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ABSTRACT

Background: We evaluated the contribution of ultrasound (US) in detecting breast cancer in
women with dense breasts and negative mammograms.
Methods: 9157 (35.8%) of 25,572 self-referring women during 2000-2007 had BI-RADS D34
negative mammograms — all were screened with bilateral US.
Results: US detected 37 cancers - incremental cancer detection rate (ICDR) was 0.40% (95%
CI: 0.39-0.41%); ICDR was 0.33% in women <50 and 0.51% in those 50 years and older. US
detected a larger proportion of cancers below age 50 compared to older women. US-only
detected cancers had a more favourable stage (pTis-pTla-pT1b: 64.8% versus 35.5%,
p=0.001; pN1: 13.5% versus 31.3%, p = 0.047) than cancers detected on mammography.
US caused additional investigations in 4.9% of women and benign surgical biopsies in
0.9%. Cost per US-screened woman, and per US-detected cancer ranged between €59-62
and €14,618-15,234, respectively.
Conclusion: US detects early-stage cancers in women with mammography-negative dense
breasts, with higher contribution in women younger than 50 years.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

occult cancers is encountered particularly in dense breasts.
The contribution of US in screening women with dense

Breast density reduces the sensitivity of both diagnostic' and
screening mammography?~, is associated with a higher rate
of interval cancers®?, and is one of the reasons for reduced
screening efficacy in women younger than 50 years. The sen-
sitivity of ultrasound (US) is less affected by age than
mammography® and US-detection of mammographically-
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breasts on mammography has been examined in non-ran-
domised studies®’™** that have looked at additional cancers
detected with US (but none have documented the associated
cost), and the outcome of a prospective randomised study is
awaited.’ A review of the evidence on ultrasound in breast
screening concluded that, whilst US may have an adjunct role
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in cancer detection in dense breasts, its main limitation is its
high false positive rate.*?

We report one of the largest studies to date of the detec-
tion of breast cancer using ultrasound in self-referring wo-
men with dense breasts and a negative report on
mammography. We present data on incremental detection
and false positive findings, and estimate the cost of adjunct
screening US.

2. Materials and methods

The study centre (Raphael Clinic) is a charity-funded multi-
disciplinary breast service for women self-referring to mam-
mography for screening (including those requesting
screening due to perceived risk) or for symptoms. We in-
cluded all 26,047 consecutive mammograms in women
attending the centre between January 2000 and February
2007 (mean subject age 52 years). However, cancers in women
attending for symptoms are excluded from our primary anal-
ysis of cancer detection rates since these women routinely
undergo clinical and US assessment in addition to
mammography.

For the timeframe of the study, all mammograms were re-
ported by one of six radiologists, and were classified accord-
ing to the proportion of breast volume occupied by
fibroglandular density in line with BI-RADS™ (D1 =0-25,
D2 = 26-50, D3 = 51-75, D4 = 76-100%). All subjects with nega-
tive BI-RADS D3 and D4 mammography underwent bilateral
breast US, using an Aloka Pro Sound SSD-5500 unit and a
multifrequency linear probe operated at 7.5-10 MHz. US
was performed by one of six operators (2 radiologists, 4
breast physicians), with approximately half of subjects hav-
ing the US on the same day as the mammography, and about
half having the US within 4 weeks of the mammography
(due to logistics of the service). While some variation in
scanning technique always exists in the setting of several
operators, the clinical protocol required US operators to scan
in vertical and horizontal parallel stripes covering the breast,
axillary tail, and areola region, so that the entire breast vol-
ume was scanned twice. The ipsilateral axilla was only
scanned if a significant abnormality was identified in the
breast.

Breast imaging (mammography and US) in the study cen-
tre is reported using a classification system widely used in
Europe and Australia (1 - normal, 2 — benign, 3 — indetermi-
nate, 4 - suspicious, 5 - malignant) with published estimates
of the likelihood of malignancy.**¢ US findings classified as
3-5 were further assessed with detailed mammography
views, percutaneous needle biopsy (needle cytology or core
biopsy) and surgical biopsy where indicated.

