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69 years, mortality decreases by 20%–35% at 14 ye
up; efficacy in 40–49-year-old women is slightly low

A technical limitation of conventional screen-f
graphy (CM) occurs when there is insufficient con
graphic density between normal breast parenchym
About 10%–20% of palpable breast cancers are not 
for this reason.8 As women age, less dense breas
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ABSTRACT

• In April 2004, Melbourne’s Peter MacCallum Cancer Centre, 
Australia’s only stand-alone dedicated cancer hospital, 
became the first Australian site to offer digital mammography 
(DM).

• In the first year of DM operation, 1208 mammograms were 
performed on 1157 women; 17 new cases of invasive 
carcinoma and six new cases of ductal carcinoma-in-situ  
(DCIS) were detected; and 30 hook-wire needle localisations 
were conducted in 29 patients.

• We developed a unit policy to manage indeterminate 
microcalcifications newly demonstrated on DM that were 
not previously detected by conventional screen-film 
mammography (CM): those believed to have malignant 
morphology were recommended for biopsy, and those 
without were recommended for 6-month DM follow-up 
to confirm microcalcification stability.

• DM detected 56 new stand-alone microcalcifications 
(18 suspicious and 38 indeterminate). Tissue diagnosis of 
12 suspicious microcalcifications yielded four cases of DCIS 
and one of atypical ductal hyperplasia. Of the indeterminate 
microcalcifications, 35 have demonstrated stability at DM 
follow-up to date, over a mean period of 23.6 months.

• From our experience, we believe DM’s superior 
demonstration ability uncovered microcalcifications 
previously undetected by CM, rather than microcalcification 
progression. We suggest that routine review with DM,
rather than biopsy, is appropriate management when 
new indeterminate microcalcifications without malignant 
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characteristics are identified by DM.
ore
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  than one in eight women will develop breast cancer

their lifetime,1 and it is the most common cause of
cer mortality in Australian women.2 Mammography

remains the mainstay of early breast cancer diagnosis, and its
performance depends on image quality.3 Mammographic screening
has been in use for 20–30 years,4 and reduces breast cancer
mortality in women aged 40 years and over.5,6 In women aged 50–

ars of follow-
er.7

ilm mammo-
trast in radio-
a and cancer.
visible on CM
t fat replaces

normally dense breast parenchyma, so density contrast limitations
have a greater impact on younger women.

Digital mammography (DM) has demonstrated superior diag-
nostic accuracy over CM for cancer detection in women with
dense breasts and women under 50 years old, and evidence exists
for its superior demonstration of microcalcifications.9-11 About 8%
of facilities in the United States have now converted from CM to
DM,12 and the number is growing.

Peter MacCallum Cancer Centre (“Peter Mac”) is a quaternary
specialist teaching hospital affiliated with the University of Mel-
bourne and is Australia’s only stand-alone dedicated oncology
centre. Its breast service provides diagnostic, surgical, radiation
and medical oncological care to breast cancer patients. Peter Mac’s
Familial Cancer Clinic (FCC) is Australia’s largest screening facility
for women at high genetic risk of breast cancer; Peter Mac is not a
BreastScreen centre.

In April 2004, Peter Mac became the first site in Australia to
offer DM. Here, we report on the first year of its use at our centre.

Our early experience

Overall use of DM
The Peter Mac DM system is a LORAD Selenia acquisition gantry
(Hologic Corporation, Bedford, Mass, USA) coupled with a dedi-
cated mammographic storage and reading workstation (Sectra Mx,
Sectra Corporation, Oslo, Sweden). The system was funded
through a grant from the Victorian Government’s Targeted Equip-
ment Program.

In the first year of DM operation (April 2004 – April 2005),
1208 diagnostic mammograms were performed on 1157 women.
All diagnostic reading was done in “soft copy”, by viewing the
mammographic images on a computer screen. The patient age
range was 21–95 years (mean, 59 years; median, 59 years;
interquartile range, 50–69 years). Indications for referral are
shown in Box 1; 69% were for annual surveillance after successful
treatment of breast cancer, and 10% were FCC referrals.

