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Abstract The purpose of the study is to review the
clinical studies relevant to the prognosis and prognostic
associations of BRCAI- and BRCAZ2-associated breast
cancers. Reports of relevant studies obtained from a
MEDLINE search and references from these articles were
critically reviewed. A number of methodologic limitations
have been identified in the early studies. More recent
studies have failed to demonstrate, for the most part, a
significant overall survival difference between BRCA-
associated breast cancers and sporadic breast cancers. The
risk of in-breast tumor recurrence also appears to be similar
in the first 5 years following a breast cancer diagnosis with
apparent increase in the risk after 5 years in one study.
Many in-breast tumor recurrences are now considered to be
second primary breast cancers. There is a significant
increase in the risk of contralateral breast cancers in BRCA
mutation carriers with an estimated 10-year risk ranging
from 20-40%. The prognosis of BRCA-associated breast
cancers appears to be similar to that of sporadic breast
cancers based on the current literature. Future data from
large prospective cohort studies will be of interest.
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Introduction

BRCAI and BRCA2 mutations account for the majority of
hereditary breast and ovarian cancer. Individuals with
mutations in these two genes are at an increased risk to
develop breast, ovarian, and other cancers. The risk esti-
mates for developing breast cancer (BC) range from 50 to
80% [1], and the age at BC diagnosis is much younger
(typically premenopausal) compared to sporadic cases.
Since the identification of the BRCA genes, there has been
a significant interest in the characterization of BRCA-
associated BCs and its comparison to sporadic BCs.
BRCA I-associated cancers have distinctive histopathologic
features compared to sporadic BCs. They are usually high-
grade, poorly differentiated, infiltrating ductal carcinomas,
and stain negative for ER, PR, and HER2/neu; they also
frequently stain for the presence of basal cytokeratins 5 and
6, overexpress cyclin E and p53, and underexpress p27 [2].
Medullary carcinomas have also been observed more fre-
quently in BRCAI mutation carriers, a phenotype charac-
terized by an abundant lymphocytic infiltrate and a smooth
margin [3]. BRCA2-associated BCs seem to share similar
pathologic characteristics with non-carriers although they
are more frequently of high grade [4]. All types of hered-
itary BCs have a low frequency of HER2/neu protein
overexpression. Studies using microarray technology have
shown that gene expression profiles of BRCAI, BRCA2,
and sporadic BCs differed significantly from each other
[5-7]. Tumors from BRCAI mutation carriers have been
found to be frequently of the basal subtype, whereas
BRCA?2 tumors fall mainly within the luminal category.

@ Springer



14

Breast Cancer Res Treat (2010) 119:13-24

In addition to the above noted differences in the phe-
notype and genotype of BRCA-associated BCs, numerous
studies have been conducted to specifically address the
prognosis of BRCA-associated BCs. The data acquired
from these studies span approximately 20 years, and study
designs and populations vary greatly. The purpose of this
systematic review is to summarize the literature relating to
the prognosis of BRCA-associated BCs.

Search strategy and selection criteria

Data for this review were identified by searches of MED-
LINE and references from relevant articles using the search
terms “BRCA”, “breast cancer”, and “prognosis”. Clinical
studies relevant to the prognosis of BC in carriers of
BRCAI or BRCA2 mutations and published in English-
language medical journals were reviewed. The full text of
all relevant articles was reviewed, with a particular
emphasis on the methodologic aspects of clinical studies.
Abstracts were excluded from the review.

Early prognostic studies (prior to 1997)

Prior to the identification of the BRCA genes in the early
1980s, it was noted in a registry of cancer prone families
that the 5-year survival of patients with “hereditary” BC
was better than that observed in the large American Col-
lege of Surgeons (ACS) series of BC patients (67 vs. 42.2%
respectively, P < 0.05). Both series had similar stage of
disease at presentation; however, patients from cancer
prone families had an earlier onset of the disease and had
an excess of bilaterality [8]. In the early 1990s, linkage
analysis data located the BC gene BRCAI to chromosome
17q12-21 [9-11]. Using linkage analysis, Porter al al.
reported on the prognosis of BRCAI-associated BC when
compared to population-based cancer registry in Scotland.
The expected 5-year survival rate was 83% in BRCAI
carriers and 61.1% in an age-matched group (P < 0.05)
[12].

In view of these findings, Porter et al. published a more
comprehensive report looking specifically at penetrance
and survival in probable carriers of BRCAI gene mutation
[13]. Eight BC pedigrees with a high probability of har-
boring individuals with the BRCAI gene mutation were
identified through linkage analysis. Sixty-one women were
classified as probable BRCAI carriers, 35 of whom
were diagnosed with BC (13 with bilateral disease). Life-
time penetrance was estimated at 88%. The 5-year survival
rate was significantly higher in BRCAI carriers than that
in an age-matched Scottish population (P < 0.05). At
approximately the same time, a second major BC suscep-
tibility gene, BRCA2, was mapped to the q12-13 region of
chromosome 13 [14].

