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ABSTRACT: 

Background: Women with a benign breast disease (BBD) have an increased risk of subsequent breast 

carcinoma. Information is scarce regarding the characteristics of breast carcinomas diagnosed after a 

BBD. Our aim was to point out the differences in clinical and histological characteristics of breast 

carcinomas diagnosed in women with and without a previous pathological diagnosis of BBD in the 

context of population-based mammography screening. 

Methods: Retrospective cohort study of all women aged 50-69 years who were screened at least once in 

a population-based screening program in Spain, between 1994 and 2011 and followed-up until 

December 2012. The mean follow-up was 6.1 years. We analyzed 6,645 breast carcinomas, of whom 238 

had a previous pathological diagnosis of BBD. Information on clinical and histologic characteristics was 

collected from pathology reports. Logistic regression was used to estimate the odds ratio (OR) and 95% 

confidence intervals (95%CI) of occurrence of selected histological characteristics of breast carcinomas 

in women with and without a previous BBD.  

Results: Women with a previous BBD had a higher proportion of Ductal Carcinoma In Situ (DCIS) 

compared with women without a BBD (22.1% and 13.6%, respectively). Among those diagnosed with an 

invasive breast carcinoma, women with previous BBD were more likely to be diagnosed with carcinomas 

sized >2cm (OR=1.46; 95%CI=1.03-2.08), metastatic positive (OR=2.66; 95%CI=1.21-5.86), and with a 

high Ki-67 proliferation rate (OR=1.93; 95%CI=1.24-2.99). No differences were found across histologic 

subtypes of BBD.  

Conclusions: Screening participants with a previous pathological diagnosis of BBD had a higher 

proportion of DCIS. However, invasive carcinomas detected in women with a BBD were associated with 

clinical and histological characteristics conferring a worst prognosis. 
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INTRODUCTION 

Population-based mammography screening for breast cancer entails a number of benign breast 

findings at biopsy recommendation to rule out malignancy, referred to as benign breast disease (BBD). It 

is estimated that 1.8% of women aged 50 to 69 years participating regularly in the mammographic 

screening program in Spain will have a biopsy recommendation with a benign outcome (1). Women with 

BBD are at a substantially increased risk of subsequent breast cancer (2–5). Among women with a BBD, 

non-proliferative breast diseases have been shown to have a moderate elevated risk of subsequent 

breast cancer (2), but the risk has been found to be higher for proliferative disease without atypia, and 

highest for proliferative disease with atypia (2–4). However, the European Guidelines for Quality 

Assurance in Breast Cancer Screening and Diagnosis do not provide specific recommendations for the 

clinical management of women with a pathological diagnosis of BBD at mammography screening (6).  

Due to their increased risk of breast cancer women with BBD may benefit from a personalized 

breast cancer screening strategy. These strategies aim at improving the balance of benefits and harms of 

breast cancer screening by offering different frequency and modality of screening to women invited 

based on their breast cancer risk (7,8). 

There is lack of evidence on whether the clinical and histological characteristics of breast 

carcinomas may differ in women with and without a previous BBD (9–11). The studies yielded 

contradictory results, and none of them is performed in the context of population-based mammography 

screening. We aimed to point out the differences in clinical and histological characteristics of breast 

cancers diagnosed in women with and without a previous pathological diagnosis of BBD in the context of 

population-based mammography screening in Spain.  
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METHODS  

Setting and study population  

Population-based screening in Spain started in 1990 in one region and became nationwide in 

2006. Breast cancer screening in Spain is government-founded and follows the recommendations of the 

European Guidelines (12,13). The setting of the study has been described in detail elsewhere (2). In 

brief, women aged 50 to 69 years are biennially invited for a two-view mammography. Screening 

mammograms are interpreted by trained breast radiologists. Prior mammograms are retrieved for 

comparison at subsequent screens. The Breast Imaging Reporting and Data System (BI-RADS) scale was 

used to classify mammograms. Women with screening mammograms scored with BIRADS 3, 4, 5, or 0 

are recalled for further assessments within a maximum of 2 months after the screening test to confirm 

or rule out malignancy.. Further assessments may include additional imaging, ultrasound and invasive 

procedures. If malignancy is ruled out women are referred back to routine screening at two years. 

