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By Dr Kristina Lång

Time to modernize breast cancer 
screening? 
a mini-review of the Malmö breast 
Tomosynthesis Screening Trial
The Malmö Breast Tomosynthesis 
Screening Trial is a large population-
based screening trial designed to 
evaluate the use of one-view breast 
tomosynthesis, with reduced compres-
sion force, as a stand-alone screen-
ing modality. Initial results show a 
substantially increased cancer detec-
tion rate compared to mammography 
and a still-acceptable elevation of the 
recall and false-positive rates. 

HE NEED FoR A MoRE SENSITIvE METHoD
Mammography has been the established breast cancer 
screening modality for several decades. Nevertheless, the 
sensitivity of mammography is known to be limited, main-
ly due to overlapping tissue obscuring tumors, especially 
in dense breasts [1, 2]. Recent results from several large 
screening trials evaluating the use of breast tomosynthesis 
(BT) in screening suggest that this approach may be game-
changing and could open up the prospect of modernizing 
the breast cancer screening programme using a more 
sensitive method.

BT is a development of the mammographic technique 
which has the potential to reduce the detrimental effect of 
overlapping tissue. This is achieved by the X-ray tube being 
moved in an angular arc over the breast so enabling mul-
tiple low-dose projections to be acquired. These projections 
are then reconstructed into an image volume parallel to the 
detector plane and consisting of a stack of thin slices, typi-
cally of 1 mm thickness. BT images can be obtained using 
the same views as in conventional mammography, but are 
usually confined to two views, namely craniocaudal (CC) 
and mediolateral oblique (MLO).

Even if the role of BT in clinical practice may not 
yet have been fully established, it is already clear that 

it could be a valuable clinical tool. The higher accuracy 
of the technique [3] and its improved tumor visualiza-
tion, can, for example, result in enhanced pre-operative 
staging (e.g. tumor size, multifocality) [4] and also in 
avoiding the “pseudo-lesions” generated by the superim-
position of tissues in mammography. 

Furthermore, and most importantly, in view of the 
known limitations of mammography on the one hand 
and the characteristics of BT as a more sensitive, rea-
sonably cheap and fast modality on the other, the role of 
BT in breast cancer screening has become of increasing 
interest. 

 
THE MALMö BREAST ToMoSYNTHESIS SCREENING TRIAL

The MBTST is a prospective population-based 
screening trial whose aim is the comparison of the per-
formance of one-view BT with that of two-view digital 
mammography (DM) in breast cancer screening. The 
trial started in 2010 and in 2015 the planned total enrol-
ment of 15,000 women was achieved. Women eligible 
for the screening programme of the City of Malmö, that 
is of age 40–74 years, were randomly invited to partici-
pate. The trial was designed as a one-arm study where 
participating women underwent both BT (MLO) and 
DM (CC + MLO) in the same session using a Siemens 
Mammomat Inspiration system, which is one of the BT 
systems with the widest acquisition angles (50°). The BT 
images were acquired with reduced compression force 
(approximately 50% reduction). Since BT was carried 
out in only one view the total average glandular dose 
(AGD) was lower in BT compared to two-view DM (1.6 
mGy vs. 2.4 mGy).

The BT and DM images were read by a total of five 
breast radiologists in two independent reading arms, 
with blinded double reading. Each reading arm had 
three reading steps [Fig. 1]. In each step, the radiologist 
assigned a 5-level score: normal was assigned a score 
of (1), a benign finding (2), a non-specific finding with 
low probability of malignancy (3), findings suspicious of 
malignancy (4), and finally findings highly suspicious of 
malignancy (5). 

If there was a positive score (3 or higher) in any of 
the reading steps, the case was assigned to an arbitra-
tion meeting where at least two readers re-evaluated 
the images and decided whether to recall the woman 
for further work-up, irrespective of the score in the  
other modality. 
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ANALYzING THE FIRST HALF oF THE TRIAL 
So far, results from the first half of the study population 

(7,500 women) have been analyzed with regard to cancer 
detection rates, recall rates and positive predictive values 
(PPV) for the two reading arms, as assessed by needle biopsy, 
surgery, at a minimum of one-year follow-up and through 
record linkage with the South Swedish Cancer Registry [5]. 
McNemar’s test was used to analyze the paired binary data 
for recall and cancer detection rates. The cancers were also 
characterized in terms of radiographic appearance and his-
tological type and grade. In a recently published paper, false 
positives (FPs) were investigated for this population [6]. A 
FP result was defined as a woman who had been recalled 
but who was considered disease-free after assessment at a 
minimum of 3-year follow-up. The FPs were assessed using 
several parameters, including FP recall rate after arbitration, 
the radiographic finding leading to the recall and the out-
come of the work-up. Differences in the characteristics of 
FPs recalled on BT alone and DM alone were analysed using 
Chi-2 and Fischer’s exact test. 

