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New accomplishments in
breast cancer chemoprevention

Too toxic, too untargeted, too difficult to prove. These assumptions about chemoprevention

are being challenged by important developments in the search for preventive options tailored

to specific risk factors in breast cancer.

Recent years have seen some
important developments in
chemoprevention of breast can-

cer. These include the use of aromatase
inhibitors (AIs) for prevention, including
the MAP.3 trial with exemestane, and
investigations into the best way to use
targeted agents in presurgical models,
such as lapatinib forHER2-positive duc-
tal carcinoma in situ (DCIS) and met-
formin in insulin-resistant women who
have breast cancer or are at risk of devel-
oping breast cancer.
Looking at what we can learn from

cardiologists, the mortality rate for car-
diovascular disease in the US has fallen
sharply over the last forty years com-
pared to a relatively stable curve for can-
cermortality.This is essentially due to the
efforts cardiologists and other internal
medicine specialists have made in the
prevention of cardiovascular disease. I
think we in the cancer community have
to switch our efforts towards early inter-
vention, such as treating at-risk condi-
tions, as the cardiologists are doing with
the treatment of hypercholesterolaemia
and hypertension, which is translating
into decreasedmortality.

The European School of Oncology pres-
ents weekly e-grandrounds which offer
participants the opportunity to discuss
a range of cutting-edge issues, from
controversial areas and the latest sci-
entific developments to challenging clin-
ical cases, with leading European
experts in the field. One of these is
selected for publication in each issue of
Cancer World.
In this issue, Andrea DeCensi, of the
medical oncology depar tment at
Ospedali Galliera, in Genova, Italy,
reviews recent achievements in the
chemoprevention of breast cancer.
Bernardo Bonanni, of the cancer pre-
vention and genetics department at the
European Institute of Oncology, in Milan,
Italy, poses questions arising during the

e-grandround live presentation.
The presentation is summarised
by Susan Mayor.

The recorded version of this and other e-grandrounds, is available at www.e-eso.net



Up until publication of the MAP.3
trial, two agents, tamoxifen and
raloxifene, have been registered for
the prevention of breast cancer in
the US and Canada, associated with
a 40% reduction in the incidence of
breast cancer. A third compound,
lasofoxifene, used for the treatment
of osteoporosis, is also associated
with a very significant reduction in
breast cancer (see figure below).
These results suggest we have

several very active agents that can be
given to women at increased risk for
breast cancer, but unfortunately
their use is associated with increased
risk of important adverse events.
Endometrial cancer is increased
by 30–40% with tamoxifen and
all selective oestrogen receptor
modulators (SERMs) are associated
with an increased risk of deep-
vein thrombosis and pulmonary
emboli. These side-effects have lim-
ited the broad use of these com-
pounds in the clinical setting. In
addition these drugs are not regis-
tered outside the US, so their use is
off-label in Europe.
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A TURNING POINT:
THE MAP.3 TRIAL
Avery important turning point occurred
last year (2011) with the publication of
the first data from theMAP.3 trial in the
New England Journal of Medicine
(364:2381–91). The study,which inves-
tigated exemestane in women at
increased risk of breast cancer, was
accompanied by a very positive editorial
suggesting thiswas a breakthroughwith
this new class of agents that may repre-
sent an important step forward in the
prevention of breast cancer.
The rationale for using aromatase

inhibitors (AIs) in breast cancer pre-
vention is derived from their demon-
strated effect on contralateral breast
cancers. The figure opposite (top) shows
aForest plot of themost important adju-
vant trials withAIs, which shows clearly
that the incidence of contralateral breast
cancer, which is a very important surro-
gate endpoint for prevention, decreased
by approximately 40% with all types of
third-generationAIs, including anastro-
zole, letrozole and exemestane. Data
from the MAP.3 trial show an even
greater reduction in women who were
treated for primary breast cancer.
TheMAP.3 trial was a double-blind

trial that randomised 4560 women
recruited fromFebruary 2004 toMarch
2010 to exemestane (25 mg/day) or
placebo (1mg/day) for five years. Study
participants were post-menopausal
women aged 35 years and older who
had at least one of the following risk
factors for breast cancer: age >60 years,
Gail score >1.66%, prior intraepithelial
neoplasia or intraductal carcinoma in
the contralateral breast or DCIS with
priormastectomy. Therewere two strat-
ification factors: the use of aspirin and
the level of risk on the Gail score (<2.0
vs >2.0).
The figure opposite (bottom) shows

themain results of the trial. Starting from
the first year there is a very significant

