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Breast cancer screening

with tomosynthesis

Results from studies carried out at Malmé University Hospital

show that breast tomosynthesis has the potential to improve the
sensitivity and specificity of breast cancer screening

ammography is not perfect —

between 15 and 30% of all can-

cers are missed af mammography
screening and detection is particularly difficult
in dense breasts.! There are several reasons for
the non-defection of tumours; the normal anatomy
being the major one. In two-dimensional (2D)
mammography, all structures along the path of
the x-rays are superimposed, and tumours may be
hidden by the normal fissue [resulting in false negar
tive mammography) or, in some cases, the normal
tissue may appear as if a fumour were present
in the breast (false positive mammography). Both
of these situations are highly undesirable as they
might result in incorrect diagnosis. It would be
advantageous fo use a fomographic technique fo
suppress the appearance of the overlapping fissue,
and thus increase the defection of tumours.

Over the last decade, tomosynthesis has
achieved a lot of attention, particularly for breast
examinations. The xray tube moves around a sfa-
tionary detector and acquires several so called
projection images from different angles of the com-
pressed breast. These images are reconstructed
info an image volume, from which individual slices
can be studied. The slice images contain little of
the overlapping tissue and detectfion of tumours is
increased.

Some groups have investigated the clinical
value of breast tomosynthesis (BT), ie, in diagnos-
tic work-up in women selected from screening,
but there are already several techniques includ-
ing conventional 2D digital mammography (DM),
ultrasonography (US), needle biopsies, MRI avail-
able in the diagnostic setting. A combination of
these methods usually yields high sensitivity and
specificity.

It is, however, our sirong belief that the greatest
value of BT will be in screening examinations. VWe
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base this hypothesis on several reasons: The sen-
sitivity and specificity of DM in a screening sefting
is not high enough. A tomosynthesis examination
is fairly similar to a conventional mammography
examination, both for the woman who is exam-
ined and for the radiographer, both with respect to
examination fime and fo the image acquisition pro-
cedure. The tomosynthesis images are comparable
to mammograms making comparisons with older
images possible. The radiation dose in a fomo-
synthesis examination is comparable 1o a conven-
tional mammography examination; the dose from
one tomosynthesis projectfion is approximately the
same as a conventional two-view examination (CC
+ MLO). In this paper we are presenting some of
the studies that we have performed in our group in
order fo investigate the possibilities of using breast
tomosynthesis as a screening modality. In 2006,
Siemens Healthcare insfalled a BT prototype unit,
one of a few in the world at that time, at our labo-
rafory at Malmé University Hospital. To investigate
the difference between BT and DM, we collected
images of patients where we believed that differ-
ence between the two modalities would be maxim-
ised. The inclusion criteria were as follows: Unclear
or negative mammography, and palpable and,/or
visible on ultrasound. We had permission from
the local ethics committee at Lund University and
all patients underwent informed consent. During
roughly two and a half years we collected over
250 cases, forming one of the largest breast fomo-
synthesis fumour banks in the world, and over 150
normal or benign cases. The cancers were verified
with needle biopsy and pathology, and the normal
or benign cases with twoyear follow-up.

Clinical value of breast tomosynthesis
In o pilot study we evaluated 40 cases contain-
ing confirmed cancers system in a non-blinded
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TOMOSYNTHESIS

Figure 1. Left and middle are mammograms in the CC and MLO projections, respectively, of the right breast of a 57 year-old woman. To the right

is the same breast imaged with tomosynthesis. Note that the tumour, a 2.8 cm grade 3 ductal cancer, (marked with circle) is clearly visible in

the tomosynthesis image, but difficult to detect in the two mammography images.

study. Two experienced radiologists evaluated
these cases in consensus based on the follow-
ing imaging modalities or combined modalities;
1-view mammography, 2-view mammography,
2-view mammography and US, and BT. Only
steps 1-5 of the BIRADS scale were used (0 and
6 are not applicable on existing images). A per-
fect performance would thus be five for all cases,
but the observers overlooked this prior knowledge
and based the evaluations solely on the images.
Differences between the three first modalities and
BT were evaluated with VGC.? The results of this
study showed that BT was significantly better than
1-view mammography and 2~view mammography,
and equal fo the combination of 2-view mammog-
raphy and US.?