Also in the first year of operation, 30 DM-assisted hook-wire
needle localisations (HNLs) were performed in 29 women for the
following indications:

• definitive local excision of known cancer;12

• excisional biopsy of mass or architectural distortion;1 and
• excisional biopsy of suspicious or indeterminate microcalcifica-
tions.13

Evolving management of microcalcifications
In some of our diagnostic DM studies, we found that comparison
with the patient’s earlier CM imaging showed a greater number or
a more extensive distribution of microcalcifications. Microcalcifica-
tions may be a manifestation of ductal carcinoma-in-situ (DCIS).
They are classifiable as malignant, indeterminate or benign,
depending on individual microcalcification and cluster morph-
ology. All else being equal, progression of microcalcifications is
also suspicious for malignancy. However, because DM has been
shown to demonstrate microcalcifications better than CM,9-11 two
explanations were possible in these women:
• there was true interval progression of microcalcifications (ren-
dering them suspicious); or
 10 • 19 November 2007
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• stable microcalcifications were present
previously but not seen due to limitations
of CM.

We therefore developed a unit policy
designed to determine which of these two
explanations applied to individual patients.
Cases where the reading radiologist consid-
ered the microcalcifications to have malig-
nant individual or cluster morphology, or
considered the interval progression of inde-
terminate microcalcifications to be suspi-
cious for cancer, were recommended for
stereotactic biopsy. If a unit review by the
breast surgeon (and sometimes an external
radiologist from BreastScreen) supported
the reader’s opinion, a biopsy was per-
formed (Group A). In cases where the new
microcalcifications found on DM lacked any
individual suspicious morphology (as
decided either by the reader or unit review),
our policy was to bring the patient back for
a 6-month comparison study to confirm
microcalcification stability (Group B).

Findings
Of the 1157 women who underwent DM in
our first year of operation, nine had breast
cancer histologically proven before referral.
Of the remaining 1148 women, 1019 had
no suspicious findings on DM. Of the 129 women with positive
findings, 17 new cases of invasive cancer (including three in
women younger than 50 years) and six new cases of DCIS
(including one found on 12-month review) were detected (Box 2).

Indeterminate or suspicious microcalcifications
Microcalcifications adjacent to another finding were classified
with that finding. New indeterminate or suspicious stand-alone
microcalcifications were identified in 56 women: 18 in Group A
(stereotactic biopsy) and 38 in Group B (6-month repeat mam-
mogram). Box 3 shows the outcomes of the two groups to date.
Significantly, 35 women (92%) in Group B demonstrated micro-
calcification stability and no adverse outcomes over a mean
follow-up period of 23.6 months (range, 6–32 months). In
Group A, there were only four cases of DCIS (including the case

found at 12-month review) and one case of
atypical ductal hyperplasia (considered
premalignant).

Implications
In adopting DM, we took technical, prac-
tical and other considerations into account.

Technical considerations
DM offers several technical advances over
CM. In CM, the breast image is created
directly on mammographic x-ray film,
which acts as the sole vehicle for the three
imaging steps: acquisition, display and stor-
age. Overall image quality is a compromise
between these steps. Once acquired, the
image cannot be altered. Traditional meth-
ods of improving a reader’s viewing per-
formance are a very dark room, a handheld
loupe and a bright light.14 If greater magni-
fication is required, the patient has to return
for focal compression magnification views
(with further radiation exposure).

In DM, the steps of image acquisition,
display and storage are separated, allowing
optimisation of every step.15 DM images are
acquired in the same way as CM, but a digital
detector replaces the x-ray film cassette.

Unlike CM, DM allows manipulation of the stored image. The reader
can adjust contrast and intensity, and magnify and move the image,
all without acquiring further views (Box 4). Since a digital mammo-
gram is a data file, it can be copied, sent via a network, burned to CD
or printed on a mammographic-quality x-ray laser printer. Multiple
copies can be reviewed simultaneously at different sites. The capa-
city for the technologist to immediately view the acquired images for
quality assurance and to transmit the data files to a central reading
site could make DM an excellent choice for mobile BreastScreen
units operating in rural and remote areas.

Cost-effectiveness
It is our experience that technologist examination time is reduced
with DM compared with CM, mostly due to immediate image

1 Main indications for digital 
mammography referral in the first 
year of operation at the Peter 
MacCallum Cancer Centre

Prior Ca = annual surveillance after successful 
breast cancer treatment. FHx = family history of 
breast cancer (for screening or symptoms). 
DCIS = prior ductal carcinoma-in-situ for 
monitoring. Mass = palpable mass for evaluation. 
Prior RT = past history of chest irradiation 
encompassing the breasts, such as previous 
mediastinal lymphoma radiotherapy. 
Benign = benign breast disease for evaluation. 
Calcification = calcification for characterisation. ◆