Women diagnosed with a breast carcinoma are referred for treatment. All breast biopsies were 

histopathologically classified by trained pathologist.  

The initial population consisted of individual level data from all 549,422 women screened at least 

once in the breast cancer screening program in Spain in the period 1994-2011, with follow-up until 

December 2012. The recall rate for the population was 5.4%, with a false-positive result rate of 4.7%. 

The detection rate and rate of interval cancer were 4.0 and 1.3 per 1,000 screens, respectively. Full-field 

digital mammography was introduced in the program in 2004 and was gradually widespread in the 

following years, with an overall rate of 26% full-field digital mammograms in the study period. We 

restricted the study population to all 9,375 women with a diagnosis of breast carcinoma during the 

study period (invasive carcinoma or ductal carcinoma in situ (DCIS)). We excluded breast cancer cases 

detected at first screen, as they could not have had a BBD detected at screening previous to the 

diagnosis of the breast carcinoma (n= 2,730). This left 6,645 breast carcinomas for analyses (Figure 1). 

Data was obtained from the databases of the screening regions and the study was approved by the 
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ethics committees of the institutions that provided data. Informed consent was not required because 

we used anonymized retrospective data.  

 

Characteristics of breast carcinomas and classification of benign breast diseases  

We included all breast carcinomas diagnosed as a screen detected or interval carcinoma. An 

interval breast cancer was defined as a breast carcinoma diagnosed after a negative screening test, or 

after a positive screening test were malignancy is finally ruled out, either before the next biennial 

invitation to screening, or within two years for women who had reached the upper age limit for 

screening. Because there is no nationwide cancer registry in Spain, interval carcinomas were identified 

by linking population based registries (regional Minimum Basic Data Set, regional cancer registries), and 

hospital-based cancer registries with screening population data, which ensured a high compliance of 

interval breast cancer cases. 

Information on clinical and histological characteristics of breast carcinomas and the histology of 

pathologically diagnosed BBD was collected from pathology reports. For breast carcinomas we collected 

information on breast cancer type (DCIS or invasive carcinoma), grade of differentiation, tumor size, 

lymph node involvement, distant metastasis, estrogen receptors (ER), progesterone receptors (PR), 

human epidermal growth factor receptor 2 (HER2), and cellular marker for proliferation Ki-67. 

Biomarker assessment was performed as part of the diagnostic process. The positivity criteria used by 

each hospital followed international recommendations and their updates throughout the study period 

(14,15). Breast carcinomas were considered positive when more than 10% of cells stained positive for Ki-

67. Grade of differentiation was defined according to the Scarff-Bloom-Richardson criteria, modified by 

Elson (16). BBD were categorized according to their histology based on the classification suggested by 

Page and Dupont and the College of American Pathologist as non-proliferative, proliferative without 

atypia, and proliferative with atypia (17). Because the number of women with a breast cancer diagnosis 

after a proliferative BBD is small in the context of breast cancer screening, we merged the categories 

proliferative without atypia, and proliferative with atypia into a unique category called proliferative. 
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Because the use of fine needle aspiration biopsies to rule out malignancy is common in breast cancer 

screening and they usually yield a nonspecific histological classification if breast carcinoma is discarded, 

we included the category negative for malignant cells.  

 

Statistical analyses 

For simplicity of presentation of results the study variables were categorized as: age at last 

screening exam (50-54, 55-59, 60-64, and 65-69 years), detection mode (screen detected or interval 

carcinoma), breast cancer type (DCIS or invasive carcinoma), grade of differentiation (1, 2, or 3), tumor 

size (≤ 2cm, or > 2cm), lymph node involvement (negative or positive), distant metastasis (negative or 

positive), ER status (negative or positive), PR status (negative or positive), HER2 status (negative or 

positive), and Ki-67 proliferation status (high or low).  

