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Abstract

Changes to mammography practice, including revised Breast Imaging Reporting and Data System (BI-RADS) density
classification guidelines and implementation of digital breast tomosynthesis (DBT), may impact clinical breast density
assessment. We investigated temporal trends in clinical breast density assessment among 2 990 291 digital mammography
(DM) screens and 221 063 DBT screens interpreted by 722 radiologists from 144 facilities in the Breast Cancer Surveillance
Consortium. After age-standardization, 46.3% (95% CI = 44.1% to 48.6%) of DM screens were assessed as dense (heteroge-
neously/extremely dense) during the BI-RADS 4th edition era (2005-2013), compared to 46.5% (95% CI = 43.8% to 49.1%) during
the 5th edition era (2014-2016) (P = .93 from two-sided generalized score test). Among DBT screens in the BI-RADS 5th edition
era, 45.8% (95% CI = 42.0% to 49.7%) were assessed as dense (P =.77 from two-sided generalized score test) compared to 46.5%
(95% CI = 43.8% to 49.1%) dense on DM in BI-RADS 5th edition era. Results were similar when examining all four density cate-
gories and age subgroups. Clinicians, researchers, and policymakers may reasonably expect stable density distributions
across screened populations despite changes to the BI-RADS guidelines and implementation of DBT.

Mammographic breast density is widely recognized as an im-
portant predictor of mammography performance and breast
cancer risk (1-3). While quantitative measures of breast density
exist (4,5), clinical practice relies primarily on the qualitative
four-category Breast Imaging Reporting and Data System (BI-
RADS) assessment of breast density by radiologists during the
interpretation of mammograms (6). It is unknown to what de-
gree changes in the BI-RADS guidelines for density classification
in late 2013 (7) or the recent implementation of digital breast
tomosynthesis (DBT) have affected clinical breast density
assessment.

Since 1993, BI-RADS has provided guidance to radiologists
regarding the classification of breast density into four catego-
ries: almost entirely fatty, scattered areas of fibroglandular
densities, heterogeneously dense, and extremely dense (7). The
latter two categories are considered “dense” in mandatory
breast density notification laws in most US states (8). The BI-
RADS 4th edition, published in 2003, stated that density should

be categorized based on the visual assessment of the percent-
age of fibroglandular tissue within the breast, with the four cat-
egories corresponding to less than 25% glandular density; 25%-—
50% glandular density; 50%-75% glandular density; and greater
than 75% glandular density (9). The BI-RADS 5th edition, pub-
lished in December 2013 (7), omitted this percentage-based sys-
tem and instead emphasized an assessment of potential for the
masking of suspicious lesions behind dense tissue. With this
new guidance, women with small areas of focally dense tissue
could potentially be categorized in a higher density category
than under the 4th edition.

DBT has been widely implemented in US clinical practice
since its approval by the US Food and Drug Administration
(FDA) in 2011, with half of US facilities having DBT units as of
July 1, 2018 (10,11). Previous studies have suggested DBT exams
may be less likely to be assessed as having dense breasts com-
pared to digital mammography (DM) exams because DBT
images multiple slices through the breast thereby mitigating
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Figure 1. Breast density distribution for 2 990 291 digital screening mammograms among 1 080 427 women in the Breast Cancer Surveillance Consortium by calendar

year, 2005-2016.

the effects of masking (12-14), though other studies suggest no
difference (15,16). Thus, the impact of DBT dissemination on
breast density assessment is also poorly understood.

We evaluated temporal trends and differences by modality
in breast density assessment using observational clinical data
from the Breast Cancer Surveillance Consortium (BCSC). The
BCSC includes six active breast imaging registries: Carolina
Mammography Registry, Kaiser Permanente Washington
Registry, New Hampshire Mammography Network, Vermont
Breast Cancer Surveillance System, San Francisco
Mammography Registry, and Metropolitan Chicago Breast
Cancer Registry (17,18). Each registry and the BCSC Statistical
Coordinating Center received institutional review board ap-
proval for either active or passive consenting processes or a
waiver of consent. BCSC registries capture imaging modality,
exam indication, breast density, and assessment data from par-
ticipating radiology facilities using standard nomenclature de-
fined by BI-RADS (7). Women complete a standardized
questionnaire that collects demographic, risk factor, and medi-
cal history information. We estimated each woman’s five-year
breast cancer risk using the BCSC version 2.0 risk model (3).

We identified DM and DBT screening mammography exams
conducted during 2005-2016 among women ages 40-79years.
Women with breast implants or a history of breast cancer or
mastectomy were excluded. We restricted DBT exams to the BI-
RADS 5th edition era (2014-2016) because there was insufficient
DBT exam volume during prior years. A total of 2990291 DM
screens and 221063 DBT screens were identified among
1116769 women, interpreted by 722 radiologists at 144 radiol-
ogy facilities. We used binomial and multinomial logistic re-
gression to estimate the age-standardized and age-stratified
distributions of breast density assessments according to calen-
dar year and imaging modality. Models were estimated using
generalized estimating equations with a working independence
correlation matrix to account for clustering of observations
within radiologists, and the robust variance estimates were

used to calculate 95% confidence intervals (CIs). P values were
determined from a two-sided generalized score test that
accounts for correlation of multiple density measures within
radiologists. A P value less than .05 was considered statistically
significant.

