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Abstract
Introduction: Dense breasts are common in Asian women and they limit the sensitivity of
mammography. This study evaluates the performance of supplementary breast ultrasound
screening in Asian women with dense mammograms. Materials and Methods: The study
was approved by the hospital’s Institutional Review Board. A prospective clinical trial was
performed between September 2002 and November 2004. Asymptomatic Asian women with
negative and dense mammograms were offered supplementary ultrasound screening for
breast cancer. Ultrasound assessment was categorised as U1 to U4. U1 and U2 cases were
recommended routine interval screening mammography. U3 cases were recommended
follow-up ultrasound in 6 months and routine interval screening mammography and U4
cases were recommended biopsy. Results: One hundred and forty-one women with mean
age of 45.1 years were enrolled into the study. Mean scan time was 13.0 minutes (± 5.6
minutes) for bilateral vs 11.0 minutes (± 1.4 minutes) for unilateral scans. There were 10
patients and 14 patients in the in the U3 and U4 categories, respectively. Two U4 category
patients were diagnosed with malignancy—a-6 mm ductal carcinoma-in-situ and a 13mm invasive ductal carcinoma. The breast cancer detection rate was 1.4%. Sensitivity
and specificity were 100% (2/2) and 88.5% (92/104) respectively. The positive predictive
value was 14.3% (2/14) and the negative predictive value was 100% (92/92). Conclusion:
This pilot study reveals the usefulness of supplementary ultrasound screening in detecting
early stage mammographically and clinically occult breast cancers in Asian women with
dense breasts. A larger long-term study is, however, needed to assess its feasibility and
impact on breast cancer prognosis.
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Introduction
Mammogram has been the gold standard for breast cancer
screening and Magnetic Resonance Imaging (MRI) has been
advocated for screening of high- risk individuals. However,
there is currently no recommendation for supplementary
ultrasound scan in breast cancer screening.1-4 Moreover, it
is known that dense breasts, which are common in Asian
women, reduce the sensitivity of detecting breast cancers
on mammogram by as much as 50%5-8 compared to fatty
breasts. Furthermore, increased breast density is associated
with a higher risk for breast cancer and development of
interval cancers between screening mammograms.7,9,10
This study highlights the potential of complementing
screening mammograms with ultrasound to detect
mammographically occult breast cancers. Ultrasound is
easily available and is largely inexpensive. Ultrasound

had been shown in the Western population to detect
mammographically occult cancers in mammographically
dense breasts.8,11-17 The aim of this research was to perform
a study to prospectively evaluate the performance of breast
ultrasound screening in Asian women with dense breasts
and negative screening mammograms.
Materials and Methods
This single centre study was approved by the Institutional
Review Board.
Study Population
Consecutive, asymptomatic women of Asian racial
ethnicity who came to our hospital for routine mammographic
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screening were invited to participate in the study between
September 2002 and November 2004 if they were assessed
to have mammographically dense breasts and negative
mammograms. The women were recruited from the general
population but women with known high-risk factors were
not excluded from the study.
Mammographic final assessment and breast density
were categorised according to the Breast Imaging
Reporting and Data System (BI-RADS).18 The BI-RADS
is a quality assurance tool, published by the American
College of Radiologists, designed to standardise reporting
for breast imaging. Only BI-RADS mammogram
assessment categories of 1 and 2 were assigned as negative
mammograms for the purpose of this study. A BI-RADS
1 assessment category refers to a negative mammogram
with nothing to comment on. BI-RADS 2 refers to the
presence of findings that are benign on mammogram. For
breast density, heterogeneously dense and extremely dense
breast compositions were designated as mammographically
dense breasts. Verbal informed consent was obtained from
the patients for this study.
Ultrasound Assessment
Mammograms were carried out on a General Electric
Senographe DMR unit and breast ultrasound examinations
were performed on a Toshiba PowerVision scanner with
a 7 to 10 MHz probe. The breasts were scanned in radial
and anti-radial planes.
Each breast ultrasound examination was performed
by a sonographer and verified by a radiologist. Three
experienced breast sonographers were involved in obtaining
the ultrasound images. Each of them had 4 to 12 years
of breast ultrasound imaging experience. There were 4
breast radiologists who provided conventional sonographic
assessment. Each of them had 3 to 15 years of breast
ultrasound imaging experience.
Ultrasound Assessment Categories and Follow-up
Ultrasound assessment was classified into categories U1
to U4, as shown in Table 1. U1 and U2 cases were asked
to return for routine mammographic screening after 1 or 2
years, depending on the age. Those below 50 years were
advised to undergo mammographic screening annually
while those 50 years and above were asked to screen every
2 years. U3 category of lesions were asked to return for
sonographic follow-up after 6 months. Histopathological
correlation would be recommended for U4 lesions.
The follow-up protocol for ultrasound detected lesions was
largely based on the prevalent practice at our hospital during
that time. We did not follow the ultrasound management
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Table 1. Summary of the Ultrasound Assessment Categories and Their
Management
Category

