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Background: The impact of an inherited BRCA2 mutation on the prognosis of women with breast cancer has not been well
documented. We studied the effects of oestrogen receptor (ER) status, other prognostic factors and treatments on survival in a
large cohort of BRCA2 mutation carriers.

Methods: We identified 285 breast cancer patients with a 999del5 BRCA2 mutation and matched them with 570 non-carrier
patients. Clinical information was abstracted from patient charts and pathology records and supplemented by evaluation of
tumour grade and ER status using archived tissue specimens. Univariate and multivariate hazard ratios (HR) were estimated for
breast cancer-specific survival using Cox regression. The effects of various therapies were studied in patients treated from 1980 to
2012.

Results: Among mutation carriers, positive ER status was associated with higher risk of death than negative ER status
(HR=1.94; 95% Cl = 1.22-3.07, P=0.005). The reverse association was seen for non-carriers (HR=0.71; 95% CI: 0.51-0.97; P=0.03).

Conclusions: Among BRCAZ carriers, ER-positive status is an adverse prognostic factor. BRCA2 carrier status should be known at
the time when treatment decisions are made.

Under the precision medicine initiative, women with breast cancer
stand to benefit from treatments that are tailored specifically to
their tumour type and to individual host factors (Collins and
Varmus, 2015). There is increasing evidence that specific variants
in a patient’s genotype may be independent predictors of breast
cancer survival or response to treatment. For example, women with
breast cancer and a BRCA1 mutation benefit from oophorectomy,

(Huzarski et al, 2013; Metcalfe et al, 2015) and respond to
cisplatinum (Byrski et al, 2010) and to olaparib (Lee, et al, 2014)
more than do patients without a BRCAI mutation. Much of the
information we have gathered to date about prognosis and
response to therapy for BRCAI carriers comes from cohort studies
of founder populations, in particular, studies of Jewish (Robson
et al, 2004; Rennert et al, 2007) and Polish (Huzarski et al, 2013)
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women. Little is known about the clinical history of breast cancer
in BRCA2 carriers. In most countries, BRCA2 mutations are rare
and genetically diverse, making large-scale observational studies
difficult. However, in countries where founder mutations are
common, it is possible to conduct historical cohort studies
whereby the genetic status of a patient diagnosed in the past is
ascertained using stored tissue blocks (Rennert et al, 2007). The
patient is then followed from diagnosis until the present.

In Iceland, the BRCA2 mutation 999del5 (also written
¢.771_775del5) is a common founder mutation. (Johannesdottir
et al, 1996; Thorlacius et al, 1996) This five base-pair deletion is
present in 0.8% of women in the general population (Thorlacius
et al, 1997; Gudbjartsson et al, 2015) and in 7-8% of breast cancer
patients (Johannesdottir et al, 1996; Thorlacius et al, 1997).
Other mutations in BRCA2 and BRCAI are rare. Iceland is a
small country that is noteworthy for keeping comprehensive
national health records, which can be linked using a personal
identification number.

We recently published preliminary results that, in breast cancer
patients carrying the Icelandic founder mutation 999del5, a
positive oestrogen receptor (ER) status predicts an adverse
outcome (Tryggvadottir et al, 2013). It is important to verify those
results in a larger study, and to find out whether the association
between survival and ER status in this genetic subgroup might vary
by treatment given. By combining genetic data from three sources
we established a cohort of 285 women with breast cancer and the
BRCA2 mutation 999del5, thus extending by 153 carriers our
previous study of 109 cases (Tryggvadottir et al, 2013). The period
of case ascertainment included patients treated before and after the
introduction of chemotherapy and of hormonal treatments.
We report here the effects of ER status, of other prognostic factors
and of different treatments on the survival of BRCA2 mutation
carriers and non-carriers over an 80-year period.

MATERIALS AND METHODS

Study population. Mutation-positive breast cancer cases and
mutation-negative controls were identified from among 3577
women in Iceland with breast cancer who had been tested for
the BRCA2 999del5 mutation in the period 1995-2012. These 3577
tested cases represent 58% of all 6160 incident cases of invasive
breast cancer diagnosed from 1935 through 2012. The majority of
the tested cases (2954 women) were diagnosed in 1980-2004,
constituting 85% of all cases diagnosed in Iceland that period.

