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The clinical assessment of breast 
density is becoming increasingly 
important in determining person-

alized screening regimens, because in-
creased breast density limits the sensi-
tivity and specificity of mammography 
and is also an independent risk factor 
for the development of breast cancer 
(1–4). Breast density notification legisla-
tion, currently passed in more than half 
of the states in the United States, man-
dates that women be notified of their 
breast density and be informed that 
breast density may limit the mammo-
graphic detection of breast cancers. Al-
though the required wording of density 
notification varies according to state, 
most statements encourage shared 
decision making between women and 
their health care providers regarding the 
need for possible supplemental screen-
ing and breast cancer risk assessment 
(5,6). National legislation has also been 
under consideration that would require 
all mammography facilities to report 
breast density to physicians and patients 
and to require the Department of Health 
and Human Services to expand and in-
tensify research on the cost-effective-
ness of supplemental screening and best 
practices for imaging women with dense 
breasts (7).

An important concern surrounding 
breast density notification legislation 
and its potential effect on screening reg-
imens is the subjective nature of clinical 
breast density ratings (8). Currently, 
breast density is typically determined by 
the interpreting radiologist who visually 
assesses the amount of radio-opaque 
or “dense” tissue from the “for presen-
tation” (ie, vendor-processed) clinical 
mammogram. Beginning with the first 
version of the American College of Radi-
ology Breast Imaging and Reporting Data 
System (BI-RADS) guidelines, summary 
descriptors of the breast composition or 
density were recommended for inclusion 
in the mammographic report (9). In the 
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fourth edition of BI-RADS (10), quartile-
based categories for breast density were 
defined on the basis of the perceived 
percentage of mammographically dense 
breast tissue in the entire area of the 
breast: 1, almost entirely fat (, 25% 
glandular tissue); 2, scattered fibroglan-
dular densities (25%–50% glandular 
tissue); 3, heterogeneously dense tissue 
(51%–75% glandular tissue); and 4, ex-
tremely dense tissue (. 75% glandular 
tissue). For the purpose of most breast 
density state notification laws and ac-
cording to convention in most research 
studies, the latter two density categories, 
heterogeneously dense and extremely 
dense tissue (breast with . 50% glan-
dular density), are generally combined 
to represent dense breasts and the first 
two categories (breasts with less  50% 
glandular tissue) are considered to rep-
resent “nondense” breasts.

A new fifth edition of BI-RADS (11), 
published in 2013, recommends that 
breast imagers assign breast compo-
sition descriptors that better convey 
whether there are dense areas of tissue 
that could mask or obscure a cancer 
(12). The new definitions for the density 
categories exclude the numeric quartiles 
of percentages of dense area used in the 
fourth BI-RADS edition, potentially add-
ing additional variability in breast den-
sity assessment. With these new defi-
nitions, breast density categories may 
be assigned on the basis of the densest 
region of breast tissue seen on the mam-
mogram rather than the overall amount 
of dense tissue distributed throughout 
the entire breast. The new categories 
are as follows: a, almost entirely fatty; b, 
scattered areas of fibroglandular density; 
c, heterogeneously dense, which may 
obscure detection of small masses; and 
d, extremely dense, which lowers the 
sensitivity of mammography. It is also 
recommended that descriptive informa-
tion be included in the mammographic 
report regarding the distribution of the 
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studies reporting outcomes of synthetic 
two-dimensional and digital breast to-
mosynthesis screening, there was a 
significant downgrade of BI-RADS den-
sity categories seen with synthetic two-
dimensional tomosynthesis screening, 
with more women deemed as having 
nondense breasts compared with pop-
ulations screened with either digital 
mammography alone or with combined 
digital mammography and digital breast 
tomosynthesis (21,22).

Other factors may also affect the 
subjective assessment of breast density. 
Breast density may appear quite vari-
able with the different image formats, 
synthetic two-dimensional or standard-
dose mammograms that are prepared 
for presentation, depending on which 
equipment and which reconstruction al-
gorithms are used (23). Finally, results of 
studies have shown that the assignment 
of density categories by radiologists is 
also affected by the enactment of breast 
density notification legislation in their 
states. In one study (24), in the months 
immediately after the enactment of den-
sity legislation, radiologists classified 
fewer patients as having dense breasts.

