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ABSTRACT

• Early detection of breast cancer has been shown to reduce 
breast cancer deaths in randomised controlled trials (RCTs) of 
mammography in women aged 50–69 years, with weaker 
evidence of benefit in those aged 40–49 or 70 years and older.

• Magnetic resonance imaging (MRI) and ultrasonography have 
been evaluated in breast cancer screening, relative to, or in 
addition to, mammography, in selected populations; neither 
test has been examined in an RCT, and thus evidence of 
associated screening benefit is uncertain.

• MRI is more sensitive than mammography in screening 
women with suspected or proven inherited mutations of the 
breast cancer genes. The addition of MRI in screening this 
population detects 8–24 additional cancers per 1000 screens, 
but also significantly increases a woman’s risk of being 
recalled for investigation or surgical biopsy for false-positive 
findings. In Australia, Medicare funding for MRI screening of 
women in specific risk groups was announced in February 
2009.

• Ultrasonography can detect cancers not identified on 
mammography in asymptomatic women with dense breast 
tissue. Incremental ultrasound cancer detection is reported in 
0.27%–0.46% of women with mammography-negative dense 
breasts; evidence varies on its association with false-positive 
findings.

• Computer-aided detection (CAD) is a complementary tool to 
mammography, prompting the reader to consider lesions on 
the mammogram that may represent cancer. Emerging 
evidence and improved CAD technology are likely to help 
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define its role in breast screening.
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Mammography and key concepts in screening

Understanding the potential roles and pitfalls of emerging imaging
technologies in breast screening requires awareness of key con-
cepts and assumptions (summarised in Box 1). The benefit of early
detection of breast cancer has been shown in randomised control-
led trials (RCTs) of mammography, with a 25%–35% reduction in
breast cancer deaths for women aged 50–69 years who undergo
screening.1 Evaluations of population screening in practice,
including an Australian program, have similarly demonstrated a
benefit in women in this age group.2,3

Women aged 40–49 years may also benefit from regular breast
screening, but the reduction in mortality is estimated at 15%–16%
— lower than the benefit found for those aged 50–69 years — and
of borderline statistical significance.4 In addition, women older
than 70 years may benefit from breast screening, but the benefit
diminishes with increasing age because of the competing causes of
death, and is estimated to be about half the benefit in women aged
50–69.5 Considerations when advising older women about breast
screening include a potential for benefit in those with a high risk of
breast cancer death but low risk of death from other conditions,
and in those perceived to be in good health.5

In Australia, all women aged 40 years and older are eligible to
participate in the BreastScreen program, but active population
recruitment is targeted at those aged 50–69 years. Screening is
aimed at asymptomatic women. Women with symptoms or clinical
findings should be investigated with triple testing — the combina-
tion of clinical, imaging and needle-biopsy evaluation.6

Interval breast cancers
Mammography does not detect all breast cancers. A proportion are
not detected through screening and emerge clinically — interval
cancers7 (Box 2). Meta-analysis of the proportional incidence of
interval breast cancers (the incidence of interval cancers as a propor-
tion of the expected underlying incidence of breast cancer) shows
rates between 19% and 27%.8 Adjunct imaging tests have therefore
been used to maximise detection of breast cancer, and to potentially
reduce the occurrence of interval cancers and extend the benefit of
early detection. Studies of adjunct imaging in breast screening have
generally focused on women at increased risk of breast cancer or
those in whom mammography might be less sensitive.9

Overdetection in breast screening
While the benefit of population breast screening is well estab-
lished, a potential downside that has emerged in epidemiological
studies is overdetection — the detection of cancer that would not
have presented clinically during a woman’s lifetime (and therefore
would not be diagnosed in the absence of screening).10 Overdetec-
tion is difficult to quantify validly, and most reported estimates are
affected by methodological bias.10 Thus, we have not reported
quantitative data, but believe overdetection represents a modest
proportion of screen-detected breast cancers. Overdetection does
not negate the benefit of breast screening. However, clinicians
should be aware of it and might inform women of the possibility to
assist informed participation in screening.

