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Can we make breast tomosynthesis
feasible for screening?
By Dr Ioannis Sechopoulos

This article summarizes a recently published
study comparing the detection performance of
several different methods for the introduction of
digital breast tomosynthesis to breast screening and gives insight into how screening tomosynthesis could be feasible without a significant
increase in the resources required.
The next breast cancer
screening technology

Over the last decade, digital breast
tomosynthesis (DBT) has increasingly
been used in the clinic for the evaluation of certain mammographic breast
screening findings and of clinical concerns [1]. DBT involves the acquisition
of several low-dose mammogram-like
images as the x-ray source rotates around
the breast; the images are then combined
into one pseudo-3D stack of slices [2, 3].
This stack, although having a limited resolution in the vertical direction, provides
enough tomographic information on the
relative position of normal and pathologic breast tissues so as to minimize the
masking impact of tissue superposition.
As a result, it has been shown in several
studies that the use of DBT has superior
detection performance than mammography [4-6].
To exploit this advantage, several prospective screening trials have been performed in Europe, and have again reported
an increase in sensitivity when using DBT
either as a replacement or an adjunct to
digital mammography (DM) [7-9].

However, depicting the breast as
a stack of slices as opposed to a single
planar (2D) image, as in DM, greatly
increases the amount of information
shown to the interpreting radiologist.
For example, for an average breast that is
compressed to a thickness of 5 cm, DBT
results in a stack of 50 slices. Even with
the use of cine mode and other alternative methods for image display, e.g. userselected combination of the slices into
thicker slabs [10], the interpretation of
DBT images has been repeatedly shown
to, on average, double the reading time
[8]. Especially for population screening programs, such a large increase in
the interpretation time means that the
introduction of DBT for screening is
challenging.
What is a breast tomosynthesis screening exam?

Therefore, although the overall benefits of DBT in screening are generally
well understood, for implementation
of screening DBT to take place there
are more practical aspects that need
to be addressed. Chief among these
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is what exactly should a DBT screening examination entail? Specifically,
screening DBT has been proposed as
consisting of different combinations of
views (cranio-caudal (CC) and mediolateral oblique (MLO)) of DBT and
DM images. For example, in the Malmö
Breast Tomosynthesis Screening Trial
the DBT arm consisted of acquisition of
a single DBT view per breast [7], while
in the Oslo Tomosynthesis Screening
Trial the DBT arm included the acquisition of both two-view DM and twoview DBT per breast [8]. Clearly, exactly
how DBT is eventually implemented in
screening will have a major impact on
image interpretation time, and therefore on the increase, if any, in resources
required.
Comparison of multiple
screening protocols

To provide insight into the trade-offs
between different screening protocols,
in terms of performance and reading
time, a retrospective observer study was
undertaken with an enriched case set
of DBT and DM images [11]. In this
study, 181 cases, including 76 malignant,
50 benign, and 55 normal cases were
retrospectively reviewed by six radiologists over two sessions. In one session,
the radiologist was shown the same
case, sequentially using three different
combinations of images: first only the
MLO view DBT image, then the MLO
DBT + the CC view DM, and finally
the two-view DBT and two-view DM
[Figure 1]. At each condition, the reader
was asked to mark and rate all suspicious
findings. The scoring involved providing the location and both a probability of malignancy rating (1 to 10, with
10 denoting the highest probability of
malignancy) and a BI-RADS® score (1 to
5, as per American College of Radiology
guidelines) for each finding. If the reader
was convinced that a previously marked
finding was incorrect due to the review
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Figure 1. Sequence of image interpretation. Three of the conditions were read sequentially since they implied
only addition of images from step to step, while the last condition, involving only two-view DM was interpreted in
a separate reading session.
Abbreviations:
1v-DBT : One-view digital breast tomosynthesis (MLO);
1v-DBT +1v-DM: One-view digital breast tomosynthesis (MLO) plus one-view digital mammography (CC);
2v-DM: Two-view digital mammography (CC+MLO);
2v-DBT+2v-DM: Two-view digital breast tomosynthesis (CC + MLO) plus two-view digital mammography (CC + MLO)
Figure reproduced from: Rodriguez-Ruiz A, et al. (2018) Eur Radiol 28: 1938–1948.© the Authors

of additional images at the next step, he/she
was able to remove that finding from the
collection of findings for the new reading
condition. In a second session, separated
from the first by at least four weeks, the
radiologist was shown the two DM views of
the same 181 cases. Again, the observer had
to mark and rate any suspicious findings.
The marked locations of the suspicious findings and their corresponding
probability of malignancy ratings were
analyzed using the jack-knife alternative
free-response receiver operating characteristic (JAFROC) method. The benefit of this
method over the standard ROC analysis is
that location is taken into account. That is,
if a true positive case is marked with a high
probability of malignancy but only because
the reader is concerned about a different,
actually normal, area, then the finding is
not considered a true positive. Hence, the
reader cannot “be right for the wrong reason.” However, to also allow for the more
traditional interpretation of the results, the
standard case-based ROC analysis was also
performed. Using the BI-RADS® ratings, the
actual operating sensitivity and specificity
were also calculated, using the threshold of
a BI-RADS® 3 or higher rating for the mostsuspicious finding in the case as a positive
interpretation of the case. Finally, during all
interpretations, the observer study software
automatically recorded the time taken for
interpretation.
Two groups of breast radiologists participated in the trial; three from the Netherlands and three from Sweden. All six readers had experience with DM and DBT, but
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only the Swedish radiologists had previous
experience in interpreting single-view DBT,
since they had participated in the Malmö
Breast Tomosynthesis Screening Trial. We
called this latter group the “single-viewDBT experienced readers”.
So, is one-view DBT enough?