Breast cancer characteristics were compared among women with and without a previous 

pathological diagnosis of BBD using Chi-squared tests and z-tests for column proportions. Among 

invasive breast carcinomas, we used logistic regression to estimate the odds ratio (OR) and 95% 

confidence intervals (95%CI) of occurrence of the clinical and histological characteristics of interest in 

women with a previous BBD compared with women without a BBD. We performed separated analyses 

for each of the breast cancer characteristic of interest (grade of differentiation, tumor size, lymph node 

involvement, distant metastasis, ER status, PR status, HER2 status, and Ki-67 status). All models were 

adjusted for age at last screening exam (continuous), calendar year at last screening exam (continuous), 

and detection mode. All tests were two-sided with a 5% significance level. Statistical analyses were 

conducted in SPSS v.21 (IBM) and R statistical software version 3.2.3 (www.r-project.org). 

Because information on breast cancer characteristics was missing for some women in the study 

population we performed a sensitivity analysis to compare the distribution of age at last screening 

exam, detection mode and year at last screening exam in women with and without missing information 

on these variables.  

 

http://www.r-project.org/
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RESULTS 

We analyzed 6,645 women with a diagnosis of breast cancer, of whom 238 (3.6%) had a previous 

pathological diagnosis of BBD. Amongst the breast carcinomas , 4,450 (67.0%) were screen detected and 

2,195 (33.0%) were interval carcinomas. A higher proportion of DCIS was found in women with than in 

women without a previous BBD (22.1% and 13.6%, respectively; p<0.05) (Table 1). No significant 

differences were found in age distribution, or mode of detection between women with and without a 

BBD (Table 1).   

Among invasive breast carcinomas, women with previous BBD had a higher proportion of invasive 

carcinomas that were sized > 2cm (36.7% vs 26.4%), metastatic positive (5.2% vs 1.7%, respectively), and 

with a high Ki-67 proliferation rate (50.5% vs 33.7%, respectively), compared with women without a BBD 

(Table 2). No differences were found in the grade of differentiation, lymph node involvement, ER status, 

PR status and HER2 status. 

The analyses stratified by detection mode, showed a consistent higher proportion of DCIS and 

high Ki-67 invasive carcinomas among women with a pathological diagnosis of BBD for both, screen 

detected and interval carcinomas (Table 3). Among women with an interval carcinoma, the proportion 

of DCIS was four times larger in women with than in women without a previous benign breast disease 

(19.7% vs 5%). Half of the invasive breast carcinomas diagnosed in women with a previous benign breast 

disease had a high Ki-67 proliferation status for both, screen detected and interval carcinomas. A higher 

proportion of grade 1 breast carcinomas was observed in women with than in women without a BBD 

among screen detected cancers (35.4 vs 27.6, p< 0.05), but not for interval carcinomas (18.6 vs 16.7, 

respectively). No significant differences in tumor size, lymph node involvement, distant metastasis, ER 

status, PR status and HER2 status were found between women with and without previous BBD for 

neither screen detected nor interval carcinomas.  

Shown in Table 4 are the clinical and histological characteristics of breast carcinomas by sub-

category of pathologically diagnosed BBD. Compared with women without a BBD, women with non-

proliferative lesions had a higher proportion of DCIS (Table 4). Among invasive carcinomas, women with 
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non-proliferative lesions had a higher proportion of tumors sized > 2 cm and high Ki-67 proliferation 

rate, whereas women with a proliferative BBD had a higher proportion of metastatic invasive 

carcinomas at diagnosis. Women with a BBD negative for malignant cells showed no significant 

differences compared with women without a BBD. No differences were found across the sub-categories 

of BBD compared to each other.  

The adjusted regression model for invasive carcinomas showed that women with a previous 

pathological diagnosis of BBD were more likely to have a tumor sized > 2cm (OR= 1.46; 95%CI: 1.03-

2.08), distant metastatic positive (OR= 2.66; 95%CI: 1.21-5.86) and with a high Ki-67 proliferation rate 

(OR= 1.93; 95%CI: 1.24-2.99) (Table 5), compared with women without a BBD. 