Mutation-positive cases. Testing took place in two genetics
laboratories in Reykjavik, Iceland, in the context of several
previous research projects that are described elsewhere, (Tulinius
et al, 2002; Arason et al, 2010; Tryggvadottir et al, 2013) and
the results have been combined to generate a cohort of
mutation-positive breast cancer patients. The research projects
were originally based on the Family Collection of the Icelandic
Cancer Society that was founded in 1972 and consists of 995 breast
cancer probands who were selected for genealogical tracing by
defined periods of diagnosis and year of birth and thus unselected
with respect to family history (Tulinius et al, 2002). They
have been tested for the BRCA2 mutation 999del5, and so have
their 374 relatives with breast cancer. In addition, testing was
done on 723 cases diagnosed in 1979-1995 who participated in the
nation-wide cohort study of the Icelandic Cancer Detection
Clinic (Tryggvadottir et al, 2003) and on 1473 cases diagnosed in
defined time intervals during the period 1986-2012, and finally on
12 cases with family history of breast cancer who participated in
family studies of the Icelandic Cancer Society in 1988-2004
(Thorlacius et al, 1996). Thus, only 0.3% of the tested cases were
selected on the basis of family history.

Of the 3577 women who underwent testing, 271 (7.6%) were
positive for the 999del5 mutation. We identified 14 additional
mutation carriers with breast cancer through the Genetic
Counseling Unit in Reykjavik (Stefansdottir et al, 2013) bringing
the total to 285 cases.

Mutation-negative control patients. From among the 3306
mutation-negative cases, we identified two mutation-negative
control patients for each of the 285 mutation carriers. The 570
non-carriers were matched at random to carriers on year of birth
and year of diagnosis.

Prognostic factors and treatment. For each of the 855 patients we
sought clinical and pathology information from several sources by
record linkage. The population-based Icelandic Cancer Registry
contains information on all incident breast cancer patients in the
country since 1955 (Sigurdardottir et al, 2012). In addition, the
Registry keeps a complete list of all breast cancer cases diagnosed
from 1911 to 1954 (Snaedal, 1965). Pathological samples were
obtained from the Department of Pathology, National University
Hospital, where samples are available from 1935 onwards. Data on
tumour size, nodal status, distant metastasis, tumour grade and ER
status were extracted from pathology records when available.
Electronic information on oophorectomies could only be retrieved
for women who were alive on 1 January 1989 and onwards.
Routine assessment of ER status was initiated in 1981 in Iceland.
Dextran-coated charcoal assay was applied in the period 1981 to
1995, succeeded by immunohistochemical (IHC) staining. For
cancers in this study diagnosed before 1981 IHC was used
(see below). Routine assessment of tumour grade began in 1991. In
the event that tumour grade was missing (139 mutation carriers and
282 non-carriers), original slides were reviewed (where available) or
new slides prepared from archival tumour tissue and assessed for
tumour grade. Similarly, information on ER status was not available
for 382 cases; slides were obtained from archived tumour material for
339 of these and 323 slides were successfully stained and scored
(leaving 59 women without information on ER status). ER expression
was scored as positive when > 1% of tumour cell nuclei stained
positive for ERs with immunohistochemistry. Information on
treatment was abstracted from patient charts, date of death was
ascertained by record linkage with Statistics Iceland and cause of
death by record linkage with Statistics Iceland and the Directorate of
Health. Data were obtained blinded with respect to mutation status.

The study was approved by the Icelandic Data Protection
Authority (2006050307) and the National Bioethics Committee of
Iceland (VSNb2006050001/03-16).

Statistical analysis. Mean values for continuous variables were
compared for mutation carriers and non-carriers using the ¢-test
statistic. The y*-test was used for comparing proportions.
All statistical tests were two-sided and P-values <0.05 were
considered to be statistically significant.

Patients were followed from the date of diagnosis of first
invasive breast cancer until death or last date of follow-up
(31 December 2014). Of the 855 patients in the study, 584 had been
tested for the mutation using a paraffin-embedded tumour
specimen and 271 using a fresh blood specimen. Fixty-six cases
had their blood sample taken >2 years after diagnosis. To avoid
survivorship bias (Tilanus-Linthorst et al, 2006) we used
left-truncated survival analysis, that is, the follow-up time began
at the date of sampling for all women who were genetically tested
using blood samples taken after diagnosis. Patients who died of
causes other than breast cancer were censored at the date of death.
The Kaplan-Meier method was used for generating univariable
survival curves and the log-rank test was used for estimating
P-values. Adjusted hazard ratios (HRs) were estimated using the
Cox proportional hazards model. In the multivariable analysis, the
HR was adjusted for year of birth and year of diagnosis
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(continuous variables), tumour size, (<20 mm; 20-50 mm; 51 +
mm), lymph node status (positive/negative), grade (I, II, III)
and ER status (negative/positive). Oophorectomies were not
included because data were only available for women who were
alive from 1989 onwards.

