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Abstract The purpose of the study was to compare

breast-conserving therapy (BCT) and mastectomy (M) in

BRCA1/2 mutation carriers. Women with invasive breast

cancer and a pathogenic mutation in BRCA1 or BRCA2

were included in the study (n = 162). Patients treated with

BCT (n = 45) were compared with patients treated with M

(n = 118). Endpoints were local recurrence as first recur-

rence (LR), overall survival (OS), breast cancer death, and

distant recurrence. Cumulative incidence was calculated in

the presence of competing risks. For calculation of hazard

ratios and for multivariable analysis, cause-specific Cox

proportional hazards regression was used. Compared to M,

BCT was associated with an increased risk of LR in uni-

variable analysis (HR 4.0; 95 % CI 1.6–9.8) and in mul-

tivariable analysis adjusting for tumor stage, age, and use

of adjuvant chemotherapy (HR 2.9; CI 1.1–7.8). Following

M, all local recurrences were seen in the first 5 years after

breast cancer diagnosis. Following BCT, the rate of LR

continued to be high also after the first 5 years. The

cumulative incidence of LR in the BCT group was 15, 25,

and 32 % after 5, 10, and 15 years, respectively. There

were no significant differences between BCT and M for

OS, breast cancer death, or distant recurrence. BRCA1/2

mutation carriers treated with BCT have a high risk of LR,

many of which are new primary breast cancers. This must

be thoroughly discussed with the patient and is an example

of how rapid treatment-focused genetic testing could

influence choice of treatment.

Keywords Hereditary breast cancer � BRCA1/2 � Breast-

conserving therapy � Radiotherapy � Mastectomy � Local

recurrence

Introduction

The knowledge on how BRCA1/2 mutation carriers should

be counseled and treated has evolved continuously over the

last two decades [1, 2]. Some important issues remain to be

solved, though. One of these is if breast-conserving therapy

(BCT) followed by postoperative radiotherapy is as good of

an alternative to mastectomy (M) for carriers as it is for

other breast cancer patients [3, 4]. Once a carrier has had a

breast cancer, the risk of contralateral breast cancer (CBC)

is indeed very high [5, 6]. It is reasonable to assume that

the risk of new primary breast cancers in the ipsilateral

breast is also high if breast tissue is still there for tumor

development. On the other hand, radiotherapy and other

adjuvant treatments change the microenvironment in the

breast and reduce the number of cancer precursors, and
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could thereby, in addition to reducing the risk of true

recurrences, possibly also reduce the number of new pri-

mary tumors in the treated breast. It is not always possible

to differentiate an ipsilateral event being a true recurrence

or a new primary breast cancer. In the following, both are

denominated ‘‘local recurrences.’’

Results from cohort studies and case–control studies

have been conflicting regarding the risk of local recurrence

as first recurrence (LR) in carriers following BCT [7–17].

Importantly, no study to date has shown a survival differ-

ence between mutation carriers and noncarriers treated

with BCT or between carriers treated with BCT and car-

riers treated with M. However, BCT can be associated with

other disadvantages, such as the requirement of close fol-

low-up for a long time, most likely a recommendation of

adjuvant chemotherapy in case of a LR, and an increased

cancer-specific distress. Even though generally well toler-

ated, also M and bilateral mastectomy (BM) can for some

patients be associated with disadvantages, like a negative

impact on sexuality and body image [18]. The absolute

long-term risk of LR and survival endpoints are of pivotal

importance for mutation carriers with newly diagnosed

breast cancer to know, in order to be able to make informed

decisions about type of surgery.

To further evaluate the appropriateness of BCT in car-

riers, we conducted a cohort study. The aim of the study

was to compare LR and survival between carriers treated

with BCT and carriers treated with M.

Materials and methods

Study population

In an institutional database, where all persons that have

undergone mutation analysis of the BRCA1 and BRCA2

genes at a single institution in Lund, Sweden, are regis-

tered, all women with an invasive breast cancer stage I-III

diagnosed between 1975 and 2011 and a pathogenic

germline mutation in BRCA1 or BRCA2 were selected.