9 
 

DISCUSSION 

Women with a previous pathological diagnosis of BBD were more likely to be diagnosed with a 

DCIS rather than an invasive carcinoma compared with women without a BBD. However, invasive 

carcinomas diagnosed in women with a BBD were associated with worst prognosis characteristics such 

as size > 2 cm, positive distant metastasis and high Ki-67 proliferation rate. To our knowledge, this is the 

first study to compare the clinical and histological characteristics of breast carcinomas in population-

based mammography screening in women with and without a previous BBD.  

Previous research indicates that women with a BBD are at a higher risk of developing subsequent 

breast carcinoma (2,4,5). It is important to highlight not only the increased risk found in women with 

BBD, but also the worst prognosis characteristics associated with their invasive breast carcinomas. Some 

of the most relevant prognostic factors in breast cancer are tumor stage (tumor size, lymph node status, 

and presence of distant metastasis), hormone receptor status, HER2 overexpression, and Ki-67 status. 

We found a higher proportion of invasive carcinomas sized > 2cm, metastatic positive, and with a high 

Ki-67 proliferation rate among women with previous pathological diagnosis of BBD. The worst prognosis 

characteristics may indicate detrimental biology features of these carcinomas (11), and in particular a 

higher Ki-67 proliferation rate is indicator of a faster growing pattern (18).  

Few studies have analyzed clinical and histological characteristics of breast carcinomas in women 

with previous BBD, and they yielded inconclusive results (9–11). Two studies, performed in a clinical 

setting, compared clinico-pathologic characteristics of breast carcinomas across histologic categories of 

previous BBD. The studies lacked a reference group of women without a BDD, which makes comparisons 

with our study misleading (9,11). One of the studies found no differences across categories of BBD, 

while the other found that women with atypical hyperplasia had a higher frequency of grade 1 and ER+ 

breast carcinomas compared with women with proliferative disease without atypia or non-proliferative 

disease. On the other hand, Mitro et al. performed a study in a population of African-American women 

in the US using a reference population of women with a breast cancer without a previous BBD, which 

makes results more comparable with our study (10). The study suggested that women with BBD may 
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have better prognosis characteristics than women in the general population. They reported a higher 

proportion of in situ, grade 1 and hormone receptor positive carcinomas in women with a BBD. 

However, the differences in grade of differentiation and hormone receptors disappeared almost entirely 

after adjusting for in situ vs. invasive carcinoma, which gives consistency to the idea that breast cancer 

type plays an important role in the characterization of breast carcinomas diagnosed after a BBD. The 

findings of the study could improve clinical knowledge and guide individualized screening 

recommendations. Studies on long term mortality and survival are needed to support the idea of a 

better or worst prognosis of breast carcinomas diagnosed in women with a pathological diagnosis of 

BBD at breast cancer screening. 

We found a higher proportion of DCIS in breast carcinomas diagnosed in women with a BBD, 

which has previously been reported (10). The difference may indicate that women with a pathologically 

diagnosed BBD are more likely to be aware of their health status and attend biennial screening regularly. 

However, the analyses stratified by detection mode showed a similarly increased proportion of DCIS in 

women with a BBD for screen detected and interval carcinomas. It is important to remark that following 

the European Guidelines, women with a BBD detected at screening do not follow different screening 

recommendations than women with negative screening tests. On a previously published work we found 

a higher proportion of DCIS in women with a previous biopsy with a benign result compared with 

women with negative screening tests only (19). Also, we found no differences in the proportion of DCIS 

across the BBD subtypes, which is consistent with previous results (11).  