We first evaluated prognostic factors for subgroups of patients
defined by mutation status, including an interaction term for
BRCA2 mutation status and prognostic factors. Additional adjusted
and stratified analyses were conducted to evaluate the effects of
various treatments on the survival difference between mutation
carriers and non-carriers, restricting the study group to patients
treated from 1980 to 2012, that is, the era after the introduction of
modern therapies. In this cohort study the matching variables (year
of birth and year of diagnosis) were included in all Cox models
according to Sjolander (Sj6lander and Greenland, 2013). Hormonal
treatment was restricted to tamoxifen before year 2000, but
included aromatase inhibitors thereafter. Chemotherapy regimens
were divided into those containing an anthracycline and those that
did not contain an anthracycline. Patients with missing values were
excluded from the Cox models. All analyses were performed using
STATA Statistical Software Stata/IC 10.0 for Windows.

RESULTS

Tumour characteristics in carriers and non-carriers. Of the 855
patients, 21 patients who had metastatic disease at diagnosis
were excluded, leaving 279 mutation-positive cases and 555
mutation-negative cases for analyses. The BRCA2 carriers had,
on average, larger cancers than non-carriers (2.7cm vs 2.4 cm;
P<0.001) and mutation carriers were more likely to present with
positive lymph nodes (55% vs 43%; P=0.001) (Table 1). In BRCA2
carriers, 76% of the cancers were ER-positive, compared with 70%
of the cancers in non-carriers (P=0.11) and in BRCA2 carriers,
12% were low grade, compared with 26% in non-carriers
(P<0.01).

In BRCA2 mutation carriers, women with ER-positive breast
cancer were more likely to be node-positive than were women with
ER-negative cancers (63% vs 32%; P<0.01) (Table 2). In mutation
carriers, positive ER status was also positively associated with
tumour size. In non-carriers, the opposite was true; positive ER
status was associated with smaller cancers and with node-negative
cancers (Table 2).

Tumour characteristics and survival. Increasing tumour size and
positive lymph node status were associated with inferior breast
cancer-specific survival, both among mutation carriers and non-
carriers (Table 3). Tumour grade had significant prognostic value
among non-carriers, but not among carriers although the test for
interaction was not significant (P=0.11). Over an 80-year study
period the proportion of cases with ER-positive tumours remained
stable (Supplementary Figure 1). Among non-carriers, positive ER
status was a favourable prognostic factor (HR adjusted for year of
birth and year of diagnosis 0.71; 95% CI=0.51-0.97; P=0.03).
Among carriers, women with ER-positive cancers did worse than
women with ER-negative cancers (HR =1.94; 95% CI = 1.22-3.07;
P =0.005; P-value for interaction between carrier status and ER
status; P<0.001). When also adjusting for tumour size and lymph
node status the HR comparing ER + tumours with ER — tumours
changed from 0.71 to 0.72 (0.49-1.05, P=10.09) for non-carriers
and from 1.94 to 1.43 (0.85-2.42, P=0.18) for mutation carriers.
The association between positive ER status and poor survival
among BRCA2 carriers was present in the period 1935-1979
(HR=1.97; 95% CI=0.98-3.94, P=10.06) and in the period 1980
to 2012 (HR = 1.75; 95% CI =0.94-3.27, P=0.08) (Figure 1).

