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Abstract To estimate the 15-year survival following a
diagnosis of stage I breast cancer among women who carry
a BRCAI mutation and to determine predictors of mor-
tality, including the use of chemotherapy. Patients were
379 women with stage I breast cancer for whom a BRCA1
mutation had been identified, in herself or in a close family
member. Patients were followed for up to 15 years from
the initial diagnosis of breast cancer. Survival rates were
estimated for women by age, tumor size (<1 cm; >1 cm),
ER status (%), and by chemotherapy (yes/no). 42 women
died of breast cancer in the follow-up period (11.2 %).
Survival rates were similar for women with cancers of size
0-1.0 cm and size 1.1-2.0 cm. Of the 267 women in the
study who used chemotherapy, 21 had died (7.9 %)
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compared to 21 deaths among 112 women who did not
receive chemotherapy (18.8 %; p = 0.002). The 15-year
survival was 89.4 % for women who received chemother-
apy and was 73.1 % for women who did not receive che-
motherapy (p = 0.08; log rank). The adjusted hazard ratio
for death following a diagnosis of stage I breast cancer
associated with chemotherapy was 0.53 (95 % CI
0.28-1.07; p value 0.06) after adjusting for age of diag-
nosis, tumor size, and estrogen receptor status. This was
statistically significant only among women with ER-nega-
tive breast cancers (HR = 0.28; 95 % CI 0.10-0.79;
p = 0.02). BRCALI positive women who are treated for
stage I breast cancer with chemotherapy have better sur-
vival than those who do not receive chemotherapy. The
difference cannot be explained by other prognostic factors.
All women with invasive breast cancer and a BRCAI
mutation should be considered to be candidates for
chemotherapy.
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Introduction

The choice of whether or not to give chemotherapy to a
woman with breast cancer is based primarily on the tumor
size, grade, hormone receptor status, and nodal status [1].
Among host factors, young age is an adverse prognostic
factor and may also be considered in the decision whether
or not to give chemotherapy [2]. A second host factor,
BRCAI1 mutation status, may also be relevant [3]. Foulkes
et al. [4] found little relationship between tumor size and
nodal status in BRCAL carriers and others have suggested
that the clinical outcome after a diagnosis of invasive
breast cancer in a woman with a BRCA1 mutation is not
dependent on tumor size [5, 6]. Several authors suggest that
the benefit from chemotherapy in women with a BRCALl
mutation is present for women with breast cancers of any
size [6, 7]. It is generally accepted that chemotherapy is
indicated for young women with large or node-positive
breast cancers, in particular if they are of high grade and/or
estrogen receptor negative, but chemotherapy is not rec-
ommended for all women with stage I cancers. However,
no study has systematically addressed the question of
whether or not chemotherapy is indicated for women with
stage I breast cancers and a BRCA1 mutation. We merged
four datasets of patients with a BRCAI mutation and a
small (<2 cm) node-negative breast cancer and we esti-
mated the 15-year survival rate in this cohort of patients.
We evaluated the influences of tumor size, ER status,
patient age, and the use of chemotherapy on mortality,
singly and in combination.

Methods

Subjects were eligible for the present study if they were diag-
nosed with stage I invasive breast cancer (2.0 cm or less and
node-negative) and carried a deleterious mutation in BRCAI.
For a small number of patients (n = 17; North American
cohort only), genetic testing was done on a close relative but not
on the patient herself and she was assumed to be positive. Each
patient had had a nodal dissection or sentinel node biopsy that
was reported as negative (patients without node dissection or
sentinel node biopsy were excluded). ER status was catego-
rized as positive, negative, or missing. ER status was deter-
mined locally, based on medical records.

To maximize the number of study subjects, four dif-
ferent databases were merged:

(1)  North American Study The parent study was of women
with stage I or stage II breast cancer, diagnosed at age
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65 or below, between 1975 and 2000 from five clinical
centers in Canada or the United States. A total of 615
families with a BRCA1 or BRCA2 mutation, which, in
aggregate, contained 1,820 breast cancer cases were
reviewed. Living and deceased women were eligible,
but those with a prior diagnosis of cancer (including
breast cancer) or those who resided outside of North
America were excluded. It was not necessary to be a
proven carrier of the mutation found in the family to be
included in the study; however, affected women who
were known to be non-carriers were excluded. 1,259
women were eligible for the parent study and we were
able to obtain information for 852. Of these, 209 of the
women had stage I breast cancer and were eligible for
the current study. Of the 209 women, 192 were proven
to be a gene carrier and 17 women had not been tested.
Each of these untested women had a >95 % chance of
being a mutation carriers based on BRCAPRO anal-
ysis. The study population is described in more detail
in reference [8].