To assist judgement of the generalisability of our findings,
mammography negative and US-detected cancers (invasive or
in situ malignancy) were reviewed to reasonably ascertain
‘negativity’ on mammography. Review consisted of the com-
bination of internal review (performed independently by four
radiologists involved in mammography reporting) and an
external expert radiologist (who has reported over 200,000
mammograms) using a blinded and 1:4 (cancer:control ratio)
case-mix method.” Data of the outcome of this review are

reported based on the majority opinion for classifying cases
as positive (3-5 on mammography).

We report data on the incremental cancer detection rate
(ICDR) for US. ICDR was calculated as the rate of US-only de-
tected cancers amongst mammography-negative subjects
undergoing systematic US for radiologically dense breast. To
quantify false positives (FP), we calculated the frequency
and type of tests and procedures (cytology, core biopsy and
surgical biopsy) generated by abnormal (3-5) US findings in
women with negative or benign outcomes. Based on current
tariffs, we calculated the additional cost per woman exam-
ined with US, as well as that for each additional cancer de-
tected by US. The cost of surgical biopsy was computed
according to two alternatives, namely, (a) excisional biopsy
under local anaesthesia on an outpatient basis, and (b) exci-
sional biopsy under general anaesthesia as a hospitalised
patient.

3. Results

Overall, 216 cancers were detected in 26,047 mammography
examinations (0.82%). Cancer was suspected on the basis of
mammography in 475 women, who underwent further
assessment and 166 cancers were diagnosed (positive predic-
tive value for recall to assessment = 36.3%). TNM pT category
was pTis in 26, pT1mic in 6, pTla in 6, pT1b in 21, pTlcin 65,
pT1 (no substage available) in 3, pT2in 31, pT3in 1 or pT4in 7
cases, respectively. There were 25,572 negative mammogra-
phy reports, and of those 9157 (35.8%) were classified as D3-
4, and underwent US examination. US identified 50 additional
cancers, however, of these 50 cancers, 13 women declared
symptoms or were considered to have clinical findings
(Table 1) and were therefore excluded, leaving 37 US-only
detected cancer in asymptomatic subjects. A flow-diagram
summarising the outcomes of this study is presented in
Fig. 1. The ICDR was 0.40% (95% CI: 0.39-0.41%) for the total
group, 0.33% in women aged <50 years and 0.51% in those
>50 years. US detected 41.3% of the cancers in women aged

Table 1 - Relative incremental cancer detection for US
according to age-group

Women Women All
<50 years >50 years cancers
Mammography 40 126 166
detected cancers
US-detected cancers in 6 7 13
mammography-
negative dense
breasts in women
with symptoms
US-detected cancers in 19 18 37
mammography-
negative dense breasts in
asymptomatic women
Relative incremental 41.3% 13.5% 20.6%
cancer detection (19/46) (18/133) (37/179)

at US (asymptomatic
women)
over mammography
detected
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January 2000 — February 200
(N =26,047)
[ 1
‘ Negative mammogram (25, [Positive mammogram (475)]

Consecutive mammograms
7

572) — classified for breast — further assessment: 166
density using BI-RADS cancers detected

N =9,157 dense breasts (D3
or D4) — ultrasound screen
(Us)

Negative US screen:
8,708

Positive US — further
assessment: 449

Assessment benign: 399
(83 surgical biopsies in 77

women)

13 excluded due to symptoms
or clinical findings

( Cancers detected = 37 ]

Fig. 1 - Flow-diagram summarising the study design and
main outcomes.

(Assessmem positive in 50 but]

<50 and 13.5% in those aged >50 years (3, = 8.41, p = 0.003).
Age-related cancer detection is presented for both mammog-
raphy and US in Table 1, indicating that the largest contribu-
tion of US in screening dense breasts is in women younger
than 50 years.

Original mammograms were available for the review pro-
cess described in our methods in 33 of the 37 US-only de-
tected cancers in asymptomatic women. Combining both
internal and external reviewers, 8 cases were considered to
have a mammographic finding (correlating with the cancer
subsequently identified on US) that could have warranted re-
call. All such cases were classified as asymmetric density or
non-specific density. The review process yielded an additional
recall in about 10% of normal (control) mammography
screens seeded in the set.