The role of tumor size in the differences found between women with and without a BBD has 

yielded contradictory results. The above mentioned study by Mitro et al showed no differences in tumor 

size between women with and without a BBD, whereas the study carried out in Spain by Domingo et al. 

showed a higher proportion of tumors sized > 2 cm in women with a biopsy with benign result 

compared with women with negative screening tests (10,19). In agreement with previously reported 

data we found no differences in tumor size across subtypes of BBD (11).  
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We found that ER, PR and HER2 receptor status were not histological characteristics distinctive 

between women with and without a BBD. Our findings of an absence of differences in the hormone 

receptor status are in agreement with a previous study (10). Neither did we find differences in the 

proportion of ER+, or PR+ invasive breast carcinomas across BBD subtypes, which is in agreement with a 

previous study (9), but not with other (11) that found a higher proportion of ER+ invasive carcinomas in 

women with proliferative lesions with atypia compared with women with non-proliferative lesions and 

women with proliferative lesions without atypia. It has been suggested that tissue concentration of 

estradiol in BBD is higher than in normal breast tissue (20), which could favor a later development of 

ER+ invasive carcinomas in women with BBD. Women diagnosed with lobular carcinoma in situ are 

routinely derived outside the screening program setting for clinical follow-up. Thus, we could not 

perform separate analysis for this entity, which could have been desirable given its possible link with 

certain types of invasive breast cancer (9).  

In our study population 3.6% of breast carcinomas were diagnosed in women with a previous 

pathological diagnosis of BBD. A study assessing breast cancer risk in women targeted for 

mammography screening reported that the proportion of breast carcinomas diagnosed in women with a 

previous BBD, that was not self-reported, was 3.7% (21). Studies carried out in a clinical setting have 

reported larger numbers of breast carcinomas in women with a previous pathological diagnosis of BBD 

(11). However, comparisons with clinical studies in absolute numbers are difficult because they lack a 

balanced reference population of women without a BBD. Most differences found between our study 

and previously published clinical studies could be explained by the study setting. First, the basis of our 

study population is a cohort of asymptomatic women biennially screened for breast cancer, which 

substantially differs from clinical studies where most women had a biopsy recommendation because of 

self-declared symptoms. Second, we did not include in our analyses BBD that were self-reported at the 

time of screening mammography. This inclusion criteria ensures that all BBD included for analyses were 

radiologically and pathologically confirmed, and diagnosed in asymptomatic women, which is the basis 

of a population-based screening program.  
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A major strength of this study is that data were obtained from a well-established population-

based screening program with an average participation of 67% of invited women, and a re-attendance 

rate of 91.2% (12). We analyzed data from over 16-years of follow-up and 550.000 women aged 50-69 

years screened at least once in the program, which minimizes selection bias. However, the study has 

several limitations. Firstly, the study was limited by the number of women with missing information for 

some histological characteristics, particularly hormonal receptors and Ki-67 status, which limits some 

interpretations. The sensitivity analyses showed a higher proportion of missing data on the earliest years 

after start of the screening program, because information on ER, PR, HER2 or Ki-67 was not routinely 

collected at that time (supplementary material). We also found that the proportion of missing data was 

larger among interval carcinomas, which was expected given that information on interval carcinomas 

was identified by linkage with external sources of information that do not systematically collect 

information on breast cancers characteristics. Also, we found small variations in the age distribution 

between women with and without missing information, although the distribution was consistently 

similar between women with available data and women with missing information on clinical and 

histological characteristics. Secondly, we had a reduced number of women with breast carcinoma after a 

BBD, which entails a small sample size for some subgroup analyses. Consequently, some results should 

be interpreted with care. Another limitation of the study is that women screened in 2011 were 

followed-up until December 2012 for interval carcinomas, which shortens the usual 24 months follow-

up period. However, because the aim of the study was not to estimate breast cancer incidence but to 

compare the clinical and histological characteristics of breast carcinomas among women with and 

without previous BBD it is unlikely that a shorter follow-up for interval carcinomas has any effect on the 

characteristics studied.  