Overdetection is also relevant to adjunct screening: in the
absence of RCTs, it is difficult to know how many of the additional
cancers detected with an adjunct test represent early detection
(likely to confer benefit) and how many represent overdetection
(which will not confer benefit).10,11
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Magnetic resonance imaging: women at high risk

MRI is a highly sensitive test for detecting breast cancer. It is not
recommended for screening women at average risk because it is
associated with substantial numbers of false-positive results and
cost. It has been proposed as adjunct screening for women with a
genetic predisposition to breast cancer (Box 3). Mammography has
lower sensitivity in this group, detecting fewer than half the breast
cancers diagnosed.12

Women with inherited mutations of the breast cancer genes
BRCA1 and BRCA2 represent a small proportion of those who
develop breast cancer, but have a high lifetime risk of developing
this disease.12 High-risk populations include women with known
or suspected gene mutations, women with first-degree relatives
who are known mutation carriers, and those with a family history
suggesting inherited mutations. Diagnosis of breast cancer before
the age of 40 years, several affected relatives, bilateral breast
cancer, and the occurrence of breast and ovarian cancer in the
same family or individual are features associated with inherited
breast cancer. Current guidelines define high-risk categories and
recommend annual surveillance commencing at age 35 years, or
earlier if the youngest affected family member was diagnosed
before 40 years of age.13,14

A meta-analysis of five studies of MRI as an adjunct to conven-
tional imaging in high-risk women has provided convincing
evidence that MRI detects additional cancers, with an incremental
sensitivity of 58% (95% CI, 47%–70%) compared with mammo-
graphy alone.15-20 Incremental sensitivity was lower when MRI
was added to mammography combined with ultrasound examina-
tion (44%; 95% CI, 27%–61%) or to mammography combined
with ultrasound plus clinical breast examination (range, 31%–
33%).15 As summarised in Box 4, the addition of breast MRI led to
the earlier detection of eight to 24 additional cancers per 1000
screens.15-20 Differences in MRI yield across studies reflected
differences in comparator screening (mammography with or with-
out ultrasound and clinical examination) and variations in disease
prevalence. MRI provided the highest cancer yield when used in
patients at highest risk.

The effect of detecting MRI-positive (mammogram-negative) can-
cers on breast cancer mortality, treatment morbidity or the incidence
of interval cancers among high-risk (predominantly young) women
has not yet been measured. Reductions in breast cancer mortality
observed in trials of mammography screening among older, average-
risk women have been attributed to the detection of breast cancer at
an earlier stage, when the disease is more amenable to treatment. It
is not yet clear whether earlier detection of cancers by MRI will bring
the same benefits to high-risk women, who may represent a different
prognostic group. Accuracy studies comparing tumour size and
lymph-node spread between the extra cases detected by MRI and
cases detected by conventional imaging alone have not provided
consistent evidence that MRI produces a significant stage shift in the
detection of breast cancer.15

MRI also increases the likelihood of recall for investigation of
false-positive findings, although the evidence is not consistent
across studies. Two studies observed that the addition of MRI
produces at least a threefold increase in risk of undergoing
percutaneous needle biopsy (PNB) for benign findings.17,18 One of
these studies also reported a twofold increase in risk of surgical
biopsy for benign findings.17 Another study did not find a
significant difference in the rate of PNB when MRI was added to
mammography, but did not report data on surgical biopsy.16

Australia’s Medical Services Advisory Committee assessed the
evidence for breast MRI in 2007;21 subsequently, the Australian
Minister for Health and Ageing recommended interim public
funding for breast MRI in asymptomatic high-risk women when
used as part of organised surveillance. A Medicare Benefits Sched-
ule item number for breast MRI in women in specific high-risk
groups was announced in February 2009. This recommendation
will be reviewed in the future, as more evidence emerges, includ-
ing longer follow-up data from existing studies. Similar policy
recommendations have been made by the United Kingdom’s
National Institute for Health and Clinical Excellence14 and the
American Cancer Society.22

1 Key concepts in breast cancer screening

• Mammography is the only breast screening test for which benefit 
(mortality reduction) has been shown in randomised controlled 
trials (RCTs).

