated 1.6 million cases occurring worldwide each
year [1]. We have, through significant improvements in cancer treatments over past few

decades, have reduced breast cancer mortality in the well-developed regions of the world. In
comparison, our cancer prevention efforts have been very modest. With incidence still rising,
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breast cancer is a prime candidate to focus our prevention efforts on, particularly given the
availability of agents with well-proven efficacy backed by a large body of evidence [2-5].

In 1985, Cuzick and Baum first reported a reduction in contralateral breast cancers in
women taking tamoxifen [6]. This paved the way for evaluation of tamoxifen as a preventive
therapy [7]. The original observation was also confirmed later in the EBCTCG overview of
adjuvant tamoxifen trials [8]. A similar observation of a larger reduction in contralateral
breast cancers in women receiving anastrozole as compared with tamoxifen in the ATAC
trial [9] led to evaluation of aromatase inhibitors (Als) as preventive therapy [3, 5]. Results
from 9 large phase I11 trials (Figure 1) have demonstrated that preventive therapy with
selective oestrogen receptor modulators (SERMSs) reduces breast cancer incidence by about
38% [2], whereas 2 large phase I11 trials have shown that preventive therapy with Als
reduces breast cancer incidence by at least 50% [3, 5].

The effectiveness of prophylactic therapy for breast cancer prevention as a public health
strategy requires that it is used in a large proportion of women who are at an increased risk
of breast cancer. Women with a significant family history of breast cancer,
mammographically dense breasts, certain precursor lesions such as atypical ductal
hyperplasia (ADH), lobular carcinoma in situ (LCIS) or ductal carcinoma /n situ (DCIS) are
obvious candidates. Several risk-prediction models, particularly the Breast Cancer Risk
Assessment Tool (also known as the Gail Model) [10] and IBIS Breast Cancer Risk
Evaluation Tool (also known as the Tyrer-Cuzick Model) [11], assist stratification of women
into different risk categories to facilitate appropriate use of preventive therapy. In this article,
we review the current evidence for prevention of invasive breast cancer using endocrine
therapy, discuss barriers to wider use of preventive therapy and identify research priorities to
move the field forward.

SERM trials

Selective oestrogen receptor modulators (SERMs) are a class of drugs that compete with
endogenous oestrogen to bind to oestrogen receptor and after binding modulate (either
inhibit or potentiate) the ligand-receptor action in a tissue-specific manner [12]. The value of
four SERMs for breast cancer prevention has been evaluated in large randomised trials
(Figure 1); these are tamoxifen, raloxifene, lasofoxifene and arzoxifene. SERMs have been
evaluated not only in women at an increased risk of breast cancer, but also in those with an
average risk of breast cancer. An individual patient data meta-analysis for 83399 women
with 306617 years of follow-up from 9 randomised trials showed a 38% reduction (hazard
ratio [HR] 0:62, 95% confidence interval [CI] 0-56-0-69) in breast cancer incidence
(including DCIS) and the number needed to treat to prevent one invasive ER positive breast
cancer in 10 years was 53 [2]. This meta-analysis included data from three trials of
tamoxifen in women at an increased risk of breast cancer, viz. the Royal Marsden trial [7,
13], the IBIS-I trial [14-16] and the NSABP-P1 trial [17, 18] as well as one trial in those at
average-risk women, viz. the Italian Tamoxifen Prevention Study [19, 20]. Data from the
STAR trial [21, 22] comparing tamoxifen versus raloxifene in women at an increased risk of
breast cancer, as well as data from trials of raloxifene in average-risk women (those
conducted in fracture and cardiovascular prevention settings) viz. MORE [23]/CORE [24]
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and RUTH [25] were included. Data from trials of two other SERMs, viz. the PEARL trial
[26, 27] evaluating lasofoxifene and the GENERATIONS trial [28, 29] evaluating arzoxifene
in average-risk women with osteoporosis were also included, thus covering a range of drugs
in a broad population mix.