What does this variability in den-
sity assignments mean for an individual 
woman? Because approximately 80% 
of American women fall somewhere in 
the midrange of breast density (ie, in BI-
RADS categories 2 to 3 or b or c) (25), 
the chance of a woman with intermediate 
density being upgraded or downgraded 
across the threshold to be considered as 
having dense breasts is highly dependent 
on multiple factors, such as which radi-
ologist interpreted her mammographic 
study; whether BI-RADS fourth or fifth 
edition density definitions were used; and 
potentially, how the woman is imaged 
(digital mammography, digital mammog-
raphy and digital breast tomosyntheses, 

clinical breast density assignments de-
termined by using the fourth edition of 
BI-RADS or other subjective area-based 
assessments with the use of computer-
assisted methods (eg, Cumulus; Uni-
versity of Toronto, Toronto, Canada) 
(1,4,18). With the introduction of the 
fifth edition of BI-RADS and the accom-
panying new density definitions empha-
sizing the masking effect of areas of in-
creased breast density rather than the 
overall amount of dense breast tissue, 
there is concern that there will be even 
more variability in density assignments. 
Currently, there are few data on whether 
the assignment of a qualitative BI-RADS 
breast density category based on fifth 
edition definitions will be more or less 
variable than the estimate of percentage 
of the area of breast density used for 
assignment of fourth edition BI-RADS 
breast density categories, although one 
may argue that attempting to visually 
characterize local areas of dense tis-
sue may be even more subjective than 
providing a global assessment of the 
overall amount of dense tissue. Indeed, 
a recent study (19) comparing repeat 
ratings with both the fourth and fifth 
edition BI-RADS density categories in 
the same patient set supported this as-
sumption. The study results showed that 
interreader agreement, as assessed with 
k statistics, was only 0.57 (95% confi-
dence interval [CI]: 0.53, 0.61) with the 
fifth edition compared with 0.65 (95% 
CI: 0.61, 0.69) with the fourth edition (P 
= .006). In addition, when the fifth edi-
tion definitions were used, there was an 
approximately 10% increase in women 
deemed to have dense breasts compared 
with the use of the fourth edition defini-
tions (P , .0001) (19).

The rapid implementation of digital 
breast tomosynthesis in breast clinics 
may also affect the clinical assessment 
of breast density, particularly because 
practices are increasingly replacing 
the conventional digital mammogra-
phy component in favor of the dose-
saving synthetic, two-dimensional im-
ages derived from the tomosynthesis 
acquisition. Synthetic two-dimensional 
images may have a very different ap-
pearance than conventional digital 
mammograms (20), and in two recent 

dense tissue such as “the dense tissue 
is located anteriorly” (11). This change 
in BI-RADS density definitions empha-
sizes the potential for the masking of 
cancer by locally dense areas of tissue, 
regardless of the size of the dense area. 
However, the exclusion of an estimate of 
the overall dense tissue area de-empha-
sizes the value of mammographic dense 
area in estimating a woman’s risk of de-
veloping breast cancer (13). With the 
new fifth edition classification system, a 
woman who previously was categorized 
as having “less dense” breasts (“scat-
tered” or “fatty”) on the basis of the 
fourth edition percentage of dense area 
definitions who has only a focally dense 
area of glandular tissue could be clas-
sified as having c, or heterogeneously 
dense breasts, which, in most states, 
would trigger mandatory density notifi-
cation and potentially prompt a discus-
sion of supplemental screening.

Unfortunately, there is a well-estab-
lished and large degree of inter- and in-
trareader variability in the assignment of 
breast density, particularly among less-
experienced readers (14–16). In a recent 
publication (17), we evaluated density 
assessment in clinical practice with 83 
breast imaging radiologists in National 
Cancer Institute’s Population-Based Re-
search Optimizing Screening through 
Personalized Regimens, or PROSPR, 
network, which included data from more 
than 200 000 screening mammograms 
among more than 145 000 women. The 
rate of assignment to a “dense” category 
(category 3 or 4) by each individual ra-
diologist ranged from 6.3% of screening 
examinations up to 84.5%. Statistical 
adjustment for patient variables such as 
age, body mass index, race, and ethnicity 
in each radiologist’s patient mix had very 
little effect on this striking variability. In 
addition, among women with consecutive 
mammograms interpreted by different 
radiologists throughout an average span 
of 1.2 years, there was 17.2% discor-
dance in dense versus nondense category 
assignments, with women shifting cate-
gories in both directions.

Most of the literature published to 
date linking breast density to mammo-
graphic screening performance and 
breast cancer risk has been based on 
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augment the coarser assessment of con-
ventional breast density ratings.

The large variability in the assign-
ment of visually assessed breast den-
sity has wide-reaching implication for 
the individual woman making personal 
screening choices, health care pro-
viders who counsel women, and poli-
cymakers determining screening rec-
ommendations. In 2012, the American 
College of Radiology issued a statement 
warning about the potential unintended 
harms of mandatory breast density no-
tification due in part to the lack of re-
producibility of visual breast density as-
sessment (34). While all women should 
be aware of their own breast density 
and cancer risk estimation, robust and 
reproducible metrics are needed to 
capture both the potential for areas of 
masking as well as the overall amount 
of glandular tissue and how it relates 
to risk estimation to guide decisions 
on supplemental screening for the in-
dividual woman. At the present, it is 
clear from the subjective nature of BI-
RADS density assessments that the fate 
of a woman’s referral for supplemental 
screening may be more dependent on 
who interprets her mammogram than 
on the actual amount and distribution 
of her breast glandular tissue.

