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ABSTRACT: 

 

Objective: We aimed to explore whether the type of mammographic feature prompting a false-positive recall (FPR) during 

mammography screening influences the risk and timing of breast cancer diagnosis, particularly if assessed with invasive 

procedures.  

Study design: We included information on women screened and recalled for further assessment in Spain between 1994 and 2015, 

with follow-up until 2017, categorizing FPRs by the assessment (noninvasive or invasive) and mammographic feature prompting 

the recall.  

Main outcome measures: Breast cancer rates in the first two years after FPR (first period) and after two years (second period). 

Results: The study included 99,825 women with FPRs. In both periods, the breast cancer rate was higher in the invasive 

assessment group than in the noninvasive group (first period 12 ‰ vs 1.9 ‰, p< 0.001; second period 4.4‰ vs 3.1‰, p<0.001). 

During the first period, the invasive assessment group showed diverse breast cancer rates for each type of mammographic feature, 

with a higher rate for asymmetric density (31.9‰). When the second period was compared with the first, the breast cancer rate 

decreased in the invasive assessment group (from 12‰ to 4.4‰, p<0.001) and increased in the noninvasive assessment group 

(from 1.9‰ to 3.1‰, p<0.001). 

Conclusion: In the context of mammography screening, the risk of breast cancer diagnosis during the first two years after FPR 

was particularly high for women undergoing invasive assessment; importantly, the risk was modified by type of mammographic 

feature prompting the recall. This information could help to individualize follow-up after exclusion of malignancy. 
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1. Introduction 

There is ongoing research on how to reduce the undesired effects of population-based mammography screening, such as 

overdiagnosis and overtreatment [1]. Researchers seek to identify groups of women who are at low or high risk of developing 

breast cancer and who could benefit from tailored screening recommendations. Women with a false-positive recall (FPR) at 

screening (a recall caused by an anomaly found on screening mammography that finally excludes malignancy) are at increased 

risk of breast cancer diagnosis [2–5]. These women could be considered candidates for a specific intervention. The risk may be 

even higher for women requiring invasive assessment during the FPR [2,6]. 

Based on these and other data, some clinical guidelines recommend an intensive two-year follow-up period after a benign 

breast biopsy prompted by a mammographic finding [7,8]. No such recommendation exists in the European Guidelines for 

population-based mammography screening [9], which recommend that women return to regular biennial screening after an 

assessment ruling out malignancy. 

In the present study, we aimed to investigate whether the type of mammographic feature assessed in an FPR influences 

the risk and timing of a subsequent breast cancer diagnosis, particularly in women undergoing invasive assessment. This 

information would enable the selection of women for intensive follow-up after FPRs in the context of population-based 

mammography screening. 

 

2. Methods 

Our study was based on data from the Spanish population of women undergoing breast cancer screening. Breast cancer 

screening in Spain follows the European Guidelines for Quality Assurance in Breast Cancer Screening and Diagnosis [10,11] and 

has been described in detail elsewhere [12]. In brief, women aged 50-69 years are invited to undergo a two-view mammogram, 

every two years. Trained radiologists read and classify mammograms according to the Breast Reporting and Data System (BI-

RADS scale) [13,14]. Women with a BI-RADS score of 0, 3, 4 or 5 are recalled for further assessment within two months after 

mammography. During the assessment, additional imaging methods with or without invasive procedures are used. The additional 

imaging methods comprise further mammographic projections, ultrasound, and magnetic resonance imaging (MRI) if necessary. 

Invasive procedures include fine-needle aspiration cytology (FNAC), core-needle biopsy, vacuum-assisted biopsy, percutaneous 

excisional biopsy, and surgical biopsy. The samples obtained are analyzed in local pathology laboratories. As part of a 

standardized protocol, the screening offices in each region actively search for interval cancers. Information is systematically 

collected in each region and includes the mammographic features prompting the recall, additional imaging and invasive 

procedures performed during the assessment, pathology results, and interval cancer diagnosis.  