Royal Marsden trial [7, 13]

The Royal Marsden trial was the first randomised prevention trial of tamoxifen. Between
1986 and 1996, it recruited 2494 (2471 eligible, 1238 in the tamoxifen arm and 1233 in the
placebo arm) healthy women aged 30 to 70 years, with a family history of breast cancer to
take tamoxifen or placebo for 5-8 years. Although after a median follow-up of 13 years and
2 months, the trial did not observe a statistically significant reduction in all invasive breast
cancers (82 on tamoxifen and 104 on placebo; HR = 0.78, 95% CI1 0.58-1.04; P = 0.1), the
number of ER positive invasive breast cancers was significantly lower in the tamoxifen arm
(53 versus 86; HR = 0.61, 95% CI 0.43-0.86; 0.005). Importantly, this benefit mainly
accrued in the post-treatment period (HR = 0.48, 95% CI 0.29-0.79; P = 0.004).

IBIS-I [14-16]

The first International Breast Intervention Study (IBIS-I) trial recruited 7154 women at
increased risk of breast cancer between April 1992 and March 2001. Women were randomly
allocated to 5 years of preventive treatment with tamoxifen (n = 3579) or placebo (n =
3575). After a median follow-up of 16 years, the longest median follow-up so far in the
breast cancer prevention trials, tamoxifen reduced breast cancer incidence by 29% (HR =
0.71, 95% CI 0.60-0.83, p < 0.0001) as compared with placebo (251 vs 350 cases; 20y risk
6.8% vs 12.3%) The reduction in breast cancer was similar between years 0 to 10 (HR =
0.72, 95% CI 0.59-0.88) and after 10 years (HR = 0.69, 95% CI 0.53-0.91), indicating a long
post-treatment benefit carryover period.

NSABP-P1 [17, 18]

The National Surgical Adjuvant Breast and Bowel Project (NSABP) recruited 13388 women
(6681 in the tamoxifen arm; 6707 in the placebo arm) at an increased risk of breast cancer in
the Breast Cancer Prevention Trial (P1) between June 1992 and September 1997. Treatment
period in the trial was 5 years and after median follow-up of 7 years, tamoxifen reduced the
risk of invasive breast cancer by 43% (RR = 0.57, 95% CI 0.46-0.70) and that of non-
invasive breast cancer by 37% (RR = 0.63, 95% CI 0.45-0.89).

[talian Tamoxifen Prevention Study [19, 20]

The Italian Tamoxifen Prevention Study randomised 5408 women with or without any breast
cancer risk factors but who had undergone hysterectomy to tamoxifen or placebo for 5 years;
53% (n = 2876) of participants had undergone bilateral oophorectomy as well which also
reduced their breast cancer risk. Recruitment was from October 1992 to July 1997. At the
median follow-up of 11 years, 136 women (74 placebo, 62 tamoxifen; 4.2% 10y risk in
control group) had developed breast cancer [Relative Risk (RR) = 0.84, 95% CI1 0.60-1.17]
and tamoxifen was associated with a reduction in breast cancer incidence in the subgroup of
high-risk women (n = 702; RR = 0.24, 95% CI 0.10-0.59).
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STAR [21, 22]

In 1999, the NSABP launched its second breast cancer prevention trial, the Study of
Tamoxifen and Raloxifene (STAR) P-2 trial. Postmenopausal women at an increased risk of
breast cancer (n = 19,747) were randomised to either tamoxifen (20 mg/d) or raloxifene (60
mg/d) over 5 years. Contrary to the initial results, which showed similar invasive breast
cancer risk in both arms, the updated analysis with an 81-month median follow-up showed
that the risk of invasive was significantly higher in the raloxifene arm (RR = 1.24 95% CI
1.05-1.47) and the higher risk of non-invasive breast cancer (RR = 1.22 95% CI 0.95-1.59)
remained statistically non-significant as in the first analysis. The risk of serious adverse
events like endometrial cancer (RR = 0.55 95% CI 0.36-0.83) and thromboembolic events
(RR =0.75 95% CI 0.60-0.93) was lower in the raloxifene arm.