Table 2 shows the stage (pT and pN) distribution of cancers
detected at mammography and those that were only detected
with US. The proportion of early-stage cancer (pTis-pTla-
pT1b) was significantly higher in the US-only detected
(64.8% or 24/37) than the mammography detected (35.5% or
59/166) cancers (x3; = 9.58, p = 0.001). Axillary node metasta-
ses were significantly less frequent in the US-only detected
(13.5% or 5/37) than the mammography detected (31.3% or
52/166) cancers (3, = 4.79, p = 0.047).

Overall, US caused additional investigations in 4.9% (449/
9157) of subjects. Additional tests or surgery caused by US
screening were 490 aspiration cytology examinations and/or
24 core biopsies, and 133 surgical biopsies. Using current

Table 2 - Stage (pT and pN) distribution in cancers

detected at mammography and additional US-only
detected cancers

Stage variable Mammography US-detected
detected

Tumour size

pTis 26 1

pTlmic 6 =

pTla 6 3

pT1b 21 20 (one case cT1b)

pTic 65 10

pT1 3

pT2 31 2 (one case cT2)

pT3 1 1

pT4 7 =

Node status

pNO 113 30

pN1 52 5

PNx 1

All cancers 166 37

average tariffs of different procedures, the cost per each addi-
tional cancer detected by US only is estimated and reported in
Table 3. From the 133 surgical biopsies attributed to US

Table 3 - Estimates of costs of including US in screening
mammography negative women with dense breasts

Variable Number of  Unitary Total
procedures  cost (€) cost (€)
us 9157 36.15 331,025.55
US (factoring 54.74 501,254.18
the cost of BCE)*
US-guided needle 514 37.18 19,110.52
biopsy (procedure)
Cytology (FNAB) 490 33.78 16,552.20
Surgical biopsy as
(a) Outpatient surgical 133 29.75 3,956.75%
biopsy (local
anaesthesia)
(b) Inpatient (hospital) 133 201.32 26,775.56°
surgical
biopsy
(general anaesthesia)
Histopathology 157 46.48 7,297.36
(CNB (N = 24)

or surgical biopsy)

Total cost (€)

Estimated cost
per US-only
detected cancer
(N =37)

Estimated
incremental cost
of including
US in screening
per woman
examined
with US (N = 9157)

540,873.652 or 563,692.46°
14,618.20 or 15,234.93°

59.06 or 61.55°

A BCE (Breast clinical examination is a mandatory requirement for
US scanning in some heath systems).

a Outpatient surgical biopsy (local anaesthesia).

b Inpatient (hospital) surgical biopsy (general anaesthesia).
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screening, 83 were due to false positive findings (benign on
surgical biopsy) - this represents 0.9% of subjects (83/9157)
examined with US.

4, Discussion

This is a study of the incremental detection of breast cancer
by US in asymptomatic women with mammography-negative
dense breasts, and cannot tell us about the expected long-
term benefit (mortality reduction) of the cancers detected by
US. We report an incremental cancer detection rate of 0.40%
in women with mammography-negative dense breasts, fur-
ther confirming earlier studies of this issue. The most impor-
tant aspect of our work, however, is the balance between
additional cancers detected on US and associated false posi-
tives (in particular unnecessary surgery in women who do
not have breast cancer), the latter being a major limitation
of US in the screening context. To allow judgement of the
implications of our data, we have summarised key outcome
measures of previous studies of US in breast screening in Ta-
ble 4: these data indicate that we were able to achieve a sim-
ilar cancer detection rate as reported by other studies, whilst
maintaining a very low surgical biopsy rate (and substantially
lower than previously reported studies). Furthermore, we
were able to achieve this using basic technology and in the
hands of 6 dedicated operators (relative to studies that have
relied on a single highly expert operator). We feel that this
adds to the generalisability of our findings.

