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Abstract The aims of this study were twofold: to analyze

the incidence of patients having synchronous or meta-

chronous bilateral invasive breast cancer (SBBC and

MBBC) and to assess the characteristics and outcome

compared to those having unilateral breast cancer (UBC).

The used data were obtained from our prospective popu-

lation-based cohort study which had been started in 1983.

Bilateral breast cancer (BBC) was categorized as SBBC

(B3 months of the first primary) or MBBC ([3 months

after the first primary). The incidence of SBBC was 1 %

and that of MBBC 7.0 %. Patients with UBC showed more

ductal carcinoma compared to patients with BBC. MBBC

status was an independent significant predictor of local

failure (HR 1.9; 95 % CI 1.3–2.7). SBBC status was an

independent predictor of distant metastases (HR 2.6; 95 %

CI 1.4–4.5). Overall survival (OS) was better for MBBC

(HR 0.6; 95 % CI 0.4–0.8) and worse for SBBC (HR 2.3;

95 % CI 1.5–3.6) compared to UBC. We noted: (1) MBBC

showed a significant higher local failure compared to UBC,

(2) SBBC, compared to MBBC and UBC had a significant

higher distant metastases rate, (3) disease-specific survival

and OS were significantly worse for SBBC compared to

UBC and MBBC, and (4) that the OS for MBBC compared

to UBC, was significantly better.

Keywords Synchronous �Metachronous � Bilateral breast
cancer � Incidence � Prognosis

Introduction

Overall increasing breast cancer incidence rates, improving

diagnosis and management modalities, and better life

expectancy have resulted in an increasing number of

women at risk for bilateral primary breast cancer.

The most common second malignancy in patients with

breast cancer is cancer of the contralateral breast [1, 2].

The incidence rate of bilateral breast cancer (BBC) in the

literature ranges from 2 to 11 % [3–5]. Women diagnosed

with breast cancer are at a two- to six-fold increased risk

for contralateral breast cancer compared to the general

population of women developing a first primary cancer

[1–3].

Most cases bear metachronous tumors and were diag-

nosed during long-term follow-up. Synchronous tumors are

less frequent although their incidence may be increasing

with more modern imaging techniques.

There has been conflicting evidence on the impact of

BBC on management and outcome. Patients are often

treated with bilateral mastectomy rather than breast-con-

serving therapy, although there was no evidence sustaining

such a choice. The potential benefit of prophylactic mas-

tectomy in reducing the rate of contralateral breast cancer

and improving survival is controversial [6, 7].

Optimal surveillance and management of women having

one or two primary breast cancers is a challenge. Only
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limited data on incidence and management of BBC are

available. Moreover, results are conflicting and little is

known about the prognostic impact of BBC.

The objectives of this study were to analyze the inci-

dence of synchronous and metachronous bilateral breast

cancer (SBBC and MBBC) and to assess the characteristics

and outcome of patients with either SBBC or MBBC when

compared to those of unilateral breast cancer (UBC).

Patients and methods

From the start of breast-conserving treatment (BCT) in our

region in 1983, all patients with breast cancer receiving BCT

were registered, and entered into a cohort study at the

department of Radiation Oncology of the Medisch Spectrum

Twente. Pathological examination was carried out in the

Laboratory of Pathology Oost Nederland. From 1983 through

to 2011 a total of 4211 BCT in 4065 women was registered.

Those patients with BBC and a secondBCTwere included for

primary breast cancer only, leaving 4065 BCT/patients.

WedefinedSBBCas breast cancer diagnosed in both breasts

simultaneously or a second breast cancer developed within

3 months of diagnosis of the first tumor and regard this as true

SBBC. MBBC was defined as breast cancer occurring in the

contralateral breast over 3 months after diagnosis of the tumor

in the first breast that was affected. Forty women presenting

with a previous history of breast cancer in the contralateral

breast, all of whom treated with mastectomy, were excluded

from analyses. Analyses were based on 4025 patients.

