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Abstract Background: Mammographic density has been shown to be a strong independent

predictor of breast cancer and a causative factor in reducing the sensitivity of mammography.

There remain questions as to the use of mammographic density information in the context of

screening and risk management, and of the association with cancer in populations known to

be at increased risk of breast cancer.

Aim: To assess the association of breast density with presence of cancer by measuring

mammographic density visually as a percentage, and with two automated volumetric methods,

Quantra� and VolparaDensity�.

Methods: The TOMosynthesis with digital MammographY (TOMMY) study of digital breast

tomosynthesis in the Breast Screening Programme of the National Health Service (NHS) of

the United Kingdom (UK) included 6020 breast screening assessment cases (of whom 1158

had breast cancer) and 1040 screened women with a family history of breast cancer (of whom

two had breast cancer). We assessed the association of each measure with breast cancer risk in

these populations at enhanced risk, using logistic regression adjusted for age and total breast

volume as a surrogate for body mass index (BMI).

Results: All density measures showed a positive association with presence of cancer and all

declined with age. The strongest effect was seen with Volpara absolute density, with a signif-

icant 3% (95% CI 1e5%) increase in risk per 10 cm3 of dense tissue. The effect of Volpara

volumetric density on risk was stronger for large and grade 3 tumours.

Conclusions: Automated absolute breast density is a predictor of breast cancer risk in popula-

tions at enhanced risk due to either positive mammographic findings or family history. In the

screening context, density could be a trigger for more intensive imaging.

ª 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

High breast density has been shown to be a strong, in-

dependent risk factor for breast cancer [1e5]. It has been

reported that women with a high breast density

compared to women with a low breast density have a

four- to sixfold increased risk of developing the disease

[6e10]. High breast density has also been linked to

cancers which are larger and have positive lymph nodes,

although the reported results vary considerably [11e15]
and high breast density has been found in women with

cancers diagnosed outside of the screening programme

[1,4,16e18]. One possible explanation for the latter is a

masking bias, in that dense breast tissue could render

breast cancers less sensitive to screen detection, leading

to a higher incidence of breast cancer in those previously

screened negative. A number of studies, however, indi-

cate that this is only partly responsible for the observed
increased cancer risk with high density [2,6,19]. Indeed,

density has been shown to be a risk factor for screen-

detected as well as symptomatic cancers [4,6].

There is no consensus on the most useful measure of

breast composition in risk prediction, risk management

and surveillance decisions. One meta-analysis found that

absolute rather than proportional estimates of breast

density are more strongly predictive of risk [2], whereas
another found the opposite [20].

Younger, pre- or perimenopausal women are known

to have a higher proportion of dense breast tissue, as

breast density decreases with age [21,22]. The National

Health Service Breast Screening Programme (NHSBSP)

in the United Kingdom (UK) invites women aged 50e70

every 3 years for two-view digital mammography which
is double read [23]. Extension of the age range to 47e73

is currently under investigation. Women at moderate

risk with a significant family history of breast cancer

may be screened annually from age 40 [24].

Issues outstanding in breast density include:

� identifying the breast density measure (percent density,

absolute quantity of dense tissue) most strongly associated

with breast cancer;

� the method of measurement (visual, automated volumetric

measures, automated area measures) most strongly associ-

ated with cancer;

� age and tumour-specific associations with risk;

� the extent to which density contributes risk information in

subjects already known to be at higher risk of breast cancer,

such as women attending for screening who are recalled for

assessment due to a suspicious mammographic finding (and

which measure of density is most suitable in this

population).

Also, it is worth noting that the identification of

mammographic density as a risk factor took place in the

predigital era, and most of the studies demonstrating the

effect of density on breast cancer risk pertain to mea-
sures from film/screen mammography. There is a current

need to demonstrate and validate measures of breast
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