Treatment and survival. The standard treatments were introduced
into Iceland in the 1980s (Supplementary Figure 2) and therefore, in

Table 1. Clinical characteristics of breast cancer patients

according to BRCA2 mutation status (period of diagnosis
1935-2012)

Characteristic Non-carriers BRCAZ P-value
mutation
Mutation status analysed (n) 5552 2792
Year of birth, mean (range) 1935 1935 0.93
(1873-1980) (1874-1977)
Year of diagnosis, mean 1985 1985 0.86
(range) (1935-2012) (1935-2012)
Age at diagnosis, mean 49.4 (26-82) 49.5 (21-82) 0.93
(range)
Second inv. contralat. breast 6.7% 18.6% <0.001
cancer
Morphology (n)
Ductal 90.7% 87.8% 0.21
Lobular 9.3% 12.2%
Other and unknown (n) 72 26
Size
Mean (mm) 23.9 (1-110) 27.3 (1-110) 0.01
T1<20mm 55.4% 47.1%
T2>20mm and <50 mm 38.8% 44.2% 0.09
T3>50mm 5.8% 8.7%
Unknown (n) 89 48
Nodal involvement
No 57.0% 44.5% 0.001
Yes 43.0% 55.5%
Unknown (n) 55 16
Detailed information (n) 425 220
0 positive nodes 66.8% 53.2%
1-3 positive nodes 23.1% 24.1% <0.001
4-9 positive nodes 6.6% 12.7%
=10 positive nodes 3.5% 10.0%
Grade
1-well differentiated 26.2% 12.0%
2-moderately differentiated 46.8% 52.1% <0.001
3—poorly differentiated 26.9% 36.0%
Unknown (n) 42 12
ER status
Negative 29.8% 24.4%
Positive 70.2% 75.6% 0.11
Unknown (n) 52 17
Abbreviation: ER = oestrogen receptor.
#Twenty-one patients who had metastatic disease at diagnosis were excluded, leaving 279
mutation carriers and 555 non-carriers for analyses.

order to evaluate the effects of the various treatments on survival in
BRCA2 carriers (and non-carriers) we restricted the following
analyses to patients treated from 1980 onwards. In this period, the
15-year actuarial breast cancer-specific survival for BRCA2 carriers
was 55% (95% CI=0.4-0.63%) and for non-carriers was 75%
(95% CI=0.70-0.80%). Among BRCA2 carriers, the adjusted
HR associated with mastectomy vs lumpectomy was 0.49 (95% CI:
0.21- 1.11; P=10.09) (p for interaction=0.007) (Table 4). Among
carriers, the HR for chemotherapy (any) vs no chemotherapy was
0.35 (95% CI, 0.16-0.80; P=0.01) (p for interaction=0.06).
Anthracyclines were the main type of chemotherapy in use after
year 2000 (Supplementary Figure 2) and in 35% of recipients they
were accompanied by a taxane. Non-anthracycline regimens
included CMF (58%), CMF plus vincristine (37%) and other
regimens (only or with taxanes) (5%). The beneficial effects of
anthracyclines and of other chemotherapy regimens on survival in
mutation carriers were similar (Table 4).

After adjustment for other prognostic factors and treatment, a
positive BRCA2 status was associated with a significantly worse
prognosis than a negative status (HR=1.61; 95% CI=1.11-2.35,
P=0.01) (Table 5). This survival difference between the two
subgroups was statistically significant among patients with ER-positive
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Table 2. Tumour characteristics according to BRCA2 status and ER status (period of diagnosis 1935-2012)

| Non-carriers | I BRCA2 mutation |
Characteristic ER positive n (%) ‘ ER negative n (%) ‘ P-value ‘ ER positive n (%) ‘ ER negative n (%) ‘ P-value
Size
Mean (mm) 23.0 (2-110) 26 0 (2-100) 0.09 28 5 (1-110) 23.8 (5-65) 0.1
T1<20mm 183 (59.6) 7 (47.1) 3 (44.0) 32 (57.1)
T2>20mm to 50 mm 107 (34.9) 54 (44.6) 0.01 5(45.2) 23 (41.1) 0.06
T3>50mm 7 (5.5) 10 (8.3) 8 (10.8) 1(1.8)
Nodal involvement
No 183 (58.1) 71 (511 0.17 71 (37.4) 41 (68.3) <0.001
Yes 132 (41.9) 68 (48.9) 119 (62.6) 1.7)
Grade
1 116 (33.5) 15 (10.2) 25 (12.8) 5(7.9)
2 178 (51.5) 53 (36.1) <0.001 110 (56.4) 23 (36.5) 0.002
3 52 (15.0) 79 (53.7) 60 (30.8) 35 (55.6)
Abbreviation: ER = oestrogen receptor.