• The benefit of early detection of breast cancer (based on 
mammography screening) has been shown in women with 
population (average) risk aged 50–69 years; women aged 40–49 
years and those aged � 70 years may also benefit from screening.

• New breast imaging tests have been examined in studies that 
compare the test’s ability to detect cancer relative to 
mammography (as an additional test or adjunct screening, or as a 
replacement to mammography) in special populations selected on 
the basis of their risk or breast tissue density.

• It is assumed that if a new test finds additional breast cancers not 
detected by mammography, then this will provide further benefit 
(ie, may further reduce breast cancer deaths), but this remains 
uncertain and has not been examined in RCTs.

• It is assumed that early detection in women at particularly elevated 
risk of breast cancer, including women younger than 40 years (in 
whom prospective RCTs have never been conducted), confers 
benefit, but there are no data to support or disprove this. ◆

2 Mammograms of an interval cancer 

A: Single-view of the left breast at the time of an initial “negative” 
screen. A very small density in the upper part of the breast at the 
periphery can be perceived with difficulty (arrow). 
B: Image taken 22 months later, after the woman noticed a lump in 
the left breast (now clearly seen as a round density, arrow). This was 
a low-grade invasive cancer. ◆
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The introduction of breast MRI for screening high-risk women
presents clinical challenges, particularly in Australia where experi-
ence with breast MRI is in early development. Firstly, it will be

essential to explain to women that the benefits associated with
earlier detection of breast cancer using MRI have not yet been
clearly established. This will allow informed decisions about

3 Cancer detected by magnetic resonance imaging in a young woman with a breast cancer gene mutation

A: Magnetic resonance 
imaging showed a mass-like 
enhancement in the central 
portion of the left breast, with 
diameter about 1 cm and a 
smooth contour. These 
morphological features 
combined with the 
enhancement pattern, which 
showed a washout dynamic 
curve, were considered to 
warrant an image-guided 
needle biopsy, which 
confirmed malignancy.
B: Histological examination of 
an excision biopsy specimen showed high-grade invasive ductal carcinoma (left) and associated ductal carcinoma in situ (right). (Images courtesy 
of Dr Ruth M L Warren, Department of Radiology, University of Cambridge, United Kingdom.) ◆

4 Evidence on magnetic resonance imaging (MRI) as an adjunct to mammography (with or without ultrasonography) in 
screening young women at high risk of breast cancer 

Study 
(year)

No. of women 
screened, 
mean age 

(range) 

No. of cancers 
detected only by MRI 
incremental sensitivity 

(IS) (95% CI)

No. of MRI-generated interventions in 
women without cancer (versus other 

techniques), RR (95% CI) 

No. and characteristics of invasive cancers 
detected only by MRI 

(versus those detected by other techniques)

Surgical biopsy Additional testing Tumour stage or size Lymph node-positive (%)

Kuhl 
(2005)16

529 (1452 tests),
40 (27–59) 

years

Versus M: 
26 (17.9 per 1000*)
IS, 60% (45%–76%)

Versus M + US: 
19 (13.1 per 1000*)
IS, 44% (27%–61%)

nr Versus M:
PNB, 10 (7 per 1000*)

RR, 1.2 (0.8–1.8)
Versus M + US: 

nr

14 (mean, 9.0 mm) 
Versus M + US:

16 (mean, 13.9 mm)

0/14 
Versus M + US:

5/16 (31%) 