 

2.1. Study population 
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We conducted a retrospective study using data from 10 different centers involved in the Spanish breast cancer screening 

program. The cohort included women aged 50-69 years who were screened between 1994 and 2015, followed up until 2017, and 

recalled for further assessment. If a woman had more than one recall during the study period, only the most recent was included in 

the analyses. The study was approved by the institutional review boards of all participating institutions. Informed consent from the 

patients was not necessary because the study was retrospective, and the data were anonymized. 

 

2.2 Additional assessment and mammographic features 

We classified the cohort in two groups according to the assessments performed during the recall: i) noninvasive 

assessment group, which underwent only additional imaging procedures, and ii) invasive assessment group, which underwent at 

least one invasive procedure. 

For the noninvasive assessment group, if more than one imaging method was performed at recall, we included only the 

most complex imaging modality, considering MRI as the most complex, followed by ultrasound, further mammographic 

projections, and unreported imaging. For the invasive assessment group, if more than one invasive procedure was performed at 

recall, we included the method that we considered the most informative (i.e., a larger tissue sample was processed by the 

pathology exam), with surgical biopsy being the most informative, followed by imaging-guided biopsy (including core-needle 

biopsy, vacuum-assisted biopsy and percutaneous excisional biopsy), FNAC, and unreported invasive procedures.  

We categorized the mammographic features prompting recalls as follows: mass, architectural distortion, calcification, 

asymmetric density, and multiple features [15]. For women included in the study with more than one mammographic feature 

assessed at different screens, we included only the information on the most recent screen. 

Pathology results from invasive procedures were grouped as follows: malignancy, negative for malignant cells on 

cytology, non-proliferative benign breast disease, and proliferative benign breast disease with or without atypia. 

 

2.3. Time to diagnosis and laterality of breast cancer after an FPRl 

For FPRs, we assessed the number of breast cancer cases diagnosed during the follow-up period, in subsequent screens or 

as interval cancers, for each assessment group (invasive and noninvasive) and each category of mammographic features within 

each group.  

We divided the follow-up period into two groups: within two years after the assessment date of the FPR (first period) and 

beyond two years after the assessment date of the FPR (second period). The first period included interval cancers diagnosed 

before the subsequent screen and cancers diagnosed in the subsequent screen due to the two-year periodicity of the Spanish 

population-based screening.  
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Because rates are affected by the length of time a woman has been at risk for breast cancer, rates were calculated based 

on person-years at risk in both groups. Person-years were defined from the date of mammographic reading until a diagnosis of 

breast cancer or the end of the follow-up period, whichever came first. 

We gathered information on the laterality of the tumors diagnosed during the follow-up period and its relationship with 

the mammographic features assessed at FPRs. 

 

2.4. Statistical analysis 

We analyzed the number of women recalled and their distribution in the noninvasive and invasive assessment groups by 

the type of mammographic feature and by the pathology result in the invasive assessment group. To check screening quality, we 

calculated the sensitivity of the screening program (overall and for each mammographic feature) as standardized in the European 

Guidelines[9–11]; namely, the number of screen-detected cancers was divided by the number of screen-detected cancers plus 

interval cancers.  

For FPRs, we computed the rates of breast cancer diagnosed during the follow-up period in the first and second periods 

for each mammographic feature within each group and overall. We compared breast cancer rates between the noninvasive and 

invasive assessment groups (overall) and between both periods (overall and for each mammographic feature within each group).  

We compared both periods regarding the proportion of interval cancers and the proportion of cancers ipsilateral to the 

mammographic feature prompting the FPR overall and for each mammographic feature within each group.  

As the study period was very long and both technological and protocol changes have undoubtfully occurred meanwhile, 

we performed a sensitivity analysis to assess the differences in the main outcomes (breast cancer rates and interval cnacers in the 

noninvasive and invasive assessment groups in both periods defined, overall) for three different time terms: 1994 to 2001, 2002 to 

2008 and 2009 to 2015. 

