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Abstract
Purpose The aim of the present study was to describe histopathologic characteristics of synchronous bilateral breast cancer 
(SBBC), and by comparing SBBC to unilateral breast cancer (UBC), identify possible etiological mechanisms of SBBC.
Methods Patients with primary SBBC (diagnosed within 4 months) and UBC diagnosed in Denmark between 1999 and 
2015 were included. Detailed data on histopathology were retrieved from the Danish Breast Cancer Group database and 
the Danish Pathology Register. Associations between bilateral disease and the different histopathologic characteristics were 
evaluated by odds ratios and estimated by multinomial regression models.
Results 1214 patients with SBBC and 59,221 with UBC were included. Patients with SBBC more often had invasive lobular 
carcinomas (OR 1.29; 95% CI 1.13–1.47), a clinically distinct subtype of breast cancer, than UBC patients. Further, they 
were older than UBC patients, more often had multifocal cancer (OR 1.13; 95% CI 1.01–1.26), and a less aggressive subtype 
than UBC patients. Invasive lobular carcinoma was associated with having multiple tumors in breast tissue—both in the 
form of bilateral disease and multifocal disease, and this association was independent of laterality. No similar pattern was 
observed for other tumor characteristics.
Conclusion We identified two etiological mechanisms that could explain some of the occurrence of SBBC. The high pro-
portion of less aggressive carcinomas and higher age of SBBC compared to UBC patients suggests that many are diagnosed 
at a subclinical stage as slow-growing tumors have a higher probability of simultaneous diagnosis. The high proportion of 
invasive lobular carcinoma observed in bilateral and multifocal disease, being independent of laterality, suggests that these 
patients have an increased propensity to malignant tumor formation in breast tissue.

Keywords Synchronous bilateral breast cancer · Histopathology · Etiology · Cohort study · Invasive lobular carcinoma · 
Multifocal breast cancer
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HER2  Human epidermal growth factor receptor 2
IDC  Invasive ductal carcinoma
ILC  Invasive lobular carcinoma
OR  Odds ratio
SBBC  Synchronous bilateral breast cancer
UBC  Unilateral breast cancer

Background

The distribution of certain subtypes of breast carcinomas 
among synchronous bilateral breast cancer (SBBC) patients 
differs from that of unilateral breast cancer (UBC) patients. 
Although conflicting results have been published, the major-
ity of studies have found that SBBC patients more often have 
invasive lobular carcinomas (ILC) [1–7] and estrogen recep-
tor (ER)-positive carcinomas than UBC patients [2, 4, 7]. 
There are several possible explanations for the differences in 
tumor biology between SBBC and UBC. The time interval 
from a preclinical but screen detectable stage to a clinically 
detectable stage (the sojourn time) differs by tumor charac-
teristics [8], and the probability of diagnosing a subclinical 
contralateral breast cancer should be larger the longer the 
time interval. SBBC patients could also have a higher pro-
pensity for tumor formation of certain subtypes either due 
to germline mutations, exposure profile (e.g., exposure to 
hormones and lifestyle risk factors), or both. Some studies 
have found that SBBC more often than UBC present with 
multifocal disease [9, 10], and in UBC patients multifocal 
disease is observed more often in ILCs [10–13], which could 
suggest that there is a link between multifocal breast cancer, 
bilateral breast cancer, and ILC. Our hypothesis was that 
the higher proportion of ILCs observed among SBBC and 
multifocal breast cancer patients reflect that breast cancer 
patients with ILC have a higher propensity to malignant 
tumor formation in breast parenchyma.

The aim of the present study was to describe histopatho-
logic characteristics of SBBC compared to UBC, and to 
identify possible etiological mechanisms of SBBC.

Methods

Registries

Data were retrieved from the Danish Breast Cancer Group 
(DBCG) database [14] and the Danish Pathology Regis-
ter [15]. The DBCG is a nationwide Danish breast cancer 
database with data on demographics, disease characteris-
tics, treatment, and clinical follow-up for patients treated 
for primary invasive early breast cancer. The database has 
a high completeness (around 95% since the mid-nineties) 
[14]. The Danish Pathology Register is another nationwide 

Danish database, collecting data on tissue samples exam-
ined by all pathological departments in Denmark [15]. In the 
DBCG, patients with bilateral breast cancer are registered 
with bilateral disease, but subsequently excluded from fur-
ther registration. Therefore, data on disease characteristics 
for SBBC patients were retrieved from the Danish Pathology 
Register. For UBC patients, all data were retrieved from the 
DBCG database.