MORE [23, 30]/CORE [24]

RUTH [25]

The Multiple Outcomes of Raloxifene Evaluation (MORE) trial [23, 30] was designed to see
whether raloxifene reduces the risk of fracture in postmenopausal women with osteoporosis,
with breast cancer incidence as a secondary endpoint. It recruited 7705 women at an
average-risk of breast cancer who were randomised to 4 years of placebo (n = 2576) or
raloxifene 60 mg/day (n = 2557) or raloxifene 120 mg/day (n = 2572). During this 4 years
trial period, a 72% reduction in invasive breast cancers was observed in the combined
raloxifene arms (RR = 0.28, 95% CI 0.17-0.46). Subsequently, the Continuing Outcomes
Relevant to Evista (CORE) trial [24] was conducted to examine the effect of 4 additional
years of raloxifene therapy on incidence of invasive breast cancer in women in MORE who
agreed to continue in CORE. Women in the raloxifene arms in MORE were assigned to
receive raloxifene (60 mg/day) in CORE (n = 3510), and women in the placebo arm in
MORE continued on placebo in CORE (n = 1703). During this 4 years trial period of CORE,
raloxifene reduced invasive breast cancers by 59% (HR = 0.41; 95% CI 0.24-0.71). Over the
8 years of both trials, the incidence of invasive breast cancer was 66% lower in raloxifene
arm/s (HR = 0.34; 95% CI 0.22-0.50) and incidence of total breast cancer was 58% (HR =
0.42; 95% CI 0.29-0.60).

The Raloxifene Use for The Heart (RUTH) trial was designed to investigate raloxifene’s
effects on both, coronary heart disease (CHD) and breast cancer. Consequently, the trial had
2 primary outcomes Vviz. coronary events and invasive breast cancer, and participants were
not selected by their breast cancer risk factor profile, but by their CHD risk profile. The trial
randomised 10101 postmenopausal women with CHD or multiple risk factors for CHD to
either placebo or raloxifene (60 mg/day). After median exposure to the study drug of 5.05
years and median follow-up of 5.56 years, raloxifene reduced the risk of invasive breast
cancer by 44% (HR = 0.56; 95% CI 0.38-0.83). There was no effect on primary coronary
events.

PEARL [26, 27]

The Postmenopausal Evaluation and Risk-Reduction with Lasofoxifene (PEARL) trial
recruited women aged 59 to 80 years who had a bone mineral density T-score of -2.5 or less
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at the femoral neck or spine. Primary endpoints in the trial were vertebral fractures, ER
positive breast cancer, and non-vertebral fractures whereas major coronary heart disease
events and stroke were secondary endpoints. The trial recruited 8556 women, randomly
assigned to receive lasofoxifene, at a dose of either 0.25 mg per day (n = 2852) or 0.5 mg
per day (n = 2852), or placebo (n = 2852). Lasofoxifene at a dose of 0.5 mg per day, as
compared with placebo, was associated with an 85% reduced risk of invasive breast cancer
(HR =0.15; 95% ClI, 0.04-0.50). Lower dose lasofoxifene (0.25mg/d) did not significantly
reduce invasive breast cancer risk (HR = 0.79; 95% CIl, 0.41-1.52). Participants were not
selected by their breast cancer risk, and the benefits of 0.5 mg of lasofoxifene were similar
across Gail score groups.

GENERATIONS [28, 29]

The generations trial enrolled 9,354 postmenopausal women aged 60 to 85 years with either
osteoporosis (n = 5252), defined as a femoral neck or lumbar spine bone mineral density T-
score of -2.5 or less at either femoral neck or lumbar spine or a vertebral fracture, or with
osteopenia (n = 4102), defined as a bone density T-score between -1.0 and -2.5 at either site,
both skeletal sites being above -2.5. Women were assigned to arzoxifene 20 mg (n = 4676)
or placebo (n = 4678) daily. After 4 years of follow-up, arzoxifene reduced the incidence of
invasive breast cancer by 56% (HR = 0.44, 95% CI 0.26-0.76, p <0 .001). Participants were
not selected by their breast cancer risk factor profile and breast cancer risk reduction was
similar across Gail risk groups (P interaction=0.31).