It seems to be. There was no statistical
difference in performance between the
single-view DBT interpretation and any of
the other three protocols. As can be seen in
Figure 2, both the ROC and the JAFROC
results showed no statistical difference
among protocols. Likewise, using these metrics no difference was found when comparing the results of radiologists unused to
making decisions based only on the singleview DBT (i.e. the Dutch radiologists) and
those having previously performed single-

view DBT interpretations (i.e. the Swedish
radiologists).
Interestingly, although there was no
difference in sensitivity and specificity
across protocols, a difference was found
when evaluating the results according to
the level of experience in single-view DBTinterpretations. For the single-view-DBTexperienced readers, the inclusion of additional views did not affect their sensitivity
or specificity. However, for the readers for
whom making decisions based on only the
single DBT view was a new experience, their
sensitivity did increase with the addition of
more views, while their specificity decreased
slightly.
Importantly, interpretation of singleview DBT took, on average, only 25% longer
(44 s vs. 55 s, per case) than reading of twoview DM, a difference that was found to
be statistically significant. Although the use
of DBT, even with a single view, instead of
DM, still resulted in an increase in reading
time, this relatively small increase is a considerable improvement over the doubling in
reading time previously reported for DBT
compared to DM screening. For three of
the readers, there was no statistical difference in the reading time, and no difference
was found between the experienced and the
inexperienced readers.
Finally, the average glandular dose per
case was equal in the single-view DBT and
the two-view DM acquisitions.
What do these results mean?

This study provides insight into how
screening performance and reading time
could be affected by implementing DBT

Figure 2. ROC (left panel) and JAFROC (right panel) results of the performance of the six radiologists interpreting all cases under the four different conditions evaluated. None of the conditions studied yielded a statistical
significant difference in their performance.
Figure reproduced from: Rodriguez-Ruiz A, et al. (2018) Eur Radiol 28: 1938–1948.© the Authors
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possibility that there were institutional and
national differences in practice, the fact that
the operating performance of the experienced readers did not vary when more views
were shown — whereas it did for the inexperienced readers — points to there being
an additional effect, rather than just simply
differences in usual practice methods.
Screening with digital breast
tomosynthesis is feasible
Figure 3. Sensitivity and specificity of each protocol studied, both for all readers combined and separated by
experience in interpreting single-view DBT.
Figure reproduced from: Rodriguez-Ruiz A, et al. (2018) Eur Radiol 28: 1938–1948.© the Authors

for screening in different various ways.
Most importantly, also as evaluated by
the Malmö Breast Tomosynthesis Screening Trial, MLO view-only DBT results in

“... MLO view-only DBT
results in a performance
similar to that of standard
two-view DM...”
a performance similar to that of standard
two-view DM. It seems that the benefit of
reduced tissue superposition because of the
partial tomographic information provided
by DBT outweighs, or at least is equal to,
the information introduced by a second
view. Although some lesions might be present only within the field of view of the CC
compression, the main reason for performing two-view mammography is for the
observer to be able to discern lesions from
overlapped tissue, increasing sensitivity and
specificity. If DBT reduces the tissue overlap
effect enough, then the benefit of the second view is limited. This seems to be shown
by the current study.
It should be noted, however, that the
images used in this study were acquired with
the same DBT system, namely the Siemens
Mammomat Inspiration. This DBT system
has an angular range for acquisition of the
DBT projections of 50° [2], which is the widest angular range currently commercially
available. This most probably means it has
the highest vertical spatial resolution [12],
and therefore the most prominent reduction of the tissue superposition masking
effect. Therefore, it is not clear if the results
obtained in the current study, just as with
the Malmö trial, which also used Siemens
systems, is generalizable to all DBT imag50

ing. Further studies with other equipment
are needed to evaluate the impact of system design on the possibility of performing
single-view DBT.
In addition, at least at the time of image
acquisition, the Siemens system used double the dose per DBT acquisition as that of
a DM acquisition. This is why even with
the acquisition of a single view there were
no dose savings. Other DBT systems have
a different dose relationship between DBT
and DM acquisitions, with some systems
even having the same dose for DBT and
DM [13]. For such systems acquiring a
single DBT would result in a reduction
in dose compared to acquiring two DM
views. However, dose saving should not
be a reason to introduce single-view DBT
for screening.
The variation in the trade-off between
sensitivity and specificity experienced by
the radiologists not used to interpreting
only single-view DBT is interesting and also
provides some insight as to how observers
behave when confronted with a new reading
situation. The increase in sensitivity accompanied by the decrease in specificity when
more views were added means that the radiologists were actually operating along the
same ROC curve, just with a different decision threshold. Their performance was no
worse or better than that of the experienced
radiologists, they just (most probably unconsciously) needed to be a little more certain
about a finding before they decided if it was
suspicious enough. However, this means
that if it is desired, working at a different
sensitivity/specificity trade-off level is only
a matter of training or simply getting used
to having to interpret only one image per
breast. This is the experience that the Swedish radiologists had probably already gone
through during the Malmö trial. Although
the difference could also be explained by the
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In short, this study investigated one of the
strategies that could be used to introduce DBT
for population screening for breast cancer in
the near future without fundamentally increasing the resources required to do so. Various
prospective screening trials have shown the
positive impact of introducing DBT on detection performance, even with a single view per
breast, and this study provides further insight
on how and why this is feasible.
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