Overall US screening of mammography-negative dense
breasts contributed an additional cancer detection rate of
20% in asymptomatic women compared to mammography
alone. This contribution was substantially higher for younger
than older women in terms of the proportion of cancers de-
tected from all cancers in each age-group (an additional
41.3% at age <50 relative to an additional 13.5% at age >50).
This suggests that routine adjunct US screening in asymp-
tomatic women might provide the highest relative cancer

detection yield if applied to women with dense breasts aged
less than 50 years.

It may be argued that, since our population consisted of
self-referring women, some of whom had symptoms and
some were requesting screening outside of the normal age-
range for screening, our subjects had higher risk of breast
cancer. This may potentially bias data on cancer detection.
Whilst we acknowledge the limitation of having symptomatic
subjects in the initial study base of consecutive mammogra-
phy examinations, we have reported data separately in
asymptomatic women and have excluded women with symp-
toms or clinical abnormalities from our estimates for incre-
mental US-detection. However, since this adjustment only
affects the numerator and not the denominator of the calcu-
lated incremental cancer detection rates (ICDR), we might
have slightly underestimated these rates (i.e. incremental
US-detection may be higher). Potential underestimation of
ICDR is probably small, as the majority (estimated at 80%) of
the self-referred population was asymptomatic. In addition,
it should be noted that at least in the context of many Euro-
pean breast services (and also in North America and Austra-
lia), self-referral to mammography for screening outside of
the recommended age-range (on the basis of perceived risk)
is common. In our data, there were 2 cases of cancers de-
tected in asymptomatic women younger than 40, both were
37 years of age and were requesting screening on the basis
of family history or perceived increased risk.

It could be argued that pathological stage of mammo-
graphically detected cancers is more advanced as to size
(pT2+ =23.5%) and nodal positivity (pN1=231.5%) compared
to some series of screen detected cancers. This may be related
to (a) the generally younger age distribution of the studied
population which justifies a lower sensitivity of mammogra-
phy for early cancer compared to screening in the 50-69 years
age range, with reduced diagnostic anticipation due to a
shorter detection lead time, and to (b) the fact that a substan-
tial proportion of women were at their first screening mam-
mography, and screen detected cancer stage is known to be

Table 4 - Summary of published studies on US in breast screening

Author (year)

Setting and population (mean age)

No. of US-
screened women

US-only
cancers (%)

US-generated
benign surgical
biopsies (%)

Gordon (1995)” Canada, 1989-1994 (age not reported); subjects 12,706 44 (0.34) 235 (1.8)
with clinical/mammography evident lesions, dense breast

Kolb (2002)® USA, 1995-2000 (54 years); asymptomatic, self-referred, 12,193 33 (0.27) 287 (2.3)*
mammography-negative, dense (D2-4)

Buchberger (1999)° Austria, 1996-1998 (49 years); asymptomatic, self-referred, 6113 21 (0.34) 192 (3.1)
mammography-negative, dense (D2-4)

Buchberger (2000)*°  Austria, 1996-2000 (49 years); asymptomatic, 8103 32 (0.39) 202 (2.4)
self-referred, mammography-negative, dense (D2-4)

Crystal (2003)* Israel, 2000-2001 (52 years); asymptomatic, self-referred, 1517 7 (0.46) Not reported
mammography-negative, dense (D2-4)

Kaplan (2001)™* USA, 1998-2000 (range 35-97 years); self-referred, 1862 6 (0.32) 51 (2.7)
mammography-negative, dense (D3-4)

Present study Italy, 2000-2007 (52 years); self-referred, 9157 37 (0.40) 83 (0.9)

mammography negative, dense (D3-4)

a Separate data for needle and surgical biopsies not given.
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more advanced at prevalent compared to incident screening.
The PPV of assessment was quite high (36.3%), which might
suggest that the benefit of US screening was possibly overes-
timated in this study, as mammography interpretation went
for specificity as much as sensitivity. However, one must keep
in mind that the study was screening a population with high
density categories, and our understanding of the outcome of
assessment in such populations is evolving. The review of
mammograms in US-only detected cancer cases, with one-
fourth of cases (8/33) being retrospectively classified as having
abnormalities warranting recall, raises the possibility of sub-
optimal mammography sensitivity but should be placed in
the context of a consensus review process.

