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Abstract

Rational and Objectives—Assess results of a prospective, single site clinical study evaluating 

digital breast tomosynthesis (DBT) during baseline screening mammography.

Materials and Methods—Under an institutional review board approved HIPAA compliant 

protocol, consenting women between ages 34 and 56 scheduled for their initial/baseline screening 

mammogram underwent both Full Field Digital Mammography (FFDM) and DBT. The FFDM 

and the FFDM plus DBT images were interpreted independently in a reader by mode balanced 

approach by two of 14 participating radiologists. A woman was recalled for a diagnostic workup if 

either radiologist recommended a recall. We report overall recall rates and related diagnostic 

outcome from the 1080 participants. Proportion of recommended recalls (BIRADS 0) were 

compared using a generalized linear mixed model (SAS 9.3) with a significance level of p=0.0294.
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Results—The fraction of women without breast cancer recommended for recall using FFDM 

alone and FFDM plus DBT were 412/1074 (38.4%) and 274/1074 (25.5%), respectively 

(p<0.001). Large inter-reader variability in terms of recall reduction was observed among the 14 

readers; however, 11 out of 14 readers recalled fewer women using FFDM plus DBT (5 with p-

values <0.015). Six cancers (4 DCIS and 2 IDC) were detected. One IDC was detected only on 

DBT and one DCIS cancer was detected only on FFDM, while the remaining cancers were 

detected on both modalities.

Conclusion—The use of FFDM plus DBT resulted in a significant decrease in recall rates 

during baseline screening mammography with no reduction in sensitivity.
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INTRODUCTION

As wide spread periodic mammographic screening is now an acceptable practice in the 

United States and many other countries, our understanding of strategic, operational, and 

financial issues related to this practice is continually improving. Several performance 

measures have been used to define practice parameters in screening mammography, such as 

sensitivity, specificity, recall rate, positive predictive value (PPV), person-year-saved per 

examination, and cost per detected cancer [1, 2]. To date, despite the continuing controversy 

about the impact of recall rates on the overall cost benefit of screening mammography [3], 

the primary focus in screening has been on improving sensitivity. Although studies have 

shown that women who had false-positive mammograms remain likely to return for 

subsequent screening [4, 5], there is still some uncertainty regarding the possible effects 

false-positive mammograms may have on future compliance and participant attitudes toward 

screening [6]. This may especially be true for younger women participating in screening 

mammography for the first time for whom there are no prior images for comparison and 

who do not have previous experience with undergoing the procedure or being called back 

for further evaluation. As expected, higher recall rates than those during repeat screening 

have been reported in women with no prior mammograms [7–11]. This issue raises concern 

because, in addition to the operational and financial burden [12], women who have been 

recalled experience an added level of anxiety [13, 14]. There is a general belief that through 

a variety of actions, including possibly targeted training, radiologists’ performance levels 

could be improved in this regard [15, 16]. However, to our knowledge, currently, there is no 

focused effort and/or specific training related to the interpretation of baseline mammograms 

(i.e., without priors).

Although not specifically regulated, there is a practice guideline in the United States to 

maintain an overall recall rate benchmark below 10% for the general mammography 

screening population that includes a mix of baseline and repeat screening [15, 17, 18]. The 

question of what effect, if any, does a forced reduction of recall rates have on detection rates 

remains somewhat controversial. However, there is a widely accepted belief that despite a 

demonstrated correlation between recall rates and cancer detection rates, it is important to 

keep recall rates as low as reasonably achievable [16,19]. One possible approach to reduce 
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recall rates in baseline screening mammography procedures is to use Digital Breast 

Tomosynthesis (DBT) as a recommended Standard of Practice [20]. DBT offers an 

approximation to a three-dimensional viewing of the breast, thereby eliminating some of the 

difficulties in correctly interpreting mammograms due to overlapping imaged tissue [21], 

and has been shown to reduce overall recall rates in retrospective studies and in clinical 

practice [22–30]. However, there are no reports to date focusing specifically on the use of 

DBT in baseline mammograms. We report here on a single institution prospective screening 

study that included independent viewing and interpretation of Full Field Digital 

Mammography (FFDM) alone versus FFDM plus DBT acquired on younger women 

receiving baseline examinations. The decision to focus on younger women receiving 

baseline screening was solely based on the assumption that this population could potentially 

benefit the most in terms of a reduction in recall rates when using DBT during a baseline 

screening examination.

