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Abstract
Objective: It is unclear if and to what extent family history of breast/ovarian cancer or BRCA1/2mutation carriership influences breast cancer treatment strategy. We investigated whether
treatment differed between patients from BRCA1/2 families and those unselected for family history. Methods: We included 478 BRCA1/2-related patients referred for genetic testing before or
after diagnosis. Two references were used: 13,498 population-based and 6896 hospital-based patients. Surgical treatment and adjuvant chemotherapy use was analyzed using logistic regression
models, stratified by tumor size, nodal status, age at and period of diagnosis, and estrogen receptor status (ER). Results: BRCA1/2 cases aged 35 - 52 years at diagnosis and/or with tumors < 2 cm
were more likely to have undergone a modified radical mastectomy (Odd Ratios (OR) ranging
from 2.8 to 5.1) compared to the references. This effect was most pronounced in patients treated
after 1995 (OR 5.7 to 10.3). Compared to the reference groups, chemotherapy was more often administered to BRCA1 and ER-negative BRCA1/2-cases irrespective of age and nodal status (OR 1.9
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to 24.3). Conclusion: After 1995 treatment of BRCA1/2-associated patients consisted notably of
more mastectomies and adjuvant chemotherapy than their population-based counterparts with
the same tumor characteristics. There is a need to be aware of such differences in daily practice
and interpretation of survival studies on BRCA1/2 mutation carriers.
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1. Introduction
BRCA1 and BRCA2 mutation carriers have an increased risk of developing breast cancer at a young age. These
mutations confer a lifetime-risk of 50% - 80% whereas the breast cancer risk of the general Dutch population is
13% [1] [2]. Approximately 2% - 3% of all breast cancer cases can be attributed to a mutation in the BRCA1 or
BRCA2 gene [3].
Nowadays the most important prognosticators of long-term (i.e. ≥10-year) survival in sporadic breast cancer
patients are still the traditional factors such as tumor size, nodal status, tumor grade, age at diagnosis and ER
status [4]. Current evidence suggests that these prognostic factors are also relevant for survival of BRCA2-related
breast cancer patients, while they are possibly less strong prognosticators for BRCA1-related breast cancer
[5]-[7]. It is still under debate whether survival in BRCA1 carriers is different from that of non-carriers. One out
of two reviews based on limited evidence concluded that BRCA1 carriers have a worse overall and progression-free survival time compared to non-carriers [8] [9]. Current guidelines on breast cancer treatment do not
take genetic status into account [10] [11].
In the Netherlands, breast cancer treatment guidelines for local therapy (surgery/radiotherapy) existed on a
regional level as far back as the early 1970’s. Breast conserving surgery was introduced in the mid-eighties following the publication of the European Organization for Research and Treatment of Cancer (EORTC) 10801
trial [12], while the first national Dutch guideline regarding adjuvant systemic therapy was implemented by the
Dutch Institute for Healthcare Improvement [13] in 1998 following the presentation of the meta-analysis by the
Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) [14], initiating a wider use of adjuvant systemic
therapy most notably for node negative breast cancer [14] [15]. Continuous improvements in breast cancer
treatment over the past decades, including local and systemic adjuvant therapy and the introduction of breast
cancer screening, have played an important role in improving long-term breast cancer survival [16] [17].
In the Netherlands, Family Cancer Clinics were established in the early 1990’s, and after the identification of
the breast cancer susceptibility genes BRCA1 and BRCA2 in 1994 and 1995, respectively, referral for genetic
testing and counselling became more frequent. Nowadays, breast cancer genetic counselling has become common practice in the Netherlands. Especially female breast cancer patients diagnosed at a young age (<35 years)
or those with a (extensive) family history of breast and/or ovarian cancer are referred for genetic testing [18].
The uptake of preventive surgery by women with a BRCA1/2 mutation in the Netherlands—with 35% opting for
prophylactic mastectomy and 49% for salpingo-oophorectomy—is relatively high compared to other western
countries [19]-[21]. Several studies have shown that preventive salpingo-oophorectomy not only reduces the risk
of developing ovarian/fallopian tube cancer, but also reduces the breast cancer risk in BRCA1/2-mutation carriers by 50% - 72%; whereas bilateral prophylactic mastectomy reduces the risk of breast cancer by approximately 90% - 95% [21]-[24]. Furthermore, prophylactic salpingo-oophorectomy has been shown to improve the
overall and cancer-specific survival, including breast cancer-specific survival, in BRCA1/2-mutation carriers [21]
[23] [25], while data on a beneficial effect of preventive mastectomy on survival are not yet available.
While the influence of genetic status or family history of breast/ovarian cancer on the decision making regarding prophylactic surgery (i.e. prophylactic mastectomy or salpingo-oophorectomy) has been the subject of
several studies, it has never been explored whether a family history of breast/ovarian cancer and/or knowledge
of BRCA1/2-carriership affect choices for breast cancer treatment [26]. Therefore the aim of the current study
was to determine whether patients from BRCA1 and BRCA2 families received more extensive breast cancer
treatment compared to sporadic breast cancer cases.
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2. Methods
2.1. Patient Selection and Data Collection