Women with variants of uncertain significance in BRCA1

or BRCA2 were not included. Out of 204 identified

patients, 183 had consented to longitudinal follow-up (or,

in case they were dead, their next of kin had consented), the

others were excluded.

Clinical data were abstracted from medical records and

pathology reports and supplemented by information from

self-reported questionnaires. TNM stage was classified

according to American Joint Committee on Cancer 7th

edition.

Patients with a diagnosis of ovarian cancer, except for

patients with no ovarian cancer recurrences and C10 years

elapsed after ovarian cancer diagnosis before breast cancer,

were excluded (n = 2). Another 8 patients were excluded

as we were not able to retrieve medical records. Of the

remaining 173 patients, 11 were treated with partial mas-

tectomy without postoperative radiotherapy; they were

excluded. For the present study, 162 patients thus consti-

tuted the study population. Only 9 of these patients had the

mutation analysis initiated after their death (on archived

tissue); for the others it was initiated while they were alive.

Due to a small number or patients, BRCA1 (n = 114) and

BRCA2 (n = 48) mutation carriers were grouped together

for analyses. Vital status was controlled in the Swedish

Census Register. Current analyses were based on follow-up

information through January 31, 2012.

Study endpoints

Study endpoints were local recurrence as first recurrence

(LR), overall survival (OS), breast cancer death, and distant

recurrence, for the pre-specified subgroups of patients

treated with BCT and M, respectively. If the final surgery

was M within 1 year after breast cancer diagnosis, the

patient was allocated to M, even if the first surgical pro-

cedure was a partial mastectomy. For the analysis of LR,

patients were censored at the date of last follow-up,

whereas distant or regional spread of cancer (breast cancer,

ovarian cancer, or another type of cancer) and death where

treated as competing risks. In other words, local recur-

rences occurring after a regional or a distant recurrence

were not considered. Further, patients treated with BCT

were censored at the time of prophylactic mastectomy. All

cases of LR were invasive. For women with bilateral breast

cancer, we were not able to distinguish death or distant

recurrence due to the first primary breast cancer from death

or distant recurrence due to the second primary breast

cancer.

Statistical analyses

Differences in patient, tumor, and treatment characteristics

between the BCT group and the M group were tested using

Fisher’s exact test. Cumulative incidence curves were

calculated for LR in the presence of other recurrences or

death as competing risks, and for breast cancer death and

distant recurrence in the presence of death of other cause

than breast cancer as competing risk. Kaplan–Meier curves

were used to illustrate OS. To compare event rates between

the treatment groups, cause-specific log-rank tests and Cox

regression analyses were used.

The following covariates were selected for multivariable

analyses: type of surgery, age at diagnosis, TNM stage, and

use of (neo)adjuvant chemotherapy. Age at diagnosis was

split at the median to account for nonlinear associations

and to make interpretations of the results easier. All tests
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and confidence intervals were two-tailed. All analyses

were conducted using the R statistical package (R 3.1.0),

using libraries survival and cmprsk. For the discussion

part, p values below 0.05 were considered statistically

significant.

Results

Study population

Forty-five patients were treated with BCT and 117 patients

had M as final surgery within one year from the breast

cancer diagnosis. Patient, tumor, and treatment character-

istics are listed and compared between these two groups in

Table 1. BCT was common in the time period 1990–1999,

M was more common before and after that. Tumors treated

with M were more often stage III and less often stage I than

tumors treated with BCT. Mean age at diagnosis was

43.3 years in both groups. Patients treated with M more

often received (neo)adjuvant chemotherapy (59 vs. 42 %)

and adjuvant endocrine therapy (37 vs. 13 %) than patients

treated with BCT. M was followed by postoperative

radiotherapy in 53 % of the cases. A bilateral prophylactic

mastectomy was done by 40 % of the patients in the BCT

group, and a contralateral prophylactic mastectomy was

done by 44 % of the patients in the M group. In both

groups, 67 % underwent a bilateral oophorectomy

(Table 1). Out of these 108 oophorectomies, 10 were done

prior to breast cancer diagnosis, 39 within two years fol-

lowing breast cancer diagnosis, and 59 at a later date. The

mean follow-up for OS was 12.9 years for patients alive at

the end of follow-up; 14.9 years in the BCT group and

12.1 years in the M group.

