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In the last 15 years, our understanding of genes that predispose to breast cancer has

increased enormously. Germline alleles have been identified that have a modest effect

on the risk of breast cancer, but there remain only a handful of genes in which mutation

substantially elevates the risk of breast cancer. These include BRCA1, BRCA2, TP53 and

PTEN. Whilst breast cancer occurring in patients in Li-Fraumeni and Cowden’s syndrome

families is of great importance, the more frequent scenario is that of women, or indeed

of men, presenting with breast cancer with an underlying germline mutation in BRCA1

or BRCA2. Should these individuals be treated differently because they have had a breast

cancer or are at risk of the disease because of a BRCA1 or BRCA2 mutation?

In this review, we consider whether BRCA1 or BRCA2 mutation influences the choice of

breast screening and breast cancer prevention strategies. Furthermore, for women with

an established breast cancer whether their mutation directly influences (1) baseline prog-

nosis, (2) the results of local surgical and radiation therapy, (3) the benefits from adjuvant

systemic therapy and finally (4) whether selection or avoidance of particular systemic

agents is guided by the presence of a BRCA1 or BRCA2 germline mutation?

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

In the last 15 years, our understanding of genes that predis-

pose to breast cancer has increased enormously. More re-

cently, a number of germline alleles have been identified

that have a modest effect on the risk of breast cancer,1 but

there remain only a handful of genes in which mutation sub-

stantially elevates the risk of breast cancer. These include

BRCA1, BRCA2, TP53 and PTEN.2 Whilst breast cancer occur-

ring in patients in Li-Fraumeni and Cowden’s syndrome fam-

ilies is of great importance, the more frequent scenario is that

of women, or indeed of men, presenting with breast cancer

with an underlying germline mutation in BRCA1 or BRCA2.

The question that these patients and their doctors want to

know is whether they should be treated differently because

they have had a breast cancer or are at risk of the disease be-

cause of a BRCA1 or BRCA2 mutation?
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To answer this question we need to consider whether

BRCA1 or BRCA2 mutation influences the choice of breast

screening and breast cancer prevention strategies. Further-

more, for women with an established breast cancer whether

their mutation directly influences (1) baseline prognosis, (2)

the results of local surgical and radiation therapy, (3) the ben-

efits from adjuvant systemic therapy and finally (4) whether

selection or avoidance of particular systemic agents is guided

by the presence of a BRCA1 or BRCA2 germline mutation?
2. The biology of BRCA1 and BRCA2

Increasingly, comprehensive information is becoming avail-

able on the functions and biology of BRCA1 and BRCA2 pro-

teins, which can inform these issues (reviewed in Oncogene

(2006) special issue 25). Although similarly named BRCA1
.
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and BRCA2 are very different in terms of structure and in sev-

eral of their cellular roles. Whilst BRCA1 functions in pro-

cesses as diverse as chromatin modelling, transcriptional

regulation, DNA decatenation and the DNA damage re-

sponse,3 the established predominant functions of BRCA2 re-

late to the maintenance of genome stability through DNA

repair by homologous recombination and the regulation of

cell separation after division.4 Despite the controversies about

BRCA1 and BRCA2 haploinsufficiency, there are several lines

of evidence to suggest that there is no functional conse-

quence until both BRCA1 and BRCA2 alleles are lost, mutated

or silenced.5,6 This is consistently observed in malignant tis-

sue in BRCA1 or BRCA2 mutation carriers.7–9 It is the loss of

faithful DNA repair and genome stability functions in the

pre-malignant tissues that drive the rapid acquisition of

mutation as is evidenced by the profound chromosomal

instability of BRCA1 or BRCA2 mutation-associated breast

and ovarian cancers. In contrast, the normal tissues of a car-

rier are heterozygous for the mutation, and retain a wild-type

allele and ostensibly normal gene function. It is this tumour

tissue specific functional deficiency that may afford opportu-

nity for genotype-based tumour selective targeted therapies

as will be discussed later in this review.

2.1. What are the defining features of BRCA1 and BRCA2
mutation-associated breast cancers?

Breast cancers associated with mutations in either BRCA1 or

BRCA2 tend to be of high histological grade, show a high fre-

quency of mitoses, frequently lose p53 function and rarely

amplify the HER2 oncogene but this is where similarity

ceases.10 A consistent theme emerging from the work of

many international collaborative groups is that BRCA1-associ-

ated tumours appear to have a set of clearly defining histolog-

ical features, such as broad pushing margins and a

lymphocytic infiltrate. In contrast, it is difficult to distinguish

BRCA2-associated cancers from grade-matched, sporadic

breast cancers.