Poland, Pomeranian Medical University Patients were
eligible for the parent study if they had a new diagnosis
of stage I-IV invasive breast cancer, at or below age
50, that was pathologically confirmed by core biopsy
or fine-needle aspiration biopsy [9]. The dates of
diagnosis were between 1996 and 2006. Patients with a
previous diagnosis of cancer in the contralateral breast
or of another cancer were ineligible. 4,734 patients
were identified and contributed from 17 hospitals
situated throughout Poland. The 4,734 cases represent
approximately 15 % of all patients in this age group
diagnosed throughout Poland during this period.
Genetic testing was conducted on all patients for three
Polish BRCA1 founder mutations and 409 women
were found to carry a mutation. Of these, 109 were
diagnosed with a cancer that was node-negative and
<2 cm and were included in the current study. Patients
for whom more than 3 years had elapsed from initial
diagnosis were ineligible. Clinical variables were
obtained by review of the medical records. Follow-up
(mortality) was obtained by linkage to the vital
statistics registry of Poland. The average time from
diagnosis to genetic testing was 0.7 years.

Beth Israel Deaconess A total of 66 women with
breast cancer and a known deleterious BRCA1
mutation were identified through the Beth Israel
Deaconess Medical Center’s Cancer Risk and Pre-
vention Program. Dates of genetic testing for this
cohort ranged from 1997-2010 and testing was
performed by Myriad Genetics. Pathological and
clinical variables were obtained by review of
medical records, with IRB approval. Of the 66
patients, 26 qualified for the current analysis. The
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average time from diagnosis to genetic testing was
0.6 years.

(4)  Memorial Sloan Kettering A total of 361 women
with breast cancer and a known deleterious BRCA1
mutation were identified through the databases of the
Clinical Genetics Database at Memorial Sloan
Kettering Cancer Center. Of these, 37 qualified for
the current study. Dates of genetic testing for this
cohort ranged from 1995 and 2010. The average
time from diagnosis to genetic testing was 0.2 years.
Pathological and clinical variables were obtained by
review of medical records, with IRB approval.

Chemotherapy was recorded, based on a review of
medical records. In total, 267 of 379 patients (70.4 %)
received chemotherapy. Chemotherapy was recorded as
yes/no. Neither the type nor the duration of chemotherapy
were recorded. A small number of patients (largely from
Poland) received neo-adjuvant chemotherapy.

Statistical analysis

A number of survival analyses were performed. We con-
sidered each woman to be at risk for death from the date of
the first surgical procedure until the last date of follow-up
or until death from breast cancer, death from another cause,
date of last follow-up, or 15 years from diagnosis. Survival
curves were constructed using the Kaplan—-Meier method
and compared for subgroups of women defined by age
(<40 or >40), size (<1 cm vs >1 cm), ER status, and by
chemotherapy (yes/no). ER was coded as positive, negative
and missing, with negative being the reference category.
The log rank test was used to evaluate statistical signifi-
cance of the univariate comparisons. Adjusted hazard ratios
were estimated using the Cox proportional hazards model,
implemented in SAS. p values below 0.05 were considered
to be statistically significant.

Results

The characteristics of the 379 breast cancer patients are
presented in Table 1. The mean age of diagnosis was
43 years. The patients were followed from diagnosis for a
mean of 9.2 years (range 0.2-15 years). 42 subjects
(11.1 %) died during the follow-up period. Of those that
died, the mean time to death was 7.0 years from diagnosis
(range 1.3-14.7 years).