Table 1 Patient, tumor, and treatment characteristics

Variable BCT

(n = 45)

M

(n = 117)

pa

Mean follow-upb, years 14.9 12.1

Mean age at diagnosis, years 43.3 43.3

Median age at diagnosis, years 43.0 42.0

Year of diagnosis 0.019

1975–1989 8 (18 %) 31 (26 %)

1990–1999 24 (53 %) 34 (29 %)

2000–2011 13 (29 %) 52 (44 %)

TNM stage 0.023

I 22 (51 %) 33 (29 %)

II 17 (40 %) 53 (47 %)

III 4 (9 %) 26 (23 %)

Missing 2 5

Tumor grade 0.55

I 0 (0 %) 2 (3 %)

II 5 (33 %) 12 (19 %)

III 10 (67 %) 48 (77 %)

Missing 30 55

ER status 0.19

Negative 25 (78 %) 59 (63 %)

Positive 7 (22 %) 34 (37 %)

Missing 13 24

PgR status 1

Negative 23 (74 %) 67 (74 %)

Positive 8 (26 %) 24 (26 %)

Missing 14 26

(Neo)adjuvant chemotherapy 0.054

No 26 (58 %) 47 (41 %)

Yes 19 (42 %) 69 (59 %)

CMF-like 7 (16 %) 22 (19 %)

Anthracycline-based 11 (24 %) 29 (25 %)

Taxane-containing 0 16 (14 %)

Unknown 1 (2 %) 2 (2 %)

Adjuvant endocrine therapy 0.004

No 39 (87 %) 73 (63 %)

Yes 6 (13 %) 43 (37 %)

Postoperative radiotherapy

No 0 (0 %) 55 (47 %)

Yes 45 (100 %) 61 (53 %)

Oophorectomy

No 15 (33 %) 38 (32 %)

Yes 30 (67 %) 78 (67 %)

Bilateral prophylactic

oophorectomy

22 (49 %) 58 (50 %)

Ovarian cancer 8 (18 %) 18 (15 %)c

Palliative oophorectomy 0 2 (2 %)

Missing 0 1 (1 %)

Table 1 continued

Variable BCT

(n = 45)

M

(n = 117)

pa

Prophylactic mastectomyd 17 (40 %) 51 (44 %)

Contralateral breast cancer 12 of 43e 26 of 117

BCT breast-conserving therapy, M mastectomy, TNM tumor node

metastasis, ER estrogen receptor, PgR progesterone receptor,

(Neo)adjuvant = neoadjuvant or adjuvant
a Fisher’s exact test for all
b Mean follow-up for OS for patients alive at end of follow-up
c Another 3 patients in the M group and none in BCT group were

diagnosed with primary peritoneal carcinosis after a prophylactic

oophorectomy
d Bilateral prophylactic mastectomy after BCT and contralateral

prophylactic mastectomy after M
e Information on contralateral breast cancer missing for 2 patients in

the BCT group
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Local recurrence

The mean time at risk for LR was 6.0 years in the BCT

group and 8.8 years in the M group. The analysis of LR in

the BCT group was based on 11 cases of LR diagnosed at a

mean time of 7.6 years after breast cancer diagnosis; out of

11 cases of LR, 9 were isolated and 2 were concurrent with

a regional recurrence. In the M group, 9 cases of LR were

diagnosed at a mean time of 1.9 years after breast cancer

diagnosis; out of 9 cases of LR, 6 were isolated, 1 was

concurrent with a regional recurrence, and 2 were con-

current with a distant recurrence.