Table 3. Risk of breast cancer-specific death according to key tumour characteristics and BRCA2 mutation status (period of

diagnosis 1935-2012), adjusted®

‘ Non-carriers I BRCA2 mutation |
- . o . o P-value

Characteristic Patients (n) | Deaths (n)| HR | 95% Cl | P-value | Patients (n) | Deaths (n) | HR | 95% CI | P-value interaction®
Size 0.14
T1<20mm 256 51 1 109 39 1
T2>20mm to 50 mm 179 70 1.95| 1.34-2.85 0.001 102 53 1.52| 0.99-2.33 0.06
T3>50mm 27 17 5.97 | 3.41-10.45 | <0.001 20 16 3.48 | 1.92-6.32 | <0.001
Nodal involvement 0.3
No 285 64 1 117 41 1
Yes 215 101 2.86| 2.08-3.92 | <0.001 146 92 2.23| 1.53-3.26 | <0.001

Detailed information (n) 425 111 220 98

0 positive nodes 285 64 1 117 41 1

1-3 positive nodes 98 28 1.92| 1.21-3.03 0.005 53 26 1.79 | 1.08-2.96 0.02

4-9 positive nodes 28 13 3.04 | 1.66-5.56 | <0.001 28 17 2.99 | 1.68-5.31| <0.001

=10 positive nodes 15 7 5.04 | 2.26-11.23 | <0.001 22 14 3.31] 1.76-6.23 | <0.001
Grade 0.11
1 135 35 1 32 20 1
2 240 93 1.66| 1.12-2.45 0.01 139 75 1.1 | 0.67-1.81 0.7
3 138 44 1.77 | 1.13-2.77 0.01 96 38 0.96 | 0.55-1.67 0.89
ER status <0.001
Negative 150 58 1 64 24 1
Positive 353 112 0.71] 0.51-0.97 0.03 198 107 1.94| 1.22-3.07 | 0.005
Abbreviations: Cl = confidence interval; ER = oestrogen receptor; HR = hazard ratio.
®Model including year of birth and year of diagnosis.
bIntera(:tion between BRCA2 mutation status and the relevant variable.

tumours (HR =1.92, 95% CI = 1.20-3.05, P=0.006), but not among
patients with ER-negative tumours (HR=1.12, 95% CI=0.54-2.31,
P=0.77). In the subgroup of patients treated with lumpectomy,
BRCA2 carriers had a greater risk of death than non-carriers
(HR=4.16; 95% CI=1.88-9.17, P<0.001). In the subgroup of
patients treated with mastectomy, the risk of death was similar in the
two groups (HR=125; 95% CI=0.82-1.93, P=0.30). Among
women who did not receive adjuvant chemotherapy BRCA2 carriers
had a worse prognosis than non-carriers (HR = 2.38; 95% CI=1.31-
4.34; P=0.005), whereas among patients treated with chemotherapy,
the prognosis was similar for mutation carriers and non-carriers
(HR=1.21; 95% CI=0.74-2.00, P=0.5).

In Supplementary Figure 3 we present breast cancer-specific
survival curves according to the use of chemotherapy among
patients with ER-positive tumours. In general, women treated with
chemotherapy have more aggressive disease than women who do not

receive chemotherapy. Despite this, among women with a BRCA2
mutation, those treated with chemotherapy did better than women not

treated with chemotherapy (this was not seen among non-carriers).

Contralateral breast cancer. Overall, 18.6% of the mutation
carriers had a contralateral breast cancer, compared with 6.7% of
non-carriers (P<0.001) (Table 1). The cumulative incidence of
contralateral breast cancer at 20 years among mutation carriers was
35.3% (95% CI=26.2-46.4%).

DISCUSSION

In this population-based cohort study of breast cancer patients,
positive ER status was associated with a poor prognosis in women
with a BRCA2 mutation. The mutation carriers had inferior long-
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Figure 1. Breast cancer-specific survival probability according to ER status and the presence of a BRCA2 mutation in two time periods. (A)
BRCAZ carriers diagnosed in 1935 through 1979. (B) BRCAZ2 carriers diagnosed in 1980 through 2012. (C) Non-carriers diagnosed in 1935 to 1979.

(D) Non-carriers diagnosed in 1980 to 2012.

term survival than patients without a BRCA2 mutation, but this
difference was mainly seen for women with ER-positive breast
cancer. Presence of the BRCA2 mutation modified the association
between ER status and survival, and in a subgroup analysis an
adverse effect of having the BRCA2 mutation on prognosis was
seen in women with ER-positive breast cancer (HR=1.92; 95%
CI=11.20-2.35; P=0.006) but not in women with ER-negative
cancer (HR=1.12; 95% CI=0.54-2.31; P=0.077).