The study population was 69% non-Hispanic white
(Supplementary Table 1, available online). The age-
standardized distribution of breast density categories was sta-
ble across years for DM screens (Figure 1). After age
standardization, 46.3% (95% CI = 44.1% to 48.6%) of DM exams
had dense breasts during the BI-RADS 4th edition era, compared
t0 46.5% (95% CI = 43.8% to 49.1%) in the 5th edition era (P =.93).
The distributions of the four density categories for DM exams in
the two time periods were comparable within subgroups de-
fined by decade of age (Table 1).

Among DBT exams conducted during 2014-2016, 45.8% (95%
Cl = 42.0% to 49.7%) had dense breasts (P=.77 compared to
46.5% [95% CI = 43.8% to 49.1%] dense on DM during 2014-2016).
Similar four-category density distributions were observed by
modality in each age subgroup (Table 1). In sensitivity analyses
that additionally adjusted for BMI and registry, the proportion
of exams with dense breasts in each group remained similar
(46.4%, 45.6%, and 45.8% for DM 2005-2013, DM 2014-2016, and
DBT 2014-2016, respectively).

Our findings demonstrate a stable pattern in clinical breast
density assessment in the BCSC despite the changes to density
assessment guidance in the BI-RADS 5th edition. These findings
stand in contrast to prior reader studies (19-21) and a single in-
stitution study (22) that suggested a small increase in dense cat-
egories with the BI-RADS 5th edition. The two prior US studies
were limited to fellowship-trained breast imagers at a single in-
stitution (19,22). The BCSC includes a large, geographically di-
verse sample of academic and nonacademic facilities and is
broadly representative of the United States (17). Our results in-
dicate that clinical density assessment overall did not shift
when studied across a large national sample of facilities and
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Table 1. Distribution of breast density on screening mammograms in the Breast Cancer Surveillance Consortium, 2005-2016

Breast density (95% CI), %

Digital screening

mammograms 2005-2013

Age,y BI-RADS density (N=2229070)

All ages* Almost entirely fat
Scattered densities

10.2 (8.6 to 11.7)
43.6 (41.8 t0 45.4)

Heterogeneously dense 39 3(37.4t041.2)
Extremely dense .9(6.0t07.7)
40-49 Almost entirely fat 4(4.4t06.4)

Scattered densities 31.0 (29.1t0 32.9)

Heterogeneously dense 49.4 (47.4 to 51.4)
Extremely dense 14 2 (12.5 to 15.8)
50-59 Almost entirely fat 9(83t011.4)
Scattered densities 42 8 (41.0 to 44.6)
Heterogeneously dense 39 5(37.7 to 41.4)
Extremely dense .8(6.8t08.7)
60-69 Almost entirely fat 14.4 (12.4 to 16.3)

Scattered densities
Heterogeneously dense

49.3 (474 10 51.2)
322 30.3 to 34.1)

(
Extremely dense .1(3.5t04.7)
70-79 Almost entirely fat 15 2(13.0to 17.4)
Scattered densities 53.2(51.2t055.2)
Heterogeneously dense 28 8(27.0 to0 30.6)
Extremely dense .8(241t03.2)

Digital screening

DBT screening

mammograms 2014-2016 mammograms 2014-2016
(N=761221) (N=221063)
9.1 (7.8 to 10.4) .3 (6.4 to 10.3)
44.6 (42.1t0 47.1) 46 0 (43.1 to0 48.8)
40.1 (37.6 to 42.5) 39 7 (36.7 to 42.7)
6.2 (5.2t07.3) .0 (4.7 to 7.4)
4.6 (3.8t05.3) .5(3.3t05.6)
32.4(30.2 to 34.6) 32 1(28.8t035.3)
50.5 (48.4 to 52.6) 50.5 (47.6 to 53.3)
12.6 (10.9 to 14.3) 13 0 (10.6 to 15.5)
8.7 (7.4 to 10.0) .9(5.9t09.9)
43.9 (41.4 to 46.3) 45 5 (42.6 t0 48.5)
40.5 (38.1 to 42.9) 40 0 (37.1 to 43.0)
6.9 (5.8 to 8.0) .5(5.0t08.1)

13.1(11.3 to 14.8) 12 1(9.6 to 14.6)
50.2 (47.4 to 53.1) 52.6 (50.0 to 55.2)
327(300to 35.5) 320(292t0348)
.0(3.1t04.8) 3(2.5t04.1)
14 1(12.2 to 16.0) 12 4 (9.6 t0 15.2)
54.3 (51.6 to 56.9) 55.9 (53.5 to 58.3)
28.9 (26.2 to 31.5) 28 9 (26.0 to 31.8)
2.8(2.2t03.4) .8(2.0to0 3.5)

*Results for “All ages” are standardized to the age distribution of the total study population. BI-RADS = Breast Imaging Reporting and Data System; CI = confidence

interval; DBT = digital breast tomosynthesis.

radiologists. Our findings parallel prior observations that there
was no substantial change in the distribution of breast density
categories in the BCSC after the addition of the percentage-
based guidance in the BI-RADS 4th edition in 2003 or during the
transition from film to digital mammography (7,23). Similarly,
our findings suggest that the widespread implementation of
DBT in US clinical practice has not substantially affected density
assessment.

Our analysis was limited in that we did not evaluate radiolo-
gist- or facility-level variation in density assessment. It remains
possible and indeed likely that certain radiologists and/or insti-
tutions have changed density assessment practice in relation to
the new BI-RADS guidance.

In summary, our results suggest that, across screened popu-
lations, clinicians and researchers may reasonably expect
breast density assessments made since 2014 to be comparable
to those recorded previously. Healthcare providers and policy-
makers should expect the prevalence of dense breasts (24) to re-
main stable despite changes in the BI-RADS lexicon and the
dissemination of DBT.
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