Study population

All patients registered in the DBCG database, diagnosed 
with a primary invasive breast cancer from 1999 to 2015, 
were screened for inclusion. If patients were diagnosed with 
bilateral breast cancer within 4 months of each other, they 
were characterized as SBBC patients. Exclusion criteria 
were patients with only ductal carcinoma in situ (DCIS), 
previous malignancy, disseminated cancer, locally advanced 
cancer (e.g., tumor growth into the chest wall or ulcerated 
cancer), patients who received neoadjuvant therapy, patients 
not receiving surgical treatment, and age < 18 years.

Disease characteristics

The histological diagnoses were divided into three groups: 
invasive ductal carcinoma (IDC), ILC, and other carcino-
mas, the latter containing all other invasive breast carcino-
mas. Final histological diagnosis was based on the resec-
tion specimen. Malignancy grading of IDC and ILC was 
performed according to the latest updated WHO classifica-
tion, dividing tumors into grade I, II, and III [16]. In the 
multivariable analyses, other carcinomas were treated as 
malignancy grade I. Tumor size and nodal involvement were 
categorized according to breast cancer staging [17]. Tumor 
size was divided into three categories: 1–20 mm, 21–50 mm, 
and > 50 mm, and nodal involvement into four groups: 0 
lymph node metastases, 1–3 metastases, 4–9 metastases 
and > 9 metastases. ER status was visualized by immuno-
histochemical (IHC) staining, and from April 2010 and 
onwards, the tumor was regarded as ER positive if > 0% of 
the cancer cells were stained, and before April 2010 if ≥ 10% 
were stained. HER2 expression was visualized using IHC 
staining. If IHC examination was equivocal, in situ hybridi-
zation was performed, and a HER2/CEN17 ratio of ≥ 2.0 
was interpreted as positive genetic amplification of HER2. 
HER2 analysis was only performed consistently nation-
wide from 2007 and onwards [18]. Therefore, HER2 is only 
reported after this date. The breast cancer was regarded as 
multifocal if the breast had more than one focus of invasive 
disease with normal tissue between the foci. No distinction 
was made between multifocality (more than one focus in 
the same quadrant of the breast) and multicentricity (foci 
in different quadrants of the breast). For UBC patients, only 
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data on the index tumor were available for multifocal breast 
cancers, and whether the cancer was regarded as multifocal 
or not. For SBBC patients, number of foci was registered, 
and if number of foci was not specified (e.g., ‘several foci’), 
the cancer was categorized as ‘unspecified amount.’ Char-
acteristics of each focus were registered whenever possible.

Statistical analysis

Differences in histopathologic characteristics between SBBC 
and UBC patients were evaluated by Odds Ratios (OR), esti-
mated by multinomial regression analyses (equal to logistic 
regression when the outcome is binary), treating bilateral-
ity as exposure and the disease characteristic of interest as 
outcome. Correlation between the right and left tumor in the 
same SBBC patient was accounted for using a Generalized 
Estimating Equation (GEE) correlation structure. Adjust-
ments were performed based on a priori judged potential 
causality (e.g., tumor subtype would not be adjusted for 
tumor size, as the tumor size would not have an influence 
on the subtype, but tumor subtype would have an influence 
on size; see Supplement 1). Thus, the analysis of histology 
was adjusted for age, in the analysis of ER status or com-
bined HER2/ER status for age and histology, in the analy-
sis of tumor grade for age, histology, and ER status, in the 
analysis of multifocality for age, histology, ER status, and 
tumor grade, and so forth. Concordance in tumor character-
istics between the right and left tumor in SBBC patients was 
investigated using simple Kappa values, reported with 95% 
confidence intervals. For tumor size and nodal involvement, 
weighted Kappa values were used.

In additional analyses, we investigated the OR of nodal 
involvement and of multifocality according to histology, ER 
status, and tumor grading in unilateral breast cancer patients. 
Adjustments were performed based on the judged relation-
ship between tumor characteristics, performing one analy-
sis adjusting only for judged confounders, and subsequently 
performing an analysis including judged mediators.