Non-breast cancer events in SERM trials—Two potentially fatal adverse events
associated with SERM use are endometrial cancer and venous thromboembolic events.
Overall SERM use was associated with an increased risk of endometrial cancer (HR = 1.56,
95% CI 1.13-2.14) and venous thromboembolic events [Odds Ratio (OR) = 1.73, 95% CI
1.47-2.05] [2]. There were some differences between SERMS on these risks — notably no
increase in endometrial cancer has been seen with raloxifene. Also overall, the frequency of
these events is much lower than the frequency of breast cancer events. For example, as
compared with 852 breast cancers in the placebo arms of 8 SERM trials (excluding STAR),
endometrial cancer and venous thromboembolic events numbered 63 and 215 respectively.
In terms of changes from baseline 265 breast cancers were prevented, compared to increases
of 42 and 160 endometrial cancer and venous thromboembolic events. Given that two-thirds
of the participants in these 8 placebo-controlled trials were women at an average risk of
breast cancer (Figure 1), the ratio of breast cancer cases prevented to causation of either of
these adverse events is likely to be substantially higher in women at an increased risk of
breast cancer, who are the most appropriate candidates for preventive therapy. Overall,
SERMs did not prevent cardiovascular events (OR = 0.99, 95% CI 0.91-1.09) although a
reduction has been seen for lasofoxifene nor did they increase the risk of cataracts (OR =
1.01, 95% CI 0.95-1.06) [2].

An additional benefit associated with use of at least some SERMs was prevention of
fractures (OR = 0.85, 95% CI 0.80-0.89), through a small reduction in non-vertebral
fractures (OR = 0.93, 95% CI 0.87-0.99) and a large reduction in vertebral fractures (OR =
0.66, 95% CI 0.59-0.73). Participants in MORE/CORE, PEARL and GENERATIONS trials
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(40% of total) were postmenopausal women with osteoporosis or osteopenia, who are at a
higher risk of fractures, influencing the total number of fractures. Overall, there were 2848
fractures in the placebo arms in 8 trials and 450 fewer fractures in SERM arms [2]. The
implications of this benefit are however likely to be limited since a majority of
postmenopausal women are candidates for preventive therapy with Als (below).

Deaths in SERM trials—None of the trials were designed with either breast cancer or all-
cause mortality as an endpoint. There was no difference in breast cancer deaths (HR = 1.03,
95% CI 0.55-1.92) or any deaths ((HR = 0.98, 95% CI 0.90-1.06) [2]. Even after data from
trials are pooled together, the numbers of breast cancer deaths are very small (30 in SERM
arms and 29 in placebo arms) and therefore these analyses are underpowered even if the
numbers were to be updated (51 in SERM arms and 43 in placebo arms) to include 16-year
follow-up data from IBIS-1 trial [16]. Furthermore, except for the Royal Marsden, 1BIS-I
and Italian trials, the median follow-up is also short. This results in an even shorter follow-
up after an incident breast cancer event to see any effect on breast cancer mortality.

Aromatase Inhibitors

IBIS-II [3]

Two third-generation aromatase inhibitors (Als), anastrozole, a non-steroidal Al and
exemestane, a steroidal Al, have been evaluated in breast cancer prevention trials: the IBIS-
Il trial [3] and the NCIC CTG MAP.3 trial [5] respectively.

The International Breast Intervention Study Il (IBIS-I1) trial [3] recruited 3864
postmenopausal women at an increased risk of breast cancer between February 2003 and
January 2012. Participants were randomised to either anastrozole 1mg/d (n = 1920) or
placebo (n = 1944). After a median follow-up of 5 years, anastrozole reduced the incidence
of invasive breast cancers (32 in anastrozole arm vs 64 in placebo arm) by 50% (HR = 0.50,
95% CI 0.32-0.76; p = 0.001). All breast cancers (40 in anastrozole arm vs 85 in placebo
arm) were reduced by 53% (HR = 0.47, 95% CI 0.32-0.68; p < 0.0001). Although the
adverse events (any grade) were frequent, occurring in more than 80% of participants in both
arms, skeletal fractures, cardiovascular events, and thromboembolic events were not
significantly different between arms. Cancers other than breast cancer were less frequent
(HR =0.58, 95% CI 0.39-0.85) in anastrozole arm as compared with placebo arm (40 vs 70)
whereas musculoskeletal events (p = 0.0001) and vasomotor symptoms (p < 0.0001) were
more frequent in the anastrozole arm.

