
With 20 years of follow-up, breast conservation ther-
apy is an acceptable standard of care for the major-
ity of patients with early-stage breast cancer. The
conservative management of breast cancer, by use
of wide local excision followed by radiotherapy to
the intact breast, has been repeatedly proven to be
equivalent to mastectomy for patients with stage I or
II disease [5,6]. Five to ten percent of breast cancer
patients harbour germline mutations in BRCA1 and
BRCA2 and the optimal management of these
patients remains controversial [7]. The two major
breast cancer predisposition genes were identified

in the early 1990s, and they represent the underlying
germline mutation in two-thirds of patients with famil-
ial breast cancer. BRCA1 and BRCA2 are involved in
the DNA repair pathway and this has lead to a basis
for hypersensitivity to radiation, as well as the
potential for radiation-induced complications [8].
Increased understanding of the biological function
of these genes and clinical behaviour of genetic
breast cancer has prompted review of conservatively
managed patients. Further study is necessary to
maximize the safety of breast conservation therapy
in patients with BRCA1 or BRCA2 mutations.

Basis for radiosensitivity

The loci for BRCA1 and BRCA2 are chromosome
17q21 and chromosome 13q12-13, respectively [9,10].
Both involved in DNA double-strand break repair
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and function as tumour suppressor genes [11]. The
majority of single-gene defects that cause radiosen-
sitivity represent a protein deficiency in either 
non-homologous end joining or homologous recombi-
nation [8]. Mutations in BRCA1 and BRCA2 primarily
function by decreasing the rate of homologous
recombination and ultimately double-strand break
repair [12]. DNA double-strand breaks caused by
ionizing radiation could theoretically result in increased
cell kill, secondary to defective repair pathways.

Cell-cycle checkpoints are another mechanism of
DNA repair that have been implicated in radiosensi-
tivity, particularly in patients with BRCA1 mutations
[13]. BRCA1-deficient cells display a defect in the
G2–M phase checkpoint, and loss of this cell-cycle
checkpoint disallows sufficient time for DNA repair
[14]. DNA damage that is not repaired may activate
apoptosis as a protective mechanism to remove
defective cells from a cycling population. While wild-
type BRCA1 breast cell lines promote apoptosis in
response to ionizing radiation, malignant cells often
lack this housekeeping function [15].

The homozygous mutant phenotype of BRCA1,
BRCA2, and Rad51 are similar, and murine models
have localized BRCA1 and BRCA2 with Rad51 in a
postulated common DNA-response pathway [16].
Embryonic cells in mice lacking BRCA2 display hyper-
sensitivity to ionizing radiation [17]. Radiation has
been shown to reduce the number of blastocyst and
trophoblast cells in homozygous mutants when
compared to wild-type, heterozygous, and control
embryos. Investigation of mutant mice embryos with
homozygous BRCA1 mutation has also documented
hypersensitivity to radiation [18].

BRCA1 and BRCA2 breast cancer

Patients with BRCA1 or BRCA2 mutation have up to
an 80% lifetime risk of breast cancer diagnosis
depending on variable penetrance of the gene [19,20].
Germline mutation of BRCA1 is also associated with
a 20–40% lifetime risk of developing ovarian cancer
[21]. Histopathological features of breast cancer in
BRCA1 carriers are more aggressive, with high nuclear
grade, aneuploidy, and high proliferation indices
[22–25]. Tumours with a medullary component are
also common. Oestrogen and progesterone receptors
are more often negative when compared with BRCA2
or sporadic counterparts [26]. Initial diagnosis is
often at a younger age than patients with sporadic
breast cancer, with a median age of 40 years for
BRCA1 carriers and 45 years for BRCA2 carriers.
Despite these features, BRCA1 and BRCA2 carriers
with breast cancer have equivalent survival when
compared to age-matched patients with sporadic
disease [2].

Patients with BRCA1 and BRCA2 mutations have
an increased risk of developing contralateral breast
cancer. An early publication by the Breast Cancer
Linkage Consortium estimated a 64% risk of con-
tralateral breast cancer by the age of 70 years in
patients with a history of BRCA1 breast cancer [27].
The cumulative risk of ovarian cancer in these patients
was 44% by age 70 years. Women with BRCA2 muta-
tions have a similar risk of developing contralateral
breast cancer. There is a lesser risk of ovarian cancer,
with a cumulative risk �10% by age 70 years [28].
These results should be interpreted with caution, as
linkage studies often overestimate risk and several
studies of known germline BRCA1 and BRCA2 car-
riers have demonstrated a lesser increase in the rate
of contralateral breast cancer [1–3].