We analyzed differences between groups and categories using a chi-square test performed with IBM SPSS Statistics for 

Windows, Version 23.0. Armonk, NY: IBM Corp and R version 3.3.2 (www.r-project.org). 
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3. Results  

 

3.1. Cohort description and recall performance at screening 

During the study period, 784 145 women were screened and 107 417 women were recalled: 83,887 (78.1%) underwent a 

noninvasive assessment, and 23,694 (21.9%) underwent invasive assessment. Figure 1 shows the flowchart of the study 

population and the types of imaging and invasive procedures used.  

Table 1 shows the number and distribution of mammographic features across the noninvasive and invasive assessment 

groups together with the distribution of the pathology results in the invasive assessment group: 99,825 had a benign pathology 

result, and were consequently considered FPRs. Calcification was the most frequently biopsied mammographic feature and most 

frequently showed malignancy and benign proliferative disease.  

The number of interval cancers diagnosed before subsequent rounds was 668, and the overall sensitivity of screening 

mammography was 93.4%. The screening sensitivity for each mammographic feature is detailed in Figure 2.  

 

3.2 Breast cancer diagnosis after FPRs 

The overall number of breast cancer cases diagnosed during the follow-up period was 1904, including 756 during the first 

period and 1148 during the second period. The person-year figures, number of breast cancers and breast cancer rates after FPRs 

for each period of follow-up, and each mammographic feature within each group are detailed in Table 2. In both periods, the crude 

breast cancer rates were higher in the invasive assessment group than in the noninvasive assessment group, but the difference was 

greater during the first period (12 ‰ vs 1.9 ‰, p< 0.001 and 4.4‰ vs 3.1‰, p<0.001, respectively).  

All categories of mammographic features in the invasive assessment group showed higher breast cancer rates during the 

first period than during the second period, and the differences were significant overall and for all mammographic features except 

for architectural distortion. In contrast, all categories of mammographic features in the noninvasive assessment group showed 

lower rates during the first period than during the second period; the differences were significant overall and for all 

mammographic features except for architectural distortions and asymmetric densities. The highest risk of a breast cancer diagnosis 

corresponded to asymmetric densities in the invasive assessment group during the first period (31‰). These differences are shown 

in Figure 2.  

Table 3 summarizes the data on the breast cancer detection method during the follow-up period after an FPR. During the 

first follow-up period, most breast cancers in the noninvasive assessment group were detected by screening, while most breast 

cancers in the invasive assessment group were interval cancers; the differences were significant overall and for each 

mammographic feature. During the second follow-up period, most breast cancers were detected by screening in both groups, and 

the differences between both groups overall and for each mammographic feature were not significant.  
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Information on the laterality of breast cancers diagnosed during the follow-up period was available for 476 of 756 

cancers diagnosed during the first period and for 744 of 1147 cancers diagnosed during the second period. For both assessment 

groups, cancers ipsilateral to the mammographic feature causing the FPR were more frequent during the first period than during 

the second period except for architectural distortions in the invasive assessment group, which showed a slightly higher number of 

ipsilateral breast cancers during the second period than during the first. In the invasive assessment group, the differences between 

the two periods regarding laterality were significant overall and for each mammographic feature except for architectural 

distortions and asymmetric density. In the noninvasive assessment group, differences in laterality were significant only overall and 

for mass. Data on laterality are summarized in Table 4.  

The sensitivity analyses to assess differences attributable to the long study period showed that the results for each term 

period were the same that the results for the whole 21 years period (see Supplemental Table 1 and Supplemental Table 2). 