In bilateral patients, the tumor characteristics of the larg-
est tumor were used and the OR of multifocal disease of 
the contralateral breast investigated, adjusting for multifo-
cal disease of the largest tumor and histopathology of the 
contralateral tumor. This approach was used to investigate 
if certain tumor characteristics were associated with having 
multiple tumors but eliminating the effect of local spreading 
(satellite tumors).

To further evaluate to what degree histopathologic differ-
ences could be ascribed to a propensity to tumor formation, 
two additional analyses were performed for histology, ER 
status, and tumor grade. For brevity, these analyses were 
performed using logistic regression with dichotomized out-
comes. In the first approach, histology, ER status, and tumor 
grade of the largest (index) tumor were treated as outcome, 

and the exposure was the number of tumors in the contralat-
eral breast (0: UBC; 1: SBBC with unifocal contralateral 
disease; 2: SBBC patient with multifocal (≤ 2) contralateral 
disease; 3: SBBC with multifocal (> 2 foci) contralateral 
disease)—the exposure being a measure of propensity to 
tumor formation, rather than local spreading. Multifocal can-
cer with ‘unspecified amount’ of foci was included in the 
more than two foci group, as these would usually represent 
multiple foci where the pathologist had not specified the 
exact number of foci. In the second approach, still investigat-
ing the histology, ER status, and tumor grade of the largest 
tumor, patients were categorized based on whether both the 
cancer with the largest tumor, and the contralateral cancer 
were multifocal, thereby dividing UBC and SBBC patients 
into six groups (see Fig. 2b). Models were adjusted for age, 
whether the largest tumor was multifocal, and for bilateral 
patients, concordance in tumor characteristics (e.g., in the 
analysis of tumor histology, bilateral patients were also 
adjusted for histology of the contralateral tumor).

We performed two sensitivity analyses. In the first, it 
was examined whether multifocal disease in ILC could be 
explained primarily by a long sojourn time, increasing the 
probability of simultaneous diagnosis of multiple foci. The 
proportion of index tumors of low malignancy (ER positive, 
HER2 negative, grade I, and invasive ductal) according to 
number of tumor foci in the contralateral breast was investi-
gated under the hypothesis that if no association was found 
among these low malignant and slow-growing tumors and 
multifocal disease, this would argue against ILC having a 
higher probability of multifocality merely because of a long 
sojourn time. In the second sensitivity analysis, it was inves-
tigated whether our results changed if multifocal tumors in 
SBBC patients were defined as IDC if just one focus was an 
IDC, which is the usual registration procedure in the DBCG 
database for UBC, instead of using the histology of the larg-
est focus. See Supplement 2: sensitivity analyses.

Data were analyzed using SAS version 9.4 (SAS institute 
Inc., Cary, USA).

Results

A total of 1214 patients with SBBC and 59,221 patients with 
UBC were included (see Fig. 1). The median age of SBBC 
and UBC patients was 67 years (IQR: 59–74) and 62 years 
(IQR: 53–70), respectively (p < 0.01), and hence 13.5% of 
SBBC patients were premenopausal, compared to 24.3% 
among UBC patients (p < 0.01).

For patient and disease characteristics see Table 1. In 
SBBC patients, there were no concordance to moderate 
concordance in histologic diagnosis (κ = 0.24; 95% CI 0.18 
to 0.29), ER status (κ = 0.27; 95% CI 0.18 to 0.36), com-
bined HER2 and ER status (κ = 0.11; 95% CI 0.03 to 0.19), 
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malignancy grade (κ = 0.23; 95% CI 0.18 to 0.28), multifo-
cality (κ = 0.07; 95% CI 0.01 to 0.13), nodal involvement 
(κ = 0.07; 95% CI 0.02 to 0.12), and tumor size (κ = 0.02; 
95% CI − 0.03 to 0.08) between right and left tumors.

Table 2 shows the ORs of disease characteristics in SBBC 
patients compared with UBC patients. SBBC patients sig-
nificantly more often had ILC, and more often cancer that 
was ER positive, HER2 negative, multifocal, and of lower 
malignancy grade. Patients with SBBC further had smaller 
tumors and less nodal involvement than UBC patients.