Breast conservation therapy in BRCA1 
and BRCA2 carriers

Early study of familiar breast cancer used positive
family history as a surrogate for genetic predisposi-
tion. Many of the patients included likely did not 
harbour germline mutations of the breast cancer
susceptibility genes. Identification and cloning of the
BRCA1 and BRCA2 germline mutations has prompted
genetic testing of patients that previously received
breast conservation therapy. Patterns of failure of
BRCA1 and BRCA2 carriers have been compared
with sporadic patients (Table 1). There are a small
number of affected patients and several studies have
a relatively short length of median follow-up. Potential
sequelae of radiotherapy were analysed in only one
series. Survivorship bias is another potential con-
founding factor when interpreting these results.

Turner et al. published one of the first reports of
ipsilateral breast tumour recurrence in patients with
BRCA1 and BRCA2 mutations [29]. Using a case–
control design, the frequency of BRCA1 and BRCA2
mutations was studied in patients who developed
an ipsilateral breast recurrence. BRCA1 and BRCA2
testing was performed on all 52 patients with an
ipsilateral breast recurrence and the 15 patients in
the control group who were �40 years of age at
diagnosis. Eight patients (15%) with an ipsilateral
breast recurrence had deleterious mutations in BRCA1
or BRCA2. Six (40%) of these relapsed patients
were �40 years of age at initial diagnosis compared
to 1 of 15 (7%) controls. These results suggest that
BRCA1 and BRCA2 mutations are associated with 
a greater risk of ipsilateral breast recurrence. The
median time to recurrence was 7.8 years for patients
with BRCA1 or BRCA2 mutation vs. 4.7 years for
controls. The majority of recurrences associated with
a germline mutation occurred in a different quadrant
of the breast and had distinct pathological features.
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The longer time to recurrence, coupled with change
in histology and tumour location suggests that these
events may be new primary cancers.

Robson et al. studied breast conservation therapy
in Ashkenazi women with the BRCA gene founder
mutations (BRCA1 185delAG, BRCA1 5382insC, and
BRCA2 617delT) [2]. BRCA gene founder mutations
were detected in 28 of the 305 women with retrieved
archival tissue. BRCA1 and BRCA2 carriers had a
non-significant trend towards increased ipsilateral
breast cancer recurrence and decreased overall sur-
vival at 5 and 10 years. This trend may be related to
the greater likelihood of axillary lymph node involve-
ment and young age in the women with BRCA
founder mutations. Involvement of axillary lymph
nodes was 48.6% vs. 32.3% (P � 0.04) for BRCA
carriers compared to non-carriers, and the diagnosis
at age �50 years was 62.9% vs. 26.2% (P � 0.001),
respectively. On univariate as well as multivariate
analysis, age was the only factor associated with ipsi-
lateral breast tumour recurrence. The risk of contralat-
eral breast cancer was 14.8% at 5 years and 27% at
10 years. This series from Memorial Hospital was later
combined with data from McGill University, yielding a
total of 56 women with founder mutations [3].
Ipsilateral breast cancer recurrence rates were similar
to non-carriers (12% vs. 8%). Age �50 years at diag-
nosis was the only significant predictor of metachro-
nous ipsilateral disease (P � 0.002). BRCA1 mutation
was an independent predictor of breast cancer mor-
tality on multivariate analysis, but only for women who
did not receive chemotherapy. BRCA2 mutations had
no impact on breast cancer specific survival. Again,
BRCA1 and BRCA2 carriers had an elevated risk of
contralateral breast cancer at a median follow-up of
9.7 years (27% vs. 8%, P � 0.001).

Haffty et al. studied breast conservation therapy
in germline mutation patients with early-onset breast
cancer and compared outcomes to patients with
sporadic breast cancer [4]. One hundred and twenty-
seven women diagnosed with breast cancer at age

42 years or younger agreed to undergo genetic testing,
and 22 were found to have BRCA1 or BRCA2 muta-
tions. Patients in the genetic group were younger
than sporadic patients, and this difference was sig-
nificant on multivariate analysis. Adjuvant tamoxifen
or oophorectomy were not used in any of the carriers
of BRCA1 or BRCA2 mutations. With a median 
follow-up of 12.7 years, the genetic group had a higher
rate of contralateral (42% vs. 9%, P � 0.001) as well
as ipsilateral breast events (49% vs. 21%, P � 0.007).
The rate of contralateral and ipsilateral events was
much higher than previously reported series and
may be attributable to the younger age at diagnosis,
longer duration of follow-up, and lack of adjuvant
oophorectomy or tamoxifen. The proportion of
relapse-free BRCA1 and BRCA2 carriers was similar
to non-carriers at 5 years, and then progressively
declined with time. Nine of the 11 ipsilateral breast
recurrences were classified as second primary
tumours, based on a difference in tumour location
(n � 7) and/or histology (n � 8). All second events in
the BRCA1 and BRCA2 carriers were successfully
salvaged. Bremer et al. recently confirmed the
increased risk of developing ipsilateral second pri-
maries in BRCA1 and BRCA2 carriers and extended
this concern to patients with bilateral breast cancer
[30]. The high incidence of ipsilateral breast recur-
rence is likely to be reduced to an acceptable level
with the use of tamoxifen or oophorectomy.