NCIC CTG MAP.3 [5]

The National Cancer Institute of Canada Clinical Trials Group MAP.3 (NCIC CTG MAP.3)
trial [5] recruited 4560 postmenopausal women at an increased risk of breast cancer between
February 2004 and March 2010. Participants were randomised to either exemestane 25mg/d
(n = 2285) or placebo (n = 2275). After a median follow-up of 35 months, exemestane
reduced the incidence of invasive breast cancers (11 in exemestane arm vs 32 in placebo
arm) by 65% (HR = 0.35, 95% CI 0.18-0.70; p = 0.002). All breast cancers including DCIS
were reduced by 53% (HR = 0.47, 95% CI1 0.27-0.79; p = 0.004). Although the adverse
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events (any grade) were similarly frequent, occurring in more than 80% of participants in
both arms, skeletal fractures, cardiovascular events, other cancers were not significantly
different between arms.

Pooled analyses (Figure 2) of results from these two trials using a fixed effects model show
that aromatase inhibitors reduce the risk of breast cancer by 53% (HR = 0.47, 95% ClI
0.34-0.63; p < 0.0001); invasive breast cancer by 55% (HR = 0.45, 95% CI 0.31-0.65; p <
0.0001) and ER positive invasive breast cancer by 63% (HR = 0.37, 95% CI1 0.24-0.57; p <
0.0001); there was no effect on ER negative invasive breast cancers (HR = 0.78, 95% ClI
0.40-1.55; p = 0.97). No heterogeneity been trials was seen for any of these endpoints
(heterogeneity quotient 12 = 0% for all analyses).

Contralateral breast cancers in extended aromatase inhibitor trials—A greater
reduction in contralateral breast cancers (CBC) with anastrozole as compared with
tamoxifen in the ATAC trial [9] formed the basis of breast cancer prevention trials of Als.
The long-term follow-up of the ATAC trial [31] showed a 38% reduction in CBCs (HR =
0.62, 95% CI 0-45-0-85) with anastrozole as compared to tamoxifen in breast cancer
patients with hormone receptor positive tumours. Similarly, reductions in CBC have recently
been reported from trials of extended Al therapy. The NCIC CTG MA17.R trial [32]
evaluated the benefit of 5 years of extended letrozole (n = 959) therapy versus placebo (n =
954) in postmenopausal women who have completed 5 years of letrozole therapy either
upfront or after switch from tamoxifen. It reported a 58% reduction in CBC (HR =0.42,
95% CI 0.22-0.81, p = 0.007) in the extended letrozole arm as compared with the placebo
arm. The Investigation on the Duration of Extended Adjuvant Letrozole (IDEAL) trial (n =
1824) of 2.5 vs 5 years of extended letrozole after 5 years of endocrine therapy reported
63% reduction in CBC (HR = 0.37, 95% CI 0.18-0.77, p = 0.008) in the longer extended
therapy arm [33]. The NSABP-B42 trial investigating 5 years of letrozole (n = 1959) versus
placebo (n = 1964) after 5 years of endocrine treatment reported a 48% reduction in CBC
(OR =0.52, 95% CI 0.33-0.81, p = 0.0041) in the extended letrozole arm as compared with
the placebo arm [34].

Other endocrine agents

Goserelin, an LHRH analogue induces menopause through ovarian suppression resulting in
low levels of endogenous oestrogen. It has been evaluated in combination with raloxifene
(60mg/d) in the Raloxifene and Zoladex Research study (RAZOR) where women aged
30-45 years and at a high genetic risk of developing breast cancer including those with
BRCAL or BRCA2 germ-line mutations in a small feasibility study. Women were
randomised to annual screening or goserelin (3.6mg/month) and raloxifene (60mg/d) for 2
years (ClinicalTrials.gov Identifier: NCT00031850). The trial recruited 75 participants and
initial results on reductions in breast density, side effects and acceptability have been
reported at a meeting [35] but are yet to be published.
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Breast cancer prevention guidelines and recommendations