The (adjusted) survival difference between carriers and
non-carriers was statistically significant only among women who
did not receive adjuvant chemotherapy, indicating that the
disparity in survival might be eliminated through the use of
chemotherapy. A similar result was reported by Goodwin et al,
2012 in a much smaller data set (72 BRCA2 carriers). Furthermore,
in our study, the HR for BRCA2 carriers who received
chemotherapy (compared with no use) was 0.35 (95% CI=0.16—
0.80; P=0.01) after adjustment for prognostic factors and other
treatments, whereas this effect was not found for non-carriers.
These observations and those of Goodwin et al suggest that
chemotherapy should not be withheld from women with a BRCA2
mutation on the basis of ER status, but further studies are needed
to support this clinical recommendation.

In 2013, we first proposed that carriers of the BRCA2 mutation
999del5 in Iceland have a poor prognosis if their tumours are
ER-positive (Tryggvadottir et al, 2013) and this observation is
confirmed in the current, much larger study. Contrary to

expectation, in BRCA2 mutation carriers, positive ER status was
positively correlated with positive lymph node status and with
large tumour size, and tumour grade did not correlate with
outcome. Among non-carriers the expected associates were
observed. After adjusting for tumour size and lymph node status,
the increased risk associated with positive ER status in BRCA2
carriers was no longer statistically significant. The basis for the
unexpected association between a positive ER status and poor
prognosis in BRCA2 carriers is unclear but these findings suggest
that oestrogen signalling pathways might differ in cancers
depending on the state of BRCA2. These data also suggest that
luminal A characteristics based on IHC analyses may not be
favourable in all women with breast cancer. Recent results from
Iceland indicate an association between the loss of the intact
BRCA2 allele and a positive ER status in mutation carriers
(Stefansson et al, 2011). The BRCA2 protein is large and much
remains to be understood about its functions and of the
tissue-specific carcinogenic effects of BRCA2 mutations.

We found that among BRCA2 carriers with ER-positive breast
cancer, mortality was not reduced with the use of hormonal therapy
(tamoxifen) (HR=1.03; 95% CI=0.41-2.60) but the confidence
limits are wide. A similar result was reported by Goodwin et al,
2012. Further research is needed before tamoxifen should be
discounted as adjuvant hormonal therapy for BRCA2 carriers.

We also saw a protective effect of mastectomy vs lumpectomy in
BRCA2 carriers, albeit not statistically significant (P = 0.09). This is
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Table 4. Risk of breast cancer-specific death according to treatment among non-carriers and BRCA2 carriers (period of diagnosis

1980-2012), multivariate®

! Non-carriers y BRCAZ2 mutation !
Patients Deaths Patients Deaths P-value
(n=369) (n=71) HR| 95% CI| P-value (n=187) (n=71) HR| 95% CI| P-value| interaction®

Surgery 0.007
Lumpectomy 153 26 1 49 14 1
Mastectomy 214 62 1.01| 0.51-2.03) 0.97 138 57 0.49| 0.21-1.11 0.09
Adjuvant chemotherapy 0.06
None 185 35 1 82 31 1
Any 175 50 0.98| 0.47-2.04| 0.96 101 40 0.35| 0.16-0.80| 0.01

Anthracyclin 81 15 1.41| 0.54-3.69| 0.48 51 15 0.36| 0.13-0.98| 0.05

Nonanthracyclin 94 35 0.84| 0.38-1.86| 0.67 49 24 0.34| 0.14-0.83| 0.02
Radiation 0.13
None 167 41 1 86 31 1
Any 198 47 0.87| 0.48-1.56| 0.64 98 40 1.09| 0.59-2.04, 0.78
Adjuvant hormone therapy 0.16
None 206 64 1 94 36 1
Any 154 22 0.65| 0.32-1.33| 0.24 89 35 1.03] 0.41-2.60/ 0.95
Abbreviations: Cl = confidence interval; HR = hazard ratio.
®Model including year of birth, year of diagnosis, size, nodal status, grade, ER status and all other treatment categories.

Interaction between BRCA2 mutation status and the relevant variable.