@ Springer

Studies were undertaken by Marcus and colleagues to
compare the pathobiologic differences between BRCAI-
and BRCA2-mutation-associated BC (hereditary BC, or
HBC) and non-hereditary BC (non-HBC) [15]. Based on
linkage analysis and/or family history, 26 families (90 BC
cases) were classified as “BRCAI related”, and 26 families
(85 cases) were classified as “other” (most of which were
assumed to carry a BRCA2 mutation). These 52 families
(175 cases) were classified as HBC families. Cases were
compared with 187 predominantly non-HBC cases. HBC
cases presented at lower stage (P = 0.003) and earlier age
than non-HBC (P < 0.0001). BRCA I-mutation-associated
BC often had distinguishing features such as higher pro-
liferation rates and more frequent aneuploidy when com-
pared to non-HBC cases. There was a non-significant trend
toward better crude survival in both HBC groups. In
keeping with previous observations, patients with BRCAI-
associated BC had fewer recurrences (P = 0.013) and a
trend toward lower specific death rates despite identifica-
tion of adverse prognostic features.

These reports raised the possibility that patients with
hereditary BC may have a different prognosis and even
differential host response to BC treatment; however,
methodologic limitations have been noted at a very basic
level. The use of family history only as a surrogate for
genetic testing in these studies could lead to overestimation
of the likelihood of a mutation. In addition, the family
history can be difficult to properly ascertain and verify, and
the definition of high risk is variable. Furthermore, the use
of linkage analysis to identify hereditary families required
living affected cases potentially biasing survival estimates
to longer duration in these families. Many of the next
generation of studies addressed these limitations by per-
forming mutation analysis as detailed in the following
section.

Next generation prognostic studies (1998-2002)

In the next generation of studies, the prognosis of BRCA-
associated BC was investigated in studies done in multiple
countries using institution-based case identification and
direct testing for mutations in the BRCA1 and/or BRCA2
genes in affected individuals. Some studies have focused
on founder mutations in patients with specific ethnic
background (mainly Ashkenazi Jewish ancestry). These
studies have been summarized in Table 1.

Johannsson et al. described survival rates among
patients with breast and ovarian cancer in 21 families from
southern Sweden with germ-line BRCAI mutations and
compared overall survival with that of a population-based
group consisting of all breast and ovarian cancer patients
diagnosed in Sweden between 1958 and 1995. They also
identified a subgroup that was age and stage-matched. They
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concluded that survival for carriers of a BRCAI mutation
may be similar to, or possibly worse than, that for breast
and ovarian cancer in general (P = NS) [16]. The results
were questioned in view of the small sample size, the
potential for preferential inclusion of four founder muta-
tions identified in this geographic location, and impact of
ovarian cancer diagnosis (following a breast cancer diag-
nosis) on the survival analysis and outcome [17].

Ansquer et al. identified a series of 123 women diag-
nosed with BC at a very young age (<36 years) at the
Institut Curie, Paris, between 1990 and1995 [18]. Mutation
testing was undertaken in all cases, and likely deleterious
BRCAI mutations were identified in 15 individuals. Mean
age at diagnosis, tumor size, and axillary lymph node status
were similar between the BRCAI and non-BRCAI groups,
though BRCAI-associated BCs were more likely to be
grade III (P < 0.05) and hormone receptors negative
(P < 0.05). The OS was worse among the BRCA I mutation
carriers (P < 0.04) and felt to be related to the adverse
prognostic features observed. The DFS was similar
between groups (P = 0.19). Some of the limitations of this
study include small sample size and limiting of the muta-
tion analysis to BRCAI, which could lead to a dilution
effect by assigning BRCA2 to the control group.

Prognosis and response to radiotherapy in BC patients
with BRCA1/2 mutations were summarized in a retro-
spective study conducted in Utah [19]. Patients from 12
different pedigrees were cross-referenced with the Utah
Cancer Registry. Patients were matched for age, date of
diagnosis, and tumor size, and actuarial survival calcula-
tions were performed. Despite younger age at presentation,
BCs in BRCAI and BRCA2 mutation carriers were found to
have similar survival at 5 and 10 years when compared
with sporadic BC patients. Pierce and colleagues also
published on the effect of radiotherapy after breast-con-
serving therapy in women with BRCA-associated BC in the
United States and Canada; similar findings were observed
at 5 years [20].

Similar findings were observed in studies conducted in
the Netherlands, Sweden, Denmark, Finland, and the
United Kingdom [21-25]. In the first report by Verhoog
et al., 5-year DFS and OS for 49 Dutch patients from 19
consecutive families with a proven-specific BRCAI muta-
tion and one family with strong evidence for linkage to the
BRCAI gene were similar to DFS and OS in 196 sporadic
BC patients matched for age and year of diagnosis; results
were unchanged when adjusted for known prognostic fac-
tors including tumor size, nodal status, estrogen/proges-
terone receptor status, and contralateral BC. In a second
report by Verhoog et al., DFS and OS of 28 BC patients
from 14 consecutive Dutch families with BRCA2 germ-line
mutations were similar to outcomes in 112 sporadic BC
patients matched for age and year of diagnosis.