As the breast cancer prevention trials accrue follow-up, the benefit-harm balance has
improved since the majority of adverse events are limited to treatment period and net benefit
of such preventive interventions has become clearer. This has shaped the more recent
updates of guidelines or resulted in new guidelines recommending use of preventive therapy.
As compared with the 2009 guidelines [36] of the American Society of Clinical Oncology
(ASCO), the 2013 update of these ASCO guidelines [37] is more affirmative. Current ASCO
guidelines [37] recommend that for women aged 35 or more and at an increased risk of
breast cancer, tamoxifen should be discussed as an option to reduce the risk of ER positive
breast cancer, and in postmenopausal women raloxifene and exemestane should also be
discussed. The guideline panel also states that “Health care providers are encouraged to
discuss the option of chemoprevention among women at increased BC risk.” [36-38].

The UK National Institute for Health and Care Excellence (NICE) reviewed the evidence for
preventive therapy in breast cancer and released a new set of guidelines in 2013. These
guidelines also recommend tamoxifen or raloxifene as preventive therapy in women with
lifetime breast cancer risk above 30% [39]. Recently, a draft of update of these guidelines
has been placed for comments. This update draft [40] recommends anastrozole for breast
cancer prevention in postmenopausal women at high risk of breast cancer unless they also
have severe osteoporosis.

An expert panel consensus statement [41] on behalf of the International Society of Cancer
Prevention (1SCaP) now known as International Cancer Prevention Society (ICAPS) also
recommended tamoxifen and raloxifene for breast cancer prevention. Recent guidelines [42]
from the US National Comprehensive Cancer Network (NCCN) also recommend tamoxifen
for breast cancer prevention in women aged 35 or more and at greater than1.7% breast
cancer risk over 5 years as estimated from modified Gail model. The panel felt strongly that
tamoxifen is a superior choice of risk-reduction agent but raloxifene may be chosen in view
of toxicity considerations. The panel also recommended exemestane and anastrozole for
breast cancer prevention in postmenopausal women.

Barriers to use of preventive therapy

Therapy to prevent breast cancer remains very much under-utilised [43] and the low uptake
of preventive therapy, 8.7% in non-trial settings, is a result of several factors [44]. These
include lack of physician and patient awareness, concerns about side effects, lack of
demonstrated mortality reduction and other issues such as licensing and indemnity issues [4,
37, 45, 46]. In a qualitative study to investigate the factors affecting preventive therapy use
within the UK. Smith and colleagues [46] observed that general practitioners (GPs) were
unfamiliar with the concept of preventive therapy. This is particularly important since
physician’s recommendation is a key factor in the uptake of preventive therapy [44, 47, 48].
Underestimation of benefits and / or overestimation of harms [48, 49] is another issue not
helped by limited general knowledge and use of individual risk-estimation [50, 51]. The
majority of these findings are related to use of SERMs and it is possible that Als with their
greater efficacy and better side-effect profile may get more readily accepted. However, Als
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are only available to postmenopausal women. Other barriers include low commercial interest
as the drugs no longer have patent protection [52, 53] and liability issues, especially for off
label use [46, 54]. In the study by Smith and colleagues [46], GPs were reluctant to initiate
preventive therapy because it is not licensed, but were willing to continue a prescription if it
had been started in secondary or tertiary care. DeCensi and colleagues [4] have discussed
these barriers and strategies to overcome barriers in great detail, and we refer reader to this
review for a detailed discussion of physician prejudices arising out of lack of demonstrated
mortality reduction [4].

Research priorities

The 16-year median follow-up data from I1BIS-I trial [16] and the extended follow-up data
for the SERM overview [2] have demonstrated the importance of long-term follow-up by not
only improving the estimates of benefit-harm balance but also by improving our
understanding of the long carryover benefit. The follow-up for trials of arzoxifene and
lasofoxifene and Als has been short, and it is important that participants in these trials
continue to be followed-up for at least another 10 years.

