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The use of digital breast tomosynthesis 
in the post-treatment breast cancer 
surveillance setting

THE CURRENT LANDSCAPE FOR 
THE USE OF DIGITAL BREAST 
TOMOSYNTHESIS
In recent years there has been a 
rapid increase in efforts to inves-
tigate the place of digital breast 
tomosynthesis (DBT) as standard 
of care in breast cancer screen-
ing, either as an adjunct to con-
ventional digital mammography 
(DM) or as a stand-alone modal-
ity [1,2]. 
DBT is a mammographic tech-
nique whereby the X-ray tube and 
digital detector are rotated in a 
limited arc to create multiple low-
dose projection images through a 
compressed breast, which are then 
tomographically reconstructed 
into a series of thin-slice images 
to provide three-dimensional 

(3D) information for radiology 
reporting. The main advantage 
of DBT lies in its ability to cir-
cumvent the limitation of DM 
where superimposed breast tis-
sue can either masquerade as a 
suspicious lesion or obscure a 
malignant lesion.  Additionally, a 
two-dimensional (2D) image can 
be digitally reconstructed from 
the 3D data acquired in DBT to 
mimic a conventional DM. This 
2D synthesized mammogram 
(SM) is termed C-view by the ini-
tial developers of the technique 
(Hologic, Bedford, MA, USA).

Indeed the theoretical benefit of 
DBT is well corroborated in the 
clinical setting.  The early clini-
cal studies tested DBT in cancer-
enriched populations, which were 
either test sets of selected subjects, 
or patients who were recalled for 
suspicious lesions found on initial 
screening mammography. Many 
of these studies showed that the 
addition of DBT to DM improved 
accuracy, reduced recall rates, 
reduced false positive rates, and 

increased cancer detection rates 
[1,2].  These early clinical studies 
however were limited by poten-
tial selection biases due to the 
use of cancer-enriched test sets.  
Multiple, large population-based 
studies have since been under-
taken to address this limitation.  
While there is some heterogene-
ity in results owing to differences 
in the screen-reading approaches 
employed, these population 
screening studies largely confirm 
the benefit of adjunct DBT for 
the reduction in false positive 
rates and improvement in cancer 
detection rates [3-6].

Current evidence supports the 
adjunct use of DBT in addition 
to 2D imaging rather than as a 
stand-alone imaging modality.  
DBT alone without an integrated 
2D image (either in the form of 
DM or SM) has not been shown 
to reduce false positive rates 
[7-9].  There are also concerns 
that microcalcification clusters 
are not readily detected on DBT 
images alone [10-12], and that 
accurate comparison with prior 
studies may be difficult without 
2D imaging.  Therefore, currently 
most protocols specify the use of 
DBT in addition to DM, at the 
expense of doubling of radiation 
exposure to the breast compared 
to DM alone.  Synthesized 2D 
images reconstructed from DBT 
data however could potentially 
replace DM and make redundant 
the separate DM acquisition, 
thereby eliminating this major 
downside of DBT.  While an ini-
tial investigation [13] concluded 
that the diagnostic quality of the 
tested SM images was inferior to 
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Several studies have confirmed the advantages of the use 
of digital breast tomosynthesis (DBT) as an adjunct to digi-
tal mammography (DM) in population-based breast cancer 
screening studies. However the use of DBT in the surveil-
lance of patients who have had breast cancer treatment 
has not been extensively investigated. This article summa-
rizes the findings of a first prospective study of the use of 
DBT in addition to 2D imaging in patients with a history of 
breast cancer treatment.  
It was found that the use of adjunct DBT in addition to DM 
in such patients reduced the rate of indeterminate findings 
and hence unnecessary investigations compared to DM 
alone. 
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DM, technology for synthetically reconstructing 2D 
images has been progressing.  Indeed, subsequent stud-
ies with updated versions of image reconstruction soft-
ware, notably including the large Oslo and STORM 2 
trials, have shown comparable performance between 
DM and SM [14-16].  It should be noted that all these 
studies used Hologic DBT systems. Other DBT plat-
forms exist and their proprietary reconstruction soft-
ware must be evaluated separately.