2.2. BRCA1

Tumours occurring in BRCA1 mutation carriers have consis-

tently been found to be most frequently, although not exclu-

sively, negative for the oestrogen receptor (ER) and the growth

factor receptor, HER2 but to express basal cytokeratins.11–13

Gene expression profiling analysis in BRCA1-mutated breast

tumours concurs, indicating a relative downregulation of ER

response genes, upregulation of proliferation associated

genes and basal cytokeratins and the lack of high levels of

expression of genes in the region of the HER2 gene locus. This

expression phenotype leads to the clustering of these tu-

mours with sporadic cancers of basal-like subtype.14

Recent data have shed light on the mechanism by which

loss of BRCA1 function might define the lack of ER and ER-

regulated gene expression. It seems functional BRCA1 is

necessary for the expression of ER alpha by directly binding

and transactivating the ESR1 gene promoter. When BRCA1

is lost in tumours, the ER alpha gene can no longer be ex-

pressed and as a result resistance to ER-directed therapy is

acquired.15
The strong correlation between BRCA1 status and the so-

called ER/ PR/ HER2 negative (triple-negative) and basal-like

phenotype should stimulate the ascertainment of a careful

family history in women with tumours of this type. There

are data to suggest that a combined test using ER and basal

keratin status has a higher specificity and better predictive

values than clinical algorithms alone. Although independent

validation is required, the results of the Breast Cancer Linkage

Consortium study suggest that patients with ER negative/ba-

sal keratin-positive breast cancers have an odds ratio of ap-

prox 148 of having a BRCA1 mutation when compared to

age-matched controls.12 Even in women with triple-negative

breast cancer under forty, where family history is not known,

over 20% had a BRCA1 mutation and this was nearer 30%

when a woman under 50 is known to have a strong family

history.16

2.3. BRCA2

Early studies sought to identify defining hallmarks of BRCA2

breast cancers. Morphological features such as pushing mar-

gins and a greater degree of tubule formations were noted but

most, including the ER and HER2 status of tumours, were not

different from the spectrum of sporadic cancers invasive duc-

tal cancers.10 However, a recent study has suggested that

BRCA2-associated tumours are of higher grade with pushing

margins, are more frequently ER positive and are less likely

to overexpress HER2 compared to control sporadic tumours

matched for age and ethnicity. In short, they tend to be a high

grade proliferative form of luminal breast cancer.17

3. Surveillance and early detection

3.1. Should BRCA1 or BRCA2 carriers have different
breast screening strategies?

Mammographic screening has become the internationally ac-

cepted standard of care for screening women for breast can-

cer at ages of >40 years. However, breast cancers in

mutation carriers are frequently present at a younger age.

Furthermore, the data available on the efficacy of mammog-

raphy as a screening modality in carriers of BRCA1 or BRCA2

mutations indicate that tumours are commonly only detected

at a high clinical stage and are often present as interval can-

cers.18 This is likely to be due to the combination of early on-

set in a denser breast parenchyma, higher proliferative rate

and the broad pushing fleshy morphology of BRCA1-associ-

ated cancers. This has led six international trials to assess

breast MRI in addition to mammographic screening in this

group of women. The largest five of these studies have re-

cently been subjected to a combined analysis.19 Despite the

differences in the design and methodology used, some con-

sistent themes emerge. MRI has significantly better sensitivity

than mammography alone but this comes at the cost of re-

duced specificity. The pooled sensitivity and positive predic-

tive value for MRI are 81% and 53% compared to those for

mammography that are 40% and 47%.

Although there are no randomised controlled trials of sur-

vival outcomes with mammography versus combined MRI

and mammography, data are awaited of the comparison of
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non-randomised cohorts to historical control cohorts. The

evidence that combined approaches detect tumours at

<1 cm in 43–67% and with negative nodes in 77–100% of cases

strongly suggests that survival benefits can be expected,

although a large Dutch trial has recently reported that only

27% of cancers were detected at <1 cm in size and a signifi-

cant proportion had an involvement of lymph nodes.20 MRI-

based breast screening has already been recommended, with

variations in eligible population and recommended age of on-

set and cessation, for BRCA1 and BRCA2 carriers in national

and international consensus documents.