For the current case-case study, which was conducted as part of the Hereditary Breast and Ovarian cancer Netherlands (HEBON) Resource study, females in BRCA1/2 families diagnosed with breast cancer between 1980 and
2007 were identified through the Gene-Environment Research in Hereditary Breast and Ovarian cancer Netherlands (GEO-HEBON) database [27]. All breast cancer patients who underwent genetic counselling and were
(partly) treated at the Antoni van Leeuwenhoek hospital, Amsterdam, Erasmus MC-Daniel den Hoed cancer
clinic, Rotterdam, Leiden University Medical Centre or University Medical Centre Utrecht were selected from
the GEO-HEBON database (n = 590). Cases with distant metastases at diagnosis or only a ductal carcinoma in
situ were excluded (n = 112), leaving 366 BRCA1 and 112 BRCA2 breast cancer cases for analyses. These 478
breast cancer patients consisted of women who were genotyped as BRCA1/2 mutation carrier before breast cancer diagnosis (n = 36), women who were genotyped as BRCA1/2 mutation carrier after breast cancer diagnosis
(n = 383), and women who had not (yet) undergone genetic testing, but belonged to proven BRCA1/2 families
and were a first degree family member of a proven mutation carrier (= obligate carrier) (n = 59). These
BRCA1/2-familial cases are all referred to as BRCA1/2 cases in this paper, keeping in mind that the majority of
these patients were treated for breast cancer not yet knowing that they were a BRCA mutation carrier, as BRCAtesting started in 1995 approximately. From July 2009 until January 2010 for all eligible patients detailed information on tumor characteristics, surgical and systemic treatment for the primary breast cancer, and follow-up
data regarding local recurrence, distant metastases, other primary tumors and death was extracted from medical
records, the GEO-HEBON and other existing (clinical) oncology databases.
We used two reference populations, a general population-based sample of breast cancer cases from the Comprehensive Cancer Centre South database (n = 13,498) [28] and a hospital-based case series from the Antoni van
Leeuwenhoek cancer-specialized hospital (NKI-AVL), Amsterdam (n = 6896), applying the same exclusion criteria as for the BRCA1/2 cases. The patients from the hospital-based series were diagnosed with breast cancer
between 1987-2000 [29]. The cancer hospital-based reference group was included in addition to the population-based reference group (mainly treated in general hospitals), to account for possible differences in treatment
strategy between cancer-specialized and general hospitals.
Primary breast cancer treatment included local surgery, consisting of either a modified radical mastectomy or
breast conserving therapy aiming at radical excision, followed by adjuvant radiotherapy (on indication after
modified radical mastectomy, and always after breast conserving therapy). Also, adequate treatment of the axillary lymph nodes was performed, consisting of either systematic axillary dissection or sentinel lymphadenectomy (SN-procedure, as of the year 2000 approximately). The clinical decision to opt for a modified radical mastectomy or breast conserving surgery was largely based on tumor size (in combination with tumor location and
breast volume). Adjuvant systemic therapy (i.e. chemotherapy and/or hormonal therapy) was administered after
local therapy depending on the patient’s age/menopausal status (≤52 years premenopausal, >52 years postmenopausal), tumor stage (tumor size, and nodal status), and later also depending on tumor characteristics (e.g.
differentiation grade and hormone receptor status). Since the latter part of the 1990s hormone receptor status,
mainly ER status, became an important discriminating factor regarding the type of systemic treatment; a positive
ER status was recognized as a predictive factor for efficacy of endocrine therapy, while in case of negative ER
status only chemotherapy was considered [13] [30].

2.2. Ethical Standards
The HEBON Resource study was approved by the Review Board of the NKI-AVL, and according to Dutch law,
no further institutional Review Board approval was needed. The use of all data in this manuscript, including that
of the two control cohorts, complies with Dutch laws and follows the Scientific Codes published by the Dutch
federation of Biomedical Scientific Societies [31].