SUMMARY oF THE FIRST RESULTS 
An overview of the first half of the study population and the 

performance of BT and DM is presented in Figure 2. In summary, 

68 of the 7,500 women had a screen-detected breast cancer. These 
cancers were detected on both BT and DM (n=46), on BT alone 
(n=21) and on DM alone (n=1). Notably, all cancer cases received 
a positive score in the first reading step in the separate reading 
arms, i.e. one-view BT alone and two-view DM alone, respectively. 
This resulted in a detection rate of 8.9/1,000 screens (95% CI 6.9 
to 11.3) for one-view BT as a stand-alone modality and 6.3/1,000 
screens (95% CI 4.6 to 8.3) for two-view DM (p<0.0001), which 
represents a 43% increase in the cancer detection rate.

The 21 additional cancers detected on BT, of which 17 
were invasive, did not differ significantly from the DM-
detected cancers. However, the former tended to be more of 
histologic grade 1, lymph node negative, and of smaller size 
than DM-detected cancers, suggesting a downstaging. An 
example of a cancer detected by BT alone is shown in Figure 
3. Contrary to what we expected the additional cancers were 
found not only in women with dense breasts but also in 
fatty breasts, suggesting that the overall lesion conspicuity 
increases with BT. However, more biological data is needed 
in order to draw any firm conclusions which hopefully the 
upcoming analysis of the whole MBTST population will 
provide.

The recall rate after arbitration was 3.8% (95% CI 3.3 to 
4.2) for BT and 2.6% (95% CI 2.3 to 3.0) for DM (p<0.0001). 
The increase in recall rate for BT was a result of the increased 
cancer detection but also in the slight increase of FPs. However, 
the recall rate for BT was still low and well within European 
guidelines. The FP recall rate was 1.7% for BT alone (n=131), 
0.9% for DM alone (n=69), and 1.1% for FPs recalled on both 
modalities (n=81). Importantly, the FP rate for BT alone was 
halved after the initial phase of the trial (1.5 years), stabilizing 
at 1.5%. Hence, a clear learning curve resulting in increased 
specificity for BT was observed. Furthermore, BT seemed to be 
especially sensitive for stellate radiographic patterns resulting 
in more cancers as well as FPs, where the latter included radial 
scars and postoperative scar tissue [Fig. 4)]. 

pUTTING THE RESULTS IN CoNTExT 
To date there have been three prospective population-

based screening trials which have evaluated the use of BT 
in screening. Besides the MBTST, the Oslo Tomosynthesis 
Screening Trial (OTST) and the Screening with Tomosynthe-
sis or Mammography (STORM) trial have presented interim 
and final results, respectively [7; 8]. However, the OTST and 
STORM trials both have a fundamental different design com-
pared to the MBTST, since they both evaluate the addition of 
two-view BT to two-view DM (so-called combination mode) 
vs. two-view DM alone. Thus, MBTST is the only study 
that evaluates BT in only one-view as well as BT as a stand-
alone modality. The idea behind the MBTST design was to 
find a rational screening method, which besides providing 
increased diagnostic performance should also be relatively 
rapid to carry out in practice. Despite the different designs 
of the three trials, a similar, significant increase of 30–40% 
in cancer detection rate was observed. The OTST and the 

FigUre 1. The reading design of the MBTST trial. In the BT reading arm, one-view BT 
alone was followed by the addition of one-view DM (CC) and a sequential addition 
of prior DM. In the DM-reading arm, DM alone was followed by the addition of prior 
DM. In the third reading step breast density was classified according to BI-RADS..

FigUre 2. Overview of the analysis of the first half of the total MBTST population.
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MBTST showed similar increase in recall rate, which might 
be expected with very low baseline recall rates. The STORM 
trial, however, had lower recall rates for the combination 
mode compared to DM. The different cut-off-levels used for 
a recall should always be kept in mind especially when com-
paring results from United States trials. Several retrospective 
screening trials in the US have shown a significant reduc-
tion in recall rates using the combination mode vs. conven-
tional DM. However, these results cannot unconditionally be 
extrapolated to a European setting since, in general baseline 
recall rates are much higher in the US than in Europe. 

FUTURE CHALLENGES
One of the main challenges in using BT in a community-

based screening programme will be the increased reading 
time, which will add to the radiologists´ workload and require 

more resources. Even if only one-view BT is applied the 
reading time will most likely be doubled. Further research is 
needed to find efficient reading strategies and/or image pre-
sentations. If Computed-Aided Detection (CAD) is further 
developed for BT, this could be a practical solution to the issue 
of reading time by enabling a change from a double-reading 
protocol to single reading combined with CAD, or by using 
CAD to eliminate clearly normal images. 

Furthermore, the future prospect of a personalized screening 
programme might result in only a defined subgroup of women 
undergo ing BT screening, while another subgroup can continue 
using DM, for example women with very low breast density.