Compared to M, BCT was associated with an increased

risk of LR in univariable analysis (HR 4.0; 95 % CI

1.6–9.8) and in multivariable analysis adjusting for tumor

stage, age, and use of (neo)adjuvant chemotherapy (HR

2.9; CI 1.1–7.8) (Table 2). In this multivariable model,

younger age was associated with a higher risk of LR (\43

vs. C43 years: HR 2.7; CI 1.0–7.6), and use of

(neo)adjuvant chemotherapy resulted in a point estimate

below 1 but a wide confidence interval (HR 0.6; CI

0.2–1.7). Following M, all local recurrences were seen in

the first 5 years. As opposed to this, following BCT the rate

of LR continued to be high also after the first 5 years. The

cumulative risk of LR in the BCT group was 15, 25, and

32 % after 5, 10, and 15 years, respectively. The cumula-

tive risk of LR in the M group was 9 %, after 5, 10 as well

as 15 years (Table 3 and Fig. 1).

Overall survival, breast cancer death, and distant

recurrence

In univariable analysis, no difference in OS, breast cancer

death, or distant recurrence was seen between the BCT

group and the M group (Table 3 and Figs. 2, 3 4). In

multivariable analysis, adjusting for tumor stage, age at

diagnosis, and use of (neo)adjuvant chemotherapy, the

hazard ratios were higher, but remained inconclusive

Table 2 Univariable and

multivariable analysis for LR

LR local recurrence as first

recurrence, HR hazard ratio, CI

confidence interval,

M mastectomy, BCT breast-

conserving therapy, TNM tumor

node metastasis,

(Neo)adjuvant = neoadjuvant

or adjuvant
a Cox proportional hazards

model including all covariates.

n = 155, Events = 19

Univariable cox Multivariable coxa

n Events HR 95 % CI P HR 95 % CI P

160 20

Type of surgery 0.003 0.03

M 116 9 1.0 1.0

BCT 44 11 4.0 1.6–9.8 2.9 1.1–7.8

Age at diagnosis 0.06 0.06

C43 years 73 5 1.0 1.0

\43 years 87 15 2.6 1.0–7.1 2.7 1.0–7.6

TNM stage 0.10 0.52

I 55 11 1.0 1.0

II 70 6 0.35 0.1–1.0 0.6 0.2–1.7

III 30 2 0.42 0.1–1.9 1.1 0.2–5.8

(Neo)adjuvant chemotherapy 0.08 0.31

No 73 14 1.0 1.0

Yes 86 6 0.42 0.2–1.1 0.6 0.2–1.7

Table 3 Five-, ten-, and fifteen-year cumulative incidences (%) of death of any cause, breast cancer death, distant recurrence, and LR split on

surgical subgroups, and the corresponding hazard ratios

Death of any cause = 1-OS Breast cancer death Distant recurrence LR

M BCT M BCT M BCT M BCT

5-year (%) 17 20 14 20 25 25 9 15

10-year (%) 32 32 29 27 31 35 9 25

15-year (%) 37 42 29 34 31 35 9 32

Unadjusted HR (95 % CI) 1.0 1.0 (0.6–1.7) 1.0 1.1 (0.6–2.1) 1.0 1.2 (0.7–2.2) 1.0 4.0 (1.6–9.8)

Adjusted HRa (95 % CI) 1.0 1.4 (0.8–2.5) 1.0 1.6 (0.8–3.3) 1.0 1.8 (0.9–3.5) 1.0 2.9 (1.1–7.8)

OS overall survival, LR local recurrence as first recurrence, HR hazard ratio, CI confidence interval, M mastectomy, BCT breast-conserving

therapy
a Adjusted for TNM stage, age at diagnosis, and use of (neo)adjuvant chemotherapy
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(Table 3). The 5-, 10-, and 15-year cumulative incidences

are listed in Table 3.