2.3. Statistical Analysis
In order to quantitatively assess breast cancer treatment, we divided treatment into two dichotomous variables,
namely 1) type of surgical treatment (modified radical mastectomy versus breast conserving therapy) and 2) use
of adjuvant chemotherapy (yes versus no). Only 10% of BRCA1/2 cases had received both chemotherapy and
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hormonal therapy.
Odds ratio’s for undergoing a modified radical mastectomy (versus breast conserving therapy) and for receiving chemotherapy were calculated using multivariate logistic regression analyses for BRCA1 and BRCA2 cases
compared to population- and cancer hospital-based reference groups. A priori we expected the BRCA1/2 cases to
be younger and to have different tumor characteristics. Based on these differences, but also based on covariates,
which might influence breast cancer treatment decisions, we decided for which characteristics we would stratify
and/or adjust our analyses. Logistic regression models for surgery were stratified for tumor size (≤2 cm and >2
cm) age at breast cancer diagnosis (<35, 35 - 52, >52) and period of breast cancer diagnosis (≤1995, >1995 (introduction of BRCA1/2 mutation testing in the Netherlands) and ≤1998, >1998 (paradigm shift in adjuvant
treatment). Analyses for chemotherapy were stratified for nodal status (negative, positive), age at breast cancer
diagnosis (<35, 35 - 52, >52) and period of breast cancer diagnosis (≤1995, >1995 and ≤1998, >1998). Additionally the logistic models for chemotherapy were also run for ER negative cases only (with BRCA1 and
BRCA2 patients combined due to small numbers). In the logistic regression models for surgery and for chemotherapy, covariates included were differentiation grade (1, 2, 3, and missing), nodal status (node negative, node
positive, and missing), tumor size (≤2 cm, >2 cm, and missing), estrogen receptor status (positive, negative, and
missing), age at breast cancer diagnosis (<35 years, 35 - 52, and >52), unless the model was stratified for that
factor. In the analyses for BRCA1 cases versus the reference groups, stratified for multiple factors, only cases
with grade 3 tumors were included since grade 1 and grade 2 tumors are rare in BRCA1 cases. All statistical
analyses were performed using SPSS Inc.18. A two-sided p of <0.05 was considered significant.

3. Results
Of the 478 BRCA1/2 breast cancer patients included, 419 were identified as BRCA1 (N = 323) or BRCA2 (N =
96) mutation carriers themselves, and 59 obligate mutation carrier. Breast cancer was diagnosed before 1995 in
256 (54%) of the BRCA1/2 cases and after 1995 in 222 (46%). Of the 222 BRCA1/2 cases diagnosed after 1995,
36 (16%) were aware of their own carriership status and 16 (7%) were aware of a BRCA1 or BRCA2 mutation in
their family at breast cancer diagnosis and treatment.
Characteristics of BRCA1/2 cases and of the two reference groups are shown in Table 1. Mean age at breast
cancer diagnosis was 41 and 44 years for BRCA1 and BRCA2 patients, respectively, compared with 57 years and
55 years for the population-based and hospital-based reference groups, respectively. The majority of the BRCA1
and BRCA2 patients had grade 3 tumors (88% and 69%, respectively), while this was only 32% and 31% for the
population-based and hospital-based reference groups, respectively. The majority of the BRCA1 tumors were ER
negative (77%) compared with 25% of the BRCA2 tumors and 23% of the tumors in both reference groups.
We had data on prophylactic surgery for 408 of the 478 BRCA1/2 cases; 24 of them underwent a prophylactic
salpingo-oophorectomy and 56 a mastectomy within 1 year of the diagnosis of the primary tumor (no data
available for reference groups).

3.1. Type of Surgery
Figure 1 shows unadjusted trends in chemotherapy and surgical treatment per year. Type of surgical treatment
by tumor size and nodal status for the two reference groups is shown in Table 2(a) and for the BRCA1/2 cases in
Table 2(b). Within the BRCA1/2 cases having a tumor ≤ 2 cm, 64% of those identified as mutation carrier prior
to their breast cancer diagnosis underwent a modified radical mastectomy compared to 35% of BRCA1/2 cases
who had not yet been referred for genetic testing. For the population- and hospital-based reference groups these
percentages were 27% and 20%, respectively. BRCA1/2 cases with a tumor ≤ 2 cm more often had a mastectomy and received chemotherapy (53%) than the general population- and hospital-based reference groups (<30%)
(Table 2(c)). So, BRCA1/2 cases with tumors ≤ 2 cm underwent a modified radical mastectomy 1.6 to 3.1 times
more often than the population- and hospital-based cases, respectively (Table 3), while there were no significant
differences in type of surgery between BRCA1/2 cases and the reference patients with tumors > 2 cm. After stratification for age at diagnosis, BRCA1/2 cases aged 35 - 52 years were significantly more likely to undergo a
modified radical mastectomy compared to the reference population cases. If we stratified for tumor size and age
at diagnosis (only enough cases for the BRCA1 subgroup), the higher percentage of modified radical mastectomy in BRCA1 cases only remained significant in the subgroup of patients diagnosed between 35 - 52 years and
having a tumor ≤ 2 cm. In patients treated before 1995, we did not observe a higher rate of modified radical

90

E. G. Engelhardt et al.

Table 1. Population characteristics.
Clinical genetic centers

Reference groups

BRCA1

BRCA2

Population based

Hospital based

Medical centers, patients (N)
Antoni van Leeuwenhoek hospital

79

30

NA

6896

Erasmus MC- Daniel den Hoed Cancer Center

212

44

NA

NA

Leiden University Medical Center

51

36

NA

NA

University Medical Center Utrecht

24

2

NA

NA

Comprehensive Cancer Center South

NA

NA

13498

NA

Total (N)

366

112

13498

6896

Diagnosis year (N (%))
Range

1980-2006

1981-2006

1980-2007

1987-2000

1980-1990

110 (30)

35 (31)

3860 (28)

1541 (22)

1991-2000

202 (55)

49 (44)

5112 (38)

5355 (78)