 

4. Discussion 

In the present study, we observed that in the context of population-based mammography screening, women with FPRs 

who underwent an invasive procedure had a high risk of a breast cancer diagnosis within the first two years after the recall; 

importantly, this risk was modulated by the type of mammographic feature prompting the recall, and breast cancer was most 

frequently diagnosed as an interval cancer. During the first period, the highest breast cancer risk was conferred by asymmetric 

densities in the invasive assessment group. To the best of our knowledge, this study is the first to identify this risk determinant in 

the context of mammography screening. 

Importantly, after an FPR, all mammographic features evaluated with an invasive assessment showed a higher risk of 

breast cancer diagnosis during the follow-up period than those evaluated with noninvasive assessments, particularly during the 

following two years. A history of a benign breast biopsy is a well-known risk factor for developing breast cancer later in life [16], 

and is an item included in different models for breast cancer risk calculation, such as the Breast Cancer Risk Assessment Tool, the 

IBIS model [17] and others [18,19]. In a previous study, our group confirmed that a previous benign breast biopsy was a risk 

factor in the context of population-based mammography screening [2], and those findings are supported by the present results.  

The National Comprehensive Cancer Network (NCCN) guidelines recommend that mammographic features with a 

benign result on biopsy should be followed up with mammography every 6-12 months for one or two years [20]. However other 

institutions consider that such a policy is not cost-effective [21]. Our results strongly support the principles recommended by the 

NCCN guidelines for screening programs, particularly when the mammographic feature assessed with an invasive procedure is 

asymmetric density. 

The increased breast cancer risk of women with FPRs could be explained by several factors. Some studies provide 

evidence that, for some recalled women, cancer may be incorrectly excluded during assessment; this situation is termed 

“misclassification” by some authors [5,22,23]. The tumor may eventually be diagnosed because of related symptoms or through 
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subsequent screening. According to Goosens et al, the percentage of misclassified tumors could be as high as 41% of all tumors 

diagnosed during follow-up [5]. Part of the higher breast cancer rate found for mammographic features evaluated with an invasive 

assessment in our study could be related to misclassification, as the rate was higher during the first two-year period than 

subsequently, and cancers were more frequently diagnosed as interval cancers ipsilateral to the mammographic feature causing the 

FPR. Screening programs should prioritize strategies to minimize this situation, to avoid not only delays in diagnosis but also the 

negative psychological impact of an interval breast cancer revealed shortly after a benign breast biopsy. Promising tools to 

minimize misclassification are new imaging or biopsy methods such as contrast-enhanced mammography, MRI, and vacuum-

assisted biopsy [2, 29, 30] 

Notably, misclassification may only partially explain the higher risk of breast cancer found in women with FPRs. Most 

frequently, additional assessments at recall correctly rule out malignancy but identify benign breast disease with a high risk of 

subsequent breast cancer [6,23,24]. The risk is higher for women with a familial history of breast cancer [6,25]. The 

mammographic feature that most accurately identifies a high-risk mammary gland may be calcification. In a previous study by our 

group, calcifications showed the highest long-term risk of breast cancer [15]. In the present study, calcifications were the 

mammographic feature most frequently showing proliferative benign breast disease, a condition that has already been associated 

with high breast cancer risk [25]. New trials should evaluate whether women whose screening mammograms show calcifications 

might benefit by a particular preventive approach.  

Despite the higher risk of breast cancer within the first two years after an FPR requiring biopsy in our study, women in 

this situation should be reassured that they are unlikely to be diagnosed with breast cancer during that period, as breast cancer 

screening programs take measures to obtain optimal results. The highest incidence was seen for asymmetric densities. Even so, in 

this study, the screening sensitivity for this mammographic feature was as high as 96.06% (data not shown).  

The results presented here are also reassuring regarding recall performance at screening, as the percentage of recalled 

women and screening sensitivity were within the European quality standards [12,26]; therefore, the high breast cancer rates found 

after FPRs evaluated with invasive assessments during the first follow-up period should not be attributed to deficient screening 

sensitivity. The two most frequently biopsied mammographic features (calcifications and multiple features) were those most often 

showing malignancy, thus confirming the high accuracy of radiologists in handling mammography findings.  