The 15-year survival rate was similar for women with
cancers of 0.1-1.0 cm (75.0 %) and for women with can-
cers 1.1-2.0 cm (81.7 %; p = 0.6) (Fig. 1). The adjusted
hazard rate for larger, versus smaller cancers was 1.39
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Table 1 Description of study subjects, by chemotherapy
Variables No chemotherapy Chemotherapy p value
All N=112 N = 267 (70.2 %)
Age 43.3 (23.9-67.2) 42.2 (24.0-73.0) 0.29
<40 40 (35.7 %) 111 (41.6 %)
>40 72 (64.3 %) 156 (58.4 %) 0.29
Year of diagnosis  1991.2 1999.3 <0.0001
(1975-2010) (1976-2010)
Estrogen receptor
- 33 (37.9 %) 148 (61.9 %)
+ 54 (62.1 %) 91 (38.1 %) <0.0001
Missing 25 28
Size (cm)
0-0.49 10 (8.9 %) 5(1.9 %)
0.5-1.0 38 (33.9 %) 58 (21.7 %) <0.0001
1+ 64 (57.1 %) 204 (76.4 %)
Mean 1.24 (0.2-2.0) 1.39 (0.1-2.0) 0.008
Vital status
Alive 91 (81.3 %) 246 (92.1 %) 0.002
Dead 21 (18.8 %) 21 (7.9 %)
Data source
Poland 16 (14.3 %) 91 (34.1 %) <0.0001
MSK* 9 (8.0 %) 28 (10.5 %)
BIDMC* 5 (4.5 %) 21 (7.9 %)
North America 82 (73.2 %) 127 (47.6 %)
Follow-up yrs 10.8 (1.2-15.0) 8.5 (0.2-15.0) <0.0001

Percentages in brackets refer to the proportion of study subjects in the
given subcategory that had chemotherapy

(95 % CI 0.67-2.90; p = 0.38). Survival rates did not
differ by age of diagnosis (Supplementary Fig. 1) or by ER
status (Supplementary Fig. 2). In the multivariable analysis
(Table 2) none of these three variables was predictive of
mortality.

In contrast, the use of chemotherapy was a significant
predictor of survival in this analysis. Of the 267 women in
the study who used chemotherapy, 21 had died (7.9 %)
compared to 21 deaths among 112 women who did not
receive chemotherapy (18.8 %; p = 0.002). The 15-year
survival was 89.4 % for women who received chemother-
apy and was 73.1 % for women who did not receive che-
motherapy (p = 0.08; log rank) (Fig. 2). The hazard ratio
for death following a diagnosis of stage I breast cancer
associated with the use of chemotherapy was 0.53 (95 %
CI 0.28-1.07; p value 0.06) after adjusting for age of
diagnosis, size, and estrogen receptor status. The difference
in mortality could not be explained by a different risk
profile in the two groups of patients (Table 1); the women
who received chemotherapy were on average younger at
diagnosis (42.2 vs 43.3 years), had larger tumors (1.4 vs
1.2 cm), and had tumors that were more likely to be ER-
negative (62 vs 38 %). However, they did have a shorter
period of follow-up (8.7 vs 10.8 years).
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Fig. 1 Survival of stage I breast cancer in BRCA1 carriers, by tumor
size

Table 2 Hazard ratios for death for BRCA1 carriers

Univariate HR (95 % CI) Multivariate HR (95 % CI)
p value p value

Variables

Age of diagnosis

<40 years 1

>40 years  0.90 (0.49-1.65) 0.33 0.87 (0.47-1.62) 0.66
Size

<l cm 1 1

>1 cm 1.24 (0.61-2.53) 0.55 1.39 (0.67-2.90) 0.38

Estrogen receptor

— 1 1
+ 0.98 (0.49-1.95) 0.94 0.82 (0.40-1.69) 0.60
Chemotherapy

All

No 1 1

Yes 0.58 (0.31-1.07) 0.08 0.53 (0.28-1.07) 0.06
ER+

No 1 1

Yes 0.60 (0.23-1.58) 0.30 0.60 (0.23-1.60) 0.31
ER—

No 1 1

Yes 0.39 (0.14-1.05) 0.06 0.28 (0.10-0.79) 0.02

Of the women with ER-negative cancers, 82 % received
chemotherapy, compared to 63 % of women with ER-
positive cancers. Among ER-negative women, the 15-year
survival rates were 93.1 and 51.4 % for women with and
without  chemotherapy, respectively (HR = 0.39;
p = 0.06). Among ER-positive women, the 15-year sur-
vival rates were 87.7 and 77.5 % for women with and
without  chemotherapy, respectively (HR = 0.60;
p = 0.39). In this cohort, of the 112 patients who did not
get chemotherapy, 21 had died (Table 1). Of these, two
patients had cancers that were ER-positive and less than
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one or equal to 1 cm and 19 patients had cancers that were
ER-negative or greater than 1 cm. Characteristics of the
deceased patients are presented in Table 3.