Adjustments for a number of prognostic factors including
tumor size, nodal status, hormone receptor status, and
contralateral BC did not alter the results. BRCA2-associ-
ated BCs were noted to be more frequently hormone
receptor positive, especially progesterone receptor positive.
Loman et. al assessed the prognosis and clinical presenta-
tion of BRCA2-associated BC in 22 families from Sweden
and Denmark with BRCA2 germ-line mutations in com-
parison with 214 age- and date of diagnosis-matched
controls identified among BC patients from South Sweden.
More BRCA?2 carriers had node-positive disease and Stage
IV disease at presentation (P = 0.036 and P = 0.021,
respectively). A significant difference in BC-specific sur-
vival was observed among the BRCAZ2-associated cases;
however, this difference was no longer present in multi-
variate analysis when adjusting for stage. Eerola et al.
compared survival rates of 359 familial BC patients (32
patients from BRCAI-positive families; 43 patients from
BRCA2-positive families; 284 patients from BRCAI/2-
negative BC families) to outcomes in all other patients
diagnosed in Finland from 1953 to 1995. There was no
significant difference in the overall survival when adjusted
for age, stage, and year of diagnosis though the risk of
death tended to be higher in BRCAI families and lower in
BRCA2 families. The impact of germ-line mutation on
survival among women with breast cancer participating in
a British population-based study also failed to show a
survival difference between BRCAI/2 mutation carriers
and non-carriers.

A number of studies have assessed prognosis of BRCA-
associated BC in patients of Ashkenazi Jewish (AJ) descent
harboring one of three founders mutations: BRCAI
(185delAG, 5382insC) and BRCA2 (6174delT). Three
studies presented outcomes for both BRCAI and BRCA?2
combined [26-28]. In the first report, Robson and col-
leagues identified 91 AJ women with early onset BC
(median age 36 years; range, 21-42). All women under-
went genetic testing for the previously mentioned founder
mutation, and 30 were found to be carriers. More adverse
clinical and histopathologic features were observed in the
carrier group; however, the prognosis appeared similar to
that of non-carriers. In the second report by Robson et al., a
different approach was undertaken. A retrospective review
of women of AJ descent undergoing breast-conserving
therapy for BC diagnosed during the period from 1980 to
1990 at the Memorial Sloan-Kettering Cancer Centre in the
United States. Archival tissue samples were retrieved and
tested for the earlier mentioned founder mutations. Genetic
results were linked to clinical data, and outcomes were
analyzed in univariate and multivariate analyses. Distant
DFES was shorter in women with BRCA1/2 mutations (66.2
vs. 84.3% at 10 years; P = 0.05), as was BC-specific
survival (71.9 vs. 87.2% at 10 years; P = 0.02). In
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multivariate analysis, tumor stage and nodal status (but not
mutation status) were predictive of distant DFS and breast
cancer-specific survival. This study specifically addressed
the issue of survival bias by utilizing archival tissue for
genetic analysis without regard for vital status. Chappuis
et al. undertook a similar approach; pathology blocks from
202 consecutive Ashkenazi Jewish women with primary
invasive BC were tested for the presence of a founder
mutation. A BRCAI/2 mutation was identified in 16%.
BRCA /2 mutation carriers had a significantly worse dis-
tant DFS compared with women without BRCAI/2 muta-
tions (58 vs. 82%; P = 0.003).

The impact of carrying an AJ founder mutation (either
BRCA 1 or 2) has been addressed separately in other
studies [29-31]. Lee et al. collected blood samples and
questionnaire data on 5318 AJ volunteers. The blood
samples were tested for the earlier mentioned AJ founder
mutations. A novel extension of the kin-cohort method was
applied. First, the estimated survival curves of affected
relatives of carriers and non-carriers were compared. Sec-
ond, the prevalence of BRCAI and/or BRCA2 mutations in
first-degree relatives of carriers and non-carriers was
inferred using estimates of age-specific penetrance from
previous report. A second survival analysis was conducted
using this quantitative approach. No overall survival dif-
ference was observed between affected relatives of carriers
and non-carriers using either statistical method. This study
is limited by the potential for recall bias of family history
and the failure to genotype affected family. Foulkes and
colleagues focused on the study of BRCAI. Tumor blocks
of unselected AJ women with primary BC were assayed for
the presence of either of the two BRCAI AJ founder
mutations. Results for women diagnosed before age 65 at a
single institution were initially published; 5-year distant
DFS was significantly worse in BRCAI mutation carrier
(P = 0.019). In a later publication focusing on a node-
negative population, the research team identified a number
of significant prognostic factors on univariate analysis
including young age of onset, high nuclear grade, ER
negativity, p53 over-expression, and germ-line BRCAI
mutation. However, on multivariate analysis, only BRCAI
mutation carrier status remained an independent prognostic
factor (0.01).

Additional studies in Germany, France, Norway, Scot-
land, England, and Holland also evaluated the impact of a
BRCAI germ-line mutation on BC prognosis [32-34]. In
France, the presence of a BRCAI mutation was found to
have a significant prognostic impact (P = 0.002) even
when adjusting for known prognostic factors (P = 0.05);
BRCAI germ-line mutation was not found to have a
prognostic value in other studies.