Discussion

In this cohort study, we report that the risk of LR was

substantially higher after BCT than after M for BRCA1/2

mutation carriers. The cumulative incidence of LR

15 years after BCT was 32 %, which was significantly

higher than after M and is more than two-fold higher than

after BCT in the general population, where most tumors are

sporadic and the patients on average are older [19, 20].

Apart from type of surgery, younger age was also associ-

ated with an increased risk of LR. This can probably be

explained by the fact that carriers who get breast cancer

when they are very young are likely to have other predis-

posing or modifying factors of genetic or environmental

nature, and thus an increased risk of new primary breast

cancers [10, 15, 21].

Most of the case–control and cohort studies that have

been conducted to compare the outcome of BCT between

carriers and sporadic cases have reported point estimates of

LR that have been higher for carriers, although the dif-

ference in the majority of the studies have not obtained a

significant difference at p values \0.05, and it is therefore

difficult to draw firm conclusions from them. The largest

such study was reported by Pierce et al. in 2006 [12].

BRCA1/2 mutation carriers were matched with sporadic

cases, all treated with BCT. The 15-year risk of LR was

24 % for carriers and 17 % for sporadic cases (p = 0.19).

When patients that had done an oophorectomy were

excluded from the analysis, carriers had an increased risk

of LR (HR 1.9; p = 0.03). The same collaborative group

Fig. 2 Overall survival by type of surgery

Fig. 3 Cumulative incidence for breast cancer death by type of

surgery

Fig. 4 Cumulative incidence for distant recurrence by type of

surgery

Fig. 1 Cumulative incidence for local recurrence as first recurrence

by type of surgery
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published a different type of study in 2010, which is very

similar to ours in study design and is the only previous

study that has compared BCT and M for BRCA1/2 muta-

tion carriers [13]. No difference in survival was seen

between BCT and M, but patients treated with BCT had a

higher risk of LR: the 15-year risk of LR was 23.5 versus

5.5 %. Interestingly, chemotherapy decreased the risk, so

in the subgroup of BCT patients treated with chemother-

apy, the risk of LR was only 11.9 % after 15 years; a level

of risk comparable to what it is for sporadic cases and very

relevant for counseling and treatment of carriers today,

since a majority of them will receive chemotherapy if

diagnosed with a breast cancer. With the limitations of a

smaller number of patients and, therefore, no analyses of

modifying factors conducted separately in the BCT sub-

group, we also found a trend for a decreased risk of LR

after use of chemotherapy.

Metcalfe et al. [11] reported data from a large cohort of

carriers treated with partial mastectomy without any group

for comparison and found the 15-year risk of LR to be

15.8 %. Use of chemotherapy, oophorectomy, and post-

operative radiotherapy decreased the risk.

The age at diagnosis and uptake of oophorectomy was

similar, but the proportion of patients that received che-

motherapy was lower in our cohort than in the above-

mentioned studies, which could partly explain the higher

absolute risk of LR after BCT seen in our study. A study

that reported a higher risk of LR after BCT than what we

do, is a retrospective cohort study by Haffty et al., in which

the cumulative risk of LR 12 years after BCT was 49 %.

Of note, no mutation carriers in that cohort were treated

with adjuvant endocrine therapy or oophorectomy, and the

mean age at diagnosis was only 34 years [9].

In a recent meta-analysis by Valachis et al., no signifi-

cant difference in LR after BCT was seen between BRCA1/

2 mutation carriers and controls; however, a significant

difference was observed when the analysis was restricted to

studies with a median follow-up of C7 years [17].

A hypothesis that has been corroborated in a number of

studies is that early LRs are true recurrences and that late

LRs are in fact new primary breast cancers; the latter group

probably accounts for the majority of LR [9, 13]. We point

out that our cohort consists of mutation carriers ascertained

through a cancer genetic center, and a majority of them

belong to multiple-case families. Under a model where the

risk of late LR is modified by genetic and environmental

factors, this risk of LR is higher for these carriers than for

carriers ascertained through population-based programs.