Breast cancer diagnosis at a young age may be
associated with a greater genetic penetrance of
germline mutations. A recent study from the Institut
Gustave Roussy found age to be the major predictor
of relapse in conservatively managed patients with
BRCA1 and BRCA2 or non-BRCA familial breast
cancer [31]. Of the 96 patients, 37 had BRCA1
mutations and 17 had BRCA2 mutations. On multi-
variate analysis, diagnosis at age �40 years was the
only predictor of local failure. The 10-year local
relapse-free survival was 73% for age �40 years vs.
91% for age �40 years (P � 0.002).
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Table 1. Patterns of failure after breast conservation therapy.

Number of Follow-up Number of patients
Ipsilateral recurrence (%) Contralateral recurrence (%)

Series patients (years) with BRCA1/2 Genetic Sporadic P-value Genetic Sporadic P-value

Bremer et al. [30] 110 5 9 29 6 0.022 NRa NRa –
Haffty et al. [4] 127 12.7 22 49 21 0.007 42 9 0.001
Robson et al. [2] 305 10 28 22 6.9 0.25 27 9.5 0.002
Robson et al. [2]/ 505 9.7 56 12 8 0.68 27 8 �0.001
Roberge [3]
Delaloge et al. [31] 96 10 37 (BRCA1) 9 12 0.07 NRa NRa –

16 (BRCA2) 37 12
Pierce et al. [1] 469 10 170 12.5 8.6 0.55 25 4 �0.0001

aNR: Not reported.
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Using a multi-institutional collaborative group data-
base, Pierce et al. analysed breast conservation
therapy in 71 women with BRCA1 or BRCA2 muta-
tion matched 1: 3 with sporadic breast cancer patients
[1]. This is the largest reported study of patients with
BRCA1 and BRCA2 mutations and the only study to
specifically compare complications of radiotherapy.
Using acute Radiation Therapy Oncology Group
(RTOG) scoring, the incidence of acute lung and skin
toxicity was reported [32]. The incidence and severity
of breast pain was also documented. Chronic radi-
ation complications were scored using the RTOG/
EORTC (European Organization for Research and
Treatment of Cancer) late radiation morbidity scor-
ing scheme [32]. The cohorts were well matched
with respect to age at diagnosis, axillary lymph node
status, prophylactic measures, and radiotherapy
treatment fields and dose. Specifics of radiotherapy
treatment were an obvious omission in other series.
At 5 years, the risk of developing a contralateral breast
cancer was 20% in BRCA1 and BRCA2 carriers vs.
2% in the sporadic cohort (P � 0.0001). Local tumour
control was comparable in BRCA1 and BRCA2 car-
riers vs. the sporadic cohort, 98% vs. 96% at 5 years.
The median time to breast recurrence for the three
patients in the genetic group was 8.2 years. This
prolonged time interval is consistent with other
series of genetic breast cancer patients and suggests
the need for lengthy follow-up. Ten-year outcomes
were recently presented, and relapse free and over-
all survival did not differ by cohort [33]. In the genetic
cohort, the risk of contralateral breast cancer remained
elevated (25% vs. 4%, P � 0.0001), while ipsilateral
breast cancer recurrence was not significantly
increased (12.5% vs. 8.6%). There was no difference
in acute lung or skin toxicity, or breast pain. Only 1%
of genetic cases and 3% of sporadic cases devel-
oped confluent most desquamation (grade 3 toxicity),
and there were no cases of ulceration or necrosis
(grade 4 toxicity). No acute pulmonary toxicity
occurred in 97% of the genetic cohort, and the
remaining 3% developed only grade 1 toxicity (mild
dry cough or dyspnoea on exertion). The number of
patients who reported breast pain as well as number
of patients who required analgesia were similar.
There was no significant difference in the rate of
skin, subcutaneous tissue, lung, or bone complica-
tions using the late RTOG/EORTC scoring scheme.
While retrospective data may underreport toxicity
scoring, BRCA1 and BRCA2 mutations were not
associated with any measured toxicities.

Risk reduction strategies

Most risk reduction strategies have focused on pri-
mary prevention, but prophylactic strategies should

also be considered at the time of breast cancer
diagnosis. Oophorectomy and tamoxifen offer simi-
lar risk reduction for breast cancer patients with
germline mutations. Women with BRCA1 or BRCA2
mutations who underwent prophylactic oophorec-
tomy to reduce the risk of ovarian cancer were found
to have a decreased incidence of breast cancer.
Tamoxifen has been shown to reduce both the risk
of breast cancer in high-risk women and the risk of
contralateral breast cancer in patients with ipsilat-
eral breast cancer [34,35].