LESSONS FROM CARDIOLOGY

Could strategies for treating people with conditions
that raise the risk of cancer lead to the sort of
decrease in deaths achieved in cardiology?
Source: A Jemal et al. (2010) CAA Cancer

Journal for Clinicians 60:277–300, reprinted

with permission

PREVENTIVE IMPACT OF SERMs

Compared with placebo,
selective oestrogen receptor
modulators (SERMs) have
shown a 40% reduction
of all invasive breast
cancers (0–10 years)
Source: J Cuzick et al,

presentation ASCO 2012,

reprinted with the kind

permission of J Cuzick



flushes, fatigue, insomnia, diarrhoea,
nausea, arthritis, joint pain,muscle pain,
depression and vaginal dryness. But the
differences compared to placebo were
generally quite limited, andonly aminor-
ity of womenhad to interrupt treatment
because of bothersome side-effects.

reduction in the cumulative incidence
of invasive breast cancer in the exemes-
tane group compared to the placebo
group. The curves tend to diverge as fol-
low-up continues. However, the risk in
the placebo arm was not as high as was
probablyenvisioned in the studyplanning
– at only 0.55% per year. This is slightly
lower than the risk seen inearlierphase III
trials– theP1andP2trials.The reduction
in invasive breast cancer associatedwith
exemestane was as high as 65%, with a
hazard ratio of 0.35 that was highly sig-
nificant (P=0.002). These data show a
very remarkable risk reduction in invasive
breast cancer with exemestane.
Further data showed that exemes-

tane significantly reducedDCIS in addi-
tion to invasive breast cancer (HR0.47).
There was a favourable trend in the
reduction of DCIS alone (HR 0.65),
although thiswas not statistically signif-
icant due to the relatively small number,
and also there was a borderline signifi-
cant reduction of new intraepithelial
neoplasia including lobular carcinoma in
situ, atypical ductal hyperplasia and
atypical lobular hyperplasia (HR 0.36).
In terms of side-effectswith exemes-

tane, there was a significant increase of
menopausal symptoms, including hot

Putting these data into context, one of
the main arguments against chemo-
prevention for breast cancer was that
you have to treat a lot of women to pre-
vent a few breast cancers. But, if we
look at the data for theMAP.3 trial and
use ‘number needed to treat’ at five
years to illustrate the efficacy com-
pared to other interventions, you can
see that you have to treat 27 women to
prevent one breast cancer. This is highly
comparable to themost effective statin
intervention, which is illustrated in the
Jupiter trial using rosuvastatin (see fig-
ure, page 16). The argument here is
that, with an effective chemopreventive
agent such as exemestane, the reduc-
tion in the risk of breast cancer in
women at risk is comparable to the
reduction in the risk of cardiovascular
disease with statins in subjects with
elevated C-reactive protein or choles-
terol. The specificity or cost–benefit
ratio is similar for the best preventive
interventions that we have today.
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IMPACT OF ADJUVANT AIs ON CONTRALATERAL BREAST CANCERS

Given adjuvantly, aromatase inhibitors
reduce contralateral breast cancers –
a good surrogate for prevention –
by around 40%
Source: A DeCensi et al. (2012)

Cancer Discovery 2:25–40, reprinted

by permission from the American

Association of Cancer Research

EXEMESTANE: CUMULATIVE INCIDENCE OF INVASIVE BREAST CANCER

Results of the MAP.3 trial showed a 65% reduction in
incidence of invasive breast cancer among at-risk women
given exemestane for five years compared with those given placebo
Source: PE Goss et al. (2011) NEJM 364:2381–91, reprinted with permission



any treatment used in the current prac-
tice of modernmedicine.
Another weak point is the study’s

maturity, because the data were pub-
lished after only 38 events had accumu-
lated, and follow-up was very short.
Although the study is technically accu-
rate from a statistical standpoint, it does
not allow a mature judgement of the
safety and long-termefficacy of the inter-
vention. Finally, there is the problem
that the study was interrupted and
women on placebo were offered
crossover to exemestane, so long-term
follow-up including mortality data will
not be possible.