 

CONCLUSIONS 

Our study suggests that although women with a pathological diagnosis of BBD are more likely to develop 

a DCIS compared with women without a BBD, their invasive carcinomas are associated with clinical and 
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histological characteristics conferring a worst prognosis, such as tumor size > 2 cm, distant metastasis 

and a high Ki-67 proliferation rate. In addition to increasing the breast cancer risk, BBD pathologically 

diagnosed at screening could predict two types of breast carcinomas; the slow growing type identified 

by a higher proportion of DCIS, but also breast cancers with worse prognosis characteristics among 

those with an invasive carcinoma. This information widens the knowledge about the natural history of 

breast carcinomas in women with a previous BBD diagnosed at screening. Women with a BBD could 

benefit from a closer surveillance that should be considered when more personalized screening 

strategies are discussed. 
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Characteristic

No previous benign 

breast disease; 

(n=6407)

Previous Benign 

Breast Disease; 

(n=238)

p  ¥

Age at last screen

50-54 1 335 (20.8) 45 (18.9)

55-59 1 730 (27.0) 53 (22.3)

60-64 1 847 (28.8) 82 (34.5)

65-69 1 495 (23.3) 58 (24.4)

Detection mode

Screen detected 4 299 (67.1) 151 (63.4)

Interval cancer 2 108 (32.9) 87 (36.6)

Breast cancer type < 0.05

DCIS 737 (13.6) 49 (22.1)

Invasive 4 678 (86.4) 173 (77.9)

Unknown 992 16

DCIS: ductal carcinoma in situ; Invasive: invasive carcinoma

Table 1. Clinical and histological characteristics of breast carcinomas for 

women with and without a previous pathological diagnosis of benign 

breast disease. All breast carcinomas (N=6,645)

¥ Different at p< 0.05 in a two-sided test of equality for column 

proportions (z-test). The unknown category is excluded in the tests for 

differences. Tests are adjusted using the Bonferroni correction for 

multiple comparison.  
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Characteristic

Previous 

Benign Breast 

Disease; 

(n=173)

p  ¥

Grade

1 724 (25.2) 42 (30.2)

2 1 310 (45.5) 64 (46.0)

3 843 (29.3) 33 (23.7)

Unknown 1 801 34

Tumor Size < 0.05

≤ 2cm 3 057 (73.6) 100 (63.3)

> 2cm 1 096 (26.4) 58 (36.7)

Unknown 525 15

Lymph nodes

Negative 2 871 (72.0) 112 (67.9)

Positive 1 118 (28.0) 53 (32.1)

Unknown 689 8

Metastasis < 0.05

Negative 3 467 (98.3) 145 (94.8)

Positive 60 (1.7) 8 (5.2)

Unknown 1 151 20

ER status

Negative 442 (17.7) 25 (16.2)

Positive 2 051 (82.3) 129 (83.8)

Unknown 2 185 19

PR status

Negative 731 (29.5) 50 (32.5)

Positive 1 751 (70.5) 104 (67.5)

Unknown 2 196 19

HER2 status

Negative 1 270 (84.9) 130 (87.2)

Positive 225 (15.1) 19 (12.8)

Unknown 3 183 24

Ki-67 status < 0.05

Low 1 012 (66.3) 46 (49.5)

High 514 (33.7) 47 (50.5)
Unknown 3 152 80

Table 2. Clinical and histological characteristics of breast carcinomas 

for women with and without a previous pathological diagnosis of  

benign breast disease. Invasive cancinomas only (N=4,851)

No previous benign 

breast disease; 

(n=4,678)

¥ Different at p< 0.05 in a two-sided test of equality for column 

proportions (z-test). The unknown category is excluded in the tests for 

differences. Tests are adjusted using the Bonferroni correction for 

multiple comparison.  
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Characteristic

No previous 

benign breast 

disease; 

(n=4,299)

Previous 

Benign Breast 

Disease; 

(n=151)

p  ¥

No previous 

benign breast 

disease; 

(n=2,108)

Previous 

Benign Breast 

Disease; (n=87)

p  ¥

All breast cancer cases, (n=6,645)