To arrive at the most reliable family history (FH), we

only recorded the history of the first-degree relatives (FDR)

(mother, sister, and daughter). This was recorded as none

versus one or more (C1).

As it is often difficult on morphological grounds to

differentiate between a local recurrence and a new primary

tumor in the treated breast, all recurrences, invasive car-

cinoma (IC), and/or DCIS, found in the ipsilateral breast

during follow-up were classified as ipsilateral breast tumor

recurrence (IBTR).

Patient data, including demographics, histology, staging

information, treatment, and outcome were recorded

prospectively and updated regularly, resulting in a loss to

follow-up of only 0.9 %.

Patients were classified according to the TNM classifi-

cation, 7th edition 2009.

For the purposes of this study, the cut-off date for

analysis was June 2015.

Treatment

BCT initially consisted of lumpectomy with axillary clear-

ance of levels I–III, followed by whole breast radiotherapy

followed by a subsequent boost aimed at the lumpectomy

cavity. After 2001, axillary staging was primarily performed

by sentinel lymph node procedures, only followed by

complete axillary dissection in cases with proven axillary

lymph node metastases or when sentinel node biopsy had

failed. Radiotherapy consisted of 50 Gy in 2 Gy fractions,

administered to the whole breast, followed by a subsequent

boost of 14 Gy to the lumpectomy cavity, irrespective of

margin status. In 16 % of all patients slightly altered frac-

tionation schedules for the boost were used. Since 2004 the

indication to administer a boost dose has been dependent on

age, lymph node status, and margin status: patients without

any lymph node metastases, negative margins, and tumor

size B1.0 cm for age [60 years and B2.0 cm for age

[70 years did not receive a boost. Adjuvant systemic and

regional radiotherapy was given according to existing

treatment guidelines. Regional radiotherapy was indicated

for patients with 4 or more axillary lymph node metastases

or for patients in whom extra-nodal disease was present.

In the late eighties, adjuvant systemic therapy was given

to patients with histological proven axillary lymph node

metastasis. From 1992 onward, all premenopausal patients

with histological proven axillary lymph node metastasis

received chemotherapy. Adjuvant hormonal therapy was

given to postmenopausal patients if they had tumor-posi-

tive axillary lymph nodes. Since 1999 the indications for

adjuvant systemic therapy had not only just been dependent

on lymph node status but also on the mitotic activity index

(MAI), histological grade and tumor size. Premenopausal

women received chemotherapy and hormonal therapy if the

estrogen receptor status was positive.

In late 2004, treatment with trastuzumab in combination

with adjuvant chemotherapy was introduced into our

region for Her2-positive cases.

Statistical methods

Time to recurrence and length of follow-up was calculated

from the start of the treatment. To test between-group

differences for categorical data Chi-square tests were used.

The analyses for BBC with regard to local and regional

recurrences were performed in relation to the number of

BCT. The local recurrence-free survival (LRFS) is defined

as survival without local recurrent disease, ipsilateral breast

tumor recurrence (IBTR).

Distant metastases (DM) and survival statistics were

carried out in relation to the number of patients and cal-

culated by log rank and the Kaplan–Meier method. The

disease-specific survival (DSS), corrected for intercurrent

death, was also calculated in relation to the number of

patients. This means that data on patients who died of other

causes were regarded as censored data. For comparison of

survival distributions the log rank test was used.
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Multivariate survival analysis was carried out using Cox

regression analysis.

Analyses were performed using STATA 12.1 (Stata

Corp, College Station, TX).

Results

In the cohort of 4025 women with breast cancer who had

all been treated with BCT, 323 (8.0 %) developed a con-

tralateral primary breast cancer. Of those women who had

BBC, 41 (1.0 %) showed SBBC and 282 (7.0 %) showed

MBBC. The interval between the first primary diagnosis

and the development of MBBC ranged from 6 to

330 months with a median of 80.5 months. Figure 1 shows

the hazard estimates for the 282 patients with MBBC, in

whom a constant increase with a peak at about 254 months

had been observed.

