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One whole session of the ECR Breast Care Day, which traditionally takes place 
on the first day of the annual ECR meeting and is sponsored by Siemens 
Healthineers, in cooperation with Bayer Healthcare, was this year devoted to 
the issue of dense breasts and their implications. More than 1300 radiologists 
were treated to detailed presentations given by specialists experienced in the 
field. This article summarizes the presentations.  

Dense breasts: how to deal with 
radiology’s problem child  

Introduction
Dr Luis pina insausti
Dr Pina introduced the session on 
dense breasts by a brief recap of the 
anatomy of the normal breasts where 
the basic fibroglandular tissue (radio-
logically dense in mammography) is 
surrounded by a variable amount of 
fatty tissue (translucent in mammog-
raphy). Breast density is simply a mea-
sure of the proportion of these two tis-
sue types and is basically determined 
by genetics, although other factors can 
influence density. 

Breast density is known as radiology’s problem child for two 
main reasons: 1) Dense breasts are per se a risk factor for breast 
cancer. 2) More importantly, there is a reduction in sensitivity of 
mammography (by about 50%) as a result of masking effects. The 
use of 3D digital breast tomosynthesis (DBT) can significantly 
reduce these masking effects in 2D mammography (FFDM) [Fig-
ure 1]. The majority of trials on the sensitivity of DBT show a 
significant increase in detection rate (up to 43% increase). Other 
imaging modalities such as ultrasound and MRI can also be used 
to increase the sensitivity of mammography but both can decrease 
the specificity. 

 
BI-RADS classification of 
density. 
In 2013 BI-RADS intro-
duced a new four level sys-
tem for categorizing breast 
density: category a) almost 
entirely fatty; category b) 
with scattered areas of fibro-
glandular density; category 
c) heterogeneously dense, 
which could obscure small 
masses and finally category 
d) extremely dense. These 

latest a - d categories are different from the earlier BI-RADS 
1 - 4 categories which were based on simple relative percentages 
of fibroglandular tissue. The attribution of a particular density 
category has been aided by the recent development of automated 
software-based technologies,
Implications of dense breasts for screening. It is important 
that population-based screening programs take into account the 
density of the breast — biennial mammography is not optimal 
for women with dense breasts since a sensitivity of only 50% is 
achieved. 

The future of breast cancer screen-
ing — where can it help the dense 
breast?
Dr michael Golatta
Reminding the audience of the cen-
tral role played by mammography 
in current breast cancer screening, 
Dr Golatta pointed out that the cur-
rent pressing question was how the 
performance of mammography 
could be improved. In addition to 
tomosynthesis and MRI for high 
risk patients, there are several imag-
ing modalities, including ultrasound 
(US), Automated Breast Ultrasound 
(ABVS) and elastography which have the potential to improve 
breast cancer screening. Dr Golatta set out to describe the pros 
and cons of each of these modalities.

ultrasound.
Several studies have shown that the combination of hand-
held ultrasound with mammography can result in an 
increase in detection rate, albeit with an increase in false 
positive rate, which results in a high biopsy rate. However, 
the ultrasound technique itself has several weaknesses: it 
is time-consuming and cost-intensive; has a limited field 
of view; requires a high level of expertise and is difficult 
to standardize, apart from the problem of the increased 
number of biopsies. The challenge is to reduce the draw-
backs of ultrasound while retaining the benefit of increased 
sensitivity.

2017 Breast Care Day Video recordings 
Videos of all presentations are available at 
www.siemens.com/breastcareday 
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Figure 1. Right Panel. The use of digi-
tal breast tomosynthesis (DBT) dense 
breasts can detect lesions which would 
otherwise  be masked in Full field Digital 
mammography (Left Panel) 
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Automatic Breast Volume ultrasound (ABVS)
One answer could be the use of ABVS, which is a system for the 
automatic acquisition of a large number of thin 2D slices to produce 
a 3D volumetric data set. The technique is not operator-dependent, 
and is thus more reproducible and standardizable than regular hand-
held ultrasound (HHUS). Several protocols can be used with ABVS, 
giving axial, sagittal and coronal views. This latter view is comparable 
to that obtained by 3D hand-held US, with the difference that HHUS 
is generally used on a specific suspicious lesion whereas the coronal 
view in ABVS gives an automatic overview of the whole breast. The 
ABVS coronal view is thus a good starting point for identifying suspi-
cious lesions which can then be examined in more detail,