2001-2010

54 (15)

28 (25)

4526 (34)

0

Mean age (range)

41 (19 - 72)

44 (31 - 81)

57 (20 - 81)

55 (23 - 81)

<35 years

108 (30)

16 (14)

359 (3)

266 (4)

35 - 52 years

211 (58)

76 (68)

4782 (35)

2998 (43)

>52 years

47 (12)

20 (18)

8357 (62)

3632 (53)

Age at diagnosis (N (%))

Differentiation grade (N (%))
Grade 1

1 (<1)

4 (6)

1523 (22)

1053 (19)

Grade 2

29 (12)

17 (25)

3091 (46)

2724 (50)

Grade 3

210 (88)

46 (69)

2168 (32)

1727 (31)

Missing

126

45

6716

1392

≤2 cm

172 (52)

51 (52)

7064 (54)

3529 (52)

>2 cm

157 (48)

47 (48)

6087 (46)

3320 (48)

Missing

37

14

347

47

Negative

189 (77)

19 (25)

2196 (23)

1050 (23)

Positive

56 (23)

57 (75)

7443 (77)

3536 (77)

Missing

121

36

3859

2310

Negative

225 (66)

49 (47)

6624 (55)

3143 (48)

Positive

115 (34)

56 (53)

5348 (45)

3435 (52)

Missing

26

7

1526

318

Tumor diameter (N (%))

Estrogen receptor (N (%))

Nodal status (N (%))

NA = not applicable.

mastectomy in BRCA1/2 cases with a tumor ≤ 2 cm compared to the reference groups, while BRCA1 cases with
tumors ≤ 2 cm diagnosed after 1995 had higher odds of undergoing a modified radical mastectomy compared to
the population-based (OR = 5.8, 95% CI 3 - 11.2) and the hospital-based cohort (OR = 10.3, 95% CI 4.8 - 22.3)
(Table 3). The analyses stratified for prior or post 1998 showed similarly increased odds for undergoing modified radical mastectomy in the BRCA1/2 cases diagnosed after 1998 (data not shown).

3.2. Adjuvant Chemotherapy
Administration of chemotherapy in relation to negative or positive nodal status is shown in Table 2(a) and Table 2(b) for the reference and BRCA1/2 groups, respectively. Chemotherapy was more often administered in
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Figure 1. Trends in surgical and adjuvant chemotherapy for population subgroups.

node-negative BRCA1/2 patients genotyped prior to their breast cancer diagnosis (73%) compared to BRCA1/2
patients who had not yet been tested (17%; Table 2(b)); at least partly related to the fact that more chemotherapy was given in later years of diagnosis. BRCA1 and ER-negative (BRCA1and BRCA2 combined) cases across
all ages and irrespective of lymph node involvement had higher odds of receiving chemotherapy compared to
both reference groups while a higher odds for of receiving chemotherapy in BRCA2 cases was especially observed in the node positive subgroup and in the subgroups of 35 - 52 years and >52 years at diagnosis (Table 4).
The higher odds of receiving chemotherapy in BRCA1/2 cases compared with the reference groups was observed
in patients treated before as well as after 1995, but numbers were too small for adjusted analyses (Table 4).
Node positive BRCA1 cases treated both prior to and after 1998 had increased odds of receiving chemotherapy
compared to the population-based cases (OR = 5,95% CI 2.4 - 10.2; OR = 4.1, 95% CI 1.2 - 14.2). Moreover,
node negative BRCA1 cases treated after 1998 also showed significantly increased odds of receiving chemotherapy compared to the population reference group (OR = 13.1, 95% CI 5.8 - 29.4) (other data for this comparison
not shown). In the current study data regarding hormonal therapy was also collected, however, the numbers of
BRCA1/2 patients receiving adjuvant hormonal therapy were too small (57 cases) to perform separate analyses.

4. Discussion
Overall we found that BRCA1/2 cases more often underwent a modified radical mastectomy, especially BRCA1
and BRCA2 cases diagnosed after 1995 with tumours ≤ 2 cm, and more often received adjuvant chemotherapy,
especially in BRCA1 cases and/or ER-negative tumors, compared to unselected breast cancer cases with similar
tumor characteristics from hospital- and population-based reference groups. These findings highlight the importance of taking type of treatment into account when comparing survival between mutation carriers and sporadic
cases, something which is rarely done by studies published so far, as demonstrated by a recent systematic review
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Table 2. (a)Type of surgery and administration of chemotherapy for the reference groups; (b) Type of surgery and administration of chemotherapy by tumor subgroup in relation to timing of DNA testing; (c) Type of surgery and administration of
chemotherapy by nodal status for each study population.
(a)
Population-based1

Hospital-based1

P2

Type of surgery (N (%))
≤2 cm
>2 cm

Breast conserving therapy

4758 (73)

2649 (80)

Modified radical mastectomy

1836 (27)

643 (20)

Breast conserving therapy

1803 (35)

1240 (41)

Modified radical mastectomy

3324 (65)

1793 (59)

