Breast Imaging
Can digital breast tomosynthesis
replace full-field digital
mammography?
By Dr. D Georgian-Smith & Dr. T Mertelmeier

This article summarizes the results of
a recent trial to evaluate whether the
performance characteristics of 2-view
DBT alone, i.e. without an FFDM or
synthesized 2D image, were superior
to those of 2-view FFDM.
The addition of the 3D mammographic modality, digital breast
tomosynthesis (DBT), to 2D mammography has had a dramatic
effect on breast cancer screening as evidenced by studies which
have shown that the addition of DBT can result in an improvement in sensitivity or specificity or both [1–3]. In contrast to CT,
where, in terms of the equipment needed and the impression/look
of the generated images, it is clear that CT is markedly different to
a straightforward planar x-ray, DBT is actually quite similar to fullfield digital mammography (FFDM), at least by these criteria. Thus
DBT is still recognizable as mammography, but only better.
Against this background, it is reasonable to wonder whether a
3D tomosynthesis scan alone is sufficient for the detection and
diagnosis of breast cancer.
The manufacturers of DBT systems have developed units with
varying imaging geometries and technical characteristics, such
as different sweep angles. While the early clinical studies of DBT
were carried out on narrow-angle units (Hologic, Bedford, MA,
US) for the simple reason that this was the first system to have
U.S. Food and Drug Administration approval, more recent studies
have been conducted using wide-angle DBT systems, e.g. from
Siemens Healthineers (Erlangen, Germany). A wide-angle system
was used in the study described in this article.
Almost all major clinical studies published to date on breast
tomosynthesis were designed to compare the diagnostic accuracy of tomosynthesis in adjunct to a 2D image — be it an
FFDM image or a synthesized 2D view, i.e. a single 2D image
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constructed by software from the individual slices of a complete tomosynthesis exam — and were carried out with a narrow angle tomosynthesis system. Currently the only example
of a large-scale study carried out using a wide angle system is
the Swedish Malmö screening trial [4] which compared DBT
used as a stand-alone, to FFDM.
The objective of our study [5] was to evaluate whether 2-view
AUC 2-view DBT vs AUC 2-view FFDM
(Test of superiority)

Recall rate 2-view DBT vs. recall rate 2=view FFDM
(Test of non-inferiority)

Recall rate 2-view DBT vs recall rate 2-view FFDM
(Test of superiority)

Sensitivity 2-view DBT vs sensitivity 2-view FFDM
(Test of superiority)

Figure. 1 - Hierarchical analysis plan. If the superiority of DBT versus FFDM
is shown, the recall rates would then be compared in a test of non-inferiority of
DBT. If non-inferiority is shown, then superiority of the recall rate and sensitivity
of DBT would be tested. IImage reproduced from Ref [5], courtesy of American
Roentgen Ray Society.

DBT alone, without any additional information from FFDM or a
synthesized overview 2 D image, was superior to a 2-view FFDM.
If that were found to be the case, significant advantages could be
expected in terms of radiation dose and reading time/workflow. To
investigate this hypothesis, a multi-reader, multi-case study was performed using mammograms from asymptomatic and an enriched,
population including patients with known malignancies [Figure 1] .
Methods

Thirty one readers, selected from both dedicated breast imaging and general radiology practices in the U.S., interpreted
330 patient-cases, being shown either the DBT or the FFDM
images in two separate sessions more than one month apart
for wash-out reasons.
The study group was selected from a collection database of
764 diagnostic and screening cases collected from seven U.S.
sites with DBT images having been acquired using the wideangle tomosynthesis system. The study had several endpoints:
mean area under the curve (AUC) for the receiver operating characteristics (ROC) per patient/subject and per breast;
non-cancer recall rates; the sensitivity and specificity of breast
cancer detection.
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(p = 0.011). The non-cancer recall rate per patient was reduced by
19% using DBT (p<0.001). More masses/architectural distortions
were detected with DBT (p < 0.001). The detection of microcalcifications using DBT tended to be lower than in FFDM (p = 0.136) but
the difference was not statistically significant. The accuracy of the
detection of invasive cancers was significantly higher with DBT (p <
0.001) [Table 2].
Conclusions

Figure. 2 - Estimated per breast AUC for 31 readers with FFDM (blue) and
their improvement with DBT alone (red). The order of the readers is from lowest
to highest AUC with FFDM. Image reproduced from Ref [5], courtesy of American
Roentgen Ray Society.