3.2. How can breast cancers be prevented in BRCA1 and
BRCA2 carriers?

There is substantial evidence from a number of both pro-

spective and retrospective studies that the risks of breast

cancer can be radically reduced by approximately 90% by

bilateral prophylactic mastectomy.18,21,22 Despite the efficacy

of this intervention, the uptake has been found to be less

than 30% in women studied.23–25 Although less effective,

prophylatic oophorectomy has also been shown to reduce

breast cancer occurrence by approximately 50% and improve

breast cancer specific survival when performed in premeno-

pausal women. This effect seems to apply in both BRCA1

and BRCA2 carriers, despite the fact that BRCA1 carriers tend

to develop ER negative cancers.26,27 Despite completion of

their family, many women are put off this intervention by

the prospect of an early menopause. However, limited data

suggest that a period of low-dose hormone replacement

therapy may be safe and effective in alleviating menopausal

symptoms in women who have not already had a breast

cancer.26
4. Chemoprevention

The use of tamoxifen for the primary chemoprevention of

breast cancer has been studied in women at risk in several

studies, but detailed discussion is beyond the scope of this re-

view. A very small number of BRCA1 and BRCA2 carriers were

identified in the NSABP-P1 study randomising women be-

tween tamoxifen and placebo.28 Although the point estimate

for the relative risk of breast cancer suggested some benefit to

the use of tamoxifen in the 11 BRCA2 carriers (RR 0.38; 95% CI,

0.06–1.56) but not in the 8 BRCA1 carriers studied (RR 1.67; 95%

CI, 0.32–10.70), the confidence intervals include unity and

cannot be used to inform therapy.

Gronwald et al. examined the secondary preventative ef-

fect of tamoxifen on contralateral breast cancer risk in a ret-

rospective matched case-control study in 285 BRCA1 or

BRCA2 carriers with bilateral breast cancer and in 751 wo-

men with unilateral breast cancer and a BRCA1 or BRCA2

mutation.29 History of tamoxifen use was compared be-

tween the groups. The multivariate odds ratio (OR) for con-

tralateral breast cancer associated with tamoxifen use was

0.50 (95% CI, 0.30–0.85) for BRCA1 carriers and 0.42 (95% CI,

0.17–1.02) for BRCA2 carriers. No protective effect was seen

in the very small number of women (16 cases and 123 con-

trols) who had had a prophylactic oophorectomy OR 0.83
(95% CI, 0.24–2.89). Similar effects of tamoxifen in secondary

prevention were noted in a recently reported study by Pierce

et al.30 Ten- and 15-year risk of contralateral breast cancer

in BRCA1 and BRCA2 carriers was 26% (CI, 22–30%) and

39% (95% CI, 31–47%), respectively, compared to that of spo-

radic controls (3% and 7% risk, respectively). In mutation

carriers taking tamoxifen there was a 69% reduction in con-

tralateral breast cancer risk30 in comparison to mutation

carriers who were not treated with tamoxifen (HR 0.31

p = 0.5).

Although there are no data from randomised controlled

trials in BRCA1 or BRCA2 mutation carriers to support the

use of tamoxifen, the encouraging nature of these retro-

spective data should be discussed with carriers who do

not wish to undergo prophylactic risk reducing bilateral

mastectomy.

4.1. Does mutation in BRCA1 or BRCA2 influence
prognosis?

This has been a much studied question with a great deal of

diversity in both study design and conclusion. Earlier studies

were largely based on the analysis of mutation carriers who

had been ascertained as a result of inclusion in genetic link-

age studies that by their nature were dependent upon having

multiple living affected members of the family, thus introduc-

ing a bias in favour of improved prognosis in this group. Later

studies have in contrast been population based and have usu-

ally required confirmation of mutation status by resequenc-

ing. A recent publication in this journal31 has thoroughly

reviewed the subject. Despite the methodological heterogene-

ity and claims of both positive and negative influences of

prognosis, the conclusion of this review was that at the time

of publication there were no conclusive data that in women

with breast cancer BRCA1 or BRCA2 mutation status conferred

adverse prognosis, other than for contralateral breast cancer

occurrence.