Discussion

In this study of stage I breast cancers, chemotherapy was
associated with a large reduction in breast cancer mortality
in BRCA1 carriers (HR = 0.53; 95 % CI 0.28-1.07) that
was of marginal statistical significance (p = 0.06). The
reduction in mortality reached statistical significance in the
subgroup of women with ER-negative breast cancers
(HR = 0.28; 95 % CI 0.10-0.79; p = 0.02) but not in
women with ER-positive cancers (HR = 0.60; 95 % CI
0.23-1.60). In the general breast cancer population, the use
of chemotherapy is not associated with an equally large
survival advantage for women with stage I tumors. For
example, we reviewed the survival experience of stage I
breast cancer patients in the Henrietta Banting Database at
Women’s College Hospital. These patients were treated at
a single center in Toronto from 1986 to 1998 (discussed in
detail in ref [10]). In the Banting database, the 15-year
survival of patients treated with chemotherapy was 91.1 %
and of patients not treated with chemotherapy was 90.7 %
(Fig. 3).

Ours is a confirmatory study; it has been proposed by
Robson et al. [7] in 2004, in a study of 56 carrier women
and 440 controls, that the survival of women with a
BRCAL1 or BRCA2 mutation was inferior to that of non-
carriers, but the survival difference was abrogated if che-
motherapy was given. In a study of Israeli Jewish women,
Rennert et al. [5] observed that tumor size was not a pre-
dictor of mortality in BRCA1 carriers and that, among
women with small breast cancers, the use of chemotherapy
was associated with a reduction in the 10-year mortality
rates. Our study confirms these early reports but our study
is much larger and includes non-Jewish women. Recently,
Goodwin et al. [6] reviewed the outcomes of 92 women
with breast cancer and a BRCA1 mutation in an interna-
tional study. In their study, 13 of 48 (27 %) of the women
with stage I breast cancer and a BRCA1 mutation experi-
enced a distant recurrence after a mean of 7.9 years,
compared to 144 of 958 women (15 %) without a mutation
(p = 0.02) (85 % of the patients received chemotherapy).
They did not see an association with tumor size or grade
and survival and concluded that “Caution should be exer-
cised in withholding adjuvant chemotherapy in the face of
favorable tumor characteristics in BRCA1 and BRCA2
mutation carriers.” Although none of these studies on its
own is definitive, there is a high degree of consistency
among all studies to date and we agree with the opinion
expressed by Goodwin and colleagues.
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Fig. 2 Survival of stage I breast cancer in BRCAI carriers,
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Table 3 Description of deceased subjects

Variables No chemo Chemo p value
N =21(50.0%) N =21(50.0 %)

Age 41.5 (29.3-63.5)  41.0 (30.8-52.2)  0.85
<40 9 10 0.76
>40 12 11

ER
- 7
+ 9 8 0.81
Missing 5

Size
0-0.49
0.5-1.0 7 3 0.15
1+ 14 18
Mean 1.37 1.43 0.34

Data sources
Poland 2 6
MSK*

BIDMC* 0 1
North America 19 13 0.16

In a study of triple-negative breast cancer patients (all
stages), all treated with chemotherapy, Bayraktar et al. [11]
found similar 10-year survival rates for women who did
and who did not have a BRCA1 or BRCA2 mutation. In
this study, the median follow-up was very short (3.4 years)
and there were only nine deaths recorded in the BRCA
positive group. A second study of triple-negative breast
cancers treated with chemotherapy had a similar result;
there was no survival difference for carriers and non-car-
riers [12]. However, one cannot conclude based on these
two studies that the survival experiences of carriers and
non-carriers is similar, given that all patients in both series
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Fig. 3 Survival of stage I breast cancer for subjects from Banting
database, chemotheraphy versus no chemotheraphy

received chemotherapy, and in the present study, the
adverse survival for mutation carriers was seen only among
women who did not receive chemotherapy. In a further
study of the MD Anderson cohort, Arun et al. [13] reported
that BRCA1 carriers were sensitive to neo-adjuvant che-
motherapy; they reported a pathologic complete response
rate of 46 % in BRCA1 mutation carriers, compared to
22 % in non-carriers (p = 0.001). All of the BRCA1 car-
riers who achieved a pathologic complete response were
alive at 5 years.

The strengths of our study include the large sample size
and the long follow-up period. We included four centers
with different patient ascertainment schemes. In the Polish
series, all women with breast cancer diagnosed with breast
cancer under age 50 in one of the participating hospitals
were offered genetic testing within 1 year of diagnosis and
study subjects were selected from those with a positive test
on the basis of size and nodal status. In the BIDMC and
MSKCC series, for some patients the genetic test result was
given after the diagnosis of breast cancer, raising the
possibility of survivorship bias. For this reason, women
who were tested three or more years after breast cancer
were excluded. In these three centers, only women who
were proven mutation carriers were included. In the North
American series, women were ascertained systematically
on the basis of pedigree review among families with a
BRCA1 mutation and all women who had breast cancer
and a >95 % probability of having a mutation, based on
BRCAPRO, were included.