Figure 2 shows the incidence of SBBC during the study

period.

At the time of diagnosis of the initial tumor, the median

age for women with SBBC was 61 years, versus 55 years

for those with MBBC, and 58 years for women with UBC.

Table 1 shows the characteristics for SBBC, MBC, and

UBC at the time of diagnosis of the primary tumor. The

histological patterns showed significant differences with

UBC showing more ductal carcinomas, and BBC showing

more different types such as lobular, medullar, and tubular

carcinoma. Women with BBC tend to be younger. Looking

at the adjuvant therapy after diagnosis of the primary

tumor, those with MBBC (73.8 %) were significantly less

frequently treated with adjuvant systemic therapy.

The follow-up period ranged from 3 to 360 months with

a median of 111 months for all 4025 women; those with an

MBBC and a SBBC had a median follow-up of 160 and

86 months, respectively.

Local recurrence-free survival (LRFS)

The 15-year LRFS for all women was 89.6 %. Women

with UBC had a 15-year LRFS of 90.4 %. For women with

MBBC the 15-year LRFS was 82.2 % (HR 2.0; 95 % CI

1.4–2.8; p\ 0.001) and for SBBC 85.0 % (HR 1.2; 95 %

CI 0.3–4.7; p = 0.834) compared to UBC.

In multivariate Cox regression analyses, where variables

significant in univariate analyses were taken into account,

MBBC status was an independent predictor of local failure

(HR 1.9; 95 % CI 1.3–2.7; p\ 0.001).

Figure 3 shows the smoothed hazard estimates of the

IBTR rate according to BBC. The curves show significant

differences (p\ 0.001). In patients with UBC a steady

increase with a peak at approximately 109 months was

seen, whereas in patients with MBBC two peaks at

approximately 46 and 126 months were noted.

Separate analyses for MBBC in relation to IBTR

showed that 51 (18.1 %) of the 282 with IBTR had both,

IBTR and MBBC. Out of those 51 patients, 19 (37.2 %)

had their IBTR before having MBBC, 26 (51.0 %) after

having MMBC, and 6 (11.8 %) at the same time as having

MBBC.

Distant metastases-free survival (DMFS)

The 15-year DMFS for all women was 80.1 %. Women

with UBC had a 15-year DMFS of 80.6 %. For women

with MBBC the 15-year DMFS was 79.8 % (HR 0.9; 95 %

CI 0.7–1.2; p = 0.637) and for SBBC 54.4 % (HR 2.7;

95 % CI 1.6–4.7; p\ 0.001) compared to UBC.
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Fig. 2 The incidence of synchronous bilateral breast cancer over a

nearly 30-year study period
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Table 1 Clinical, histological,

and treatment characteristics of

the primary tumor diagnosis for

4025 women according to

unilateral (UBC), metachronous

(MBBC), and synchronous

(SBBC) bilateral breast cancer

UBC

n = 3702 (%)

MBBC

n = 282 (%)

SBBC

n = 41(%)

P value

Age category

B40 years 203 (5.5) 26 (9.2) 3 (7.3)

41–50 years 797 (21.5) 71 (25.2) 4 (9.8) 0.009

[50 years 2702 (73.0) 185 (65.6) 34 (82.9)

Family history

C1 FDR 885 (23.9) 86 (30.5) 12 (29.3)

None 2807 (75.8) 194 (68.8) 29 (70.7) 0.032

Unknown 10 (0.3) 2 (0.7) 0

Histology

Ductal carcinoma 3020 (81.6) 213 (75.5) 29 (61.7)

Lobular carcinoma 369 (10.0) 40 (14.2) 5 (10.6)

Tubular carcinoma 174 (4.7) 16 (5.7) 8 (17) 0.019

Medullar carcinoma 44 (1.2) 6 (2.2) 3 (6.4)