Breast cancer type < 0.05 < 0.05

DCIS 676 (16.1) 35 (23.2) 61 (5.0) 14 (19.7)

Invasive 3 514 (83.9) 116 (76.8) 1 164 (95.0) 57 (80.3)

Unknown 109 0 883 16

Invasive cancers only, (n=4,851)

Grade < 0.05

1 618 (27.6) 34 (35.4) 106 (16.7) 8 (18.6)

2 1 042 (46.5) 50 (52.1) 268 (42.1) 14 (32.6)

3 581 (25.9) 12 (12.5) 262 (41.2) 21 (48.8)

Unknown 1 273 (0.0) 20 (0.0) 528 (0.0) 14 (0.0)

Tumor Size

≤ 2cm 2 610 (80.7) 81 (74.3) 447 (48.6) 19 (38.8)

> 2cm 623 (19.3) 28 (25.7) 473 (51.4) 30 (61.2)

Unknown 281 7 244 8

Lymph nodes

Negative 2 362 (78.6) 89 (78.8) 509 (51.7) 23 (44.2)

Positive 643 (21.4) 24 (21.2) 475 (48.3) 29 (55.8)

Unknown 509 3 180 5

Metastasis

Negative 2 952 (99.2) 109 (98.2) 515 (93.5) 36 (85.7)

Positive 24 (0.8) 2 (1.8) 36 (6.5) 6 (14.3)

Unknown 538 5 613 15

ER status        

Negative 357 (16.4) 12 (11.2) 85 (27.0) 13 (27.7)

Positive 1 821 (83.6) 95 (88.8) 230 (73.0) 34 (72.3)

Unknown 1 336 9 849 10

PR status         

Negative 597 (27.5) 29 (27.4) 134 (42.5) 21 (43.8)

Positive 1 570 (72.5) 77 (72.6) 181 (57.5) 27 (56.3)

Unknown 1 347 10 849 9

HER2 status         

Negative 1 105 (84.5) 91 (88.3) 165 (87.8) 39 (84.8)

Positive 202 (15.5) 12 (11.7) 23 (12.2) 7 (15.2)

Unknown 2 207 13 976 11

Ki-67 status     < 0.05     < 0.05

Low 871 (64.2) 33 (50.0) 141 (82.9) 13 (48.1)

High 485 (35.8) 33 (50.0) 29 (17.1) 14 (51.9)

Unknown 2 158 50 994 30

DCIS: ductal carcinoma in situ; Invasive: invasive carcinoma
¥ Different at P < 0.05 in a two-sided test of equality for column proportions (z-test). Analyses stratified by detection mode. 

The unknown category is excluded in the tests for differences. Tests are adjusted using the Bonferroni correction for 

multiple comparison.

Table 3: Clinical and histological characteristics of screen detected and interval carcinomas by history of a previous 

pathological diagnosis of benign breast disease

Interval cancerScreen detected cancer
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Characteristic

Negative for 

malignant cells, 

(n=99)

Non-

proliferative, 

(n=102)

Proliferative 

with or withiout 

atypia, (n=37)

All breast cancer cases, (n=6,645)

Breast cancer type         < 0.05

DCIS 737 (13.6) * 20 (22.2) 22 (23.2) * 7 (18.9)

Invasive 4 678 (86.4) 70 (77.8) 73 (76.8) 30 (81.1)

Unknown 992 9 7 0

Invasive cancers only, (n=4,851)

Grade         

1 724 (25.2) 20 (33.3) 18 (31.6) 4 (18.2)

2 1 310 (45.5) 29 (48.3) 24 (42.1) 11 (50.0)

3 843 (29.3) 11 (18.3) 15 (26.3) 7 (31.8)

Unknown 1 801 10 16 8

Tumor Size         < 0.05

≤ 2cm 3 057 (73.6) * 47 (71.2) 35 (53.8) * 18 (66.7)

> 2cm 1 096 (26.4) 19 (28.8) 30 (46.2) 9 (33.3)