The decreased risk of LR conferred by adjuvant therapy

could be mediated not only through killing of breast cancer

cells from the primary tumor, but also through an effect on

breast cancer precursors and changes in the microenvi-

ronment of the breast, making new tumor formation less

likely. The difference in the risk of LR between carriers

and sporadic cases is less clear in studies where more

adjuvant treatment has been used and a majority of the

patients have done an oophorectomy, supporting the notion

that these measures reduce the risk for new primary breast

cancers in the ipsilateral, as well as the contralateral,

breast.

In our study, the survival comparisons between BCT and

M should be interpreted with caution. M was more com-

mon than BCT in the time period 1975–1989. Patients who

died before they were known mutation carriers could be

included in the study, but patients that were still alive when

BRCA1/2 testing was introduced in the mid-90s were

probably more likely to be included, resulting in survi-

vorship bias. M was also more common in the time period

2000–2011, when adjuvant treatment was more common

and modern than before.

Neither our cohort nor any of the other cohorts in pub-

lished studies is large enough to properly adjust for all

possible biases and confounders. Furthermore, in obser-

vational studies of surgical decisions, bias can never be

fully accounted for.

In the general population, large randomized trials of

breast cancer patients have not shown a difference in sur-

vival between BCT and M. Still, in the general population,

patients that are diagnosed with a LR have an inferior

survival compared to patients without a LR [22]. Despite

the fact that some studies of BRCA1/2 mutation carriers

have shown a very high risk of LR, no study to date has

shown a difference in survival. This contradiction could

possibly be explained by a larger proportion of new pri-

mary breast cancers among carriers, which are less

aggressive than early true recurrences, and more often

curable [13]. However, given large enough sample sizes

and a cohort with a high rate of LR following BCT, a

difference in long-term survival between BCT and M

would be expected for carriers, since not all new primary

breast cancers are curable.

Apart from the inability to make reliable survival

comparisons, there are other limitations to our study. First,

the follow-up is too short to estimate cumulative lifetime

risks of LR, which has not been done in previous studies

either. Second, a small number of patients result in point

estimates with wide confidence intervals and the inability

to include some potentially important variables in the

multivariable models. Still, our study confirms some of the

findings from the larger collaborative study by Pierce et al.

Third, by including breast cancer patients from 1975 and

onwards, the proportion of patients receiving adjuvant

treatment is lower than what it is today, which can over-

estimate the risk of LR after BCT. Fourth, we were not able

to separate true local recurrences from new primary breast

cancers by means of pathology or localization in the breast.
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The number of mutation carriers opting for M and BM

has increased over the last decade, and the number opting

for BCT has decreased [23]; the trend is expected to con-

tinue further with evidence of a survival benefit with BM

now starting to emerge [5, 24, 25]. In the future, studies on

the risk of LR after BCT in mutation carriers will therefore

be harder to carry out and randomized trials are very

unlikely. Still, there is a need for more studies, since BCT

is considered an acceptable option for mutation carriers

today. Data from retrospective studies can give relatively

unbiased estimates of LR, but cannot properly measure

psychosocial endpoints. In future studies, for an optimal

generalizability to current standards, a very high proportion

of patients treated with chemotherapy and prophylactic

oophorectomy is needful. Furthermore, a long-term follow-

up is demanded for estimation of cumulative lifetime risks

of LR, which are pivotal for carriers with newly diagnosed

breast cancer to know in order to make informed decisions

about type of surgery.

In conclusion, BRCA1/2 mutation carriers treated with

BCT and who resemble our cohort regarding ascertain-

ment, age at diagnosis, adjuvant treatment, uptake of

oophorectomy etc., have a high risk of LR, many of which

are probably new primary breast cancers. This must be

thoroughly discussed with the patient and is an example of

how rapid treatment-focused genetic testing could influ-

ence choice of treatment.
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