Although research is yet to provide 
fully conclusive results, we believe that 
the adoption in breast imaging clinics 
of automated, U.S. Food and Drug Ad-
ministration–cleared methods for quan-
tification of mammographic density will 
greatly reduce the variability of breast 
density ratings. The implementation of 
such quantitative measures will, there-
fore, help not only in the development 
and standardization of density thresholds 
that prompt supplemental screening, but 
also in the refinement of breast cancer 
risk assessment and personalized screen-
ing algorithms. This effort will require 
continued collaborations among aca-
demics, radiology professional societies, 
and industry to develop quantitative soft-
ware that is affordable, well validated, 
and broadly available. Ultimately, the 
incorporation of automated quantitative 
measures of breast density will lead to 
more effective clinical care and more ro-
bust outcomes research than the current, 

sample of 1911 women with cancer and 
4170 control subjects matched for age, 
race, examination date, and mammogra-
phy machine, Brandt et al (31) showed 
that clinical BI-RADS density assess-
ment and automated measures of volu-
metric breast density assessment have 
similar associations with breast cancer 
(odds ratios: BI-RADS, 2.3 [95% CI: 
1.9, 2.8] vs volumetric breast density, 
1.9 [95% CI: 1.5, 2.5]). In a retrospec-
tive study of screening-detected versus 
interval breast cancers, Destounis et 
al (32) showed that quantitative volu-
metric measures of breast density have 
a stronger association with the rate of 
development of interval cancers when 
compared with clinical BI-RADS assess-
ment (odds ratios: BI-RADS, 3.54 [95% 
CI: 1.55, 8.10] vs volumetric breast den-
sity, 4.51 [95% CI: 1.92, 10.61]), sug-
gesting potentially higher sensitivity in 
capturing the likelihood of a breast can-
cer being masked on a screening mam-
mogram. Although results from large, 
prospective studies are lacking, fully-
automated quantitative measures come 
with the benefit of high reproducibility. 
In a recent reader study including 1000 
mammograms from 500 paired sequen-
tial screening examinations from the 
same patient, Holland et al (33) dem-
onstrated high agreement of 90.4% in 
density assessments for the paired sets 
of mammograms by using automated 
quantitative measures compared with 
lower agreement (range, 86.2%–89.2% 
for the individual readers) for subjective 
assessments (P , .05) .

In addition, the broad availability of 
digital imaging has also availed the op-
portunity to further develop more refined 
quantitative measures of breast texture 
or complexity. Such measures go beyond 
merely calculating the area or volume of 
the dense tissue to also provide an assess-
ment of the degree and pattern of breast 
density by using quantitative features 
of parenchymal texture and complexity 
beyond the dichotomous assessment of 
dense versus nondense tissue, includ-
ing mapping of the dense parenchymal 
areas that could mask a cancer, which 
potentially is similar to the notion of the 
BI-RADS fifth edition definitions. These 
quantitative measures may ultimately 

or synthetic two-dimensional and digital 
breast tomosynthesis). This variability in 
density assignments may not only affect 
how often a women gets screened and 
with which modality or modalities but 
also whether or not she is considered 
to be at high risk, which could prompt 
additional targeted risk-reduction inter-
ventions. In addition, risk assessment 
models that incorporate breast density 
were developed primarily on the basis 
of the fourth edition BI-RADS density 
definitions (and very recently some with 
selected vendor-specific quantitative 
measures). It is unclear that fifth edition 
BI-RADS definitions will generate similar 
risk estimates.

To overcome the subjective nature 
of visual BI-RADS breast density assess-
ment, fully automated software methods 
have been developed that generate 
robust and reproducible quantitative 
measures (26–28). U.S. Food and Drug 
Administration clearance has been ob-
tained for some of these methods, and 
they are widely available with commer-
cially implemented software that usually 
is available as an add-on to standard dig-
ital mammography systems. In addition, 
tools have been made available by the 
research community that can also be ap-
plied to the routinely stored processed 
(for presentation) mammograms, in ad-
dition to the raw (for processing) images 
typically required by the commercial 
vendor software. Such software pack-
ages can provide both absolute as well 
as percentage of area–based estimates 
of the mammographically dense tissue, 
including categorical BI-RADS–like as-
sessments, and some algorithms can 
also provide volumetric breast density 
measures as a potentially more accurate 
assessment of the amount of fibroglan-
dular (ie, dense) tissue in the breast. 
In addition to generating reproducible, 
quantitative metrics, these methods al-
low estimation of a continuous score, 
rather than a categorical assessment, 
which may allow for more granular den-
sity-based risk stratification for women. 
Results of recent retrospective studies 
(29,30) have demonstrated strong asso-
ciations between volumetric measures of 
breast density with both cancer masking 
and cancer risk. For example, in a study 
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