Leach
(MARIBS)
(2005)17

649 (1881 tests),
40† (31–55) 

years 

Versus M: 
19 (10.1 per 1000*)
IS, 54% (36%–72%)

Versus M: 
3 (2 per 1000*)

RR, 2.0 (0.5–8.0)

Versus M: 
Recall, 146 (78 per 1000*) 

RR, 3.4 (2.6–4.5)
PNB, 56 (30 per 1000*)

RR, 3.2 (2.0–4.9)

13/19 (68%) � 10 mm
Versus M:
5/9 (56%)

2/15 (13%)
Versus M:
3/9 (33%)

Lehman
(2005)18

367 (367 tests),
45 (26–86) 

years

Versus M: 
3 (8.2 per 1000*)

IS, 75% (33%–100%)

nr Versus M: 
Recall, 27 (74 per 1000*)

RR, 4.9 (2.2–10.8)
PNB, 17 (46 per 1000*)

RR, 9.5 (2.2–40.5)

2 early-stage 
(5 mm and 13 mm)

Versus M:
1 (10 mm) 

0/2 
Versus M: 

0/1

Sardanelli 
(HIBCRIT)
(2007)19

278 (377 tests),
46 (29–75) 

years

Versus M + US + CBE: 
6 (15.9 per 1000*)

IS, 33% (11%–55%)
Versus M: 

7 (18.6 per 1000*)
IS, 36% (10%–61%)

nr nr 0/2 � 10 mm
Versus M + US + CBE:

11/12 (92%) 

1/2 (50%)
Versus M + US + CBE: 

2/11 (18%) 

Warner 
(2004)20

236 (457 tests),
47† (25–65) 

years

Versus M + US + CBE:
7 (15.3 per 1000*)

IS, 31% (10%–54%)
Versus M: 

11 (24.1 per 1000*)
IS, 50% (25%–75%)

nr nr 2/5 (40%) � 10 mm
Versus M + US + CBE: 

8/10 (80%) 

1/5 (20%)
Versus M + US + CBE: 

1/9 (11%)

RR = relative risk. M = mammography. US = ultrasonography. nr = not reported. PNB = percutaneous needle biopsy. CBE = clinical breast examination. 
* Per 1000 screens. † Median age. ◆
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screening as an alternative to primary prevention measures with
proven efficacy (such as prophylactic mastectomy, oophorectomy
or chemoprevention). Secondly, women will need counselling
about the risk of false-positive results with MRI and the need for
further testing, including surgical intervention. Access to MRI-
guided biopsy (currently of limited availability in Australia) will be

critical to investigate MRI-detected lesions and to avoid surgery for
non-malignant findings.

In addition, the relative effectiveness and cost-effectiveness of
adding MRI to conventional screening protocols depends on the
level of patient risk. Current risk prediction models have some
limitations, and further research is needed to identify patients most
likely to benefit.

Ultrasound and mammographically dense breasts

Breast ultrasound examination is not currently endorsed as a
population-screening test, but has been applied in clinical practice
for ad-hoc screening of women with dense breast tissue on
mammography. Breast tissue density refers to the radiodense
fibroglandular composition of the breast. High density of breast
tissue is a significant and independent risk factor for breast
cancer,23,24 and also reduces the sensitivity of mammography, as
glandular tissue masks cancer on the mammogram. It is therefore
not surprising that high density of breast tissue is associated with
greater likelihood of an interval cancer in mammography screen-
ing,25 as women with dense breast tissue are both more likely to
develop breast cancer and more likely to have cancer missed on
mammography.