As evidenced in this section, data on the outcome of
BRCAI/2-associated BC were inconsistent in these studies.

There are a number of methodologic limitations identified
in some, if not most studies described in this section
including the following:

1. limited sample size

2. survival bias (a Neyman bias) by including living
affected individuals only

3. dilution bias that may occur from the lack of genetic
analysis of controls or limited testing of hereditary
familial cases (only BRCAI for example)

4. limited generalizability in studies of BC families from
single center studies

5. lack or limited inclusion of known prognostic factors
for BC that would limit one’s ability to properly adjust
for differences in these variables. This could have a
major influence in studies focusing on BRCA-associ-
ated BC in view of the small sample size and known
differential phenotypic presentations of these cancers
[2-7]

6. lack of inclusion of factors particularly relevant to
BRCA mutation carriers that may impact prognosis is
not always included such as age of menopause (natural
or surgical) and history of subsequent ovarian cancer

7. lack of adjustment for BC treatment

8. use of institutional registry for cases while controls
were drawn from population-based registries in some
instances.

Prognostic studies in the last 5 years

In the past 5 years, a number of studies have been pub-
lished with great efforts to overcome the earlier mentioned
methodologic limitations (Table 2). Studies with small
sample size conducted in South India, Italy, and France
during that time have been summarized in Table 2 [35-37].
In one study, BRCAI-associated BCs had worse prognosis;
in the other two studies, the presence of a BRCA mutation
did not affect prognosis.

The study reported by Robson et al. expands on a pre-
vious report from the same authors [38]. Two retrospective
cohorts of AJ women undergoing breast-conserving ther-
apy for invasive BC between 1980 and 1995 were estab-
lished; archival tissue blocks were tested for the AJ founder
mutations. Genotyping was successfully completed in 496
women, of whom 56 (11.3%) were found to carry a BRCAI
and/or BRCA2 mutations. After a median f/u of
116 months, BC-specific survival was worse in BRCAI
mutations carriers but not in BRCA2 mutation carriers. The
presence of a BRCAI mutation remained an independent
predictor of BC mortality in multivariate analysis. How-
ever, BRCAI status predicted BC mortality only among
women who did not receive chemotherapy (P = 0.001).
This was the first report incorporating treatment factors
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emphasizing the importance of systemic therapy in these
patients. The authors acknowledged certain limitations of
the study such as significant missing data on the ER/PR
status and the inability to conduct a separate analysis of the
role of grade.

More recently, Rennert et al. addressed the prognosis of
BRCA-associated BC in a national population-based study
of Israeli women [39]. Data were obtained on all incident
cases of invasive BC diagnosed in 1987 and 1988 and
recorded in the Israel National Cancer Registry. Tumor
blocks or unstained slides from the tumor specimens were
analyzed for the three AJ founder mutations. A BRCA1/2
mutation was identified in 10% of women of AJ ancestry.
All subjects were followed for a minimum of 10 years. The
adjusted hazard ratios for death from any cause and from
BC only were not significantly different between mutation
carriers and non-carriers. The interaction between BRCAI
mutation status and chemotherapy was significant for
overall survival (P = 0.02) but not disease-free survival.
An adverse prognostic effect was seen in carriers who did
not receive adjuvant chemotherapy but not in those who
received this treatment. Potential limitations of the study
included: (1) possible impact of missing data on outcome,
(2) lack of inclusion of tumor grade as a known prognostic
factor, and (3) type of chemotherapy used and change in
the choice of systemic therapies since the completion of the
study [40, 41].

Brekelmans et al. selected 223 women with BC from
families at the Rotterdam clinic (the Netherlands) with an
identified BRCAI mutation [42]. All BRCA-I-associated
BC cases were matched to sporadic BC patients, in a 1:2
ratio, for age and year of diagnosis. No significant dif-
ferences between the BRCAI-associated and sporadic
tumors were found with respect to ipsilateral BC recur-
rence or BC-specific survival. A trend toward a worse
overall survival was found for BRCAI-associated ductal
BC, likely reflecting the increased risk of ovarian cancer
death in that group. There was no survival benefit
observed from contralateral prophylactic mastectomy. This
study included a number of important prognostic factors
such as grade, systemic treatments, and B(S)O (bilateral
salpingo-oopherectomy), in the multivariate analyses. In
the following year, Brekelmans et al. published an
expanded analysis that also included data on BRCA
2-associated BC and familial (BRCA negative) BC [43].
The tumor characteristics of BRCA2-associated BC were
similar to those of familial BRCA-negative BC or sporadic
BC, with the exception of a higher risk of contralateral BC
and greater frequency of ER positivity in BRCA2-associ-
ated BCs. No significant differences in overall survival
were observed. Independent prognostic factors for
BC-specific survival in hereditary BC were tumor stage,
adjuvant chemotherapy, histologic grade, ER status, and
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prophylactic (salpingo-) oophorectomy. Post-relapse sur-
vival was worse for BRCAI and better for BRCA2-asso-
ciated patients when compared to sporadic patients;
however, the differences disappeared after adjustments for
ER status, site of first distant metastasis, and distant dis-
ease-free interval [44].