Others 95 (2.6) 7 (2.6) 2 (4.3)

Hormone receptor status

ERPR-positive 2421 (65.4) 176 (62.4) 24 (58.5)

ERPR-negative 498 (13.4) 43 (15.3) 4 (9.8)

ER-pos ? PR-neg 488 (13.2) 38 (13.5) 6 (14.6) ns

ER-neg ? PR-pos 66 (83.5) 11 (3.9) 2 (4.9)

Unknown 229 (6.2) 14 (5.0) 5 (12.2)

Malignancy grade

Grade 1 911 (24.6) 63 (22.5) 7 (17.1)

Grade 2 1425 (38.5) 102 (36.2) 12 (29.3) ns

Grade 3 823 (22.1) 60 (21.8) 11 (26.8)

Unknown 543 (14.7) 57 (20.7) 11 (26.8)

Mitotic activity index

B 12 p. mm2 1991 (53.8) 144 (51.1) 15 (36.6)

[ 12 p. mm2 885 (23.9) 60 (21.3) 12 (23.3) ns

Unknown 826 (22.3) 78 (28.4) 14 (34.1)

Lymph vascular space invasion

Yes 350 (9.4) 34 (12.0) 5 (12.2)

None 3324 (89.8) 248 (88.0) 36 (87.8) ns

Unknown 28 (0.7) 0 0

Margin status

Negative 3254 (87.9) 253 (89.7) 35 (85.4)

Positive IC 272 (7.4) 11 (3.9) 5 (12.2) 0.003

Positive DCIS 141 (3.8) 9 (3.2) 0

Positive IC ? DCIS 35 (1.0) 9 (3.2) 1 (2.4)

Tumor size

pT1 2819 (76.2) 220 (78.0) 32 (78.1)

pT2 872 (23.5) 61 (21.6) 9 (21.9) ns

Rest 11 (0.3) 1 (0.4) 0

Lymph node status

pN0 2648 (71.5) 217 (76.9) 28 (68.3)

pN1-2 990 (26.7) 60 (21.3) 10 (24.4) ns

Unknown 64 (1.7) 5 (1.8) 3 (7.3)

Adjuvant radiotherapy

Yes 560 (15.1) 51 (18.1) 7 (17.1)

None 3142 (84.9) 231 (81.9) 34 (82.9) ns
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In multivariate Cox regression analyses, where variables

significant in univariate analyses were taken into account,

SBBC status was an independent predictor of worse DMFS

(HR 2.6; 95 % CI 1.4–4.5; p = 0.001) compared to UBC.

Figure 4 shows the smoothed hazard estimates of the

distant metastases rate according to BBC, which differs

significantly (p\ 0.001). Women with SBBC show a sig-

nificant high, early peak at about 27 months, in comparison

to a low, comparable slope with two small peaks for UBC

and MBBC.

Disease-specific survival (DSS)

The 15-year DSS for all women was 82.2 %. Women with

UBC had a 15-year DSS of 82.3 %. For women with

MBBC the 15-year DSS was 85.0 % (HR 0.8; 95 % CI

0.5–1.1; p = 0.218) and for SBBC 51.8 % (HR 3.0; 95 %

CI 1.7–5.3; p\ 0.001) compared to UBC.

In multivariate Cox regression analyses, where variables

significant in univariate analyses were taken into account,

SBBC status was an independent predictor of worse DSS

(HR 2.8; 95 % CI 1.6–5.2; p = 0.001), compared to UBC.

The MBBC status showed a borderline significantly better

DSS (HR 0.7; 95 % CI 0.5–1.0; p = 0.055) compared to

UBC.