<0.001
<0.001

Adjuvant chemotherapy (N (%))
Node negative
Node positive

Yes

277 (4)

132 (4)

No

6347 (96)

3011 (96)

Yes

1773 (33)

1477 (43)

No

3575 (67)

1958 (57)

0.967
<0.001

1

Numbers of patients varies due to missing values.
P values from Chi-square tests; because these are unadjusted for patient and tumor differences between the references populations, these should not
be interpreted as differences in treatment practices between these populations.
2

(b)
Clinical Genetic Centers
DNA test pre breast
cancer diagnosis1,2

P3

DNA test post breast
cancer diagnosis2

Type of surgery (N (%))
≤2 cm
>2 cm

Breast conserving therapy

10 (36)

106 (65)

Modified radical mastectomy

18 (64)

57 (35)

Breast conserving therapy

10 (43)

58 (39)

Modified radical mastectomy

13 (57)

89 (61)

0.011
0.441

Adjuvant chemotherapy (N (%))
Node negative
Node positive

Yes

24 (73)

34 (17)

No

9 (27)

169 (83)

Yes

14 (88)

107 (81)

No

2 (12)

25 (19)

<0.001
0.677

1
DNA test pre breast cancer diagnosis means that either the case herself or a family member had undergone BRCA genetic testing and received the
results of the test prior to the woman included being diagnosed with breast cancer.
2
Numbers of patients varies due to missing values
3
P values from Chi-square tests; because these are unadjusted for patient and tumor differences between the pre-and post-breast cancer diagnoses
tested carriers, these should not be interpreted as differences in treatment practices between those groups.

(c)
Treatment
Adjuvant chemotherapy
No
Node negative
Yes
No
Node positive
Yes

Population

Type of surgery (N (%))

BRCA 1/2 cases

General
population-based

Cancer
hospital-based

Breast conserving therapy

130 (63)

3488 (62)

2223 (81)

Modified radical mastectomy

75 (37)

2114 (38)

531 (19)

Breast conserving therapy

30 (45)

144 (55)

90 (71)

Modified radical mastectomy

36 (55)

118 (45)

36 (29)

Breast conserving therapy

6 (21)

1330 (43)

702 (39)

Modified radical mastectomy

22 (79)

1799 (57)

1087 (61)

Breast conserving therapy

50 (36)

697 (44)

609 (44)

Modified radical mastectomy

90 (64)

884 (56)

780 (56)

P1

<0.001
0.001
0.008
0.155

1
P values from Chi-square test; because these are unadjusted for patient and tumour differences, these should not be interpreted as differences in
treatment practices between groups.
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Table 3. Odds of undergoing a modified radical mastectomy versus breast conserving therapy for BRCA1/2 cases compared
to population- and cancer hospital-based cases.
BRCA1/2 cases versus
population-based cases
Subgroup

N

BRCA1/2 cases versus
hospital-based cases

Unadjusted

Adjusted1

Unadjusted

Adjusted1

OR (95%-CI)

OR (95%-CI)

OR (95%-CI)

OR (95%-CI)

Cases stratified by tumour diameter
BRCA 1

BRCA 2

≤2 cm

171

1.7 (1.2 - 2.3)

1.6 (1.2 - 2.3)*

2.7 (1.9 - 3.7)

2.9 (2.0 - 4.2)*

>2 cm

156

0.7 (0.5 - 0.9)

0.8 (0.6 - 1.1)

0.9 (0.6 - 1.2)

1.5 (1.0 - 2.2)*

2.0 (1.1 - 3.4)

*

1.9 (1.1 - 3.3)

3.1 (1.8 - 5.5)

3.1 (1.7 - 5.6)*

1.2 (0.6 - 2.1)

1.3 (0.7 - 2.4)

1.5 (0.8 - 2.7)

1.9 (1.0 - 3.7)

≤2 cm

51

>2 cm

47

Cases stratified by age at breast cancer diagnosis

BRCA 1

BRCA 2

<35

107

0.8 (0.5 - 1.3)

0.8 (0.5 - 1.4)

1.0 (0.7 - 1.6)

1.4 (0.8 - 2.4)

35 - 52

205

1.4 (1.1 - 1.9)

1.5 (1.1 - 2.0)*

1.8 (1.4 - 2.4)

2.5 (1.8 - 3.5)*

>52

42

1.3 (0.7 - 2.4)

1.2 (0.6 - 2.3)

1.6 (0.9 - 2.9)

1.8 (0.9 - 3.7)

<35

16

1.0 (0.4 - 2.8)

1.0 (0.3 - 3.0)

1.3 (0.5 - 3.7)

1.3 (0.4 - 4.1)

35 - 52

76

2.0 (1.3 - 3.2)

1.9 (1.1 - 3.1)*

2.6 (1.6 - 4.1)

2.6 (1.5 - 4.4)*

>52

20

2.3 (0.9 - 5.6)

2.4 (0.9 - 6.8)

2.7 (1.1 - 6.7)

4.4 (1.5 -12.9)*

Cases stratified by age at breast cancer diagnosis and tumour diameter
<35
BRCA 1(only grade
3 tumours included