Since this review has been published, two other relevant

studies have been reported. Moller et al. studied 442 patients

who developed breast cancer whilst enroled on prospective

breast cancer surveillance programmes because of strong

family history of breast cancer. BRCA1 (89 pts) or BRCA2 (35

pts) mutation status was confirmed by resequencing. BRCA1

mutation was associated with worse prognosis even in classi-

cal low risk node-negative patients.32 Rennert et al. con-

ducted a very large population study in Israel in which all

new cases of invasive breast cancer in Israel in 1987 and

1988 were sought.33 Case records and pathology samples were

available on 1545 women, and tumour DNA was extracted and

analysed for the three Ashkenazi founder mutations in BRCA1

and BRCA2. No difference in overall or breast cancer specific

survival was noted for BRCA1 or BRCA2 mutation carriers

when compared with non-carriers. The adjusted hazard ratio

for death from breast cancer did not differ significantly for

carriers when compared with non-carriers (hazard ratio for

BRCA1, 0.76; 95% CI, 0.45–1.30; P = 0.31; hazard ratio for BRCA2,

1.31; 95% CI, 0.80–2.15; P = 0.28). It is worth noting, however,

that BRCA1-associated breast cancers appear to lose the usual

relationship between tumour size and the presence of lymph

node metastases.34
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4.2. Does BRCA1 or BRCA2 mutation modify response to
adjuvant therapy?

4.2.1. Adjuvant chemotherapy
Rennert et al. noted two important observations in the sub-

groups of their large Israeli study.33 First, there was a statisti-

cally significant interaction between BRCA1 mutation status

and a more favourable prognosis in women receiving adjuvant

chemotherapy when compared with non-carriers. Most of

these patients had received the CMF regimen in 1987 and

1988. Second, women presenting with tumours less than 2 cm

had a worse prognosis if they were BRCA1 carriers. This is

intriguing given the similar results of another retrospective

study of similar design conducted in 505 Jewish women in

New York and Montreal with small tumours suitable for

breast-conserving surgery. Robson et al. found the presence of

an Ashkenazi founder mutation in BRCA1 to be associated with

adverse breast cancer survival when compared with non-carri-

ers (62% at 10 years versus 86%; P < 0.0001). BRCA1 status pre-

dicted breast cancer mortality only amongst women who did

not receive chemotherapy (hazard ratio 4.8, 95% confidence

interval 2.0–11.7; P = 0.001). Whether this phenomenon relates

directly to BRCA1 gene function or to some other aspect of the

basal-like breast cancer phenotype associated with BRCA1-mu-

tated breast cancer is not clear. A similar adverse prognosis nor-

malised by an apparent increase in sensitivity to adjuvant

chemotherapy in sporadic ‘basal-like’ breast cancer has also

been reported in a small study,35 and sporadic ‘basal-like’ breast

cancers have been noted to have high response rates to anthra-

cycline-based chemotherapy in common with the other major

ER negative subtype, the HER2 positive cancers.36 There are

few data relating to BRCA1 or BRCA2 genotype specific effects

on normal tissue chemotherapy toxicity. Retrospective data

suggest no evidence of increased complications.37

Taken together these data suggest that BRCA1 mutation

carriers who present with small and node-negative breast

cancers may be at more significant risk of micro-metastatic

breast cancer than non-carriers. This may explain a worse

prognosis if chemotherapy is avoided in what is regarded as

a classically lower risk population. A greater sensitivity to

adjuvant chemotherapy, largely CMF in the studies quoted,

seems to be correct for any adverse baseline prognosis.

These data, whilst retrospective, may help inform discus-

sions with regard to benefits of adjuvant chemotherapy in

carriers with very small node-negative cancers, especially

where there seems to be evidence that some of the prognostic

significance of pathologically normal lymph nodes seems to

be lost in this type of tumour.34,38 In addition, as current an-

nual MRI and mammography programmes are still detecting

most cancers at greater than 1 cm and with node involve-

ment,20 these data suggest an attenuated impact of early

detection imaging programmes on survival end-points for

BRCA1 carriers as it is clear that significant risk of systemic

dissemination exists even when lesions are small and node

negative at the time of detection.