BC outcomes in women attending a familial BC surveil-
lance program at collaborating centers in Norway and the
UK were investigated by Moller and colleagues [45]. The
study identified a worse survival in BRCAI-associated BC
than in BRCA2 or mutation-negative BC (P < 0.001). This
study has a number of limitations such as the selection of a
control group from a familial BC surveillance program, the
classification of patients with micro-invasion as DCIS rather
than invasive cancer, the unexpectedly low 5-year survival
associated with DCIS (67%), and the lack of inclusion of
important prognostic factors in the analyses.

A number of breast cancer prognostic factors have
been examined in long-term breast cancer survivors of the
Eindhoven Cancer Registry, a population-based cancer
registry in the Netherlands. The role of BRCA mutation
on overall survival was mixed, often decreasing after
correction for stronger well-established prognosticators
[46].

In the last 5 years, we have seen significant improve-
ments in the methodology used to conduct survival anal-
yses in this patient population. Despite this, limitations
remain and will be difficult to circumvent in future studies
given the long observation time required to conduct these
analyses. In the future, inclusion of other factors such as
the survival impact of surgical (or early) oophorectomy, the
use of chemotherapy in general and more specifically
relating to the class of agents used, and the role of HER-2
positivity should be considered. Although HER-2 positivity
is not frequently observed in this population, it is a well-
established prognostic factor. The mutational spectrum for
BRCAI and BRCA2 is wide, and as such, the study of
penetrance and prognostic impact of specific mutations in
each gene will be difficult to properly address. So far, the
prognosis of BC has been separately addressed in only one
subgroup of patients with specific ethic founder mutations
(AJ descent). Finally, other factors (non-neoplastic) may
impact the survival of BRCA mutation carriers and may
need to be considered. Mai and colleagues recently
examined the association between the three AJ BRCA
founder mutations and risk of overall and non-cancer
mortality in patients of AJ descents in the Washington D.C.
area. They observed an overall association between
BRCA1/2 mutations and reduced life expectancy after
excluding deaths following diagnosis of cancers that have
been shown to be related to these mutations. The reduction
in estimated life expectancy persisted after excluding
deaths following any cancer diagnosis as well [47].
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Contralateral BCs (CBCs) and in-breast tumor
recurrence

The rates of in-breast tumor recurrence and CBCs have
been summarized in Table 3. In most studies, the rate of
in-breast tumor recurrence has not been found to be sig-
nificantly different when compared to sporadic BC except
for one study where none of the BRCA carriers had
undergone an oophorectomy or received tamoxifen in the
adjuvant setting [48]. The risk of in-breast tumor recur-
rence was similar in the first 5 years but diverged (higher in
the mutation carriers) at 5-10 years post-diagnosis. The
median time to in-breast tumor recurrence in BRCA carriers
generally exceeds that observed in sporadic disease [20,
49]. In BRCA carriers, many in-breast tumor recurrences
are considered second primary tumors in view of differing
location and histologic appearances. There is no evidence
of increased radiation sensitivity or sequelae from adjuvant
radiation therapy in breast tissue for BRCA carriers com-
pared with controls [20, 50].

The risk of CBCs has been found to be significantly
increased in BRCA carriers compared with controls with an
estimated 10-year risk ranging from 20 to 42% vs. 5 to 6%,
respectively. The use of tamoxifen and oophorectomy has
been associated with a significant reduction in the risk of
CBCs in BRCA mutation carriers [51, 52]. Despite the
reduction in risk observed with tamoxifen and oophorec-
tomy, the risk of CBCs in BRCA mutation carriers still
appears to exceed the risk observed in women with sporadic
BC. In view of this, prophylactic contralateral mastectomy
is often considered in this patient population; however, no
survival benefit has been seen with this approach [42].

Conclusions

In this review, we have provided a summary of the liter-
ature addressing breast cancer prognosis in BRCA mutation
carriers. Early studies published in the 1990s had several
methodologic limitations and provided inconclusive
results. More recent studies have used improved method-
ology to ascertain prognosis. These studies have failed, for
the most part, to demonstrate a significant overall survival
difference between BRCA-associated breast cancer and
sporadic breast cancer; in one study, BRCA/ status pre-
dicted increased breast cancer mortality only among
women who did not receive chemotherapy. The study of
prognosis in this population remains complex and difficult
to address in view of inherent design limitations.

In most studies, the risk of contralateral breast cancer
has been found to be significantly increased in BRCA
carriers with an estimated 10-year risk ranging from 20 to
40%; the risk of in-breast tumor recurrence appears to be
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similar to the risk observed in women with sporadic breast
cancer in the first 5 years following diagnosis. Divergence
in rates following this has been observed in one study
where no hormone manipulation was utilized. Many in-
breast tumor recurrences are considered to be second pri-
mary tumors in mutation carriers.