35 - 52

>52

≤2 cm

27

2.1 (0.8 - 5.9)

x2

>2 cm

34

0.4 (0.2 - 0.9)

1.8 (0.7 - 4.9)

x2

0.5 (0.2 - 1.4)

0.7 (0.3 - 1.7)

1.4 (0.5 - 4.0)

*

≤2 cm

63

2.5 (1.5 - 4.4)

2.8 (1.6 - 4.8)

3.5 (2.0 - 6.2)

5.1 (2.7 - 9.8)*

>2 cm

54

1.2 (0.7 - 2.1)

1.5 (0.8 - 2.6)

1.1 (0.6 - 2.0)

1.9 (1.0 - 3.7)

≤2 cm

11

0.6 (0.1 - 2.7)

0.6 (0.1 - 2.9)

0.6 (0.1 - 2.7)

0.9 (0.1 - 5.0)

>2 cm

12

0.8 (0.2 - 2.4)

0.9 (0.3 - 2.9)

0.9 (0.3 - 2.8)

2.4 (0.6 - 9.3)

≤2 cm

53

0.8 (0.4 - 1.6)

x2

>2 cm

37

0.5 (0.3 - 1.1)

0.8 (0.4 - 1.8)

BRCA 22
Cases stratified by year of diagnosis and tumour diameter
≤1995
BRCA 1 (only grade
3 tumours included
>1995

0.9 (0.4 - 1.7)

x2

1.0 (0.5 - 1.9)

2.4 (1.1 - 5.3)*

≤2 cm

48

5.7 (3.0 - 10.7)

5.8 (3.0 - 11.2)

6.5 (3.4 - 12.6)

10.3 (4.8 - 22.3)*

>2 cm

63

1.0 (0.6 - 1.8)

1.0 (0.6 - 1.8)

0.9 (0.5 - 1.6)

1.5 (0.8 - 2.8)

*

2

BRCA 2
1

Model with surgery (modified radical mastectomy versus breast conserving therapy) adjusted for: differentiation grade (grade 1 & 2 (ref), grade 3
and missing), nodal status (node positive (ref), node negative and missing), age at breast cancer incidence (<35 years, 35 - 52 years (ref) and > 52
years, tumour diameter (≤2 cm (ref), >2 cm, missing). All models were adjusted for the above-mentioned factors, unless the model was stratified for
that factor.
2
Insufficient cases to run the model.
*
Statistically significant (P < 0.05) (indicated only for adjusted ORs).

that found that of 66 studies assessing the survival of BRCA1/2 mutation carriers, only 8 corrected for confounding by adjuvant treatment [32]. Current evidence suggests that contrary to currently held beliefs, if confounding by treatment is taken into account, differences in survival between BRCA1/2 mutation carriers and
sporadic breast cancer patients if any are likely to be small.
The Dutch guidelines for breast cancer treatment do not differ specifically for BRCA1/2 cases and sporadic
breast cancer cases. Breast conserving surgery was introduced in 1986 following the EORTC 10,801 trial [12].
Age by itself and tumor size have been shown to be important factors in the choice of type of breast cancer surgery, but even within the Netherlands there is variance between hospitals [33]. In our analysis, we found an increased probability of more extensive surgery in BRCA1/2 cases with a tumor ≤ 2 cm, both compared to the
NKI-AVL cancer hospital-based (where 22% of the BRCA1/2 cases had also been treated) as well as to the
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Table 4. Odds of receiving chemotherapy for BRCA1/2 cases compared to population-based and cancer hospital-based cases.
BRCA1/2 cases versus
population-based cases
Subgroup

N

BRCA1/2 cases versus
hospital-based cases

Unadjusted

Adjusted1

Unadjusted

Adjusted1

OR (95%-CI)

OR (95%-CI)

OR (95%-CI)

OR (95%-CI)

Cases stratified by nodal status
BRCA 1

BRCA 2
ER-negative only
BRCA 1/2 combined

Negative
Positive

223
115

8.8 (6.4 - 12.1)

1.9 (1.3 - 2.7)*

8.8 (6.2 - 12.4)

2.5 (1.7 - 3.8)*

9.6 (5.9 - 15.6)

*

6.3 (3.9 - 10.2)

2.7 (1.4 - 5.3)*

4.3 (2.4 - 7.6)

Negative

49

2.6 (1.0 - 6.6)

0.9 (0.3 - 2.4)

2.6 (1.0 - 6.6)

1.2 (0.5 - 3.4)

Positive

56

9.3 (4.7 - 18.4)

4.4 (2.0 - 9.7)*

6.1 (3.1 - 12.1)

2.7 (1.1 - 6.5)*

Negative

142

4.6 (3.1 - 6.8)

2.0 (1.3 - 3.1)*

24.3 (15.2 - 38.9)

xb

8.4 (4.1 - 17.0)

2.6 (1.0 - 6.7)

Positive

65

<35

108

8.4 (4.1 - 17.1)

*

3.8 (1.8 - 8.3)