DBT imaging was carried out on the Siemens Healthineers Mammomat Inspiration system (Siemens Healthcare GmbH, Erlangen,
Germany). The system acquires 25 projections over an angle of 50
degrees in less than 25 s, and uses a tungsten/rhodium (W/Rh)
anode/filter combination x-ray spectrum. The tube voltages are
selected as a function of compressed breast thickness in the same
manner as for 2D FFDM. For this trial, the automatic exposure
control set the radiation dose of one tomosynthesis scan to 1.5 – 2
times that of a single digital mammogram acquired with the same
system. The tomosynthesis slices of 1 mm slice separation were
reconstructed with an advanced filtered backprojection algorithm
adapted to the tomosynthesis data acquisition sampling scheme.
The 2D FFDM images were acquired either with the Mammomat
Inspiration in 2D mode or on various other commercial FFDM
systems. The FFDM images and the tomosynthesis slices were
read on a Siemens Healthineers Syngo MammoReport workstation
(Siemens Healthcare GmbH, Erlangen, Germany).

This reader study tested a “replacement” hypothesis that DBT alone
would be superior to 2D FFDM. The study did not test the effect
of synthetic 2D views. A wide-angle DBT unit was used exclusively
for tomosynthesis imaging. The results clearly indicate the superior performance of wide-angle DBT alone vs. FFDM, although
there was a non-statistically significant decrease in the detection of
micro-calcifications, for which the study was not powered.
In a study involving a population of similar size and type, but comparing narrow-angle (15°) DBT together with FFDM to FFDM
alone, a similar improvement of the DBT AUC was found [11].
This study however involved a higher radiation dose because a 2D
acquisition was required in addition to the DBT scan. In the study
the improvement in the detection of microcalcifications was not
statistically significant either.

Results

The performance of the majority of the readers ( 29/31) was better
with 2-view DBT — without a synthetic 2D overview — than with
FFDM alone, regardless of breast density [Figures 2, 3]. The mean
diagnostic accuracy
with DBT in terms of
the area under the ROC
curve (AUC) [Table 1]
was statistically significantly improved both
per patient (subjectlevel) and per breast
(breast-level): subjectlevel AUC increased
from 0.765 (SE = 0.027)
for FFDM to 0.835 (SE
= 0.027) for DBT (p =
Figure 3. Summary parametric subject-level ROC 0.02); breast-level AUC
curves. The AUC for FFDM (blue, dashed line) is 0.765;
increased from 0.818
the AUC for DBT (red, solid line) is 0.835. Image
reproduced from Ref [5], courtesy of American (SE=0.019) FFDM to
0.861 (SE=0.019) DBT
Roentgen Ray Society.
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Figure 4. Left panel. FFDM image. Right Panel. A single slice from the DBT exam
of the same patient. The spiculated mass (indicated by the arrows) is clearly more
visible than on FFDM. (Images courtesy of the Department of Translational Medicine,
Diagnostic Radiology, Lund University, Skåne University Hospital Malmö, Sweden.)

In the meantime, the higher performance of the wide-angle acquisition has also been confirmed by the real-life Malmö screening
trial [4]. The results from Sweden are comparable to those of earlier
studies using narrow-angle technology combined with 2D images,
albeit at a much lower radiation dose as only the DBT MLO-view
was used in the Malmö trial. The high diagnostic performance of
the single DBT view might be explained by the higher mass conspicuity that comes with a wide-angle tomosynthesis system [6–9]
and by the experience of the readers in reading one-view DBT [10].
Even with such strong positive results suggesting that DBT alone
may replace an FFDM image, there is a body of literature based on
visual and perception studies arguing for the advantages of first
seeing an overview 2D image — either a direct FFDM or possibly
a synthetic 2D view. Eye-tracking studies have shown that the
efficiency of experienced, expert radiologists is improved if they
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Since our study was a reader study, neither symptoms, patient
history nor prior imaging results were considered. The study was
not powered to show small differences in the detection of specific
features, such as microcalcifications. Whether these results can be
generalized to narrow-angle units has yet to be determined, and is
the subject of on-going investigation.

∆

Future developments of CAD systems based on artificial intelligence (AI) and deep learning approaches open the potential that
the information content provided by a tomosynthesis scan can be
fully exploited without the need for an additional 2D overview
image. Deep learning algorithms have already been shown to be as
good as an average radiologist in the interpretation of 2D FFDM
images [12]. It has also been shown that the use of interactive
decision support leads to an increase in cancer detection without
increasing the reading time [13], although both these studies were
limited, in that the population studied was enriched by cases with
known malignancies.
Table 1: Results data of the trial. Area Under ROC Curves, Recall Rates, Sensitivity
and Specificity for DBT compared to FFDM. Differences are denoted by Δ, and
the p-value by p. The numbers in brackets are standard errors. (a) sensitivity and
specificity counting BIRADS 4 and 5 as positive test (b) sensitivity and specificity
counting BIRADS 3, 4, and 5 as positive test . * denotes statistically significant at p<
0.05 level. Table adapted from Ref [5], courtesy of American Roentgen Ray Society.

Conclusion

This reader study shows that, for most radiologists, wide-angle
2-view DBT alone has a higher diagnostic accuracy than 2-view
FFDM, verifying the robustness of wide-angle DBT as a sole view.
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