Definition

Follow-up Recommendation

U1

Negative finding

Return to regular interval
mammographic screening

U2

Benign findings

Return to regular interval
mammographic screening

U3

Probably benign
findings

Follow-up ultrasound in 6
months' time and return to
regular interval mammographic
screening

U4

Suspicious finding

Biopsy recommended

guidelines recommended by the American College of
Radiology19 as they were only developed in 2003 which
was after the conception of our study. In view of this belated
development, the patients’ records were also retrospectively
reviewed for the outcome of any breast imaging at 2 years
after the initial breast screen.
Data Analysis
U1 and U2 cases were considered true negatives if
there was no development of breast cancer by the next
mammographic screening at 1 or 2 years, depending on
the age as detailed above. U3 cases were considered true
negatives if their follow-up ultrasound scans at 6 months and
the next mammographic screening showed no suspicious
interval change. U4 patients would be given advice for
biopsy for histopathological confirmation. Biopsy methods
included core needle biopsy, vacuum-assisted biopsy and
surgical excision biopsy following hookwire localisation.
Data were collected prospectively and included patient
demographics, personal history of previous breast cancer,
risk factors for breast cancer, mammogram and ultrasound
results, radiologists’ assessment of lesions, the time taken
to complete each breast ultrasound study, biopsy results
and outcome of subsequent follow-up. For the purpose of
this study, women with a personal history of prior breast
cancer, family history of breast cancer in the first and second
degree relatives, prior chest wall irradiation for Hodgkin's
disease, breast cancer (BRCA) mutations or other genetic
conditions, and prior history of atypical ductal hyperplasia
and lobular neoplasia were considered to be at elevated
risk for breast cancer.
The breast cancer detected rate, sensitivity, specificity,
positive predictive value, negative predictive value and
biopsy or recall rate were calculated. Breast cancer detection
rate was based on the number of breast cancer cases that
were detected amongst all the women who were enrolled.
Sensitivity was the true positive cases divided by the true
positive cases and false negative cases. A true positive
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was defined as a U4 classified lesion with evidence of
malignancy on histology while a false positive referred to a
U4 lesion with benign histopathology on biopsy. Specificity
was calculated by taking all true negative cases in the U1
to U3 categories and dividing them by the true negative
cases and false positive cases. Cases lost to follow-up were
not included in the assessment of specificity. The positive
predictive value was the number of breast cancers that were
detected out of the number of lesions that required further
biopsy evaluation (U4 cases). Negative predictive value was
the proportion of true negatives among all negative cases
(U1 to U3) assigned on ultrasound screening and it would
exclude cases that were lost to follow-up. The biopsy rate
or recall rate, was the number of cases that required biopsy
(U4 cases) out of all the women who enrolled. Statistical
tests were performed with SPSS version 17 and Graphpad
Quickcals.
Results
One hundred and forty-one asymptomatic women
with mean age of 45.1 years (range, 30 to 64 years) who
satisfied the criteria of negative but dense mammograms
were enrolled in the study. The racial distribution was
predominantly Chinese which made up 94% of the study
group. Four percent were Indian, 1% Malay and 1%
Eurasian. They were all asymptomatic with no known
clinical findings. Thirty-six women (25.5%) had elevated
risk for breast cancer. Twenty-four (17.0%) of these women
had family history of first degree relatives with breast
cancer while 5 (3.5%) had family history of second degree
relatives with breast cancer. None of the patients had known
BRCA gene mutations, prior chest irradiation or previously
detected high-risk lesions like atypical ductal hyperplasia
and lobular neoplasia. Seven (5%) women had previously
been treated for breast cancer and were known to be in
remission and asymptomatic at the point of recruitment.
One hundred and thirty nine women underwent ultrasound
screening of both breasts and 2 women who had unilateral
mastectomy for previous breast cancer had unilateral
screening of the contralateral breast. The mean time taken
to complete a bilateral breast ultrasound was 13.0 minutes
(± 5.6 minutes) and a unilateral breast examination was
11.0 minutes (± 1.4 minutes, P = 0.61).
One hundred and six women or 75.2% of the enrolled
women returned for follow-up. There were no confirmed
cancers detected in U1 to U3 lesions at the end of the
follow-up period (Table 2). A patient in the U2 category
had requested for a biopsy of her breast lesion and an
ultrasound guided vacuum-assisted large core needle biopsy
was performed. The lesion proved to be a fibroadenoma.
Another patient who had a U3 category lesion also underwent