Our study has some strengths and limitations. The first limitation is that all women included in population-based 

mammography screening in Spain are between 50 and 69 years old and mammography is performed every two years; therefore, 

the results presented here may be of value only for the population in this age range participating in biennial mammography 

screening, as is the case of most European Countries [11].  

Secondly, the decision to recall women could be somewhat subjective, depending on radiologists’ personal experience 

and, consequently, the recall rate may vary among the screening offices; however, screening radiologists in Spain are trained to 

overcome subjectivity as far as possible and recall rates show no significant differences for most regions in the country [27].  
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Notably, we included 10 centers representative of the Spanish breast cancer screening program, and we analyzed a large 

number of screened women with more than 100,000 recalls for further assessment with an extended follow-up of up to 20 years. 

Although an extended follow-up is of value and allows analysis of a large sample, it also has some flaws, the most important 

being that, during the 20-year period, mammographic technique and interpretation underwent enormous changes; however, our 

sensitivity analysis showed the same results across three different terms of the study period, supporting the consistency of our 

findings.  

Of note, although the number of women with FPRs included in the study was high (99,825), the number of subsequent 

breast cancers diagnosed among them was insufficient for some subgroup analyses. Another limitation is that the study was 

retrospective, even though the databases were prospectively entered. In addition, we were unable to retrieve information on 

laterality for all cases of cancer due to the heterogeneity of the initial databases; however, we assumed that the losses were random 

and did not influence the overall results.  

Finally, we could not include information on breast density or body weight, both of which affect the accuracy of 

radiologic assessment [28,29]. Density in particular is a well-established factor affecting the performance of screening [30–32]: 

Moshina et al reported that recall rates for women with non-dense versus dense breasts were 2.7% and 3.6% [33]. We were not 

able to include information on density because for most of the 20-year study period, it was not systematically included in the 

databases of the participating centers. We opted to perform the present analysis by including a large cohort of patients who were 

followed up for a long time because we considered that the information obtained might be highly valuable. We are now 

conducting further studies in this research area that include information on breast density and weight. 

In conclusion, our study shows that women assessed with invasive procedures at an FPR had a high risk of breast cancer 

diagnosis in the first two years after the assessment; the risk varied depending on the mammographic feature prompting the recall. 

This information could enable selection of women for intensive follow-up after FPRs in the context of population-based 

mammography screening. 
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FIGURE CAPTIONS 

Figure 1 

Flowchart of screened women recalled for further assessment included in the study. 

Figure 2 

Sensitivity of the screening program. 

Figure 3  

Longitudinal analysis of breast cancer rates among women with false-positive recalls, for each mammographic feature assessed 
during the recall and each assessment type (invasive or noninvasive). 
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Figure 1.  

 

 

  

US: Ultrasound, MRI: Magnetic resonance imaging, NMP: New mammographic projection, FNAC: Fine needle aspiration cytology, IGB: Imaging guided biopsy, SB: Surgical Biopsy
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Figure 2:  
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   Table 1 

     
Non-invasive 
assessment 

Invasive assessment
Total 

     
 

Negative for 
malignant cells 

 Non-proliferative BBD   Proliferative BBD  Tumour  

     N %  N %  N %   N %  N %  N 

             

   Mass 41 407 77.8%  3 305 6.2%  5 020 9.4%   745 1.4%  2 719 5.1%  53 196 

   Distortion 4 382 81.4%  96 1.8%  160 3.0%   107 2.0%  636 11.8%  5 381 

   Calcification 7 555 58.6%  584 4.5%  2 089 16.2%   863 6.7%  1 796 13.9%  12 887 

   Asymmetric density 21 781 92.9%  398 1.7%  354 1.5%   122 0.5%  794 3.4%  23 449 

   Multiple features 8 762 70.1%  440 3.5%  1 258 10.1%   397 3.2%  1 647 13.2%  12 504 