Cases stratified by age at breast cancer diagnosis

BRCA 1

BRCA 2

ER-negative only
BRCA 1/2 combined

1.6 (1.1 - 2.5)

3.2 (1.8 - 5.8)*

1.1 (0.7 - 1.7)

2.4 (1.2 - 4.7)*

*

35 - 52

205

1.6 (1.2 - 2.2)

2.5 (1.8 - 3.6)

1.0 (0.8 - 1.3)

2.5 (1.6 - 3.7)*

>52

44

5.4 (2.7 - 10.7)

3.7 (1.7 - 8.0)*

6.0 (3 - 12.1)

7.8 (3.5 - 17.7)*

<35

16

1.2 (0.4 - 3.2)

1.0 (0.3 - 3.3)

0.8 (0.3 - 2.2)

0.3 (0.1 - 1.1)

*

35 - 52

76

2.3 (1.5 - 3.6)

2.5 (1.4 - 4.5)

1.4 (0.9 - 2.2)

1.9 (1.0 - 3.7)

>52

19

5.4 (2.7 -10.7)

3.5 (1.0 - 12.2)

4.8 (1.6 - 14.6)

7.4 (2.1 - 26.0)*

<35

69

2.0 (1.1 - 3.6)

3.8 (1.8 - 8.2)*

1.3 (0.7 - 2.5)

3.8 (1.2 - 12.1)*

*

35 - 52

122

1.5 (1.0 - 2.2)

2.1 (1.3 - 3.3)

1.3 (0.9 - 1.8)

4.1 (2.3 - 7.3)*

>52

20

2.4 (0.9 - 6.2)

2.7 (1.0 - 7.7)

8.6 (3.2 - 22.8)

39.1 (8.9 - 173)*

Cases stratified by year of diagnosis and nodal status
≤1995
BRCA 1(only grade
3 tumours included)
>1995

Negative

64

2.6 (0.8 - 9.0)

x2

1.9 (0.6 - 5.9)

x2

Positive

28

11.2 (4.1-30.3)

10.3 (2.3 - 46.7)*

7.1 (2.7 - 18.9)

8.6 (1.8 - 40.6)*

2

Negative

68

7.8 (4.5 - 13.5)

x

4.3 (2.4 - 7.8)

2.8 (1.5 - 5.2)*

Positive

37

12.9 (3.9 - 42.3)

6.6 (1.9 - 22.3)*

6.7 (2 - 22.2)

x2

Negative

62

4.5 (1.1 - 18.3)

1.2 (0.2 - 5.9)

4.8 (1.3 - 18.2)

x2

7.0 (2.6 - 18.5)

1.9 (0.5 - 7.1)

38.8 (21.5 - 70.2)

x2

9.9 (3.5 - 28.1)

x2

b

BRCA 2

≤1995
ER-negative only BRCA
1/2 combined
>1995

Positive
Negative
Positive

27
80
38

8.5 (3.2 - 22.9)
5.8 (3.5 - 9.6)
8.3 (2.9 - 23.7)

*

3.8 (1.1 - 13.0)

*

3.0 (1.7 - 5.2)

*

5.0 (1.7 - 14.9)

1
Model with surgery (modified radical mastectomy versus breast conserving therapy) adjusted for: differentiation grade (grade 1 & 2 (ref), grade 3
and missing), nodal status (node positive (ref), node negative and missing), age at breast cancer incidence (<35 years, 35 - 52 years (ref) and >52
years, tumour diameter (≤2 cm (ref), >2 cm, missing). All models were adjusted for the above-mentioned factors, unless the model was stratified for
that factor.
2
Insufficient cases to run the model.
*
Statistically significant (P < 0.05) (indicated only for adjusted ORs).