To investigate whether multifocal and bilateral breast 
cancer to some extent could represent the same underlying 
phenomenon, the association between multifocal and bilat-
eral breast cancer and disease characteristics was investi-
gated. In SBBC patients, the largest index tumor was more 
often an ILC if the contralateral breast had multifocal dis-
ease (OR = 1.84; 95% CI 1.27–2.68; see Table 3). Further, 
there was a statistically significant trend for an increasing 
OR of ILC with an increasing number of tumors in the 
contralateral breast (Fig. 2a). These associations were not 
attenuated when adjusting for age or multifocality of the 
index tumor, or when further adjusting for histology of 
the contralateral tumor. When stratifying patients on both 
bilaterality and multifocality, among SBBC patients, 14% 
of unifocal carcinomas (265/1953) vs. 19% (87/462) of mul-
tifocal cancers were ILC. Likewise, among UBC patients, 
10% (4556/47,806) of unifocal vs. 17% of multifocal cancers 

were ILC (1778/10,582). When further stratifying SBBC 
patients on whether both the largest breast cancer and the 
contralateral breast cancer were multifocal, 40% (23/58) of 
the largest tumors were lobular if both breasts were mul-
tifocal, 21% (42/198) if the largest was multifocal, and 
18% (26/148) if the contralateral was multifocal (Fig. 2b). 
In UBC patients, ILC was also associated with multifocal 
disease (OR = 1.92; 95% CI 1.80–2.03), but not with nodal 
involvement (OR = 0.99; 95% CI 0. 93 to 1.04; see Table 4). 
In the sensitivity analysis of the proportion of index tumors 
being grade I, invasive ductal, ER positive, and HER2 nega-
tive (proxy for slow-growing ‘luminal A’ cancer) according 
to number of tumors in the contralateral breast, we found no 
association between the two (see supplement 2).

Among bilateral patients, being ER positive was not 
significantly associated with number of tumors in the con-
tralateral breast (Supplement 3: Fig. 1a) or having multifocal 
disease in the contralateral breast (Table 3 and Supplement 
3: Fig. 1b). Among unilateral patients, being ER positive 
was significantly associated with multifocal cancer (adj. 
OR = 1.14; 95% CI 1.07–1.21), with associations statisti-
cally similar to the associations observed in bilateral patients 
(see Tables 3 and 4). ER status was among UBC patients 
inversely associated with nodal involvement (OR = 0.89; 
95% CI 0.85 to 0.93, Table 4).

Among bilateral patients, having a grade III carci-
noma was not associated with number of tumors in the 

Pa�ents iden�fied in DBCG with
synchronous bilateral breast cancer 
diagnosed within four months. From 01 
January to 31 December 2015:
N = 1659

Exclusions:
Total: N=445
- Disseminated or locally advanced cancer: N=80
- Neoadjuvant therapy: N=98
- Biopsy only: N=125   
- Other malignancies before SBBC: N=67
- DCIS only on one or both sides: N=52
- Not found in pathology registry: N=8
- Metastasis from one breast to the other: N=4    
- Other causes: N=11

Pa�ents iden�fied in DBCG with unilateral 
breast cancer from 01 January to 31 
December 2015:
N = 68376

SBBC pa�ents included in analysis:
N=1214

Exclusions:
Total: N=9155
- Disseminated/locally advanced cancer: N=2727
- Neoadjuvant therapy: N=1894
- Biopsy only: N=2952
- Other malignancies before UBC: N=1401
- DCIS/phyllodes/LCIS: N=78
- Not carcinoma (e.g. sarcoma): N=101
- Age<18: N=2

UBC pa�ents included in analysis:
N=59221

Fig. 1  Flowchart
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contralateral breast (Supplement 3: Fig. 2a). A trend for 
an inverse association between high malignancy grade and 
multifocal disease of the contralateral breast was however 

observed (Table 3). In unilateral patients, there was a posi-
tive association between malignancy grade and multifocal 
disease (grade II: OR = 1.30; 95% CI 1.24–1.38; grade III: 

Table 1  Patient and disease 
characteristics among unilateral 
and synchronous bilateral breast 
cancer patients

ER status estrogen receptor status, HER2 human epidermal growth factor receptor 2, IQR inter quartile 
range, N number

Unilateral breast cancer Synchronous bilateral breast 
cancer

Total, N 59,221 1214
Age, median (IQR) 62 (53;70) 67 (59;74)
Menopausal status, N (%)
 Premenopausal 14,378 (24.3) 164 (13.5)
 Postmenopausal 44,647 (75.4) 1043 (85.9)
 Missing 196 (0.3) 7 (0.6)