Several detailed studies of the comparative performance of ABVS 
have already been published, showing that ABVS is an effective sup-
plemental tool to mammography in breast cancer detection. Scanning 
and reading times are significantly improved compared to HHUS 
but could perhaps be even further improved (e.g. by CAD or fusion 
techniques see later). However the same issue as with HHUS, namely 
the relatively low level of specificity, also applies to ABVS. One way to 
address this could be through the use of elastography. 

Elastography)
Although elastography is not a screening tool in its own right it, 
the combination of standard US with shear wave elastography can 
result in an increased specificity (and a consequent reduction in the 
number of unnecessary biopsies) while maintaining high sensitivity, 
as found in several (relatively small scale) pilot studies. To confirm 

these promising results, a bigger multi-centric study evaluating elas-
tography (in particular Virtual Touch Tissue Imaging Quantification, 
VTIQ-2D-SWE) in the assessment of Bi-RADS 3 & 4 lesions, has 
been initiated, with the outcome criterion being whether the selection 
of patients for biopsy can be improved. The multi-centric trial, involv-
ing a total of 1000 patients, will correlate histology with BI-RADS US 
and VTIQ results and also compare the probabilities of malignancy as 
assessed by 1) BI-RADS US alone 2) VTIQ alone or 3) a combination 
of BI-RADS US and VTIQ.

Future possibilities 
CAD 
The reading of 3D data sets, such as those from MRI, Tomosynthesis 
or 3D US from ABVS, are all areas where Computer-Assisted Detec-
tion can be useful. As for US, studies have shown that the detection 
rate is good and that, although progress has recently been made in 
sensitivity and specificity, more progress needs (and is likely) to be 
made but until this happens it is unlikely that CAD- US will enter into 
routine clinical practice. There are several types of algorithms used 
in CAD; those that enable not just detection of lesions but can also 
differentiate between benign and malignant lesions are of particular 
interest. (Elastography has also been shown to be able to differentiate 
between benign and malignant lesions). 

Fusion of tomosynthesis and ABVS 
ABVS/Tomo Fusion 
The potential of tomosynthesis is well established and that of ABVS is 
increasingly being appreciated so it is appealing to consider a “fusion” 
system of both modalities. A prototype of such a system has been con-
structed in which the system first carries out a “normal” tomosynthesis 
examination. The breast is then maintained in the compressed state for 
a few more seconds during which a ABVS scan is carried out. The out-
come is a joint tomosynthesis/ABVS image [Figure 2]. A monocentre, 
prospective pilot study of the system is currently underway, involving 
25 patients, all with an indication for tomosynthesis. One outcome mea-
sure is to establish just how much additional time of breast compression 
is required to enable the ABVS scan to be carried out. 

A vision of future screening workflows
Putting all these possibilities together, we can envisage a future work-
flow such as in Figure 3. #

Volumetric breast density analysis in 
mammography and tomosynthesis — a 
brief overview
Dr Hanna Sartor
Clinical Basics of Volumetric Breast 
Density Assessment (VBDA)

Dr Sartor’s presentation began by 
describing the two main approaches 
for determining breast density, namely 
qualitative methods, i.e. those based on 
the radiologist’s own visual perception 
and quantitative methods, which may be 
software-based. 

A 2014 paper (Eng et al, Breast Cancer 

Figure 2. Combined tomosynthesis/automated ultrasound images. 

Figure 3. A possible future breast cancer screening workflow 
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Res 2014;16: 439) compared various methods (quantitative and quali-
tative) of breast density measurements and concluded that the stron-
gest relation between breast density and breast cancer risk was shown 
with quantitative methods. A recent paper (Jeffers et al. Radiology 
2017;282: 348) however showed that a qualitative method was just as 
accurate as the quantitative, software-based methods. 
Validity and reliability of volumetric methods
Validity. Studies have been carried out to compare the results of 
volumetric density methods with MRI which is considered the most 
representative measure of the “real breast tissue”. The conclusion of 
one study (Gubern-Mérida A et al. PLoS One. 2014; 9: e85952) was that 
“Volumetric measurements obtained from FFDM (Volpara) show 
high correlation with MRI data” while another study (Wang et al. 
PLoS One. 2013; 8: e81653) found that “Classification of women by 
volumetric density by any of the three mammographic techniques 
(Volpara, Quantra, SXA) is comparable to classification by MRI  
density”. 