population-based reference group. It seemed that particularly after 1995, the BRCA1/2 cases were more likely to
receive a modified radical mastectomy for smaller tumors, but we lacked power to investigate the effects of
knowledge of BRCA-carriership. It is known that a part of the affected BRCA1/2 cases also choose for a contralateral preventive mastectomy (in combination with a modified radical mastectomy of the affected breast) to
prevent contralateral breast cancer [20], which might play a role in the higher rate of modified radical mastectomies observed in BRCA1/2 cases in this study. Unfortunately, in the current study it is unknown how many
BRCA1/2 cases underwent a contralateral mastectomy. Our observations also may reflect the (early) perception
of many physicians that more extensive surgery for mutation carriers would be better in the long term. Possibly,
effects of a general time trend of increased use of modified radical mastectomy in patients < 50 years also
played a role [33].
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Both node positive and node negative BRCA1/2 cases were more likely to receive chemotherapy for
ER-negative tumors. Until the publication of the EBCTCG review results in 1997 [14] and the implementation
of the first Dutch guidelines on adjuvant systemic breast cancer treatment in 1998, adjuvant systemic treatment
was rarely used in node-negative breast cancer in the Netherlands. Since then adjuvant systemic therapy in node
negative patients has become more commonplace and included in the guideline for those patients from whom a
10-year survival gain of at least 3% - 5% is expected [13] [14]. This might partly explain our observation that
node negative BRCA1/2 cases were more likely to receive chemotherapy especially after 1998. Another explanation for this observation might be the growing awareness that BRCA-associated breast cancer frequently metastasized and was possibly more sensitive to chemotherapy [34] [35].
The current study confirmed the high prevalence of high-grade tumors in BRCA1 and BRCA2 cases (88% and
69%) described in the literature [9]. Nowadays differentiation grade is a factor of consideration regarding the
use of adjuvant systemic therapy in node-negative breast cancer given the fact that the cumulative 10-year survival of high grade tumors has been estimated to be 30% - 78% compared to 90% - 94% for breast cancers with
the lowest differentiation grade tumors [4]. However, in the current Dutch treatment guidelines a high-grade
tumor alone is not considered sufficient justification for prescribing adjuvant systemic therapy [13], and effects
we found were consistent also when only comparing grade 3 tumors. Moreover, in the period that the majority
of the included cases were diagnosed, grade was not yet a relevant factor used in clinical decision-making. Unfortunately, we do not have information on other tumor markers such as EGFR, E-cadherin and ki67. Also, the
majority of patients were treated before the nationwide introduction of Trastuzumab.
Despite the unique results of the current study, we are aware of some limitations. Ideally we would have
compared BRCA1/2 cases to sporadic cases from the same hospitals. Young women (<40 years) treated at a
general hospital were more likely to undergo breast conserving therapy compared to those treated at a teaching
or academic hospital [36]. Also, a pronounced difference in the use of adjuvant systemic therapy at a hospital
level was found though this did not appear to be associated with type of hospital [36]. The variations in treatment observed could be due to a delayed introduction of new techniques or implementation of new scientific insights. Importantly, overall we observed similarly increased odds, or at least overlapping confidence intervals,
for the BRCA1/2 cases for receiving more extensive treatment compared to both the population-based and the
cancer hospital-based reference groups. Secondly, the current multicenter study included a sizeable study population and had a long follow up; the treatment data is largely complete, yet a large proportion of tumor characteristics, such as tumor differentiation grade and ER-status are missing, partly due to the work-up and the factors
considered during the period of treatment. Also, possibly just a few of the 59 obligate BRCA1/2 carriers (obligate based on mendelian inheritance) might have turned out to be BRCA1/2 mutation negative would they have
been tested individually. Further, since no testing was performed in the reference population, there might have
been some mutation carriers in these populations. However, it is unlikely that this affected the results given the
large number of patients in the reference groups and the small proportion of mutation carriers expected. In addition, selection bias may have occurred as patients who were included in the GEO-HEBON cohort if they had
responded to a mailed questionnaire. This could have led to the selection of those in better physical condition or
the more motivated patients. If a more extensive treatment has led to a better survival, this is overrepresented in
the selected cohort. Further, another draw-back of our study was the small numbers in specific subgroup analyses, producing wide confidence intervals. Also, a proportion of the BRCA1/2 mutation carriers were not aware of
their BRCA status at the time of diagnosis and treatment. However, it is worth noting that although they were not
aware of their BRCA status, family history was known and was considered an important prognostic factor. Finally, reasons driving treatment decisions were not clearly identifiable in this study, given the retrospective
study design.
Currently, as far as we know, there is little information available regarding the influence of having breast
cancer in the family or being a BRCA1/2 mutation carrier on the clinical breast cancer treatment decision process.
Most studies evaluated factors influencing the decision whether or not to undergo additional preventive surgery
in high risk populations, showing that BRCA test results are one of the most important factors in combination
with the carrier’s age and personal circumstances (e.g. marital status, having children) for this decision [19]. It is
unknown whether these factors also play a role in decisions on breast cancer treatment for BRCA1/2 mutation
carriers, additionally, we do not know whether the differences in treatment for BRCA1/2 cases observed in this
study were driven by the choice of the patient or the physician. Over the last decades shared decision-making
has been promoted in clinical practice and a large proportion of patients favors this trend [37]. Yet, exploration
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of whether breast cancer surgeons and oncologists who shared decision-making with their patients, felt comfortable with this approach, and whether they perceived any barriers to implementation, showed a substantial
gap between the high self-reported comfort levels with shared decision-making (87% - 89%) and the self- reported use (56% - 69%) [38] [39]. The physicians reported that time constraints and patient’s knowledge and
psychological state were the most important factors inhibiting shared decision-making [38] [39].

Conclusion
In conclusion, we found evidence of different breast cancer treatment strategies in BRCA1/2-associated compared to sporadic cases with similar tumor characteristics, including more mastectomies and administration of
adjuvant chemotherapy among BRCA1/2 cases. Although it is unknown which factors exactly played a role in
the treatment decision among BRCA1/2 mutation carriers and sporadic patients, respectively, and whether treatment choice was driven by the patient or the physician, the results of the current analyses highlight the importance of the need to be aware of such differences in daily practice and interpretation of survival studies on
BRCA1/2 mutation carriers.
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