Clinical implications

This review provides reassurance that the overall prognosis
of BRCA-associated breast cancer is similar to that of
sporadic breast cancer; however, the risk of contralateral
breast cancer is significantly increased (3% per year) [52].
At this time, the systemic management of BRCA-associated
breast cancer remains similar to that of sporadic breast
cancer. A number of special considerations remain in the
local management of BRCA-associated breast cancer and
prevention of contralateral breast cancer. Many women
now opt for prophylactic mastectomy of the contralateral
breast (at the time of diagnosis or thereafter). Advantages
of this approach include the significant risk reduction of
contralateral breast cancer (by up to 97%) [52, 53] and the
lack of need for ongoing breast cancer surveillance post-
mastectomy. It is to note that no survival benefit has been
observed with prophylactic contralateral mastectomy [42].
Much effort is now being directed at the prevention and
early detection of breast cancer in this patient population.

Future directions

In the future, data from larger prospective international
population-based cohort study will provide invaluable
insight into this controversial topic. The treatment of breast
cancer in BRCA carriers is also being scrutinized with
increasing focus on the development and use of novel
therapies. The impact of targeted therapies (e.g., Popy
(ADP-Ribose) Polymerase inhibitors) and selected
chemotherapies (e.g., taxanes, platinum agents) on prog-
nosis and outcome of this patient population will be of
great interest.

References

1. Antoniou A, Pharoah PD, Narod S, Risch HA, Eyfjord JE,
Hopper JL et al (2003) Average risks of breast and ovarian cancer
associated with BRCA1 or BRCA2 mutations detected in case
Series unselected for family history: a combined analysis of 22
studies. Am J Hum Genet 72:1117-1130

2. Narod SA, Foulkes WD (2004) BRCA1 and BRCA2: 1994 and
beyond. Nat Rev Cancer 4:665-676



Breast Cancer Res Treat (2010) 119:13-24

23

3.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

Eisinger F, Nogues C, Birnbaum D, Jacquemier J, Sobol H (1998)
Low frequency of lymph-node metastasis in BRCA1-associated
breast cancer. Lancet 351:1633-1634

. Atchley DP, Albarracin CT, Lopez A, Valero V, Amos CI,

Gonzalez-Angulo AM et al (2008) Clinical and pathologic
characteristics of patients with BRCA-positive and BRCA-neg-
ative breast cancer. J Clin Oncol 26:4282-4288

. Hedenfalk I, Duggan D, Chen Y, Radmacher M, Bittner M,

Simon R et al (2001) Gene-expression profiles in hereditary
breast cancer. N Engl J Med 344:539-548

. Palacios J, Honrado E, Osorio A, Cazorla A, Sarrio D, Barroso A

et al (2003) Immunohistochemical characteristics defined by
tissue microarray of hereditary breast cancer not attributable to
BRCA1 or BRCA2 mutations: differences from breast carcino-
mas arising in BRCAl and BRCA2 mutation carriers. Clin
Cancer Res 9:3606-3614

. Lakhani SR, Jacquemier J, Sloane JP, Gusterson BA, Anderson

TJ, van de Vijver MJ et al (1998) Multifactorial analysis of dif-
ferences between sporadic breast cancers and cancers involving
BRCA1 and BRCA2 mutations. J Natl Cancer Inst 90:1138-1145

. Albano WA, Recabaren JA, Lynch HT, Campbell AS, Mailliard

JA, Organ CH et al (1982) Natural history of hereditary cancer of
the breast and colon. Cancer 50:360-363

. Hall JM, Lee MK, Newman B, Morrow JE, Anderson LA, Huey

B et al (1990) Linkage of early-onset familial breast cancer to
chromosome 17q21. Science 250:1684—1689

Narod SA, Feunteun J, Lynch HT, Watson P, Conway T, Lynch J
et al (1991) Familial breast-ovarian cancer locus on chromosome
17q12-q23. Lancet 338:82-83

Hall JM, Friedman L, Guenther C, Lee MK, Weber JL, Black
DM et al (1992) Closing in on a breast cancer gene on chromo-
some 17q. Am J Hum Genet 50:1235-1242

Porter DE, Dixon M, Smyth E, Steel CM (1993) Breast cancer
survival in BRCA1 carriers. Lancet 341:184-185

Porter DE, Cohen BB, Wallace MR, Smyth E, Chetty U, Dixon
IJM et al (1994) Breast cancer incidence, penetrance and survival
in probable carriers of BRCA1 gene mutation in families linked
to BRCA1 on chromosome 17q12-21. Br J Surg 81:1512-1515
Wooster R, Neuhausen SL, Mangion J, Quirk Y, Ford D, Collins
N et al (1994) Localization of a breast cancer susceptibility gene,
BRCA2, to chromosome 13q12-13. Science 265:2088-2090
Marcus JN, Watson P, Page DL, Narod SA, Lenoir GM, Tonin P
et al (1996) Hereditary breast cancer: pathobiology, prognosis,
and BRCA1 and BRCA2 gene linkage. Cancer 77:697-709