Left tumor Right tumor
Histology, N (%)
 Ductal 47,969 (81.0) 956 (78.7) 959 (79.0)
 Lobular 6421 (10.8) 183 (15.1) 172 (14.2)
 Other 4711 (8.0) 75 (6.2) 83 (6.8)
 Missing 120 (0.2) 0 (0.0) 0 (0.0)

Estrogen receptor status, N (%)
 Positive 48,837 (82.5) 1084 (89.3) 1105 (91.0)
 Negative 9800 (16.6) 114 (9.4) 96 (7.9)
 Missing 584 (1.0) 16 (1.3) 13 (1.1)

Combined HER2 & ER status (≥ 01 
Jan 2007), N (%)

33,707 (56.9) 649 (53.5) 649 (53.5)

 ER+/HER2− 24,336 (72.2) 523 (80.6) 531 (81.8)
 ER+ /HER2 + 2829 (8.4) 41 (6.3) 41 (6.3)
 ER−/HER2+ 1425 (4.2) 17 (2.6) 14 (2.2)
 ER−/HER2− 3127 (9.3) 33 (5.1) 30 (4.6)
 Missing 1990 (5.9) 35 (5.4) 33 (5.1)

Grade, N (%)
 I 16,047 (27.1) 447 (36.8) 431 (35.5)
 II 23,528 (39.7) 491 (40.4) 506 (41.7)
 III 12,642 (21.3) 139 (11.4) 133 (11.0)
 Missing 7004 (11.8) 137 (11.3) 144 (11.9)

Tumor size categorized, N (%)
 0–20 mm 36,624 (61.8) 822 (67.7) 783 (64.5)
 21–50 mm 20,456 (34.5) 340 (28.0) 379 (31.2)
 > 50 mm 1798 (3.0) 37 (3.1) 29 (2.4)
 Missing 343 (0.6) 15 (1.2) 23 (1.9)

Nodal involvement, N (%)
 0 metastases 32,181 (54.3) 691 (56.9) 704 (58.0)
 1–3 metastases 17,098 (28.9) 319 (26.3) 316 (26.0)
 4–9 metastases 5176 (8.7) 96 (7.9) 80 (6.6)
 > 9 metastases 3131 (5.3) 52 (4.3) 53 (4.4)
 No axillary surgery performed 1228 (2.1) 51 (4.2) 56 (4.6)
 Missing 407 (0.6) 5 (0.4) 5 (0.4)

Multifocal disease, N (%)
 Yes 10,591 (18.1) 240 (19.8) 222 (18.3)
 No 47,868 (81.9) 968 (79.7) 985 (81.1)
 Missing 762 (1.3) 6 (0.5) 7 (0.6)
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OR = 1.42; 95% CI 1.33–1.52), and a positive association 
with nodal involvement (Table 4).

Tumor size and nodal involvement was highly depend-
ent on mode of comparison (i.e., whether comparing both 
tumors or the largest tumor in the SBBC patient to the UBC 
patient). SBBC tumors were smaller and had fewer axillary 
metastases than UBC tumors when using both tumors in the 
bilateral patient for comparison. However, when comparing 
only the largest tumor, SBBC patients had larger tumors 
(54% vs 38% of tumors being > 20 mm) and more nodal 

involvement than UBC patients (53% vs. 44% with nodal 
involvement). Larger tumor size and more nodal involve-
ment were also associated with multifocal cancer in both 
unilateral and bilateral breast cancer.

Discussion

In this nationwide cohort study, we found that patients with 
SBBC more often have ILC, and multifocal breast cancer, 
and more often have tumors that are ER positive, HER2 neg-
ative, and of malignancy grade I compared to patients with 
UBC. Further, the association between ILC and the presen-
tation of multiple tumors—both in the form of bilateral and 
multifocal disease—was independent of laterality. No simi-
lar association was observed for other tumor characteristics.