Table 2. Breakdown of the Number of Patients for Each Ultrasound
Assessment Category
Ultrasound
Assessment
Categories

Number
of
Patients
(%)

Number (%) of
Patients Who
Completed
Follow-up

Number of
Cancers
Detected

U1

42 (29.8%)

30 (71.4%)

0

U2

75 (53.2%)

54 (72.0%)

0

U3

10 (7.1%)

8 (80%)

0

U4

14 (9.9%)

14 (100%)

2

a vacuum-assisted large core needle biopsy at the physician’s
request and the histopathology was fibrocystic change. All
other U3 lesions remained stable on follow-up ultrasound
and had negative screening mammography after 1 year.
All U4 lesions underwent ultrasound-guided core needle
biopsy. Their final histopathology revealed 2 malignant
tumours: a 6-mm ductal carcinoma-in-situ (DCIS) (Fig.
1) and a 13-mm invasive ductal carcinoma (Fig. 2). There
was no nodal disease or evidence of metastasis in these
2 cases. The mammograms of the 2 positive cases were
also retrospectively reviewed. Both lesions were again not
mammographically identifiable by 2 experienced breast
radiologists as the lesions were well hidden by the dense
breast tissue and there were no abnormal microcalcifications
or architectural distortion. Both were also not clinically
palpable. The other biopsied lesions were benign (Table 3).

1a

1b
Figs. 1a and 1b. Heterogeneously dense breasts on cranio-caudal and
mediolateral oblique mammographic views. No obvious mammographic
abnormality was detected.
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Table 3. Final Histopathology of the U4 Lesions
Histopathology

Number of Cases

Ductal Carcinoma-in-situ

1

Invasive Ductal Carcinoma

1

Fibroadenoma

1

Blood Clot

1

Papilloma

2

Fibrocystic Change

8

1c

1d
Figs. 1c and 1d. Supplementary ultrasound screening revealed a left 3
o’clock nodule with slightly irregular margins, increased vascularity and
posterior acoustic shadowing. Ultrasound-guided needle core biopsy and
eventual surgical specimen confirmed ductal carcinoma-in-situ.

2a
Fig. 2a. Mediolateral oblique and cranio-caudal mammograms of the right
breast show extremely dense breast tissues. No obvious mammographic
abnormality was detected.