The accuracy of breast ultrasound examination is unaffected by
breast tissue density. Ultrasonography has therefore been evaluated
and applied in practice to “screen” women with dense breast
tissue26-30 (Box 5). Evidence on its capacity to detect breast cancer
in asymptomatic women with “negative” mammograms is summa-
rised in Box 6. These studies provide data on additional (incre-
mental) ultrasound detection — both true-positive and false-
positive findings. The studies consistently show that ultrasonogra-
phy is able to detect a substantial number of cancers in women

6 Evidence on ultrasonography (US) in screening asymptomatic women with mammography-negative dense breast tissue

Study

No. of women 
screened, 

breast density 
category*

No. of cancers 
detected only 
by US (% of all 
participants)

No. of US-generated interventions in 
women without cancer (%)

Characteristics of US-only-detected cancers 
(versus cancers detected on mammography)

Surgical biopsy (%) Additional testing Tumour stage or size Node status

Buchberger 
(2000)26 

8103,
D2–D4

32 (0.39%†) 229 (2.8%) 
(includes CNB)

136 (1.7%) 
FNB or aspiration of 

complex cysts

Mean invasive cancer size, 9.1 mm 
(range, 4–20 mm), no significant 

difference from M-detected cancers

nr

Kaplan 
(2001)27

1862,
D3–D4

6 (0.32%) 51 (2.7%) 117 (6.3%): 
45 FNB, 

72 early US review

All cancers early stage 
(1 in situ, 5 stage 1)

All node-negative 
(in 5 who had 

AND)

Kolb 
(2002)28

4897 (12 193 
screens),
D2–D4

33 (0.27%) 287 (2.4%) 5.3% biopsy or 
follow-up imaging

89% in situ or stage 1, no significant 
difference from M-detected cancers

89% node-
negative

Corsetti 
(2008)29

9157,
D3–D4

37 (0.40%) 83 (0.9%) 399 (4.4%) 
FNB and/or CNB

Early stage (in-situ or small invasive 
cancers): 64.8% v 35.5% (for M-
detected cancers) (P = 0.001)

13.5% node-
positive (v 31.3% 
for M) (P = 0.047)

Berg 
(2008)30 

2637,
D2–D4 + high-
risk category

12 (0.46%) 124 (4.7%) 
(includes CNB)

270 (10.2%): 
46 aspiration,

224 short-interval 
follow-up

1 in situ, 11 invasive; median tumour 
size, 10 mm (v 12 mm for M-detected 

cancers)

89% node-
negative (in those 

who had AND)

CNB = core needle biopsy. FNB = fine needle biopsy. M = mammography. nr = not reported. AND = axillary node dissection. 
* Based on BI-RADS (American College of Radiology Breast Imaging Reporting and Data System) density categories: D1 = almost entirely fat (< 25% fibroglandular); 
D2 = scattered fibroglandular densities (25%–50% fibroglandular); D3 = heterogeneously dense (51%–75% fibroglandular); and D4 = extremely dense (> 75% 
fibroglandular) (American College of Radiology. ACR BI-RADS: breast imaging reporting and data system, breast imaging atlas. Reston, Va: ACR, 2003). 
† 0.41% if additional US-detected cancers in women with index cancer identified on mammography are included. ◆

5 Mammogram and ultrasound image in a woman with 
dense breasts on mammography

A: The mammogram is dense and does not indicate any suspicious 
lesions (a nodular area is seen in the upper part of the breast and 
does not represent the cancer).

B: A small (about 1 cm) invasive cancer was identified in the lower 
part of the breast on ultrasound examination (arrow). It appeared as 
an irregular (stellate-like) hypoechoic lesion that disrupted the 
glandular tissue, highly suggestive of malignancy. (Images provided 
by Dr Stefano Ciatto.) ◆
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with mammography-negative dense breast tissue, with additional
cancers detected in 0.27%–0.46% of women screened with ultra-
sound.26-30 The detection capability of ultrasonography in this
setting depends partly on how well mammography performs in the
population being screened — “negative” mammograms may in fact
show a cancer that has not been recognised by the screen-reader.
This was demonstrated in a 2008 study that included “blinded”
evaluation of the mammograms for ultrasound-only-detected can-
cers: about a quarter of ultrasound-detected cancers were per-
ceived on the mammogram by an experienced radiologist.29

Another study found that the highest proportion of ultrasound-
only-detected cancers (0.46%) occurred in women screened on
the basis of dense breasts plus additional risk factors, with more
than half of the screened women having a personal history of
breast cancer.30 The false-positive rate for ultrasonography is
considerable and varies between studies. False-positive results (in
terms of both additional investigation and unnecessary surgical
intervention) are the main potential limitation of ultrasonography
in adjunct population screening.