Overall survival (OS)

The 15-year OS for all women was 64.9 %. Women with

UBC had a 15-year OS of 64.3 %. For women with MBBC

the 15-year OS was 75.0 % (HR 0.6; 95 % CI 0.5–0.8;

p\ 0.001) and for SBBC 31.4 % (HR 2.5; 95 % CI

1.6–3.8; p\ 0.001) compared to UBC. In multivariate Cox

regression analyses, where variables significant in uni-

variate analyses were taken into account, SBBC status was

an independent predictor of worse OS (HR 2.3; 95 % CI

1.5–3.6; p\ 0.001), compared to UBC. The MBBC status

was an independent predictor of better OS (HR 0.6; 95 %

CI 0.4–0.8; p\ 0.001) compared to UBC. In analyzing the

impact of age we noted that this finding was limited to

women aged[50 years.

Figure 5 shows the hazard estimates according to UBC,

MBBC, and SBBC. The hazard estimate for SBBC is

significantly higher compared to UBC and MBBC

(p\ 0.001).

Table 1 continued
UBC

n = 3702 (%)

MBBC

n = 282 (%)

SBBC

n = 41(%)

P value

Adjuvant systemic therapy

Yes 1561 (42.2) 74 (26.2) 25 (61.0)

None 2141 (57.8) 208 (73.8) 16 (39.0) \0.001

P value has been calculated on the known components of the variables

FDR first-degree relative; ns not significant
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Fig. 3 The hazard estimates for local failure of 4.025 breast-

conserving treatments according to bilateral breast cancer, metachro-

nous bilateral breast cancer (MBBC), synchronous bilateral breast

cancer (SBBC), and unilateral breast cancer (UBC)
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Fig. 4 The Hazard Estimates for distant metastases of 4.025 women

with breast cancer, treated with breast-conserving therapy, according

to the presence (MBBC or SBBC) or absence (UBC) of bilateral

breast cancer
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Due to the long study period we were able to analyze the

OS for MBBC for the following three period, 1983–1991,

1992–2003, and 2004–2011. For OS of these periods we

noted for MBBC versus UBC the following HR values: 0.5,

0.6, and 0.7, respectively. Except for the latter period,

which may be due to a short duration of follow-up, all

differ significantly. For SBBC the numbers were too small

to perform such analyses.

Discussion

We analyzed the incidence and outcome of BBC and found

marked differences between MBBC and SBBC. Firstly, the

incidence of BBC is 8.0 % and mainly comprises patients

with MBBC. Secondly, the outcome with respect to IBTR

and DM differs for MBBC and SBBC. MBBC is related to

IBTR and SBBC to DM. Thirdly we noted a positive effect

of MBBC on OS, while SBBC had a negative effect on OS.

MBBC was seen more often in younger women while

SBBC was more often seen in elderly women.

The incidence rate of 8.0 % is comparable to that

described in the literature. Women diagnosed with breast

cancer have a two- to six-fold higher risk for contralateral

breast cancer compared to women at risk of a first breast

cancer in the general population [3]. Improved survival of

breast cancer patients, coupled with the increased inci-

dence of the disease, has also played a role in the incidence

of contralateral breast cancer [3, 8]. With respect to MBBC

we noted an incidence of 7.0 % with a constant increase

over the years (Fig. 1). The majority of cases of MBBC

occurred after 5 years, with a median time interval of

75 months. The strength of this study is the long time line

of data acquisition (1983–2011), providing a good insight

in MBBC development and outcome. Despite the devel-

opment in treatment and diagnostic tools during the years,

in particular adjuvant systemic therapy, the incidence

increased over the time mainly due to the long follow-up.

Risk factors for the appearance of BBC in the literature

for instance are younger age, lobular histology, and family

history [7–10]. In our study the median age for MBBC of

55 years was younger compared to UBC and SBBC.

Looking at different age categories we noted significantly

younger women with MBBC, and older women for SBBC.

With respect to family history we noted a higher rate for

MBBC and SBBC compared to UBC, but not significant.

With respect to lobular histology, our study showed sig-

nificantly more lobular histology with MBBC (14.2 %)

compared to the other two. This is in contrast to the liter-

ature, advocating more lobular type with SBBC [11–13].