4.2.2. Adjuvant radiotherapy following breast-conserving
surgery
A recently published mature analysis of 160 BRCA1 and BRCA2

carriers and 445 matched controls treated with breast-con-
serving therapy and followed for a median of 6–8 years has

shown no increase in ipsilateral breast tumour recurrence

in carriers who had had a prophylactic oophorectomy when

compared to matched controls. An increase was noted in wo-

men who did not have prophylactic oophorectomy (HR 1.9,

p = 0.03).30 As noted above, contralateral breast cancers were

significantly more common in BRCA1 and BRCA2 mutation

carriers than in controls whether prophylactic oophorectomy

was performed or not. Whether the increase in contralateral

cancers is due solely to increased baseline risk or due in part

to increased radiation carcinogenesis cannot be addressed in

this design of study. Of interest, whilst animal studies show

an increase in radiation mutagenesis in tissues where both

Brca2 alleles are lost, normal tissues are heterozygous for

Brca2 mutation and show no increase in radiation-induced

mutation compared to irradiated wild-type control.39 Further-

more, there is no evidence of increase in normal tissue radia-

tion toxicity associated with carrier status.30,40

4.3. Are there forms of conventional chemotherapy that
are more or less effective in BRCA1/BRCA2-associated breast
cancer?

A number of preclinical studies have been conducted that are

informative. The agents that appear to induce greatest geno-

type specific effect in preclinical models include the DNA

cross-linking agents (e.g. carboplatin, cisplatin and mitomy-

cin C).41–43 These data suggest an increased sensitivity to le-

sions that damage DNA in ways that arrest, and cause

collapse of, DNA replication forks and which subsequently

require DNA repair by homologous recombination for fork

repair and restart. Such a function is consistent with the inte-

gral role that BRCA1 and BRCA2 play in the Fanconi anaemia

network,44 the hallmark of which is exquisite cellular sensi-

tivity to DNA cross-linking agents.

Preclinical experimental data have also suggested that

BRCA1 may be required to mediate paclitaxel-induced cell

death with the loss of function of BRCA1 leading to microtu-

bule stabilising agent resistance.45 This has been supported

by uncontrolled retrospective data from patients treated with

taxane-based neo-adjuvant therapy.46 The issue of taxane

resistance remains controversial as others have found in-

creased sensitivity to taxanes in preclinical BRCA1 deficient

models.47 A UK-based international randomised phase II clin-

ical study is now testing the efficacy of carboplatin and doce-

taxel in BRCA1 and BRCA2 carriers with advanced breast

cancer (ISRCTN43372330).

4.3.1. Targeting BRCA1 or BRCA2 dysfunction with novel
therapies
Exploiting the loss of efficient DNA repair in BRCA1 and

BRCA2-deficient tumours, we hypothesised that combining

a tumour restricted constitutive defect in homologous recom-

bination with drug-induced inhibition of the base excision

and single strand break repair pathways would lead to syn-

thetic lethality restricted to the tumour cell with little effect

on normal tissues. Inhibition of poly-ADP ribose polymerase

(PARP), a key enzyme in base excision repair, does indeed

cause highly selective cell killing in cells that have lost

functional BRCA148 or BRCA2.48,49 Cells with defects in other
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components of BRCA1, BRCA2 and Fanconi network are also

selectively killed.50 Results obtained in isogenic mouse

embryonic stem cell culture systems have been confirmed

in tumour cell lines deficient in BRCA150 and BRCA2 func-

tion51 and in vivo in conditional mouse models52 and BRCA1

defective spontaneous tumour models.53

There has been some debate on the level of sensitivity to

PARP inhibitors that loss of BRCA1 or BRCA2 function confers.

However, it is now clear that the potency of the PARP inhibitor

used is of paramount importance; selective cell killing is not

seen for drugs with IC50 for PARP-1 in the micromolar54,55

rather than in the nanomolar range.51 In addition, data on

the mechanism of resistance to PARP inhibitors and carbo-

platin in BRCA2-mutated cell lines and human cancers pro-

vide strong evidence in support of the role played by BRCA1

and BRCA2 inactivation in the sensitivity to these agents

(see below).56

4.3.2. Early phase clinical trials of PARP inhibitors in BRCA1
and BRCA2 carriers
The preclinical results described above stimulated the design

of a single agent, first in human, phase 1 study of the Kudos/

Astra Zeneca compound AZD2281 in patients with advanced

refractory cancers. BRCA1 and BRCA2 mutation carriers with

advanced refractory cancers were also recruited in later dose

escalation cohorts of this study. Initially, the overwhelming

majority of BRCA1 and BRCA2 carriers had ovarian cancer. Re-

sults were presented at the ASCO meeting in 200757 and

showed linear pharmacokinetics, a favourable toxicity profile

dominated by mild nausea and fatigue with evidence of inhi-

bition of PARP in pharmacodynamic analyses in surrogate tis-

sues. This study has now completed accrual of expansion

cohorts.