The data in Box 6 also indicate that ultrasonography was able to
detect breast cancers that were not identified in dense breasts on
mammography screening at an early stage, generally at a compar-
able or earlier stage than cancers detected on mammography. This
suggests that ultrasonography as an adjunct screening test may
provide further benefit in screening women with dense breast
tissue. It would thus be valuable to conduct large-scale RCTs of
ultrasonography as an adjunct to mammography in screening
women with dense breasts, with 2–3-year follow-up, to measure
its impact on interval cancer rates. Demonstrating a reduction in
interval cancers in women who have adjunct screening (relative to
women who have mammography screening only) provides a
surrogate indicator of longer-term benefit.11

Computer-aided detection in breast screening

Computer-aided detection (CAD) is an adjunct to mammography
interpretation and not a standalone test. It does not have a defined
role in screening in Australia at present, but may become more
relevant in future. CAD is a complementary tool to mammography,
which prompts the reader to review lesions on the mammogram
and to consider recalling the patient. Overall, the evidence indi-
cates that CAD does not perform as well as double (human)
reading in the context of organised breast screening programs
where double reading is the standard of care.31 However, pub-
lished studies have shown that CAD improves the sensitivity of a
single reader, with an incremental cancer detection rate (from
adding CAD to a single read) ranging from 1% to 19%.32 The
limitation of CAD is that it also significantly increases the recall
rate (ie, decreases the reader’s specificity), causing additional recall
in about 6%–35% of women.32 Although CAD identifies and
prompts readers to “missed” cancers, the high number of false-
positive prompts (1.5–4 false prompts per screening examination)
can have an adverse effect on clinical decision making and has
impeded CAD’s application in screening practice.32

Nevertheless, a recently reported RCT,33 the increasing imple-
mentation of digital mammography in Australia (which facilitates
use of CAD), and ongoing refinement of CAD algorithms are
expected to lead to a role for CAD in screening. An RCT based in
the UK (CADET-II) recently demonstrated equivalence between
double human reading and single reading with CAD (slightly
higher recall using the latter).33 In this trial, mammography

readers were highly experienced and were required to regularly
interpret a large number of mammograms.33 The use of CAD by
less experienced screen-readers may not achieve the same out-
comes — it will be important to consider the data from this trial
and to evaluate CAD in the context of Australian breast screening
services.

Conclusion

Clinicians need to be aware of the pros and cons of emerging
technologies for breast cancer screening to provide advice and care
to women who may be considering these technologies for adjunct
breast screening. MRI and ultrasound screening have been exam-
ined in studies of test accuracy, and showed detection capability in
highly selected populations. MRI is more sensitive than mammo-
graphy in screening women with raised breast cancer risk (such as
those with proven or suspected gene mutations). In high-risk
women, MRI screening is being incorporated into practice in
Australia. It will be critical to closely monitor MRI screening in
these women to ensure that it achieves the expected level of cancer
detection, and that unnecessary intervention is minimised. Emerg-
ing evidence on ultrasound screening in women with mammo-
graphy-negative dense breast tissue consistently shows that
ultrasonography is capable of detecting early-stage cancer in this
group. Further evaluation in RCTs is warranted to define the
potential benefit. Use of MRI and ultrasonography in screening is
associated with substantial numbers of false positives: ongoing
evaluation of the outcomes of use of each is essential to ensure the
clinical quality of adjunct screening in these selected populations.
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