We did not find any significant differences between

UBC, MBBC, and SBBC with respect to malignancy

grading, MAI, hormone receptor status, and positive lymph

nodes, meaning that the phenotype, more or less aggres-

sive, between the three did not differ.

In our analyses we noted a significant difference for

IBTR. MBBC showed significantly more IBTR’s compared

to UBC and SBBC. In multivariate analyses, MBBC

proved to be an independent prognostic factor for LRFS.

The Hazard estimates showed two peaks, an early one and

a late one. Despite the higher incidence of IBTR, the OS

was significantly better compared to UBC and SBBC. This

might indicate that a good treatment of IBTR should have

any effect on survival. Few studies confirm the higher

IBTR rate in MBBC [7, 14]. Looking at the prognostic

value of MBBC in relation to IBTR, it is of interest that out

of 282 women with MBBC, just 18.1 % (51/282) had

IBTR. From these 49 women, 19 women first had IBTR, 26

first MBBC, and 6 women developed IBTR and MBBC

simultaneously. This makes it difficult to conclude which

of those two, MBBC or IBTR, had a major impact on the

other with respect to prognosis.

Our study showed a low incidence of SBBC compared

to the literature, which might be due to the fact that we

only included those women with BCT in the cohort [3, 7].

Women diagnosed with SBBC might more often opt for

bilateral ablation. This study also demonstrates, that when

looking at the incidence of SBBC over time there is no

apparent increase, despite the better diagnostic tools

nowadays, such as MRI. In meta-analyses of observational

studies Holm et al. noted that SBBC had a negative impact

on prognosis [15]. Our study showed after Cox regression

analyses, incorporating all variables significant in univari-

ate analyses, that SBBC, when compared to UBC, had a

negative effect on DMFS, DSS, and OS with HR of 2.6,

3.0, and 2.3, respectively. The reason for a worse prognosis

for SBBC compared to UBC might be the larger tumor
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Fig. 5 The hazard estimates for overall survival of 4.025 women

with breast cancer, treated with breast-conserving therapy, according

to the presence (MBBC or SBBC) or absence (UBC) of bilateral

breast cancer
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burden, or the fact that not just one but two locations,

creating a bigger chance on metastases. A study by Kwast

et al. found an increased risk of third primary cancers of

non-breast origin among women with BBC [16]. This

might indicate that SBBC represent a yet undiscovered

genetical entity, which might also be of significance in the

progression of the cancer. International evidence of the

prognostic significance of SBBC is not consistent, although

many studies suggest an equivalent or poorer survival

compared to UBC [7, 14, 17–22]. Despite the worse

prognosis for SBBC, it is not accepted as a predictor for

adjuvant systemic therapy. However, the latter should be

considered, as we will never have randomized trials or

large studies of SBBC, due to the small incidence rate of

about 1 %.

Our study showed a significantly better OS for MBBC

compared to UBC, irrespective of the time period. This was

limited to women older than 50 years at the time of the first

primary. With respect to DSS, the MBBC showed bor-

derline significance as a predictor for a better DSS com-

pared to UBC. This might be due to the developments in

adjuvant systemic therapy over the years. Women with

UBC, when compared to those with MBBC, comprised

significantly older women, which might be a reason for the

better OS. The latter has not been mentioned before in the

literature.

The weakness of this study is the small number of

women with SBBC. The strong points of our study include

(1) a large population—based cohort, (2) the completeness,

the long follow-up and the small number of patients lost to

follow-up, (3) all women treated in one center, and (4) one

pathology laboratory. The conclusions of this study are (1)

MBBC show a significant higher local failure compared to

UBC, (2) SBBC show a significant higher DM rate com-

pared to MBBC and UBC, (3) the DMFS, DSS, and OS are

significantly worse for SBBC compared to UBC and

MBBC, and (4) the OS for MBBC is significantly better

compared to UBC. SBBC seems to be a predictive factor

for DMFS, DSS, and OS and should be considered in

relation to adjuvant therapy.
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