Recent improvements in risk prediction models like the Tyrer-Cuzick model [11] through
incorporation of SNP panels and mammographic density offer greater accuracy and scope
for identifying high risk women [55, 56]. The newest version [57] includes both of these and
can now be downloaded from the internet (version 8 [57]; http://www.emstrials.org/
riskevaluator/software/v8/winForm/IBIS_RiskEvaluator_v8.zip). Continued research to
identify new biomarkers that can further improve risk-prediction models is needed [50]
notably for benign breast disease where our understanding is still limited [50, 51]. While the
effects of preventive endocrine therapy in reducing ER positive breast cancer are beyond
doubt, we lack therapies that can prevent ER negative breast cancer. Predictive biomarkers
that can identify women who will respond to specific treatments or differentiate better
response to tamoxifen vs. aromatase inhibitors are also lacking.

Reduction in mammaographic density has been shown to be a good surrogate marker to
evaluate benefit of tamoxifen as preventive therapy [58] and both tamoxifen and aromatase
inhibitors in the adjuvant setting [59-62], but is not available until after at least 6 months of
treatment, so predictive factors available at baseline are still needed. It may be possible to
avoid majority of the side effects of endocrine agents by local delivery to breast and
avoiding systemic distribution. Research to develop novel delivery methods like topical gels
[63, 64] or intraductal delivery (ClinicalTrials.gov Identifier: NCT02540330) is also an
important area.

Conclusions

A large body of evidence from 11 major phase |11 randomised trials has demonstrated the
effect of preventive endocrine therapy in reducing breast cancer, but benefits are limited to
ER positive breast cancer. Nine of these trials with over 83000 participants and 306000
women-years of follow-up show that SERMs reduce breast cancer incidence by 38%
whereas 2 other trials with more than 8400 participants have shown that Als reduce breast
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cancer incidence by 53%. The long-term follow-up of IBIS-I trial has demonstrated that 5
years of tamoxifen treatment has a benefit that lasts at least 15 years; the overall long term
reduction of ER positive invasive breast cancers was 34% (HR = 0.66, 95% CI 0.54-0.81, p
< 0.0001) with no effect on ER negative invasive breast cancers (HR = 1.05, 95% ClI
0.71-1.57, p = 0.8). As a result, many guidelines now recommend use of preventive
endocrine therapy in women at an increased risk of breast cancer and encourage healthcare
professionals to discuss preventive therapy with their patients. Utilisation of preventive
therapy however remains poor largely due to lack of physician and patient awareness,
concerns about side effects and particularly overestimation of side effects, as well as other
issues such as licensing and indemnity issues. Among the research priorities, improving
risk-prediction models, development of surrogate biomarkers of response and novel local
drug delivery systems merit attention. The importance of continuation of long-term follow-
up of trial participants cannot be overemphasised. In summary, preventive endocrine therapy
with its clear and clinically relevant efficacy in preventing ER positive breast cancer merits
wider attention including increasing awareness among healthcare professionals. Healthcare
professionals should make their patients aware of this important option in breast cancer risk
management and discuss it with them.
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Figure 1. Overview of trials of Selective Oestrogen Receptor Modulators (SERMs)
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Figure 2. Forest plots of pooled analyses (fixed effects) of trials evaluating aromatase inhibitors

for breast cancer prevention.

Total breast cancer (A); Invasive breast cancer (B); ER positive invasive breast cancer (C);

ER negative invasive breast cancer (D).

Breast. Author manuscript; available in PMC 2018 November 05.




	Abstract
	Introduction
	SERM trials
	Royal Marsden trial [7, 13]
	IBIS-I [14–16]
	NSABP-P1 [17, 18]
	Italian Tamoxifen Prevention Study [19, 20]
	STAR [21, 22]
	MORE [23, 30]/CORE [24]
	RUTH [25]
	PEARL [26, 27]
	GENERATIONS [28, 29]
	Non-breast cancer events in SERM trials
	Deaths in SERM trials


	Aromatase Inhibitors
	IBIS-II [3]
	NCIC CTG MAP.3 [5]
	Contralateral breast cancers in extended aromatase inhibitor trials


	Other endocrine agents
	Breast cancer prevention guidelines and recommendations
	Barriers to use of preventive therapy
	Research priorities
	Conclusions
	References
	Figure 1
	Figure 2