                       

   Total 83 887 78.1%  4 823 4.5%  8 881 8.3%   2 234 2.1%  7 592 7.1%  107 417 

             

                                                 

   Type of assessment and pathology results according to mammographic features. BBD: benign breast disease              
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Table 2    
  

          

    
      

Follow-up 
< 2 years  

  
Follow-up 
> 2 years 

    
  

      

  
Mammographic 
feature 

Assessment 
group   

  
Person 

year
Breast 

cancers
Ratea

  
Person 

year
Breast

cancers
Ratea

  p-valueb

              

                 
                
  

Mass 
Non-invasive      89 502 140 1.6‰ 139 844 393 2.8‰  <0.001

   Invasive      19 526 163 8.3‰ 38 427 137 3.6‰  <0.001
                  
  

Distortion 
Non-invasive      9 492 23 2.4‰ 14 165 37 2.6‰  0.78

   Invasive      773 11 14.2‰ 1 297 13 10‰  0.39
                  
  

Calcification 
Non-invasive      16 473 34 2.1‰ 34 994 151 4.3‰  <0.001

   Invasive      7 579 79 10.4‰ 13 271 73 5.5‰  <0.001
                  
   Asymmetric 

density 
Non-invasive      47 220 96 2.0‰ 70 025 164 2.3‰  0,27

   Invasive      1 821 58 31.9‰ 2 553 11 4.3‰  <0.001
                  
   Multiple  

features 
Non-invasive      18 909 52 2.8‰ 27 646 130 4.7‰  <0.001

   Invasive      4.429 100 22.6‰ 7 086 39 5.5‰  <0.001
               
               
  

Overall 
Non-invasive      181 595 345 1.9‰ 286 674 875 3.1‰  <0.001

   Invasive      34 127 411 12‰ 62 635 273 4.4‰  <0.001
                
                 

  

 
Breast cancers diagnosed during the follow-up among women with false-positive recalls, categorized by the assessment group (invasive and non-invasive) and by the 
mammographic feature that caused the recall. 
aCrude rates were calculated dividing the number of breast cancers by the number of person-year 
bp-values obtained with the two-sided Chi-square test when comparing the first with the second period. 
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Table 3 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Differences between the non‐invasive assessment and invasive assessment groups regarding the method of detection during both periods of the follow‐up 
after a FPR.  
a Chi2 test  
 
  

    
 

Follow-up 
< 2 years  

 
Follow-up 
> 2 years 

Mammographic 
feature

Assessment group
 

Breast 
cancers

n

Interval
 cancers

n(%)

Screen-detected 
cancers 
n(%)

 
p-valuea

Breast 
cancers

n

Interval 
cancers
n(%)

Screen-detected
cancers 
n(%)

p-valuea

    
    

Mass Non-invasive  140 3(2) 137 (98)   393 110(28) 283 (72)
Mass 
  

Invasive  163 137(84) 26 (16)  0.0000 137 37(27) 110(73) 0.5123 

    
Distortion Non-invasive 23 0(0) 23 (100)  37 7(19) 30(81)
Distortion 
  

Invasive  11 9(82) 2 (18)  0.0000 13 4(31) 9(69) 0.3749
    

Calcification Non-invasive 34 2(6) 32 (94)  151 26(17) 125(83)
Calcification 
  

Invasive  79 72 (91) 7 (8)  0.0000 73 17(23) 56(77) 0.2797
   

Asymmetric density Non-invasive 96 0(0) 96 (100)  164 46(28) 118(72)
Asymmetric density Invasive 58 53(91) 5 (9)  0.0000 11 3(27) 8(73) 0.7805

   
Multiple  
features

Non-invasive  52 0(0) 52 (100)
 

130 47(36) 83(64)

Multiple  
features 

Invasive 100 84 (84) 16 (16)  0.0000 39 13(33) 26(67) 0.7468

  
    