Table 5. Hazard ratios associated with a positive vs a negative
BRCA2 mutation status, overall and according to ER status,

and for women in different treatment categories (period of
diagnosis 1980-2012)

HR 95% Cl P-value
BRCA2 1.85° 1.35-2.52 <0.001
BRCAZ2 (multivariate) 1.61° 1.11-2.35 0.01
ER status
Positive 1.92° 1.20-3.05 0.006
Negative 1.128 0.54-2.31 0.77
Surgery
Lumpectomy 4.16° 1.88-9.17 <0.001
Mastectomy 1.25P 0.82-1.93 0.3
Adjuvant chemotherapy
None 2.38° 1.31-4.34 0.005
Any 1.210 0.74-2.00 0.45
Anthracycline 1.31° 0.58-2.95 0.52
Non-anthracycline 1.19° 0.61-2.27 0.62
Radiation
None 1.18° 0.68-2.06 0.55
Any 2.07° 1.23-3.50 0.006
Adjuvant hormone
therapy
None 1.37° 0.85-2.21 0.2
Any 3.13° 1.53-6.41 0.002
Abbreviations: ER = oestrogen receptor; HR = hazard ratio.
@Adjusted for year of birth and year of diagnosis.
bAdjusted for year of birth, year of diagnosis, size, nodal status, grade, ER status and all
other treatment categories.

in keeping with the result of Metcalfe et al, 2014 in BRCAI and
BRCA2 carriers and is likely the consequence of preventing new
primary ipsilateral cancers. We were not able to compare the
survival of women with unilateral vs bilateral mastectomy in this
study. Only four carriers were aware of their genetic status at the
time of diagnosis and therefore bilateral mastectomies were not
offered. Nevertheless, given the result presented here regarding
unilateral mastectomy, coupled with the results of Metcalfe et al,

2014 and of Heemskerk-Gerritsen et al, 2015 is it rational to offer
the option of bilateral mastectomy to women with breast cancer
and a BRCA2 mutation. In non-carriers, the outcomes of patients
treated with mastectomy and breast-conserving surgery were
similar, in keeping with the results of key randomised controls
trials (Fisher et al, 2002).

The study has several strengths, including a large number of
patients, a long period of follow-up and access to pathology
samples from 1935 onwards. Our study had a mean follow-up time
of 13.6 years. An 80-year period of case ascertainment witnessed
the introduction of chemotherapy and other current treatments.
Both carriers and non-carriers were derived from the same
database of breast cancer patients, the majority of patients were
unselected with regards to family history and the majority of
mutation carriers with breast cancer in the country were included.
Genetic counselling for cancer was first established in Iceland in
2006 (Stefansdottir et al, 2013) and only four mutation carriers in
the present study had knowledge of their carrier status at the time
of diagnosis. Treatment was decided without respect to mutation
status and therefore, prophylactic oophorectomies or mastectomies
are not likely to have influenced the results.

There are several limitations as well. There is a potential
concern for using archival tumour material for the IHC staining
for ER status; however, the proportion of ER-positive tumours was
similar in the first period (1935-1954) (67%) as in 1955-2012
(72%). This is a historical cohort study and treatments were not
assigned at random, therefore the results concerning treatment
need to be interpreted with caution. Furthermore, treatments have
evolved since the first patients in this study were treated for their
cancer. To minimise the potential impact of the changes in
diagnostic methods and treatment during an 80-year period of
study, we restricted the analyses of treatment effects to patients
diagnosed from 1980 to 2012. Few women were treated with
bilateral mastectomy and this could not be evaluated. HER-2 status
was not assessed in this study. However, BRCA2 mutation carriers
have a low prevalence of HER-2 amplifications (Honrado et al,
2005) and HER-2 status is not a likely confounder of the
association reported here between a positive ER status and poor
survival. This is the largest and most comprehensive study of the
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clinical course of breast cancer in BRCA2 carriers but is limited to
285 patients, all of whom had the same BRCA2 mutation (999del5).
It is not clear to what extent our findings are generalisable to
patients with other BRCA2 mutations.

In conclusion, we observed an adverse outcome associated with
a positive ER status among women with breast cancer who carry a
BRCA2 mutation. We found a long-term survival disadvantage of
mutation carriers, which might be mitigated by the use of adjuvant
chemotherapy. The results suggest that neither a positive ER status
nor low tumour grade should be used to withhold treatment from
women with a BRCA2 mutation, but they require confirmation in
other populations. The data presented here support the principle
that precision medicine has the potential to sub-classify patients by
host factors in order to provide appropriate treatment.
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