Patients with SBBC have consistently been shown to 
have ILC more often than UBC patients [1–7]. Although 
UBC patients with ILC are slightly older than patients 
with IDC [19, 20], and SBBC patients older than UBC 
patients, the association was still observed when adjusting 
for age. ILC has a different growth pattern than IDC, infil-
trating the surrounding breast tissue without destroying 
the anatomic structure, making it more difficult to diag-
nose clinically [21, 22]. The higher proportion of SBBC 
patients having ILC could thus potentially be explained by 
a longer sojourn time for ILC compared to IDC, increas-
ing the likelihood of simultaneous diagnosis of bilateral 
cancer. Previous studies have shown that one of the most 
consistent risk factors for metachronous contralateral 
breast cancer is if the first cancer is an ILC [23], and in 

Table 2  Odds ratios of disease characteristics for synchronous bilat-
eral compared to unilateral breast cancer patients

adj adjusted, ER status estrogen receptor status, HER2 human epider-
mal growth factor receptor 2, unadj unadjusted
a Adjusted for age and tumor characteristics based on the causal rela-
tionship between characteristics

Outcome Unadj OR p-value Adj  ORa p-value

Histology
 Ductal Ref  < 0.01 Ref  < 0.01
 Lobular 1.38 (1.21–1.58) 1.29 (1.13–1.47)
 Other 0.84 (0.70–1.00) 0.80 (0.67–0.95)

ER status
 Negative Ref  < 0.01 Ref  < 0.01
 positive 2.09 (1.78–2.46) 1.89 (1.60–2.22)

Combined ER and HER2 status (≥ 1 Jan 2007)
 ER+ /HER2− Ref  < 0.01 Ref  < 0.01
 ER+ /HER2+ 0.67 (0.53–0.84) 0.73 (0.58–0.92)
 ER−/HER2+ 0.50 (0.35–0.71) 0.54 (0.37–0.77)
 ER−/HER2− 0.47 (0.35–0.62) 0.51 (0.38–0.68)

Malignancy grade
 I Ref  < 0.01 Ref  < 0.01
 II 0.78 (0.71–0.87) 0.79 (0.71–0.88)
 III 0.39 (0.34–0.46) 0.48 (0.40–0.57)

Size
 1–20 Ref  < 0.01 Ref  < 0.01
 21–50 0.80 (0.73–0.88) 0.85 (0.77–0.94)
 > 50 0.84 (0.64–1.09) 0.89 (0.67–1.18)

Multifocal
 No Ref 0.22 Ref 0.03
 Yes 1.07 (0.96–1.19) 1.13 (1.01–1.26)

Nodal involvement
 0 metastases Ref  < 0.01 Ref 0.02
 1–3 metas-

tases
0.86 (0.78–0.94) 0.89 (0.80–0.98)

 4–9 metas-
tases

0.78 (0.67–0.93) 0.86 (0.72–1.02)

 > 9 metastases 0.77 (0.63–0.95) 0.89 (0.71–1.12)

Table 3  Adjusted odds ratios of multifocality of the contralateral to 
the largest cancer in synchronous bilateral breast cancer patients

ER+ estrogen receptor-positive breast cancer, IDC invasive ductal 
carcinoma, ILC invasive lobular carcinoma, MF multifocal breast 
cancer, N+ node-positive breast cancer
Adj 1: Adjusted for age
Adj 2: Further adjusted for multifocal status of the largest tumor, and 
for histology of the contralateral tumor

Characteristics of the 
largest tumor

Bilateral

MF, contralateral tumor

Adj 1 Adj 2

ILC 1.84 (1.27–2.68) 1.58 (1.06–2.37)
Other 1.22 (0.65–2.29) 1.27 (0.67–2.42)
IDC Ref Ref
ER+ 1.58 (0.89–2.81) 1.66 (0.91–3.02)
ER− Ref Ref
Grade III 0.69 (0.41–1.14) 0.56 (0.31–1.00)
Grade II 0.91 (0.64–1.30) 0.86 (0.58–1.26)
Grade I Ref Ref
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our sensitivity analysis, low-grade IDC was not associ-
ated with number of tumors in the contralateral breast. 
All these observations contradict ILC being more preva-
lent among bilateral and multifocal breast cancer patients 
merely because of slower growth.