A NEW STANDARD OF CARE FOR
PREVENTION OF BREAST CANCER
We now have a new standard for pre-
ventive care in breast cancer: in addition
to tamoxifen for women at increased
risk who are premenopausal, we now
have exemestane (or raloxifene) for at-
risk postmenopausal women. Any drug
has side-effects, but this is a particular
problem in cancermedicine, as any drug

The MAP.3 trial did have some limita-
tions. The definition of ‘high risk’ has
been criticised as rather loose. The trial
was also criticised for giving placebo to
the comparator group instead of an
active compound such as raloxifene,
thereby preventing determination of the
best hormonal strategy: no oestrogen at
all versus the best balance between ago-
nistic and antagonistic effect.However,
a studywith an active comparatorwould
require amuch larger number of patients
and the cost would be prohibitive.
A further important criticism of the

first paper (NEJM 2011; 364: 2381–
91) was the lack of systematic follow-
up of bone density for osteoporosis
detection. The incidence of osteoporosis
was self-reported and is likely to be
underestimated. A very recent study
published in Lancet Oncology (2012;
13:275–284) showed that exemestane
was associatedwith significant bone loss
at two years in a subgroup of women, as
would be expected. This needs to be
addressed in any discussion of the pros
and cons of a drug intervention, as for

that interfereswith cell growth is unlikely
to be totally devoid of side-effects. The
medical oncology community should
spread the notion that most breast can-
cers are preventable today. Although
screening has increased the detection
of breast cancer at an early stage
while tumours are small, there is still a
risk that these tumours will eventually
kill women.
Exemestane is now out of patent in

theUSandEurope. Thismeans that no-
onewill register this drug for prevention,
and therefore prescribing it will be off
label, which is a barrier with current
legislation. Once the efficacy of a drug
has been assessed, the time has elapsed
for its patent, which thenmakes it diffi-
cult to foster its use in clinical practice.
This begs the question: How can we
develop new agents to use in prevention
before the patent expires?

THE WINDOW OF OPPORTUNITY
MODEL FOR EXPLORING THE
FIELD CANCERISATION EFFECT
Our group has been working with the
window of opportunity (WOP) model
over the last few years for presurgical
studies three or four weeks before sur-
gery, to study not only the change in bio-
markers in malignant tissue but also
the change in biomarkers in adjacent
intraepithelial neoplasia and distant
ductal hyperplasia (see figure opposite,
top). This model provides an elegant
way to reveal the ‘field cancerisation
effect’ – a term used to describe the
hyperplasia and precancerous lesions
that are present in tissue surrounding an
actual malignant tumour.
Immunohistochemistry staining

illustrated in the figure opposite (bot-
tom) shows that precancer adjacent to
themalignant tumour – ductal intraep-
ithelial neoplasia (DIN) – is a frequent
finding. In the left upper panel, mor-
phological assessment of the area of
DCIS shows the Ki-67 (proliferation
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FIVE-YEAR NUMBER NEEDED TO TREAT

These data show that, at five years, the ‘number needed to treat’ to prevent one breast cancer in an at-
risk population using exemestane is similar to that needed to prevent one new case of cardiovascular
disease using the most effective statin, rosuvastatin, in an at-risk population

Source:1. A Moore et al. (1998) Bandolier

www.medicine.ox.ac.uk/ bandolier/band54/b54-6.html; 2. S Mora

et al. (2010) Circulation 121:1069–77; 3. B Fisher et al. (2005)

JNCI 97:1652–62; 4. S Martino et al. (2004) JNCI 96:1751–61



Lapatinib achieved a significant
decline in Ki-67 in this prema-
lignant tissue, with the reduc-
tion being highly significant in
tumours not expressing oestro-
gen or progesterone receptors.
This strengthened our hypothe-
sis that lapatinib could be
assessed as an adjuvant treat-
ment after the resection of
HER2-positive DCIS, which
represents 20–25% of all
instances of DCIS.
The take-homemessage was

that short-term, pre-surgical
treatment with lapatinib
decreases cell proliferation in
HER2-positiveDCIS.We there-
fore believe that a phase III
trial in HER2-positive DCIS
is warranted.