MATERIALS AND METHODS

Study Population

Subject recruitment for this study began in May, 2010 and ended in September, 2014. 

Inclusion criteria was asymptomatic women between 34 and 56 years of age presenting for 

their baseline screening mammogram at our facility for any reason, including intentionally 

recruiting women enrolled in our high risk clinic because of our special interest in this 

group. Potential subjects were initially contacted by the research coordinator, if the potential 

subject gave her verbal permission documented by the technologist involved in the potential 

subject’s clinical care. Each potential subject was given details of the study, along with an 

explanation of the tomosynthesis device, and written informed consent was obtained for 

each subject who agreed to participate. Women were excluded if they had a palpable finding 

by either self-examination or a clinical breast examination or if they were possibly pregnant 

or known pregnant by self-report. They were told that as participants in this research study 

they may be recalled at a higher than normal rate for additional imaging procedures 

(diagnostic workup). Approval of this HIPAA compliant study was obtained from the 

institutional review board at our institution.

Image Acquisition

Each consenting woman received an FFDM and DBT baseline examination that consisted of 

mediolateral oblique (MLO) and craniocaudal (CC) views for each breast. The FFDM and 

DBT images were acquired on a tomosynthesis system (Selenia Dimension, Hologic, Inc, 

Bedford, MA) that is capable of acquiring both FFDM and DBT images during a single 

breast compression. The image acquisitions took approximately the same amount of time 

within the total allotted examination time in our clinical practice. The system computed 

fibro-glandular radiation dose per view for the sets of 2D –FFDM projection mammograms 

and the corresponding DBT images included in the study. The average compressed breast 

thicknesses in this group of women were 56mm +/− 14mm and 58mm +/−17mm for CC and 

MLO views, respectively. For the FFDM procedures, average system computed fibro-

glandular radiation dose levels per view were 1.96 +/− 0.72 mGy and 2.08+/−0. 74 mGy for 

the CC and MLO views, respectively. For the CC and MLO tomosynthesis procedures, 
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average system computed dose levels were 2.10+/−0.65mGy and 2.21+/−0.77mGy, 

respectively.

Image Interpretation

Images were transferred to two workstations for later interpretation. One workstation was 

uploaded only with the FFDM examination and the other with both FFDM and DBT 

examinations. All available features that are available and used during routine clinical 

practice, such as computer aided-detection (CAD) for the FFDM images, were also available 

to the interpreters in this prospective experiment. The workstations are physically located in 

separate rooms and the 14 participating radiologists were instructed NOT to discuss the 

case/exam with anyone until they rated the examination in question. This practice is not 

unique, since our facility performs over 70,000 screening procedures per year and it is quite 

rare that radiologists get the opportunity to, or deliberately make an attempt to, discuss 

specific screening cases before finalizing their interpretation and rating.

The FFDM images and the FFDM with DBT images were independently interpreted in the 

clinic by assigned experienced Mammography Quality Standards Act (MQSA) qualified and 

specifically trained radiologists, either on the same day of the examination or the following 

day. A total of 14 radiologists interpreted baseline examinations for this study with a range 

of 5 to 28 years of experience in interpreting screening mammography and 3 to 9 years of 

experience in interpreting FFDM plus DBT images. Participation of a radiologist depended 

on the clinical reading schedule; therefore, the number of examinations interpreted by each 

radiologist varied. However, the study coordinator independently assigned readings under 

each mode to different radiologists based on their scheduled assignments and availability in 

a manner designed to balance the number of examinations read by each radiologist under 

each of the two modes. Examination ratings were performed using the screening Breast 

Imaging Reporting and Data System (BIRADS) 0, 1, or 2, as BIRADS 3, 4, or 5 are not used 

in our screening operations. A subject was recalled for further diagnostic imaging workup if 

either of the interpreters (or both) recommended a recall (BIRADS 0), namely, by design we 

did not implement a consensus based decision step. Diagnostic imaging work-up for 

participants consisted of conventional care based on the recall recommendation of either (or 

both) radiologist. Any needed further evaluation (e.g. biopsy) was based on clinical practice 

standards.