Breast cancer presenting with multiple tumors was asso-
ciated with ILC, and this association was observed irrespec-
tive of in which breast the tumors were diagnosed. Adjusting 
for both concordance of histology and multifocality between 
breasts did not change this association. The association 
between multifocal cancer and ILC could be explained by 

the loss of e-cadherin, resulting in loss of cell to cell adhe-
sion, which facilitates tumor cell migration [22], but this 
does not explain the trend of increasing lobular histology 
with increasing multifocality of the contralateral breast. In 
a study examining the genetic predispositions for ILC and 
lobular carcinoma in situ, a distinct predisposition polymor-
phism was identified for ILC [24]. Further, they found that 
there were many overlapping predisposition polymorphisms 
between ILC and ER-positive IDC, but that some import dif-
ferences suggest distinct etiological pathways between the 
subgroups [24]. Maybe the explanation for the propensity to 

Fig. 2  Proportion of tumors being invasive lobular carcinomas 
according to multifocal and bilateral disease. a Proportion of the larg-
est tumors being invasive lobular carcinomas according to number 
of tumors in the contralateral breast. Adj: adjusted for age and mul-
tifocal disease of the largest tumor; Adj2: Only patients with bilat-
eral breast cancer. Adjusted for age, multifocal disease of the largest 
tumor, and histologic diagnosis of the contralateral tumor. b Propor-

tion of the largest tumors being invasive lobular carcinomas accord-
ing to whether the cancer in the breast with the largest tumor is mul-
tifocal and whether the contralateral breast cancer is multifocal. Adj: 
adjusted for age; Adj2: Only patients with bilateral breast cancer. 
Adjusted for age and histologic diagnosis of the contralateral tumor. 
95% CI 95% confidence interval of the estimate, Adj adjustment, Adj2 
adjustment 2, Unadj unadjusted

Table 4  Adjusted odds ratios 
of multifocality and nodal 
involvement in unilateral breast 
cancer patients

ER+ estrogen receptor-positive breast cancer, IDC invasive ductal carcinoma, ILC invasive lobular carci-
noma, MF multifocal breast cancer, N+ node-positive breast cancer
Adj 1: Adjusted for ‘upstream’ variables, judged as potential confounders (see Supplement 1)
Adj 2: Further adjusted for ‘downstream’ variables, judged as potential mediators

Characteristics of the 
largest tumor

Unilateral

N+ MF

Adj 1 Adj 2 Adj 1 Adj 2

ILC 0.99 (0.93–1.04) 0.74 (0.69–0.79) 1.92 (1.80–2.03) 1.94 (1.81–2.07)
Other 0.36 (0.34–0.39) 0.44 (0.41–0.48) 0.61 (0.55–0.67) 0.73 (0.66–0.81)
IDC Ref Ref Ref Ref
ER+ 0.89 (0.85–0.93) 1.20 (1.14–1.27) 1.14 (1.07–1.21) 1.29 (1.20–1.38)
ER− Ref Ref Ref Ref
Grade III 2.09 (1.98–2.20) 1.42 (1.34–1.50) 1.42 (1.33–1.52) 1.27 (1.19–1.37)
Grade II 1.71 (1.64–1.79) 1.39 (1.33–1.46) 1.30 (1.24–1.38) 1.23 (1.16–1.30)
Grade I Ref Ref Ref Ref
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multiple tumors observed in ILC can be found in the distinct 
etiological pathways for this carcinoma subtype.

Multifocal breast cancer can both occur due to local 
spreading with satellite metastases of a primary tumor, con-
current presentation of independent primary tumors, several 
invasive foci within a ‘bed’ of in situ carcinoma, after treat-
ment with neoadjuvant chemotherapy, or due to irregular 
growth resulting in the misclassification of the carcinoma 
[25]. It has especially been debated whether multifocal 
breast cancer primarily represents local metastatic spread 
or multiple primary tumors [25]. In UBC patients with mul-
tifocal disease, up to 40% of patients have been reported 
to have tumor foci with discordant histopathology [26–28]. 
Studies analyzing the clonal origin of tumor foci in multifo-
cal breast cancer have shown that in at least 50–75% of cases 
the different foci are genomic related, [29–32] arguing that 
the majority of multifocal breast cancers in UBC patients 
are derived from the same ancestral cancer cell and there-
fore represent intramammary metastatic spread of cancer 
or in situ carcinoma with several invasive foci [25, 30]. In a 
study by Norton et al. focusing on multifocal ILC, on the one 
hand, gene copy numbers were highly consistent between 
foci, suggesting foci were clonally related, but on the other 
hand, substantial within patient, between foci, genomic het-
erogeneity was observed [33].