METFORMIN IN BREAST CANCER
PREVENTION
The potential use of metformin in
breast cancer prevention is a very hot
topic at the moment. Metformin is an

anti-diabetic biguanide, which
is used for the treatment of non-
insulin-dependent diabetes. It
is also used for the treatment of
polycystic ovary syndrome in
non-diabetic women. This syn-
drome occurs in young women
and is associated with insulin
resistance.
Metformin is a safe drug used

by millions of people around the
world. The rationale for its use in
cancer prevention and treatment
is that obesity is an independent
risk factor for postmenopausal
breast cancer.Hyperinsulinaemia
– reflecting underlying insulin
resistance, which is reversible
withmetformin– is a likelymedi-
ator of this effect. Insulin has an
independent role in breast cancer
development.

index) is 14%. In the right lower
panel, the proliferation index
of this area of DCIS is much
higher (Ki-67 = 52%).
We assessed the activity of

lapatinib, which is a HER1/
HER2 tyrosine kinase inhibitor
(TKI), in women with HER2-
positive breast cancer. They
were treated for three weeks
with lapatinib or placebo before
surgery. We first carried out a
core biopsy, then treated with
lapatinib or placebo for three
weeks, and then performed sur-
gery and looked at the change in
biomarkers.
Results in malignant tissue

showed an increase in Ki-67 in
the placebo arm after surgery
compared to the pre-surgery
biopsy. In contrast, there was a
reduction in Ki-67 in the lapatinib arm,
whichwas highly significant in tumours
not expressing oestrogen or progesterone
receptors (see figure page 18, top).
Themost important findingwas that

the prevalence of adjacent
DCIS was as high as 70–76%
and the prevalence of distant
hyperplasia was over 90%. This
presurgical model revealed the
high incidence of precursor
conditions that are associated
with tumour tissue.
A very important question is

whether we should use lapa-
tinib for treating HER2-
positive DCIS. We know that
lapatinib is not as active as other
anti-HER2 drugs for the treat-
ment of breast cancer, but
because it is an oral agent it
may be interesting in the treat-
ment of HER2-positive DCIS
after surgery.
We wanted to understand

whether lapatinib was interfer-
ingwith cancer-adjacentDCIS

andwhether this cancer-adjacentDCIS
was overexpressing HER2 or had an
amplified HER2. Results showed that
90% of all HER2-positive cancer-
adjacent DCIS overexpressed HER2.

e-GrandRound

CANCER WORLD � JULY/AUGUST 2012 � 17

PRECANCER IN AREAS ADJACENT TO IDC

It is common to find precancer adjacent to the malignant tumour
IDC – infiltrating ductal carcinoma, DIN – ductal intraepithelial neoplasia

Source: Slides courtesy of Andrea DeCensi

THE FIELD CANCERISATION EFFECT

The ‘window of opportunity’ (WOP) model allows us to see the
impact of treatments not only on biomarkers in malignant tissue
(CA) but on biomarkers in adjacent ductal intraepithelial
neoplasia (DIN) as well in distant ductal hyperplasia (DH)



there was a different effect according to
hormone receptor status and insulin
resistance status.
A pivotal trial that was conducted

ten years ago, the Diabetes Prevention
Programme (NEJM 2002, 346:393–
403), which was a primary prevention
trial of metformin in subjects at risk for
diabetes, showed that both lifestyle
changes (namely diet) and metformin

were able to decrease the incidence of
diabetes. What is very relevant to our
discussion here is that the effect ofmet-
formin was much greater in women
who were obese, or overweight, and in
thosewhowere insulin resistant, in that
they had pre-diabetes glucose levels.
So, we already had important informa-
tion that the effect of metformin is
dependent on the metabolic milieu of
the host.
Themain finding of our study (JCO,

published online 7May 2012) was that
there was nomodulation of cancer pro-
liferation overall (see figure opposite).
There was a small trend to increased
Ki-67 in the whole population, but this
was not significant. When we strati-
fied subjects according to insulin-resis-
tant status, by theHOMA index, there
was a different effect, with a trend to
decreased proliferation in womenwith
insulin resistance, as shown by the
increase in the HOMA index >2.8.
Therewas the opposite effect inwomen
who were not insulin resistant, who
made up the majority of the study
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Recent data from epidemiological stud-
ies have shown that metformin can
reduce the incidence of several cancers
compared with other anti-diabetes
agents. There are two main mecha-
nisms attributed to metformin for this
cancer preventive effect. One is an
indirect effect through insulin and the
second is a direct effect on tumour
cells through a number of different
pathways that essentially converge in
themTORpathway (see figure below).
A very recent study from our group

showed that in a Forest plot of all stud-
ies with metformin in breast cancer,
the drug was associated with a small
but significant decline in breast cancer
incidence compared to anti-diabetic
drugs, namely insulin and sulfonylureas
(relative risk 0.94). One argument is
that the comparators may increase the
risk of breast cancer, so it is very impor-
tant to carry out clinical studies to
determine whether metformin has an
anti-tumour effect per se.
Using our pre-surgical WOP

model, we recently completed a study
in 200 women with breast cancer who
were treated for four weeks with met-
formin or placebo before surgery. We
looked at the change in Ki-67 as the
primary endpoint and also whether

IMPACT OF INSULIN AND METFORMIN ON BREAST CANCER

The anti-diabetic drug metformin exerts a preventive effect on several cancers by acting directly on
tumour cells and indirectly through insulin

Source:

AMGonzalez-

Angulo et al.