FHx 10%

DCIS 5%

Mass 3%

Prior RT 3%

Other 3%

Benign 2%

Calcification 2%
Symptoms 2%

Screening 1%

Prior Ca 69%

2 Diagnostic findings and outcomes for 1148 women undergoing diagnostic digital mammography studies

DCIS =  ductal carcinoma-in-situ. Indeterm = indeterminate or suspicious. ◆

8 cancers 2 DCIS 4 benign

1148 women

1019 
no suspicious findings

36 
mass

4 
architectural distortion

33
asymmetrical density

56
new stand-alone indeterm 

microcalcification

23 mammographic follow-up
All stable at mean follow-up 

of 14 months

10 biopsy4 biopsy

2 cancers 2 benign 7 cancers 3 benign See Box 3

22 mammographic follow-up
All stable at mean follow-up 

of 11.6 months

14 biopsy
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availability. In our subjective experience, there has also been no
impact on the time taken by the radiologist to review DM images,
compared with CM. It has been reported that DM reading takes
longer than CM reading in screening examinations.13 However,
our experience is in a diagnostic workup setting, and so reflects a
different workflow to screening.

All the DM-assisted HNL procedures were completed success-
fully. The mean time with breast in compression for 21 consecutive
cases was 28.5 minutes. Our subjective experience suggests that
time required for HNL procedures is less with DM; others have
reported similar results.16

DM equipment is considerably more expensive than CM equip-
ment, although the cost is dropping. At the time of writing, the
purchase cost of a DM unit was $600 000–$800 000; five times the
purchase cost of a CM unit. Offset against this outlay is the running
cost of a dedicated mammography processor required in CM.

Clinical considerations
The sensitivity of DM is at least equal to CM for detection of breast
cancer.17-21 A recent study of over 49 000 women showed DM to

be more diagnostically accurate than CM in women under 50 years
of age, women with radiographically dense breasts and pre- or
peri-menopausal women.21 Underlying this clinical finding is the
proven superior contrast resolution of DM, giving it maximal
impact in radiographically dense breast tissue that may mask a
dense cancerous mass.22 In our patient cohort, we subjectively
found that imaging of dense breasts improved with DM compared
with CM (Box 5). With growing debate about whether to invite
women aged 40–49 years to screening by BreastScreen, the greater
accuracy of DM in dense breasts is particularly pertinent.23

Further, evidence is mounting that DM may provide superior
image quality at an equal or lower breast glandular dose than
CM.8,21 This matters particularly for women at high genetic risk of
breast cancer, who may undergo frequent mammographic screen-
ing from a relatively young age.

Evidence is also accumulating in radiological literature that DM
is superior to CM for demonstration of microcalcifications.9-11

Box 6 demonstrates the example of a woman referred for HNL and
wide local excision of DCIS, where DM showed a more extensive
distribution of malignant calcifications, thus necessitating a change
in management to mastectomy.

Our microcalcification follow-up data strongly suggest that new
indeterminate microcalcifications found on initial DM largely4 The digital mammography reader’s workstation

5 Imaging of dense breasts with conventional 
mammography (left) and digital mammography (right)

3 Management pathways and outcomes for 56 women found to have new indeterminate or suspicious stand-alone 
microcalcifications

DCIS = ductal carcinoma-in-situ. ADH = atypical ductal hyperplasia. ◆

12 
stereotactic biopsy

5 
lost to follow-up

3 DCIS 1 ADH 6 benign

56 women

2 not seen with stereotactic machine

2 
lost to follow-up

1 
residual DCIS after lumpectomy 

therefore completion mastectomy

Group A
Suspicious microcalcifications 

referred for stereotactic biopsy
18 women

Group B
Indeterminate microcalcifications 

for repeat mammogram at 6 months 
38 women

35 
stable at mean follow-up 

of 23.6 months

1 12-month review 
increased microcalcification 

DCIS on biopsy

1 semiguided ultrasound 
biopsy benign

1 
unrelated interval cancer with 

stable microcalcifications
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reflect the greater detection ability of DM over CM rather than
progressive microcalcification. Of the 56 women with new micro-
calcifications detected, only four had a malignant or premalignant
histology, and 35 of 38 without malignant morphology had stable
imaging findings on follow-up. As a result of these findings, our
unit policy is now to treat any new microcalcifications found on
DM (when compared with prior CM) solely on the individual and
cluster morphology of the microcalcification. Accordingly, we
recommend that where such microcalcifications have no individ-
ual suspicious morphological features or suspicious clustering
characteristics, routine mammographic review with DM, rather
than biopsy, is appropriate management.
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6 Malignant calcifications seen with conventional 
mammography (left) and digital mammography (right)*

* The circled area on the magnified digital mammography (DM) image 
indicates microcalcifications not apparent on the conventional mammography 
image. The better imaging from DM resulted in a change in management in 
this case from wide local excision to mastectomy. ◆
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