   
Overall Non-invasive 345 5 (1) 340 (99)  875 236(27) 639(73)

 Invasive 411 353(86) 58(14)  0.0000 273 74(27) 199(73) 0.9651
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Table 4 

 

    
  

Follow-up 
< 2 years 

 
Follow-up 
> 2 years   

  
Mammographic 
feature 

Assessment 
group

Ipsilateral 
n(%)

Contralateral 
n(%)

 
Ipsilateral 

n(%)
Contralateral 

n(%) 
p-valuea

      

  
Mass 

Non-invasive 83 (78) 23 (22) 172 (68) 82 (32) 0,04

  Invasive 60 (77) 18 (23) 54 (52) 49 (48) <0.01

      

  
Distortion 

Non-invasive 9 (64) 5 (36) 11 (55) 9 (45) 0,59

  Invasive 5 (71) 2 (29) 6 (75) 2 (25) 0,87
      

  
Calcification 

Non-invasive 19 (73) 7 (27) 75 (71) 30 (29) 0,86

  Invasive 43 (91) 4 (9) 38 (66) 20 (34) <0.01
      

  Asymmetric 
density 

Non-invasive 55 (74) 19 (26) 59 (67) 29 (33) 0,31

  Invasive 26 (87) 4 (13) 4 (50) 4 (50) 0,07
      

  Multiple 
features 

Non-invasive 36 (84) 7 (16) 57 (79) 15 (21) 0,54

  Invasive 45 (88) 6 (12) 17 (61) 11 (39) <0.01
      
      

  
Overall 

Non-invasive 202 (77) 61 (23) 374 (69) 165 (31) 0,03

  Invasive 179 (84) 34 (16) 119 (58) 86 (42) <0.01
      

Percentage of breast cancers ipsilateral and contralateral to the mammographic features causing false positive recalls in both assessment groups, stratified by 
type of mammographic feature and period. We compared both periods of the follow‐up. 
a p‐values using the two‐sided Chi‐square test when appropriate and the Yate's correction for continuity when 20 % of expected frequencies were less than 5. 
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Supplemental table 2:  

The sensitivity analysis showed that differences regarding interval cancers when comparing Invasive and Non‐invasive assessment groups and < 2 or >2 years 
follow‐up, were significant in each of three term periods of seven years each in which the 21 years period of the study was divided.  

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
                     Differences between the non‐invasive assessment and invasive assessment groups regarding the method of detection during both periods of the follow‐up after a FPR.  
                               a Chi2 test  
 

 
      Follow-up 

< 2 years 
Follow-up 
>2 years 

 
Term periods 

 
Assessment group 

   
Breast 
cancers 

n

 
Interval 
cancers 
n (%)

 
Screen-detected 

cancers 
n(%)

 
p-valuea 

  
Breast 
cancers 

n

 
Interval 
cancers 
n(%)

 
Screen-detected 

cancers 
n(%)

 
p-valuea 

     
 
Overall 1994-2001

 
Non-invasive 

   
24

 
0 (0)

 
24 (100)

   
183

 
44 (24)

 
139 (76)

  Invasive   33 21 (64) 12 (36) 0.0000  79 16 (20) 63 (80) 0.5028 
     
Overall 2002-2008 Non-invasive   138 3 (2) 135 (98)   503 131 (26) 372 (74)  
  Invasive   124 109 (88) 15 (12) 0.0000  144 31 (22) 113 (78) 0.2701 
     
Overall 2009-2015 Non-invasive   183 2 (1) 181 (99)   189 59 (31) 130 (69)  
  Invasive   254 225 (89) 29 (11) 0.0000  50 27 (54) 23 (46) 0.9651 
     
Overall 1994-2015 Non-invasive   345 5 (1) 340 (99)   875 236(27) 639(73)
   Invasive   411 353(86) 58(14) 0.0000  273 74(27) 199(73) 0.9643 