We performed a more defailed study com-
paring breast fomosynthesis and mammography in
200 cases (110 normal and 90 abnormal) exam-
ined both with DM (CC & MLO projections) and
BT. All cases were verified with two-year follow-up
on the normal and histopathology on the abnor-
mal. Five experienced radiologists evaluated all
cases according fo the FROC procedure: search
for suspicious locations and rank these locations
with the BIRADS scale. The results of this study indi-
cated that BT was significantly better than DM at
finding and classifying breast lesions. This study
was presented at RSNA 2009.
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Accuracy of tumour size measurements

Accurate size prediction of an invasive breast
cancer is important in preoperative planning and
as a prognostic indicator. With the increased use
of breast-conserving surgery and neoadjuvant
chemotherapy, the ability to correctly determine
maximum fumour exfent noninvasively is essential.
Preoperative tumour size is commonly measured
on DM and/or US, and subsequently during the
pathological examination of the tumour. We inves-
tigated the accuracy of size measurements with BT,
DM and US compared to PAD on 73 malignant
breast tumours. The results showed that the meas-
urements were more accurate for BT than for DM

and US4

Detectability in DM and BT

In a more theoretical setiing we studied the detector
bility of malignant lesions with DM compared fo BT.
We varied the contrast of lesions of different sizes
and added them in diseasefree breasts imaged
with DM and BT. The sizes of the lesions were 0.2
(corresponding fo microcalcifications), 1, 3, 8 and
25mm, resulting in a range of typical fumour sizes.
The observers were presented with four images,
where one of them contained a lesion, and the task
of the observer was fo select the image containing
the tumour. The results of the study showed that
the detectability of BT was significantly better for

lesions bigger than or equal to 1mm, whereas for
the smallest lesion size (0.2mm), DM was equal to
BT. In many diagnostic fasks, it is the overlapping
anatomy that limits detection of pathologic lesions.
With the removal of overlapping structures in BT
the detectability of lesions increases. However, for
microcalcifications, it is the quantum noise in the
image that limits the detection, and thus making the
two modadlities perform equally well.

Optimal compression in breast tomosynthesis
Compression is necessary in conventional DM
for several reasons: to reduce the thickness of
the breast in order to improve the image quality
by reducing the amount of scattered radiation
produced, and to reduce the required radiation
dose and last but not least to fixate the breast and
thus avoid motion blur. The compression of the
breast causes pain and in some cases this may
cause women not fo participate in the screening
program. Since tomosynthesis allows depth resolu-
fion, it might even be an advantage to use less
compression force compared to DM. In a study
by Férnvik et al, 45 women were investigated
with standard compression |ie, the compression
force that is used at an ordinary mammography
examination) and half of that force. The quality
of the images was evaluated in a visual grading
analysis® study by three experienced radiologists
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TOMOSYNTHESIS

Figure 2. Example of an image pair obtained with standard compression (left) and half compression (right). The quality of the

two images is similar.

and the results showed no significant difference in
image quality.® Figure 2 shows an example of a
breast imaged with standard (left) and half (right)
compression force.

Breast cancer screening with tomosynthesis

All of these studies suggest that BT could comple-
ment or even replace DM in a screening situa-
tion. But before any definite conclusions could be
drawn on this, BT must be fested in a real screen-
ing situation, ie, in large, population based stud-
ies. In December 2009, Siemens replaced the
tomosynthesis prototype system with a commercial
version of the tomosynthesis system, Mammomat
Inspiration Tomo. Several shortcomings with the
profotype unit were fixed with the new machine,
eg, shortening the reconstruction time and the fime
for the machine to change between DM and BT
mode. The new machine is thus possible fo use in
breast cancer screening with the requirements of
high patient throughput. We have planned to evalu-
afe the sensitivity and specificity of BT compared to
DM in a one-armed, paired study by examining
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15,000 women, randomly selected from the regular
screening programme, with the two methods. After
getting approval from the local ethics commitiee af
Lund University, we have sfarted to perform some
initial examinations. Currently, we have performed
over 200 examinations, including three confirmed
cancers. Since the size of the image dafa is signifi-
cantly larger than from other modalities (typically in
the range of 0.5 GB per breast, one projection),
the speed of the network and PACS [picture archiv-
ing and communications system) and also the stor-
age capacity of the PACS will be challenged. This
will probably be a problem for most current PACS
systems. The examination time for BT is roughly
the same as for DM. However, the image read-
ing fime is one of the major concems if BT should
gain a general acceptance for clinical routine use
in breast cancer screening, with its exiremely high
patient throughput. Based on the experiences so
far, we believe that the reading fime of BT is at least
twice the reading fime of DM. It is often the PACS
system that limits the reading time, since refrieving of
the BT image volume is much more time consuming

than for the DM images. The reading time could
be decreased by optimised viewing tools, quicker
PACS systems, efc.

Conclusions

Based on the resulis of the studies presented above,
we conclude that breast tomosynthesis has the
potential to improve the sensitivity and specificity
of breast cancer screening, but this must be investi-
gated in large screening studies. I
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