The MBTST was not designed to assess screening efficacy 
in terms of effect on breast cancer mortality. In order to do so 
a very large randomized controlled trial with a long follow-up 
would be needed. Instead, as part of the forthcoming analyses 
at the completion of the MBTST, we intend to use interval 
cancers as a surrogate endpoint for screening efficacy. With 
the availability of more tumor biological data the additionally 
detected cancers will be analyzed using clinically established 
parameters and oncogenetic profiling, in an attempt to answer 
to what extent BT is adding to overdiagnosis. Finally, a cost-
benefit analysis of BT screening will be performed, since a 
screening modality should not only be simple, safe and sensi-
tive, but also affordable.

IMpLICATIoNS FoR SCREENING pRACTICE
The clinical implications of the MBTST could be consider-

able in that preliminary data suggest that one-view BT, with 
reduced compression force, could replace DM in breast cancer 
screening. The forthcoming analysis of the whole MBTST pop-
ulation should determine whether this hypothesis holds true. 
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Dear ECR Participants,

With your diagnosis you provide clear direction in a patient’s 

clinical journey and thus contribute substantially to patient 

care every day.

We at Bayer are well aware of the challenges radiologists 

face in a changing environment in radiology. Challenges may 

refer to increasing administration and economic pressure. But 

it can also be challenging to keep up‑to‑date with advances 

and progress in radiology.

It is our goal at Bayer to support you as best as we can to 

facilitate your work. Not only with reliable products but 

also with useful services. Our commitment to education and 

 trainings has a long tradition.

In our workshop series accompanying this year’s ECR, experts 

present innovative diagnostic imaging approaches  including 

advanced liver and prostate MRI as well as CT‑based  diagnosis 

of chronic thromboembolic pulmonary hypertension. One 

 focus is dedicated to informatics in radiology. With regard 

to the EURATOM directive to be implemented soon, we 

have scheduled several lectures on tracking and managing 

 radiation dose as well as on protocol optimization.

For more details and online booking please visit the congress 

section of our website radiology.bayer.com
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Wednesday, March 2 
12:15 – 13:45  The Full Picture RDM and CDM Focus on Efficiency 

M. Jopek, M. Das
14:00 – 15:30  Update and Understanding on Gd Deposits 

V. M. Runge, H. Pietsch, A. Radbruch
16:00 – 17:00  Preparation for the EURATOM Directive with Insights 

into Dose Analytics and Protocol Optimization 
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10:15 – 11:45  Men’s Health: Prostate MRI – When & How? 
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C. Zech, L. Grazioli, A. Ba-Ssalamah
14:00 – 15:30  A Dose of Reality, Arming You for  

Radiation Dose Management Success 
F. Windham

16:00 – 17:30  First European Radimetrics User Group  
E. Gombert, M. Jopek  
(For all current users of the informatics platform) 

Friday, March 4 
08:30 – 09:40  Innovative Choices for Diagnosing Liver and Biliary Disorders 

A. Ba-Ssalamah
10:15 – 11:45  Personalized Care in Diagnosis  

F. Maggioni, E. Gombert, M. Jopek, D. Caramella
12:15 – 13:45  Diagnosis and Therapy of Chronic  Thromboembolic 

 Pulmonary Hypertension – Why is Radiology Crucial 
for  Patient Management?  
I. Lang, A. Huppertz, D. Gopalan, B. Meyer

14:00 – 15:30  Men’s Health: Prostate MRI – When & How? 
F. Cornud, C. Kastner, U. Kramer

16:00 – 17:25  Discover the Innovative Quality Management  Improvement 
within a Radiology Department  
M. Jopek, A. Parakh, J. Theysohn, A. Ringelstein

Saturday, March 5 
10:15 – 11:45  Contrast Data Recording and Dose Personalization 

with  Certegra: Real Life Experience  
L. Febrer, M. del Mar Pérez, I. Vivas

12:15 – 13:45  About the Dose in Radiology  
L. Febrer, J. Almansa

14:00 – 15:30  Contrast‑Enhanced CT Scanning –  
What is Really Necessary for Your Daily Practice? 
J. E. Wildberger, P. B. Persson
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FigUre 3.  A cancer detected on BT alone. A 66-year-old asymptomatic woman 
recalled for suspect findings only on BT. A 15-mm invasive ductal carcinoma, histo-
logical grade 1 and lymph node negative, was diagnosed at histological examination. 
reproduced from European radiology with permission. 

FigUre 4.  Stellate radiographic pattern. BT is more sensitive than DM in the 
detection of malignant and benign lesions with a stellate radiographic pattern, here 
exemplified by an invasive ductal carcinoma grade 2 (upper row) and a radial scar 
(below) visible on BT (left) but not on the corresponding DM view (right).