We have already discussed the surgical biopsy rate caused
by false positive US findings in this study (0.9%), being sub-
stantially higher than currently reported in mammography
screening, but lower than other studies of US screening of
dense breasts - it would be reasonable to say that this is
modest (and may be acceptable) relative to the incremental
number of cancers detected due to US. The lower surgical
biopsy rate compared to other studies might be explained
by a combination of the following factors: well-established
ultrasound experience of the clinicians and radiologists, the
adoption of a less defensive and more specific approach to
assessment, and intensive but judicious use of fine needle
biopsy as a determinant of surgical biopsy. Furthermore, we
expect that surgical intervention will be reduced as we
increasingly use core needle biopsy to resolve equivocal or
non-diagnostic outcomes on fine needle biopsy (and some
of our surgical biopsies were due to non-adoption of this
practise). We expect that consistent adoption of core biopsy
in this scenario might reduce surgical intervention to about
half of the rates we have reported, considering that core
biopsy has almost no ‘inadequates’ and a very high negative
predictive value.'®

Due to the use of adjunct US, 4.9% (449/9157) of women
with mammography-negative dense breasts had additional
tests to allow the detection of breast cancer in 0.40%. Since
false positives are a major concern in US screening, we have
reported on all additional tests and associated cost estimates
(see Table 3). Clearly, the cost per additional cancer detected
with US only is considerable and higher than the standard
cost of detecting one cancer in routine screening (approxi-
mately 5000 €), and we are not advocating routine use of ad-
junct US to screen asymptomatic women. It will be up to
individual services and screening programs to decide on the
potential value of adopting this approach with consideration
of all the evidence we have presented. This should factor the
fact that the use of adjunct screening (irrespective of whether
it is US or any other test) is essentially searching for the ‘dif-
ficult’ cancers that mammography screening has missed in a
group with a (reduced) residual cancer prevalence since
mammography has already removed a substantial proportion
of cancers.

As indicated earlier, our findings on additional cancer
detection in women with dense breasts cannot quantify
potential benefit in terms of reducing mortality - to do so
would require randomised trials with sufficient follow-
up.’® We have, however, presented three areas of evidence
relevant to this issue that may guide consideration (and fu-

ture research) on the potential benefit of US in adjunct
breast screening. First, data on stage distribution of the
US-detected cancers are consistent with early-stage cancers
(and a possible shift towards an earlier stage relative to
mammography detected cancers). Second, evidence from
our review of the negative mammograms of women in
whom US detected additional cancers - the cancers identi-
fied retrospectively were all classified as asymmetric den-
sity or non-specific density. Whilst the review process
was largely conducted to allow judgement on the generalis-
ability of ‘mammography negativity’ in our setting, it has
provided important information in that these are the type
of imaging lesions most often missed with mammography
screening, and subsequently emerging as interval cancers.
Finally, the largest relative contribution of including US in
screening is shown for women aged 40-49 years, the group
in whom the largest proportional incidence of interval
breast cancers is reported.'® In combination, such evidence
suggests that additional cancer detection with US in
asymptomatic women (with mammography-negative dense
breasts) has the potential to translate into long-term
benefit.

5. Conclusion

US detects cancers in about 0.40% of women with mammog-
raphy-negative dense breasts, with a higher contribution in
women younger than 50 years, but at considerable financial
costs. Additional US-detected cancers were smaller than
those identified with mammography, and were less fre-
quently associated with node metastases, a pattern consis-
tent with early detection (using US) of cancers otherwise
missed by mammography. Our data suggest a maximum
relative detection in women younger than 50 years in
whom only US found about half of the cancers in that
population. Future research in this area might use a random-
ised design to screen (with versus without US) women
with dense breasts aged 40-49 years to identify if this
impacts 1-2 year interval cancer rates as a short-term out-
come. Whilst our reported incremental cancer detection
was associated with additional tests and a considerable
estimated cost, the additional false positive surgical biopsy
rate attributed to US was lower than other studies and may
be acceptable considering women in the highest breast den-
sity categories are at increased risk of breast cancer, and are
more likely to have an interval cancer in mammography
screening.
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