2b
Fig. 2b. Supplementary ultrasound screening revealed a right 8 o’clock 13
mm heterogeneously hypoechoic lesion that is slightly tall in orientation
and has angular and ill-defined margins. Ultrasound- guided core needle
biopsy revealed invasive ductal carcinoma.
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The breast cancer detection rate for supplementary breast
ultrasound screening was 1.4% (2/141). The sensitivity
and specificity were 100% (2/2) and 88.5% (92/104)
respectively. The positive predictive value was 14.3% (2/14)
and the negative predictive value was 100% (92/92). The
biopsy rate was 9.9% (14/141).
A retrospective review of patients’ records revealed that
22 out of 42 U1 (52.4%), 41 out of 75 U2 (54.7%), 6 out
of 10 U3 (60.0%) and 6 out of 14 U4 (42.9%) women had
mammograms or mammograms and ultrasound imaging at
2 years. There were no cancers detected for the U1 and U2
cases and no further suspicious lesions detected for the U4
patients. One U3 case was diagnosed with invasive ductal
carcinoma at 2 years.
Discussion
For a screening test to be effective in reducing breast
cancer mortality, the test has to be sensitive, be able to detect
the cancers at an earlier stage compared to those detected
in unscreened patients and the screening intervals should
preferably be half of the lead time gained. This was outlined
by Pelikan in 199320 and Moskowitz in 1996.21 Currently,
mammography is the only breast cancer screening tool that
has demonstrated evidence of reduction of breast cancer
mortality.22-27 With the use of screening mammography, it
had been shown that breast tumours could be identified
when they were small and non-palpable with the absence
of nodal disease. Duffy et al28 observed in the Swedish
Two-County Trial that the reduction in the 20-year breast
cancer mortality rate in the population that received
mammographic screening could be attributed to increased
discovery of cancers at stage I of the disease rather than at
stage II or later.
While screening mammography is effective as a screening
modality for breast cancer, it also has a false negative rate
of approximately 10% to 15%. One of the main reasons
for this is due to the presence of dense breast tissue which
can obscure cancers on mammography. Mammographic
sensitivity in dense breasts may be as low as 48%.5-8 This
problem presents as a frequent diagnostic challenge in Asian
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women where smaller breast volumes and less body fat
result in relatively dense breasts.29-33 Marcela G del Carmen
et al34 reported that 83.2% of Asians who presented for
mammography at the Massachusetts General Hospital from
2003 to 2004 had breast density categories of BI-RADS
3 and 4. After adjustment for age and body mass index
(BMI), Asian women had higher breast density than the
other racial groups. Furthermore, dense breast tissue is also
associated with elevated breast cancer risk.35 These reasons
encourage the background for evaluation of other radiologic
modalities that can supplement screening mammography
to detect early breast cancers in Asian women.
Currently, the use of MRI screening in addition to
mammographic screening is advocated in high-risk
patients.36 MRI screening had demonstrated high sensitivity
and high negative predictive value which are better than
those of combined mammography and sonography.37-40
However, MRI is costly and has been plagued by a high
false positive rate with meta-analysis suggesting specificity
of approximately 67%.41 This has also resulted in a recall
rate that is 3 to 5 times higher than that of screening
mammography.42 Hence, MRI screening is not currently
recommended for the average risk woman except perhaps
in cases with breast augmentation that may obscure breast
malignancy on mammography and ultrasound. In light of
this, there may be a role for ultrasound breast screening in
the average or intermediate risk patients.
Benefits of Ultrasound Screening
Ultrasound is easily accessible and relatively inexpensive.
It is better able to detect cancers that are obscured by dense
breast tissue on mammography and has been shown in
previous studies8,11,14 to detect breast cancers at an early
and preclinical stage. Ultrasound and mammography are
also complementary with ultrasound being more sensitive
for invasive cancer than DCIS and vice versa.6 For these
reasons, ultrasound appears to be a cost-effective screening

test to supplement screening mammography and to the best
of our knowledge, there has been no study that has evaluated
ultrasound breast screening in Asian women.
The cancer detection rate in this study was 1.4% or 14 per
1000 women. It is very much higher than the 4.6 cancers
detected per 1000 women in Singapore’s national breast
screening programme from 2002 to 200743 which has not
been adjusted for breast density, and more than the calculated
expected rate of 6.9 per 1000 women screened for the
United Kingdom Breast Screening Programme44 of which
Singapore’s screening programme is partially modelled
after.45 The cancer detection rate was also higher than that of
the other similar ultrasound screening studies on Caucasian
women8,12-14,17 (Table 4) although there were no statistically
significant difference. The relatively high cancer detection
rate might be spurious and related to pure chance in this
small sample size study. However, other factors should also
be considered. Firstly, the disease might be more prevalent
than previously thought. More recent epidemiological data
had indicated a rising incidence of breast cancer in Singapore
and Asian women.46,47 The crude incidence rate of breast
cancer in Singapore, had risen from 67.3 per 100,000 from
1998 to 200248 to 77.8 per 100,000 from 2003 to 2007.49
Another possible reason was that there might be a higher
proportion of cancers presenting as mammographically
occult but sonographically detectable lesions in dense
breasts, especially in Asian women. Indeed, some studies
have indicated that ultrasound screening identified equal
or more number of cancers than mammography, sensitivity
ranging from 50% to 88% for ultrasound compared to 50%
to 57% for mammography.8,15,50 These reports highlight
that ultrasound can detect more invasive cancers than
mammography in women with dense breasts although it
is not as good as mammography in the detection of DCIS.
The biopsy rate in our study was also higher compared to
the other studies and a higher recall or biopsy rate might be
another contributing factor to the high cancer detection rate
as explained by Moskowitz.21 Regardless of the reasons,