THE PERFORMANCE OF DIGITAL BREAST TOMOSYN-
THESIS IN THE POST-TREATMENT SURVEILLANCE 
SETTING

While the everyday clinical use of adjunct DBT has 
rapidly proliferated to include almost all occasions of 
breast imaging, a review of published literature will 
reveal that the major DBT investigations relate to its 
application in population screening. The incremen-
tal benefit of DBT in surveillance after breast cancer 
treatment is much less well-defined, recognizing that 
mammographic appearances after breast conserving 
surgery and radiation therapy differ from treatment-
naïve breasts. In particular, benign changes in the 
breast after breast conserving surgery and breast radio-
therapy include breast edema, skin thickening, fluid 
collections, architectural distortion and calcifications 
[17,18]. These changes may impact on breast imaging 
by causing limited compressibility of the breast, and 
by mimicking or hiding tumor recurrences on mam-
mographic appearances. It is unclear whether these 
changes would affect the performance of DBT on imag-
ing of the treated breasts in patients who had breast 
conserving therapy.

We undertook what is, to our knowledge, the first pro-
spective study investigating the performance of DBT 
in addition to 2D imaging for surveillance of a pure 
cohort of patients with a history of prior breast can-
cer treatment [19].  In this prospective study, patients 
who were scheduled to have mammography for rou-
tine surveillance after breast cancer treatment, which 
included breast conserving surgery or mastectomy with 
or without post-operative radiotherapy, were invited to 
participate in the study.  
The primary objective of the study was to compare the 
rates of indeterminate findings between adjunct DBT 
(in combination with DM) and DM alone.  An indeter-
minate finding was defined as a lesion detected using 
either modality that necessitated additional imaging 
studies for clarification.  We also compared the rate of 
cancer detection between adjunct DBT and DM alone, 
assessed the impact of breast density on the rate of inde-
terminate findings with adjunct DBT, and compared the 
rates of indeterminate findings between DM and SM.

All study patients underwent both DM and DBT, and 
SM images were reconstructed from DBT data for each 
patient.  The DM, SM and DBT images for each patient 
were read in one of the two pre-defined sequences by 
a single radiologist in a single sitting [Figure 1].  DM 
was read before SM in one sequence and the order was 
reversed for the other sequence. DBT was read after 
DM and SM in both sequences.  True randomization 
of sequences was not possible due to logistical limita-
tions in the reporting workflow, but the sequences were 
alternated weekly to reduce reading biases in the com-
parison of DM and SM. Imaging findings were docu-
mented after the reading of each image set and before 
the next step of the reporting sequence for the week. No 
retrospective documentation or amendment of imaging 
findings was permitted.

We enrolled 618 patients in the study over a 12 month 
period.  
We found that DBT in addition to DM resulted in a 
significantly lower rate of indeterminate findings when 
compared to DM alone (10.5% versus 13.1%, p=0.018).  
This improvement was similarly observed when analy-
sis was confined to breasts treated with both breast con-
serving surgery and whole breast radiotherapy (4.9% 
versus 6.9%, p=0.039).  We could not show a difference 
in cancer detection rates between adjunct DBT and 

Figure 1.  The alternating weekly sequences for reading of mam-
mography images 
*DM = digital mammography; DBT = digital breast tomosynthesis; 
SM = synthesized mammography.
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DM alone.  This was a secondary 
endpoint however, and our smaller 
study size would no doubt contrib-
ute to this negative finding, noting 
that cancer detection is uncom-
mon, being 0.4 - 0.9% in population 
screening trials [3,4,16], and 0.5% 
in our study.  