Unknown 525 4 8 3

Lymph node statut         

Negative 2 871 (72.0) 51 (75.0) 41 (59.4) 20 (71.4)

Positive 1 118 (28.0) 17 (25.0) 28 (40.6) 8 (28.6)

Unknown 689 2 4 2

Metastasis         < 0.05

Negative 3 467 (98.3) * 60 (96.8) 59 (95.2) 26 (89.7) *

Positive 60 (1.7) 2 (3.2) 3 (4.8) 3 (10.3)

Unknown 1 151 8 11 1

ER status         

Negative 442 (17.7) 5 (8.6) 15 (22.7) 5 (16.7)

Positive 2 051 (82.3) 53 (91.4) 51 (77.3) 25 (83.3)

Unknown 2 185 12 7 0

PR status         

Negative 731 (29.5) 18 (30.5) 25 (38.5) 7 (23.3)

Positive 1 751 (70.5) 41 (69.5) 40 (61.5) 23 (76.7)

Unknown 2 196 11 8 0

HER2 status         

Negative 1 270 (84.9) 48 (85.7) 55 (87.3) 27 (90.0)

Positive 225 (15.1) 8 (14.3) 8 (12.7) 3 (10.0)

Unknown 3 183 14 10 0

Ki-67 status         < 0.05

Negative 1 012 (66.3) * 24 (60.0) 11 (34.4) * 11 (52.4)

Positive 514 (33.7) 16 (40.0) 21 (65.6) 10 (47.6)
Unknown 3 152 30 41 9

DCIS: ductal carcinoma in situ; Invasive: invasive carcinoma

* Indicates the pairs that are significantly different within each multiple pairwise comparison. 

TABLE 4. Clinical and histological characteristics of breast carcinomas by histologic category of pathologically 

diagnosed benign breast disease.

No previous 

benign breast 

disease, 

(n=6,407)

Benign breast disease

p  ¥

¥ Different at p< 0.05 in a two-sided test of equality for column proportions (z-test). The unknown category is 

excluded in the tests for differences. Tests adjusted for all pairwise comparisons within each tumor characteristic 

using the Bonferroni correction
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Tumor characteristic *

Unadjusted OR 

(95%CI)

Adjusted OR 

(95%CI) ¥

Grade (3 vs 1 & 2) Ref. 0.75 (0.50-1.12) 0.71 (0.48-1.07)

Tumor size (> 2cm vs ≤ 2cm) Ref. 1.62 (1.16-2.25) 1.46 (1.03-2.08)

Lymph nodes (positive vs negative) Ref. 1.21 (0.87-1.70) 1.12 (0.79-1.59)

Metastasis (positive vs negative) Ref. 3.19 (1.50-6.80) 2.66 (1.21-5.86)

ER status (positive vs negative) Ref. 1.11 (0.71-1.73) 1.22 (0.78-1.92)

PR status (positive vs negative) Ref. 0.87 (0.61-1.23) 0.96 (0.67-1.37)

HER2 status (positive vs negative) Ref. 0.83 (0.50-1.36) 0.86 (0.52-1.43)

Ki-67 status (high vs low) Ref. 2.01 (1.32-3.06) 1.93 (1.24-2.99)

Table 5. Odds ratio of occurrence of selected clinical and histological characteristics of breast carcinomas 

for women with and without a previous pathological diagnosis of benign breast disease. Invasive 

carcinomas only (N=4,851).

Previous 

Negative test, 

(n=4,678)

Previous BBD, (n=173)

* Based on 8 separated models.
¥ Adjusted for detection mode (screen detected or interval cancer), age at last screen, and calendar year 

at last screen.  
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Figure legend:  

Figure 1: Flow chart of study participants. 

 

549.422 women screened at 
least once

6,645 women with breast 
cancer included in the study

6,407 did not have previous 
history of benign breast 
disease

238 had previous history of 
benign breast disease

9,375 had a screen detected 
or interval cancer diagnosis

2,730 breast cancers detected 
at first screen

 

 
         

 