Table 4. Comparison of the Sample Size, Cancer Detection Rate, Biopsy Rate and Positive Predictive Value Among Ultrasound Screening Studies of
Dense Breasts
Number of Supplementary
Screening Ultrasound
Examinations

Cancer Detection Rate

Biopsy Rate

Positive Predictive Value

Our study

141

1.4% (2/141)

9.9% (14/141)

14.3% (2/14)

Kolb et al8

12,193

0.3% (33/12193), P = 0.08

2.6% (320/12193)

10.3% (33/320)

Buchberger et al12

8103

0.4% (32/8103), P = 0.11

4.5% (362 / 8103)

8.8% (32/362)

13

Kaplan et al

1862

0.3% (6/1882), P = 0.10

3.1% (57/1862)

10.5% (6/57)

Crystal et al14

1517

0.5% (7/1517), P = 0.17

2.5% (38/1517)

18.4% (7/38)

6449

0.5% (29/6449), P = 0.14

7.5% (486/6449)

6.0% (29/486)

17

Corsetti et al

Note: Using the Fisher’s Exact Test, our Study’s breast cancer detection rate shows no significant difference from those obtained from the other studies.
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the fact remained that despite the small sample size and
the supposedly lower prevalence of breast cancer in Asian
women, there were mammographically occult breast cancers
detected by ultrasound and the merits of supplementary
sonographic screening should be further evaluated and not
simply dismissed.
As mentioned earlier, one of the important tenets of
breast cancer screening is identifying malignant disease
at an early stage. The 2 cancers that were detected in the
study were small and of early stage. The invasive ductal
carcinoma detected in the study measured 13 mm and there
was no nodal disease. Further work-up also did not reveal
any evidence of metastatic disease. The second case was
a 6-mm intermediate grade DCIS. Interestingly, although
ultrasound examination is known to be relatively poor
in the detection of DCIS,12,13 this small lesion was not
demonstrated on mammogram because it did not present
with any microcalcifications.
Limitations of Ultrasound Screening
The value of identifying additional cancers on ultrasound
screening must be weighed against the increased biopsy risk
and increased workload. Our study revealed a specificity
of 87.8% for ultrasound and this is better than that of MRI.
The 9.9% biopsy rate and the positive predictive value of
14.3% achieved in this study are probably acceptable if
screening mammographic standards were applied.21,51-54
However, it would potentially mean that approximately 7%
to 8% more women who enter a combined mammographic
and sonographic screening programme would be recalled
for sonographic findings assuming 80% of them have dense
breasts. Added cost and effort of the ultrasound screening
would also include the additional 30.6 hours of scan time
for these 141 women in order to detect 2 additional cancers,
as well as the 10 follow-up ultrasound studies for the U3
cases and the 13 biopsies performed for the 13 U4 cases.
The advent of automated breast ultrasound (ABUS) may
be able to significantly reduce the time and workload for
ultrasound breast scans. Kelly et al55 also reported that an
increase in cancer detection rate of 0.36% when adding
ABUS to mammographic screening in women with dense
breasts and/or at elevated breast cancer risk. ABUS may
prove to be a more practical way to perform ultrasound
screening.
There are also other issues that need to be addressed
if an ultrasound breast screening programme is to be
implemented. While much has been said about identifying
early stage cancers with supplementary breast ultrasound
screening, it is, however, still unclear as to whether this
will lead to better prognosis or reduction in mortality. The
effect of lead-time bias has yet to be assessed. In lead-time
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bias, early detection of cancer from a screening programme
only results in the disease being observed and treated for
a longer period of time but not necessarily prolonging life
or affecting mortality outcome. While mammographic
screening has been shown to reduce mortality from breast
cancer, it remains to be seen if early cancer detection from
breast ultrasound screening will eventually contribute
to additional decrease in the mortality rate. Logically,
ultrasound screening should lead to the identification of
more small breast cancers and hence, improvement of
prognosis and possibly reduction of mortality. However, one
may argue that these mammographically occult cancers, if
missed in the initial mammographic screen, may ultimately
manifest on subsequent mammographic screens and may
not have significant impairment to the patient’s prognosis
even if diagnosed later. Hence, long-term data are clearly
needed to clarify ultrasound’s impact on prognosis and
mortality. There are also questions about the need for
interval screenings and about the duration between interval
screens. The prevalent cancer detection rate which is the
cancer detection rate at the first screen may be followed
by a lower incidence rate at subsequent screenings as
seen in mammographic screening programmes56-58 and the
effectiveness of subsequent ultrasound screenings may be
limited, especially if they are scheduled too closely to each
other. The ongoing ACRIN 6666 trial in the United States
(Berg et al59) is looking into the effectiveness of subsequent
ultrasound screens in women with elevated risk and will
hopefully shed some light on this matter.50,59
Study Limitations
The main limitation in this pilot study was the small
sample size that meant that even a difference of 1 positive
case might cause spurious results, especially in the context
of screening for a relatively low-prevalence disease. The
sample population was also fairly heterogeneous with a
mixture of women with average and elevated risk. We did
not separately analyse the statistics between the women
of these 2 groups primarily because the number of women
with elevated risk was small. In addition, none of the 36
patients with elevated risk were found to have breast cancer
and they could not have contributed any bias towards
the breast cancer detection rate in this study. There was
also only a single radiologist involved in the assessment
of each ultrasound case and this precluded evaluation of
inter-observer variability.
The other limitation was the high drop-out rate of 35
women from the follow-up during this study. This would
make it difficult to accurately assess sensitivity, specificity
and negative predictive value of the study. It was observed
that most of the women who were lost to follow-up were from
the U1 and U2 categories. They were probably clinically
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well and might not have felt the need for another screening
study. This is a common problem encountered in most
screening programmes. Some might have also chosen to
have their next screening mammogram performed outside
of our institution and hence we would be unable to trace
their breast imaging results. We did, however, find that 24
out of the 35 women who defaulted radiological followup (68.6%, 9 U1 and 15 U2 patients) were seen in the
clinic by their primary breast care physicians for routine
check-ups within 3 years of the initial mammographic and
sonographic screening. There were no significant physical
breast findings detected in these women and were likely to
have no significant breast disease.
There was also the issue of the follow-up duration of
1 year being too short for the U3 lesions. At the time
of conceptualisation of the study, there was no general
consensus for the ultrasound follow-up duration. However
in 2003, the ACR BI-RADS classification was introduced
for breast ultrasound assessment which recommended that
probably benign lesions be followed-up for 2 years to ensure
benignity. In view of this, we decided to retrospectively
review the records of all patients to determine if any interval
cancers were detected in women who had some form
breast imaging at 2 years. Interestingly, 1 of the U3 cases
was discovered to have a mammographically occult stage
I breast cancer 2 years after her initial breast ultrasound
screen. The patient complained of focal left breast hardening
which turned out to be an 8-mm cancer visualised only on
ultrasound examination. It did not correspond in location
or appearance with the original U3 lesions detected in the
initial screening ultrasound examination and was in all
likelihood of a newly developed cancer. The original U3
lesions had remained stable on sonographic follow-up at
6 months as well as at 2 years.
Conclusion
This pilot study on breast ultrasound screening in Asian
women with mammographically dense breasts reveals
the usefulness of ultrasound in detecting early stage
mammographically and clinically occult breast cancers.
A larger long-term study is however, needed to assess its
feasibility and impact on breast cancer prognosis.