. Johannsson OT, Ranstam J, Borg A, Olsson H (1998) Survival of

BRCAL breast and ovarian cancer patients: a population-based
study from southern Sweden. J Clin Oncol 16:397-404

Lynch HT, Watson P (1998) BRCAL, pathology, and survival. J
Clin Oncol 16:395-396

Ansquer Y, Gautier C, Fourquet A, Asselain B, Stoppa-Lyonnet
D (1998) Survival in early-onset BRCA1 breast-cancer patients.
Institut Curie Breast Cancer Group. Lancet 352:541

Gaffney DK, Brohet RM, Lewis CM, Holden JA, Buys SS,
Neuhausen SL et al (1998) Response to radiation therapy and
prognosis in breast cancer patients with BRCA1 and BRCA2
mutations. Radiother Oncol 47:129-136

Pierce LJ, Strawderman M, Narod SA, Oliviotto I, Eisen A,
Dawson L et al (2000) Effect of radiotherapy after breast-con-
serving treatment in women with breast cancer and germline
BRCA1/2 mutations. J Clin Oncol 18:3360-3369

Verhoog LC, Brekelmans CT, Seynaeve C, van den Bosch LM,
Dahmen G, van Geel AN et al (1998) Survival and tumour
characteristics of breast-cancer patients with germline mutations
of BRCAI. Lancet 351:316-321

Verhoog LC, Brekelmans CT, Seynaeve C, Dahmen G, van Geel
AN, Bartels CC et al (1999) Survival in hereditary breast cancer

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

associated with germline mutations of BRCA2. J Clin Oncol
17:3396-3402

Loman N, Johannsson O, Bendahl P, Dahl N, Einbeigi Z, Gerdes
A et al (2000) Prognosis and clinical presentation of BRCA2-
associated breast cancer. Eur J Cancer 36:1365-1373

Eerola H, Vahteristo P, Sarantaus L, Kyyronen P, Pyrhonen S,
Blomgqvist C et al (2001) Survival of breast cancer patients in
BRCA1, BRCA2, and non-BRCA1/2 breast cancer families: a
relative survival analysis from Finland. Int J Cancer 93:368-372
Goode EL, Dunning AM, Kuschel B, Healey CS, Day NE,
Ponder BA et al (2002) Effect of germ-line genetic variation on
breast cancer survival in a population-based study. Cancer Res
62:3052-3057

Robson M, Gilewski T, Haas B, Levin D, Borgen P, Rajan P et al
(1998) BRCA-associated breast cancer in young women. J Clin
Oncol 16:1642-1649

Robson M, Levin D, Federici M, Satagopan J, Bogolminy F,
Heerdt A et al (1999) Breast conservation therapy for invasive
breast cancer in Ashkenazi women with BRCA gene founder
mutations. J Natl Cancer Inst 91:2112-2117

Chappuis PO, Kapusta L, Begin LR, Wong N, Brunet JS, Narod
SA et al (2000) Germline BRCA1/2 mutations and p27(Kipl)
protein levels independently predict outcome after breast cancer.
J Clin Oncol 18:4045-4052

Lee JS, Wacholder S, Struewing JP, McAdams M, Pee D, Brody
LC et al (1999) Survival after breast cancer in Ashkenazi Jewish
BRCAI1 and BRCA2 mutation carriers. J Natl Cancer Inst 91:
259-263

Foulkes WD, Wong N, Brunet JS, Begin LR, Zhang JC, Martinez
JJ et al (1997) Germ-line BRCA1 mutation is an adverse prog-
nostic factor in Ashkenazi Jewish women with breast cancer. Clin
Cancer Res 3:2465-2469

Foulkes WD, Chappuis PO, Wong N, Brunet JS, Vesprini D,
Rozen F et al (2000) Primary node negative breast cancer in
BRCAI1 mutation carriers has a poor outcome. Ann Oncol
11:307-313

Stoppa-Lyonnet D, Ansquer Y, Dreyfus H, Gautier C, Gauthier-
Villars M, Bourstyn E et al (2000) Familial invasive breast
cancers: worse outcome related to BRCA1 mutations. J Clin
Oncol 18:4053-4059

Moller P, Borg A, Evans DG, Haites N, Reis MM, Vasen H et al
(2002) Survival in prospectively ascertained familial breast can-
cer: analysis of a series stratified by tumour characteristics,
BRCA mutations and oophorectomy. Int J Cancer 101:555-559
Hamann U, Sinn HP (2000) Survival and tumor characteristics of
German hereditary breast cancer patients. Breast Cancer Res
Treat 59:185-192

Veronesi A, De GC, Magri MD, Lombardi D, Zanetti M, Scuderi
C et al (2005) Familial breast cancer: characteristics and outcome
of BRCA 1-2 positive and negative cases. BMC Cancer 5:70
Bonadona V, Dussart-Moser S, Voirin N, Sinilnikova OM,
Mignotte H, Mathevet P et al (2007) Prognosis of early-onset
breast cancer based on BRCA1/2 mutation status in a French
population-based cohort and review. Breast Cancer Res Treat
101:233-245