(2010) Clin

Cancer Res

16:1695–1700,

reprinted with

permission

CHANGE IN Ki-67 FROM BEFORE vs AFTER SURGERY

Lapatinib given for three
weeks prior to surgery
for HER2-positive breast
cancer led to a highly
significant reduction in
the proliferation rate
(Ki-67) in cancers not
expressing oestrogen or
progesterone receptors
Source: A DeCensi et al.

(2011) Cancer Prev Res

4:1181–89



population, with a trend to an
increase in cancer proliferation.
This is very different behaviour,
which is represented statisti-
cally by a significant interaction
that means that the HOMA
indexmodifies the effect ofmet-
formin on cancer proliferation.
A similar pattern was seen with
body mass index (BMI), so
womenwhowere overweight or
obese showed a decrease in
cancer proliferation as opposed
to an increase in women of
normal weight. These findings
completely resembled those
of the Diabetes Prevention
Programme.
In conclusion, the take-

homemessage here is that met-
formin given for four weeks
prior to surgery reduced breast
cancer proliferation in women

with insulin resistance or with
a BMI >27kg/m2. There was an
opposite trend in patients with
normal insulin sensitivity or
normal weight. We think that
our study is very important
because it proves the principle
that metformin can be effective
in women who have certain
metabolic disorders that pre-
dispose them to an increased
risk of breast cancer, namely
insulin resistance or obesity.
Metformin should not be rec-
ommended in older women
without these metabolic disor-
ders.A phase III trial withmet-
formin is underway in women
regardless of their BMI or
insulin resistance status, but
our data suggest a need for
careful consideration of the
study population.
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Bernardo Bonanni (BB), of the cancer prevention and genetics
department at the European Institute ofOncology, inMilan, Italy,
hosted a question and answer session withAndrea DeCensi (AD)

BB:Your take-homemessages are very clear,
but to get an even broader message, do you
think we are approaching more targeted
prevention treatment, at least in some at-risk
subgroups?
AD: We live in an era of personalised
medicine, and I think that prevention
should follow this avenueof going towards
personalised preventive therapy.Wehave
showna couple of exampleswherewecan
target a specific populationwith two inter-
esting compounds. In the first example,
wehave an agent such as lapatinib,which
can be used to reduce the risk of recur-
rence in women with HER2-positive
DCIS. This is a specific populationwhere
a drug can be extremely effective.
The second example ismetformin,which
can beused for reducing the risk of breast

cancer, or for treating breast cancer after
surgery in an adjuvant setting, in women
with certain metabolic characteristics,
such as the presence of insulin resist-
ance or obesity. In this second instance,
the population at risk ismuch larger, espe-
cially in Northern European or in the
American countries.
BB: How do you see oncologists moving
closer to cardiologists in successfully spread-
ing prevention of breast cancer among the
wider public?
AD: This is a very tough question. We
should probably put less emphasis on the
potential toxicity of drugs, which is intrin-
sic to drug treatment. I read with some
disappointment the editorial in Lancet
Oncology on the bone toxicity of exemes-
tane. It gives the impression that osteo-

porosis is equal to breast cancer, which is
absolutely not the case.We cannot com-
pare a breast cancer prevented with a
case of osteoporosis induced. The second
is very easilymanageablewithdrugs today;
it is not even a disease but a risk factor. In
contrast, even a small breast cancer can
still be lethal. I think one approach for
spreading prevention is to not give so
much emphasis to the potential toxicity
when you have a drug like exemestane,
which is extremely effective in preventing
two-thirds of breast cancers.

EFFECT OF METFORMIN ON PROLIFERATION INDEX

Giving four weeks of metformin to breast cancer patients prior to
surgery showed that insulin resistance, defined according to the
HOMA index, modifies the impact of metformin on cancer
proliferation in a statistically significant way
Source: B Bonanni et al (2012) JCO published online 7 May 2012