There was no difference in indeter-
minate findings when DM was com-
pared with SM in our study (13.1% 
and 11.5% respectively, p=0.1).  
Increased breast density was found 
to be associated with an increase in 
the rate of indeterminate findings 
on adjunct DBT.  In addition, the 
benefit of adjunct DBT in resolving 
indeterminate lesions detected on 
DM was compromised in patients 
with dense breasts (15.9% versus 
16.9%, p=0.752 in patients with 
BI-RADS breast density categories 
3 and 4, compared to 7.8% versus 
11.2%, p=0.018 in patients with 
BI-RADS breast density categories 
1 and 2).  Results from screening 
studies that have reported compari-
sons across different breast density 
strata have been conflicting in this 
regard [3,5,16].

CONCLUDING REMARKS
We hereby provide support for the 
use of adjunct DBT in addition to 
DM in patients after breast can-
cer treatment to reduce the rate of 
indeterminate findings and hence 
unnecessary investigations com-
pared to DM alone [19].  The mag-
nitude of relative reduction in the 
rates of indeterminate findings in 
our study (about 20%) is in fact 
consistent with published literature 
in the treatment-naïve screening 
population (about 15-20%) [3-5].  
This benefit however is potentially 
negated in very dense breasts, sug-
gesting that other breast imaging 
modalities should still be consid-
ered in patients with very dense 
breasts.

While prospective screening tri-
als show adjunct DBT to improve 
cancer detection rates in treatment-
naïve breasts [3,4,16], we are unable 
to verify this in the post-treatment 
surveillance setting with our smaller 
study size.  Regardless, we suggest 

that the key benefit for DBT is the 
improvement in resolving indeter-
minate findings, reducing false pos-
itive recalls, and minimizing over-
investigation.  An increase in cancer 
detection rate does not necessarily 
indicate a breast cancer mortality 
benefit.  It is also unclear whether 
the increased cancer detection rates 
seen with DBT in studies will trans-
late into a reduction in interval 
breast cancer rate [1]. 

Our study has also shown that the 
rate of indeterminate findings on SM 
(using the Hologic DBT platform) is 
not significantly different compared 
to conventional DM, lending further 
support to the increasing acceptance 
of SM as being of adequate diagnos-
tic quality, which may potentially 
eliminate the need for an extra DM 
acquisition with DBT, at least for 
the Hologic platform. We emphasise 
however that more studies should 
corroborate this proposition before 
DM is abandoned altogether in the 
setting of DBT, especially for the post 
breast cancer treatment surveillance 
setting.

REFERENCES
1.  Houssami N, Skaane P. Overview of the 

evidence on digital breast tomosynthe-
sis in breast cancer detection. Breast 
2013;22:101–8. 

2.   Gilbert FJ, Tucker L, Young KC. Digital 
breast tomosnthesis (DBT): a review of 
the evidence for use as a screening tool. 
Clinical Radiology 2016;71:141–50. 

3.   Ciatto S, Houssami N, Bernardi D, 
Caumo F, Pellegrini M, Brunelli S, et 
al. Integration of 3D digital mammogra-
phy with tomosynthesis for population 
breast-cancer screening (STORM): a pro-
spective comparison study. The Lancet 
Oncology 2013;14:583–9. 

4.   Skaane P, Bandos AI, Gullien R, Eben 
EB, Ekseth U, Haakenaasen U, et al. 
Comparison of digital mammogra-
phy alone and digital mammography 
plus tomosynthesis in a population-
based screening program. Radiology 
2013;267:47–56. 

5.   Gilbert FJ, Tucker L, Gillan MG, Willsher 
P, Cooke J, Duncan KA, et al. The TOMMY 
trial: a comparison of TOMosynthesis 
with digital MammographY in the UK 
NHS Breast Screening Programme--a 
multicentre retrospective reading study 
comparing the diagnostic performance 
of digital breast tomosynthesis and 
digital mammography with digital mam-
mography alone. Health Technol Assess 
2015;19:i–xxv–1–136.