We did not include women with BRCA2 mutations,
because the number of patients with a BRCA2 mutation
available for study was small. The choice of treatment was
not randomised and there were baseline imbalances in the
treatment groups for several prognostic indicators. We did
not have details on the type of chemotherapy, or the
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number of cycles given nor on other treatments, such as
endocrine treatment or another type of surgery. It is pos-
sible that the response to chemotherapy differs according to
regimen and we are unable to address that here. However,
based on the distribution of other prognostic variables, and
on standard patterns of practice, the women who received
chemotherapy would be likely to have, on average, a worse
prognosis than women who did not receive chemotherapy
(Table 1). Similarly, we did not have information on tumor
grade, but the majority of BRCAl-associated breast can-
cers are high grade and it is likely that a woman with a high
grade tumor would be more likely to receive chemotherapy
than a woman with a low grade tumor. Nevertheless, in
spite of this relatively unfavorable risk profile, they did
better in terms of survival. This contrasts with the survival
experience of women in the non-carrier setting. For
example, in the Henrietta Banting database, the crude
15-year survival rates were almost identical among women
who did and who did not receive chemotherapy—this is
commonly the case and reflects a balancing of survival
benefit of chemotherapy with the adverse prognostic fea-
tures of cancers in women typically given chemotherapy.

Further studies are needed, in particular with regard to
the choice of chemotherapy. We did not record the specific
type of chemotherapy (nor the number of cycles received)
in the present study. In a recent study from Poland, Byrski
et al. [9] reported a much higher response rate to neo-
adjuvant cisplatinum than to conventional types of che-
motherapy in BRCA1 carriers, but the effect of cisplatinum
(or other chemotherapy) on cancer mortality has not been
evaluated. Arun et al. [13] reported a high rate of patho-
logic complete response among women given anthracy-
cline-based neoadjuvant chemotherapy.

Our data have important implications for MRI screening
as well. We have recently shown that participation in an
annual MRI screening program is associated with a down-
staging of breast cancers in BRCA1 carriers [14] and some
might argue that chemotherapy could be avoided for some
women with screen-detected stage I breast cancer. How-
ever, the results of the current study suggest that it is not
prudent to withhold chemotherapy from these women until
follow-up studies of MRI cohorts, with mortality as an
endpoint, are completed.

The evidence in favor of treating all women with breast
cancer and a BRCA1 mutation can be summarized as fol-
lows: Among women with stage I breast cancer and a
BRCA1 mutation who do not receive chemotherapy, the
15-year survival is 73.1 % and is inferior to that of non-
carriers with stage I breast cancer who do not receive
chemotherapy. Among women with stage I breast cancer
and a BRCA1 mutation who receive chemotherapy, the
15-year survival is 89.4 % and is similar to that of non-carriers
with stage I breast cancer who receive chemotherapy. Among
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women with stage I breast cancer and a BRCA1 mutation,
neither tumor size, ER status nor age of diagnosis was
predictive of mortality and none of these conventional risk
factors can be used to define a subgroup at low risk of
recurrence. However, there were relatively few ER-posi-
tive breast cancer patients in this study and the data are not
strong enough to make a clear recommendation for this
subgroup. Nevertheless, the 15-mortality from breast can-
cer in women with ER+ breast cancers who were not
treated with chemotherapy was 19 %—in general, this risk
is sufficiently high enough to justify chemotherapy, but the
mortality estimate is based on a small number of events.

The current NCCN guidelines state that chemotherapy
should be considered for triple-negative tumors that are
5 mm in size or greater [15]. Based on the data presented
here, we concur with these guidelines for BRCA1 carriers
and would extend this recommend to include ER-positive
patients with 5 mm breast cancers as well. The current data
are not sufficient to extend the recommendation to node-
negative cancers of one to 4 mm in BRCAI1 carriers. In this
study, there were ten patients with node-negative cancers
of 0.1-0.4 cm who did not get chemotherapy and none of
these patients have died.

The data here are based on a compilation of several
studies and is the largest study to date to address the issue
of chemotherapy in stage I breast cancer in BRCAI car-
riers. It is hoped that other prospective studies will be done
on similar cohorts in order to define accurately the impact
of chemotherapy on recurrence for women with a BRCA1
mutation and to help determine which chemotherapy reg-
imen is optimal.
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