Data analysis

The recommended recalls (BIRADS 0 ratings) from clinical interpretations of FFDM alone 

and FFDM combined with DBT were analyzed using generalized linear mixed model for 

binary data accounting for correlation between interpretations of examinations of the same 

patient and heterogeneity of the radiologists’ performances under the considered modalities 

(proc glimmix, SAS v.9.3, Cary, NC). The primary statistical tests accounted for the fact 

that each of the examinations was interpreted by two different radiologists (one under each 

of the reading modes) and were performed at the two-sided significance level of 0.0294. The 

significance level was adjusted to account for a single interim analysis that had been 

reported previously [31] (also performed at 0.0294 level). The adjustment was originally 

planned using a generally utilized approach [32] to maintain an equal statistical test criterion 
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for the interim and final analyses and control the study’s experiment-wise error rate at the 

0.05 level. We also evaluated the number of benign biopsies eventually performed in the 

cohort of women initially recalled by either of the two modes. In addition, we assessed 

whether study conclusions would be affected by a breast based analysis (rather than case 

based), the exclusion of examinations performed on women younger than 40YO, and the 

total number of examinations interpreted by each of the radiologists. In particular, we 

excluded four radiologists (#1,#3,#5 and, #9), each of which interpreted only 16 

examinations or fewer during the entire project, for assessing possible outliers.

RESULTS

The 1080 subjects who participated in this study were on average 42.03 years of age ± 3.75 

years, including121 participants who were under the age of 40 at the time. Table 1 provides 

the distribution of the subjective breast density BIRADS ratings for women who participated 

in this study. As expected for this age range, the majority of participants were rated as 

having scattered and/or heterogeneously dense breast tissue.

The fraction of women without breast cancer recommended for recall using FFDM alone 

and FFDM combined with DBT was 412/1074 (38.4%) and 274/1074 (25.5%), respectively. 

This represents a 33% (138/412) reduction in recall rate (p<0.001). One hundred seventy six 

women without breast cancer (16.4%) were recalled by both modalities (table 2). Ten 

participating radiologists who interpreted more than 16 cases each reduced their recall rates, 

with five of these individuals (# 2, 4, 11, 12 and 13) reducing significantly their individual 

recall rate (p<0.015). Among the four radiologists who interpreted 16 or fewer 

examinations, two did not change their recall rate (#3 and #9), one decreased his/her recall 

rate (#1), and one who interpreted only three examinations (#5) while recalling one of two 

(50%) when using FFDM alone and one of one (100%) using FFDM plus DBT. The 

reduction observed in recall rates to date were quite variable among the 14 readers 

participating in the study. Table 3 provides the distribution of cases each radiologist 

interpreted and percentage of recalled cases for each mode. No significant trends were 

observed as the study progressed or since the interim analysis [31].

Table 4 summarizes the biopsies performed as a result of diagnostic workups that followed 

recalls. Of the 95 biopsies performed 34 benign biopsies were performed on women initially 

recalled by both modalities. Twenty-seven benign biopsies were performed on women 

recommended for a recall by the FFDM alone reader and 15 benign biopsies were performed 

on women recommended for a recall by the FFDM plus DBT reader only. Six biopsy proven 

cancer cases were found in the study population (4 ductal carcinoma in situ (DCIS) 

depicting only micro-calcifications and 2 invasive ductal carcinomas (IDC)) The average 

age of these subjects were 43.5 years, ± 2.59 years. One cancer was detected by the FFDM 

alone reading mode out of a total of 31 biopsies and one cancer was detected only by the 

FFDM plus DBT mode out of a total of 18 biopsies. Four cancers were detected in both 

modes out of 46 total biopsies. One DCIS case was recalled by the FFDM only reader and 

the FFDM plus DBT reader perceived the same DCIS case as benign, BIRADS 2 for micro-

calcifications. The other DCIS cases were recalled by both readers under both modalities. Of 
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the two IDC cases, one of the cases was recalled by the FFDM+DBT interpreter only and 

was rated as an overall BIRADS 1 by the FFDM interpreter.

Study conclusions were not affected by a breast based analysis, the total number of 

examinations interpreted by each radiologist, or the exclusion of women who were younger 

than routine screening age (< 40YO).

DISCUSSION

The primary objective of this study was to evaluate recall rates of a single institution 

prospective clinical study involving independent viewing and interpretation of FFDM 

images alone versus FFDM+DBT acquired on younger women receiving baseline screening 

mammography, since their recall rates tend to be higher in general [7–11], and the recall 

rates in this group (women ≤ 50 years of age) was noted previously as particularly high in 

our own clinical practice (overall baseline recall rate of 28.4%) [33]; hence, this group is 

likely to benefit the most from a procedure that could potentially decrease recall rates. 