6.   Lång K, Andersson I, Rosso A, Tingberg 
A, Timberg P, Zackrisson S. Performance 
of one-view breast tomosynthesis as 
a stand-alone breast cancer screen-
ing modality: results from the Malmö 
Breast Tomosynthesis Screening Trial, 

a population-based study. Eur Radiol 
2016;26:184–90. 

7.   Gur D, Abrams GS, Chough DM, Ganott 
MA, Hakim CM, Perrin RL, et al. Digital 
breast tomosynthesis: observer per-
formance study. AJR Am J Roentgenol 
2009;193:586–91. 

8.   Svahn TM, Chakraborty DP, Ikeda D, 
Zackrisson S, Do Y, Mattsson S, et al. 
Breast tomosynthesis and digital mam-
mography: a comparison of diagnostic 
accuracy. Br J Radiol 2012;85:e1074–
82. 

9.   Wallis MG, Moa E, Zanca F, Leifland 
K, Danielsson M. Two-view and single-
view tomosynthesis versus full-field 
digital mammography: high-resolution 
X-ray imaging observer study. Radiology 
2012;262:788–96. 

10.   Kopans D, Gavenonis S, Halpern E, 
Moore R. Calcifications in the breast 
and digital breast tomosynthesis. 
Breast J 2011;17:638–44.

11.   Spangler ML, Zuley ML, Sumkin JH, 
Abrams G, Ganott MA, Hakim C, et 
al. Detection and classification of cal-
cifications on digital breast tomosyn-
thesis and 2D digital mammography: 
a comparison. AJR Am J Roentgenol 
2011;196:320–4.

12.    Yang T-L, Liang H-L, Chou C-P, Huang 
J-S, Pan H-B. The adjunctive digital 
breast tomosynthesis in diagnosis 
of breast cancer. Biomed Res Int 
2013;2013:597253–7.

13.    Gur D, Zuley ML, Anello MI, Rathfon GY, 
Chough DM, Ganott MA, et al. Dose 
reduction in digital breast tomosyn-
thesis (DBT) screening using syntheti-
cally reconstructed projection images: 
an observer performance study. Acad 
Radiol 2012;19:166–71.

14.   Zuley ML, Guo B, Catullo VJ, Chough 
DM, Kelly AE, Lu AH, et al. Comparison 
of two-dimensional synthesized mam-
mograms versus original digital mam-
mograms alone and in combination 
with tomosynthesis images. Radiology 
2014;271:664–71.

15.    Skaane P, Bandos AI, Eben EB, Jebsen 
IN, Krager M, Haakenaasen U, et al. 
Two-view digital breast tomosynthesis 
screening with synthetically recon-
structed projection images: compari-
son with digital breast tomosynthesis 
with full-field digital mammographic 
images. Radiology 2014;271:655–
63.

16.    Bernardi D, Macaskill P, Pellegrini M, 
Valentini M, Fantò C, Ostillio L, et al. 
Breast cancer screening with tomo-
synthesis (3D mammography) with 
acquired or synthetic 2D mammogra-
phy compared with 2D mammography 
alone (STORM-2): a population-based 
prospective study. Lancet Oncology 
2016;17:1105–13.

17.    Peters ME, Fagerholm MI, Scanlan KA, 
Voegeli DR, Kelcz F. Mammographic 
evaluation of the postsurgical and 
irradiated breast. Radiographics 
1988;8:873–99.

18.   Chansakul T, Lai KC, Slanetz PJ. The 
postconservation breast: part 1, 
Expected imaging findings. AJR Am J 
Roentgenol 2012;198:321–30. 

19.   Sia J, Moodie K, Bressel M, Lau E, 
Gyorki D, Skandarajah A, et al. A pro-
spective study comparing digital breast 
tomosynthesis with digital mammog-
raphy in surveillance after breast  
cancer treatment. Eur J Cancer 
2016;61:122–7.

BREAST IMAGING

 58 D I  E U R O P E  OCTOBER 2016