Vinodkumar B, Syamala V, Abraham EK, Balakrishnan R, An-
kathil R (2007) Germline BRCA1 mutation and survival analysis
in familial breast cancer patients in Kerala; South India. J Exp
Clin Cancer Res 26:329-336

Robson ME, Chappuis PO, Satagopan J, Wong N, Boyd J, Goffin
JR et al (2004) A combined analysis of outcome following breast
cancer: differences in survival based on BRCA1/BRCA2 muta-
tion status and administration of adjuvant treatment. Breast
Cancer Res 6:R8-R17

Rennert G, Bisland-Naggan S, Barnett-Griness O, Bar-Joseph N,
Zhang S, Rennert HS et al (2007) Clinical outcomes of breast

@ Springer



24

Breast Cancer Res Treat (2010) 119:13-24

40.

41.

42.

43.

44,

45.

46.

47.

cancer in carriers of BRCA1 and BRCA2 mutations. N Engl J
Med 357:115-123

Goodwin PJ, Phillips KA, West DW (2007) Prognosis of breast
cancer in carriers of BRCA1 and BRCA2 mutations. N Engl J
Med 357:1555

Roukos DH (2007) Prognosis of breast cancer in carriers of
BRCAI1 and BRCA2 mutations. N Engl J Med 357:1555-1556
Brekelmans CT, Seynaeve C, Menke-Pluymers M, Bruggenwirth
HT, Tilanus-Linthorst MM, Bartels CC et al (2006) Survival and
prognostic factors in BRCAl-associated breast cancer. Ann
Oncol 17:391-400

Brekelmans CT, Tilanus-Linthorst MM, Seynaeve C, vd OA,
Menke-Pluymers MB, Bartels CC et al (2007) Tumour charac-
teristics, survival and prognostic factors of hereditary breast
cancer from BRCA2-, B. Eur J Cancer 43:867-876

Kriege M, Seynaeve C, Meijers-Heijboer H, Collee JM, Menke-
Pluymers MB, Bartels CC et al (2008) Distant disease-free
interval, site of first relapse and post-relapse survival in B. Breast
Cancer Res Treat 111:303-311

Moller P, Evans DG, Reis MM, Gregory H, Anderson E, Macehle
L et al (2007) Surveillance for familial breast cancer: differences
in outcome according to BRCA mutation status. Int J Cancer
121:1017-1020

Soerjomataram I, Louwman MW, Ribot JG, Roukema JA, Coe-
bergh JW (2008) An overview of prognostic factors for long-term
survivors of breast cancer. Breast Cancer Res Treat 107:309-330
Mai PL, Chatterjee N, Hartge P, Tucker M, Brody L, Struewing
JP et al (2009) Potential excess mortality in BRCA1/2 mutation

@ Springer

48.

49.

50.

51.

52.

53.

carriers beyond breast, ovarian, prostate, and pancreatic cancers,
and melanoma. PLoS One 4:e4812

Haffty BG, Harrold E, Khan AJ, Pathare P, Smith TE, Turner BC
et al (2002) Outcome of conservatively managed early-onset
breast cancer by BRCA1/2 status. Lancet 359:1471-1477
Kirova YM, Stoppa-Lyonnet D, Savignoni A, Sigal-Zafrani B,
Fabre N, Fourquet A (2005) Risk of breast cancer recurrence and
contralateral breast cancer in relation to BRCA1 and BRCA2
mutation status following breast-conserving surgery and radio-
therapy. Eur J Cancer 41:2304-2311

Pierce LJ, Levin AM, Rebbeck TR, Ben-David MA, Friedman E,
Solin LJ et al (2006) Ten-year multi-institutional results of
breast-conserving surgery and radiotherapy in BRCA1/2-associ-
ated stage I/II breast cancer. J Clin Oncol 24:2437-2443

Narod SA, Brunet JS, Ghadirian P, Robson M, Heimdal K,
Neuhausen SL et al (2000) Tamoxifen and risk of contralateral
breast cancer in BRCA1 and BRCA2 mutation carriers: a case—
control study. Hereditary Breast Cancer Clinical Study Group.
Lancet 356:1876-1881

Metcalfe K, Lynch HT, Ghadirian P, Tung N, Olivotto I, Warner
E et al (2004) Contralateral breast cancer in BRCA1 and BRCA2
mutation carriers. J Clin Oncol 22:2328-2335

van Sprundel TC, Schmidt MK, Rookus MA, Brohet R, van
Asperen CJ, Rutgers EJ et al (2005) Risk reduction of contra-
lateral breast cancer and survival after contralateral prophylactic
mastectomy in BRCA1 or BRCA2 mutation carriers. Br J Cancer
93:287-292



	Prognosis of BRCA-associated breast cancer: �a summary of evidence
	Abstract
	Introduction
	Search strategy and selection criteria
	Early prognostic studies (prior to 1997)
	Next generation prognostic studies (1998-2002)
	Prognostic studies in the last 5 years
	Contralateral BCs (CBCs) and in-breast tumor recurrence

	Conclusions
	Clinical implications
	Future directions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