Rebbeck et al. studied the risk of breast cancer in
43 BRCA1 carriers with no history of breast or ovar-
ian cancer who underwent prophylactic bilateral
oophorectomy [36]. When these patients were com-
pared to BRCA1 controls who did not undergo
oophorectomy, there was a significant reduction in
breast cancer risk (hazard ratio, 0.53). The magni-
tude of the benefit increased with longer follow-up,
with a hazard ratio of 0.28 for patients followed 5 to
10 years, and 0.33 for patients with �10 years 
follow-up. The Prevention and Observation of Surgical
End Points Study Group (PROSE) identified 551
women with BRCA1 or BRCA2 germline mutations
and reported the incidence of ovarian and breast
cancer in women that had undergone prophylactic
oophorectomy vs. matched controls [37]. With a
median follow-up of 8 years, two women developed
papillary serous peritoneal carcinoma after oophorec-
tomy and 58 controls were diagnosed with ovarian
cancer. After the exclusion of the six women who
were diagnosed with cancer at surgery, oophorec-
tomy reduced the risk of ovarian cancer by 96%. Of
the 241 women with no history of breast cancer or
prophylactic mastectomy, oophorectomy also reduced
the incidence of breast cancer (42.3% vs. 21.2%,
hazard ratio 0.47).

A prospective study of the risk of gynaecological
cancer and breast cancer from Memorial Sloan-
Kettering Cancer Center identified 170 BRCA1 or
BRCA2 carriers who chose to undergo surveillance or
prophylactic oophorectomy [38]. With a median fol-
low-up of only 24 months, this prospective study sup-
ports an early reduction in breast and ovarian cancer
risk with prophylactic oophorectomy. Among the sur-
veillance group of 72 patients, 8 patients developed
breast cancer, 4 ovarian cancer; and 1 peritoneal can-
cer. Of the 98 women who opted for prophylactic
oophorectomy, 3 were later diagnosed with breast
cancer and one patient developed peritoneal cancer.

Tamoxifen has been extensively studied by the
National Surgical Adjuvant Breast and Bowel Project
(NSABP) in women at high risk for invasive breast
cancer. An analysis of the NSABP data identified 19
BRCA1 and BRCA2 mutations in the 288 women who
developed breast cancer [39]. Five of the eight women
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with BRCA1 mutations had received tamoxifen vs.
three of eleven women with BRCA2 mutations. This
represented a 62% reduction in breast cancer inci-
dence for BRCA2 carriers, but no benefit for tamox-
ifen in BRCA1 carriers. However, the data set was
small and had low power to detect a protective effect.

Narod et al. studied tamoxifen and the risk of con-
tralateral breast cancer in a study of BRCA1 and
BRCA2 carriers [40]. This collaborative case-control
study compared women with bilateral breast cancer
and women with unilateral breast cancer. A higher
percentage of BRCA2 carriers used tamoxifen than
BRCA1 carriers, 33% vs. 13%, respectively. Tamoxifen
protected against contralateral breast cancer, with
an odds ratio of 0.38 for BRCA1 carriers and 0.63 for
BRCA2 carriers. BRCA1 patients are more likely to
have oestrogen receptor-negative tumours, likely
requiring a larger sample size to detect a benefit for
tamoxifen in BRCA1 carriers. This study also noted
a reduction in contralateral breast cancer in patients
who received oophorectomy. The odds ratio was
0.42, a similar magnitude to the reduction in con-
tralateral breast cancer demonstrated with tamoxifen.

Both oophorectomy and tamoxifen have not been
widely used in studies of conservatively managed
breast cancer patients with BRCA1 and BRCA2
mutations. Their potential benefits must be weighed
against the possible complications of premature
menopause following oophorectomy and the side
effects of tamoxifen. The use of selective oestrogen
receptor modifiers to prevent second events is an
area for further study.

Conclusions

The conservative management of breast cancer in
patients with BRCA1 and BRCA2 germline muta-
tions highlights several complex issues. Theoretical
concerns for radiation-induced complications have
not been demonstrated in the limited published
data. Lengthy follow-up is necessary as there is a
prolonged interval to relapse in patients with BRCA1
and BRCA2 mutations. Series with relatively short
follow-up may underestimate the rate of ipsilateral
breast recurrence and the incidence of contralateral
breast cancer. The high rate of successful surgical
salvage of in-breast relapse is promising. Risk
reduction strategies to prevent second events war-
rant further study, as they are likely to improve the
safety of breast conservation therapy.
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