Indications from retrospective studies suggest that DBT in combination with FFDM should 

result in a significant decrease in recall rates when there are no prior examinations available 

for comparison [20, 22,24]. Prospective studies to date do not specify the impact of using 

DBT in baseline screening mammography and there are no published data addressing this 

group that disproportionately contributes to practice recall rates. Our results are in 

agreement in terms of the difference we observed. We note that during the study, our 

baseline recall rate using FFDM alone was quite similar to our overall clinical practice 

baseline recall rates. We reviewed all of our practice baseline recall rates for 2013 (>5600 

examinations). The average recall rates were 37% and 27% for FFDM alone and FFDM

+DBT, respectively. We suspect that our observations in terms of higher than expected 

recall rates for baseline mammograms are not unique to our institution and this is not a 

subgroup that is often evaluated carefully and adequately for practice parameters, in 

particular in stable practices where the fraction of baseline cases is quite small. In addition, 

we observed a substantial reduction in the performance of benign biopsies on women 

initially recalled under the FFDM plus DBT mode, despite the fact that once recalled the 

diagnostic workup was performed separately and often by a different radiologist than the 

originally interpreting one. We note that in this trial we did not measure time to 

interpretation under the two reading modes, as in this prospective study the interpretation of 

each of the cases was performed in the clinical environment and many of the interpretations 

were performed remotely from different sites.

The general concern regarding the approximate doubling of the radiation dose associated 

with using DBT in combination with FFDM, in particular for younger women, was not 

addressed in this project and may be eventually alleviated in the future through the use of 

synthesized 2D images [34, 35].

In this study of younger women we expected a few cancers to be detected and indeed six 

cancers were found during the study.
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Our study has several limitations. First, we recognize the generalizability of the study results 

is limited, since the study is being conducted at one institution with a single group of 

radiologists on a specific group of women, and our clinical recall rate of baseline cases is 

high [33]. The low level of concordance in recalling women under the two modes highlights 

the large reader variability in interpreting baseline examinations, and, at least in our practice, 

the need to implement some type of intervention in this regard through one or more of 

several possible actions. This focused effort is planned in our future studies. For example, 

we intend to perform special second reader assessments of recommended “recalls” with 

feedback to the primary (original) interpreter in disagreement cases prior to finalizing 

his/her recommendations. Second, even though all women scheduled to undergo baseline on 

specific days were approached for possible consideration for participation in the study, we 

cannot rule out a self-selection bias. Third, by study design, we could have biased the 

outcomes in favor of more recalls on both modalities, because “study knowledge” tends to 

result in more aggressive ratings (i.e., additional recalls) [36, 37]. However, we decided for 

a patient to be recalled if either radiologist recommended a recall, since a consensus meeting 

for arbitrating disagreements, similar to that employed in some Europeans practices, could 

have biased the decision against FFDM. We do not believe that inclusion of women at high 

risk or the high underlying recall rate for conventional FFDM (2D) resulted in biasing the 

relative recall rate reduction we observed, albeit this could not be assessed in this study. 

Last, due to a small sample size combined with low expected prevalence in this age range, 

we could not assess quantitatively cancer detection rates of the two modalities being 

compared.

Conclusion

In this single institution prospective study we found that the use of FFDM plus DBT resulted 

in a significant decrease in recall rates during baseline screening mammography.
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Table 1

Distribution of subjective breast density BIRADS ratings with average age in each of the density groups.

BIRADS† Number
of Cases Percentage

Average
Age

Standard
deviation

1 54 5.0% 43.8 ± 4.20

2 433 40.1% 42.1 ± 3.82

3 549 50.8% 41.9 ± 3.65

4 44 4.1% 40.7 ± 2.90

†
BIRADS: Breast Imaging-Reporting and Data System, 1= almost all fatty, 2= scattered, 3= heterogeneous, 4= extremely dense
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Table 2

The number of cases recalled (and not recalled) by the different interpreters under each of the reading modes 

in women without breast cancer.

FFDM Only

Recalled Not Recalled Total

FFDM+DBT
Recalled 176 98 274

Not Recalled 236 564 800

Total 412 662 1074
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Table 4

Biopsy outcome by mode of interpretation of the baseline screening examination that resulted in a recall 

recommendation.

Biopsy Outcome

Recalled By Benign
High
Risk

Cancer Totals

FFDM only reader 27 3 1 31

FFDM+DBT reader 15 2 1 18

Both readers 34 8 4 46

Totals 76 13 6 95
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