SBBC patients were also found to be older than UBC 
patients and to have less aggressive tumor characteristics. In a 
study by Intra et al. SBBC tumors also had lower Ki-67 index 
and less often lymphovascular invasion [2]. All these find-
ings underline that SBBC patients often have slow-growing 
and low-grade carcinomas [8]. It is likely that the contralateral 
cancer in a large proportion of SBBC patients is a consequence 
of the routine clinical examination, mammography, and ultra-
sound of both breasts in breast cancer patients, where the prob-
ability of finding a subclinical contralateral tumor increases the 
slower the subclinical tumor is growing. At screening mam-
mography, the probability of simultaneous diagnosis would 
also increase the slower growing both tumors are. In a study 
by Hartman et al. on the incidence of bilateral breast cancer 
in Sweden, the authors argued that the incidence of SBBC 
was around 100 times higher than what could be explained 
by chance, and they therefore concluded that this could most 
likely be explained by accumulation of exposure to exogenous 
carcinogens [34]. In their calculation they did however not take 
into consideration that breast cancer patients routinely get a 
clinical examination and mammography of the contralateral 
breast at time of the diagnosis of the first cancer. As estimated 
sojourn times for breast cancer ranges from a little less than 
a year for the most aggressive cancers to more than 5 years 
for slow-growing tumors [8], the choice of a quarter of a year 
(their definition of SBBC) for the calculation of expected can-
cers due to chance would only be correct if just the breast 

giving clinical symptoms would be examined, and in a country 
without screening programs for breast cancer.

Although there was a tendency of a higher number of ER-
positive tumors with multifocal disease, both among UBC and 
SBBC patients, the trend was not clear cut, and it was not 
statistically significant among bilateral patients. For malig-
nancy grade, there was a tendency to an inverse association 
with multifocal disease among SBBC patients, but in UBC 
patients, malignancy grade II and III were positively associated 
with multifocal disease. Interestingly, in a study by Alexander 
et al. dividing multifocal disease based on whether foci were 
identical and without adjacent DCIS (indication for satellite 
metastasis), the multifocal cancers with identical foci and no 
DCIS were strongly associated with being grade III [35], and 
in a study by Brommesson et al. the multifocal cancers where 
foci were clustering—showing genomic similarities—were all 
grade III [31]. This could indicate that multifocal cancer in 
UBC patients to a higher degree represent local spreading than 
multifocal cancer in SBBC patients.

Limitations to this study primarily relates to the regis-
tration of histopathologic characteristics of tumors. Infor-
mation on histopathology of SBBC and UBC was obtained 
from different sources, potentially introducing bias. As the 
registration practice of histology in multifocal UBC could 
vary in the DBCG database, although usually registering 
IDC if one focus is an IDC, we performed sensitivity analy-
ses using different criteria for selecting histology in multifo-
cal SBBC patients (see Supplement 2). These did not change 
the results. In a study by Kiaer et al. it was demonstrated 
that even among trained breast pathologists the interobserver 
variation in histological diagnosis was with a kappa value 
of 0.7 [36]. However, this potential misclassification is most 
likely not associated with laterality and therefore not a plau-
sible explanation for the observed differences. This is one 
of the largest studies on the histopathologic characteristics 
of SBBC, including nationwide coverage and detailed his-
topathologic information from both cancers in the bilateral 
patient, giving us the opportunity to use the unique setting of 
patients with simultaneous cancers in a paired organ. How-
ever, we still had power issues in the analyses stratifying 
patients on both bilateral and multifocal status.

Conclusions

With the present study we have identified two patterns pos-
sibly reflecting two different etiological mechanisms for 
SBBC. The majority of SBBC tumors are low malignant 
tumors with ER-positive and HER2-negative status, and 
malignancy grade I in primarily older patients, reflecting 
carcinomas with slow growth that would increase the prob-
ability of simultaneous diagnosis. The other possible mech-
anism was identified in a subgroup of patients with ILC. 
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Although it is well known that ILC is observed more often 
in multifocal and bilateral breast cancer [37], the findings of 
this study suggest that the association potentially reflects a 
propensity to tumor formation among these patients, as nei-
ther longer sojourn times nor a tendency to local spreading 
could seemingly explain the association.
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