A pair of proof of concept phase II clinical trials using

AZD2281 has rapidly followed this phase I study. An advanced

ovarian cancer protocol open to BRCA1 and BRCA2 carriers

has recently completed accrual. An equivalent advanced

breast cancer protocol open to BRCA1 and BRCA2 carriers

beyond first-line therapy in the metastatic setting is still

in the process of completing accrual (clinicaltrials.gov

NCT00494234) at sites in Europe, Australia and the United

States (US).

Another single agent PARP inhibitor trial in BRCA1 and

BRCA2 cancers with advanced breast or ovarian cancers using

the Pfizer compound AG014699 is open at sites in the UK

sponsored by Cancer Research UK.

4.3.3. BRCA1 or BRCA2 mechanism-based therapeutic
resistance
Our group has recently studied the mechanisms by which

BRCA2-mutated cells can acquire resistance to PARP inhibi-

tors and platinum salts. These experiments have shown that

mutagenic DNA pathways such as single-stranded anneal-

ing,42 which are upregulated in the absence of BRCA2 func-

tion, can drive intragenic deletion events. These can rarely

correct the effect of frame shift mutation on the open reading

frame and restore the expression of a functional BRCA2

gene.56 These rare events may then be selected for over time

in a sensitive population. The potential clinical significance of

these observations was validated by demonstrating that DNA
extracted from an ovarian cancer in a BRCA mutation carrier

that had become platinum refractory carried a revertant

BRCA2 allele.56 These observations suggest that a specific

mutation (c.6174delT) in BRCA2 and sensitivity to therapeu-

tics in cell lines and patients can be suppressed by reversion.

The same resistance mechanisms could also occur with other

frame shift truncating mutations in either BRCA1 or BRCA2

under the selective pressure of treatment with a platinum salt

or PARP inhibitor. It is not yet clear which mutations may be

more susceptible to this process. However, it seems possible

that different mutations may revert at different rates result-

ing in more or less sustained therapeutic benefit. This issue

needs to be further investigated in cohorts of and clinical tri-

als in BRCA mutation carriers.

Correction of a frame shift mutation by intragenic dele-

tion, even when driven by upregulated mutagenic DNA repair

mechanisms, is likely to be a rare event which is then se-

lected. The chance of this event occurring is likely to be great-

er, the greater the bulk of tumour exposed to selective

pressure. This argues that if proven active in early phase clin-

ical trials in BRCA1 and BRCA2 carriers, platinum salts and

PARP inhibitors may have their greatest benefits in low bulk

early disease.

4.3.4. BRCAness
Although this review concentrates on how germline muta-

tion in BRCA1 or BRCA2 might guide therapy choice in

breast cancer, much interest has focused on other mecha-

nisms for the loss of function of BRCA1 or BRCA2 function

that may exist in breast cancers. This loss of function of

genes associated with the DNA damage response predis-

poses to breast cancer, and has become a common theme

in cancer genetics, with mutation in BRCA1 BRCA2, CHEK2

and PALB2, all significantly elevating risk.58 These data sug-

gest that dysregulation of the DNA damage response may

occur in a significant proportion of sporadic breast cancers.

The overlap between BRCA1-mutated cancers and sporadic

cancers with basal-like features14,59 is striking, and a num-

ber of recent publications suggest that dysregulation of

BRCA1 function via a variety of mechanisms may be a fre-

quent feature of significant subgroups within basal-like

breast cancers.60–63
5. Conclusion

The identification of the BRCA1 and BRCA2 genes rapidly af-

fected the lives of men and women with a very strong family

history of breast and ovarian cancers. Until recently, this has

largely been restricted to helping and identifying those indi-

viduals in some families who are at risk, and to guiding

choices about risk-reducing surgery. In recent years, imaging

surveillance strategies have evolved that may extend the

choice for those who choose to avoid proven benefits of

surgery.

The intense efforts paid to understanding the function of

BRCA1 and BRCA2 seems at last to promise the potential for

new therapies and prevention strategies by turning the conse-

quences of aberrant BRCA1 or BRCA2 gene function into tu-

mour-specific targets for synthetic lethal therapy approaches.
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