Reliability. There are several factors which can influence reliability, 
e.g. compression level, positioning of the breast, differences between 
technologists, etc. One study (Holland et al Breast. 2016; 29: 49) con-
cluded that “the categorization of serial mammograms is more con-
sistent with automated software (Volpara) than with a mixed group 
of human readers”. Thus, it seems that automated volumetric breast 
density methods are both valid and reliable. 

Breast density and digital breast tomosynthesis. Tomosynthesis has 
the potential to complement, perhaps even replace, mammography 
in breast cancer screening, so the question arises of the reliability of 
measuring breast density in DBT. Several studies have been carried 
out comparing densities measured from FFDM, DBT and also MRI 
data. It was found that there was a difference of 1 – 10 % in estimated 
density between the modalities. 

Studies have also been carried out in DBT to examine the correla-
tion between density assessed visually by radiologists and by software. 
One such study (Timberg et al. IWDM 2016 LNCS 9699, p 197) 
examined a subset of women from the  Malmö Breast Tomosynthesis 
Screening Trial and found that there was a substantial agreement of 
density results as measured by radiologists (BI-RADS 5th Ed) and by 
software measurement, for both mammography and tomosynthesis. 
The VBDA prototype from Siemens was employed — this uses the 

central projection image in DBT. is was carried using  It is planned 
to extend this study to include all 15000 women examined in the 
Malmö trial. 
Differences between radiologist and software-based measure-
ments of density

One possible reason for these differences is that the software meth-
ods use raw data whereas radiologists examine images produced from 
processed data. There are also differences between radiologists’ esti-
mations of density depending on geographical location (US radiolo-
gist generally rate density higher than their European counterparts)
Potential use of VBDA in clinical practice. Currently most screening 
programs apply the same procedures for all women being examined. 
Ideally a more personalized approach, e.g. based on risk factors could 
be beneficial, both in breast cancer screening programs as well as 
to create risk scores. Density is one such factor and several studies, 
e.g. the Karma study from the Karolinska Institute, are on-going to 
evaluate this. Another approach is primary prevention in women with 
high density breasts in which low dose endocrine therapy is used pre-
ventively. Yet another approach is to modify the screening workflows 
in women with dense breasts, e.g. as in the Dutch DENSE trial (see 
presentation by Dr van Gils). 

Finally breast density has a potential role as a proxy outcome 
measure in the monitoring of neoadjuvant therapy. 

Take-home messages.
• VBDA is a proven tool for density estimation in both mammogra-
phy and DBT. 
• Variability exists between individual radiologists’ estimates of density 
but such differences are not a major obstacle.
• Breast density may have a role in personalized imaging and care. 

Current role of MRI in imaging of 
dense breast tissue
Dr Carla H. van Gils

To set the scene, Dr van Gils presented 
summary data from the Dutch Screening 
program showing the correlation between 
the density of the breast and the detection 
rate of cancer; this is particularly notice-
able with interval cancers, whose incidence 
increases markedly with increasing breast 
density. 

The significance of breast density is well 
known, be it as a masking factor in mam-
mography or a risk factor per se. The issue 
has even resulted in the enactment, in cer-
tain states of the United States of a breast 
density notification law whereby a radiolo-
gist is legally obliged to explicitly inform 
a women if she has dense breasts. The question then is what action 
should be taken in such cases, with the advice generally being to have 
supplementary screening, such as ultrasound or MRI. Dr van Gils 
focussed on MRI in women with dense breasts. 

A recent paper (Melnikow et al. Ann Int Med 2016; 164: 268) 
described a systematic review of studies reporting the results of 

Dr Carla H van Gils is Prof of 
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Figure 4. Several studies have compared  volumetric software methods of calculating 
breast density with radiologists’  measurements. 
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supplemental MRI screening for women with dense breasts and 
found that after excluding women at very high risk, e.g. because 
of BRCA mutations, the overall additional cancer detection rate 
was 21-29/1000 exams. After one round of screening with MRI, 
the increased cancer detection rate was 25/1000. It should be noted 
however that the relatively small number of women in the final data 
sets of these trials means that the confidence intervals are quite wide. 

Current guidelines on MRI for dense breasts
Despite these promising results from the point of view of cancer 

detection, the U.S. Preventive Services Task Force and other guidelines 
conclude that there is still insufficient evidence to justify using MRI 
in women with dense breasts and with negative screening mam-
mograms. 

Further analysis of the papers already referred to raises other ques-
tions. For example, although BRCA carriers were excluded, it is pos-
sible that there were still other factors in addition to dense breasts. It 
would be interesting therefore to study the impact of MRI on women 
who were selected based on breast density only. Likewise it would be 
interesting to know the numbers of cancers detected in the prevalent 
screening round (i.e. the very first time an MRI exam of the breast 
is carried out) as opposed to subsequent incident screening rounds 
which predominate in screening programs. However, perhaps the 
most important question is whether any increased detected cancers 
on MRI will ultimately yield improved outcomes and not just repre-
sent overdiagnosis. 

A very recent study (Kuhl et al. Radiology. 2017; 283: 36) provides 
some answers. In this study, 2120 women at average risk of breast 
cancer received supplemental MRI exams. All women had negative 
mammography and ultrasound results and 60% of them had dense 
breasts. Prevalent and incident rounds were analyzed separately; it 
was found that the increased cancer detection rate on the prevalent 
round was as high as 22.6/1000 and 6.9/1000 on the incident rounds. 
As already stated, despite such positive data,  MRI is not approved in 
guidelines which instead recommend long-term randomized trials to 
evaluate the real impact of adjunctive screening in women with dense 
breasts. This is the rationale behind the DENSE Trial: 

DENSE (Dense tissue and Early breast Neoplasm ScrEening) trial. 
This is a randomized controlled trial (RCT) comparing 4700 

women undergoing contrast-enhanced (Gadovist) MRI vs 30000 
women undergoing usual care [Figure 5 a, b]. All women have nega-
tive mammography and extremely dense breasts. Four Dutch screen-
ing organizations and eight hospitals throughout the Netherlands are 
involved in the trial. The planned outcome measures are: the number 
of extra detected tumors with MRI; the interval cancer rate in the MRI 
group vs usual care; breast cancer mortality reduction as estimated by 
simulation models; cost and level of false positives

In addition to the fact that this is a randomized trial using inter-
val cancer rates as one of the outcome criteria, there are several 
strengths to the trial design e.g. use of automatic density measure-
ment (Volpara); inclusion of one prevalent and two incident biennial 
screening rounds; risk stratification using factors other than breast 
density and the fact although full MRI protocols will be followed, 
it will also be possible to evaluate what results an abbreviated MRI 
protocol (only several minutes duration) would generate 

So far 4783 women have been recruited and the first round has 

been completed, with the second round halfway to completion. The 
participation rate of women in the second round was 88%. 

The current debate surrounding possible gadolinium deposition 
in the brain raised the difficult question of how the participants 
should be informed, a question all the more important since the 
DENSE trial is a research, screening-based study. To address this 
issue, an information leaflet was sent to all participants explaining that 
GBCAs have been used for many years and that although there are so 
far no known adverse health effects caused by Gd deposition, the leaf-
let was being sent simply for information purposes and because the 
women’s willingness to participate may be affected. Only 29 women 
out of the total 4783 participants dropped out immediately with an 
additional 3% dropping out before entering the second round. 

Summary. 
•Current guidelines do not recommend MRI for screening women 
based only on breast density criteria
•MRI may be of supplemental value in screening but needs large RCTs 
over several screening rounds and with relevant outcome criteria
• With the effect on interval cancer rate as primary outcome criteria, 
the DENSE trial meets these needs. 
• By 2018 all participants will have completed their 2-year follow up 
and preliminary data analysis may begin. 

Figure 5 a,b . The main characteristics of the Dutch ‘Dense’ trial 