REFERENCES
1.

Smith RA, Saslow D, Sawyer KA, Burke W, Costanza ME, Evans WP 3rd,
et al. American Cancer Society guidelines for breast cancer screening: update
2003. CA Cancer J Clin 2003;53:141-69.

2.

Albert US, Schulz KD, German Association of the Scientific Medical Societies
(AWMF), German Agency for Quality in Medicine (AeZQ). Short version of
the Guideline: Early Detection of Breast Cancer in Germany. An evidence-,
consensus- and outcome-based guideline according to the German Association
of the Scientific Medical Societies (AWMF) and the German Agency for
Quality in Medicine (AeZQ). J Cancer Res Clin Oncol 2004;130:527-36.

3.

Scottish Intercollegiate Guidelines Network (SIGN). Management of breast
cancer in women: a national clinical guideline. Edinburgh: SIGN, 2005. SIGN
Publication No. 84.

4.

Bevers TB, Anderson BO, Bonaccio E, Buys S, Daly MB, Dempsey PJ, et
al. NCCN clinical practice guidelines in oncology: breast cancer screening
and diagnosis. J Natl Compr Canc Netw 2009;7:1060-96.

5.

Mandelson MT, Oestreicher N, Porter PL, White D, Finder CA, Taplin SH,
et al. Breast density as a predictor of mammographic detection: comparison
of interval- and screen-detected cancers. J Natl Cancer Inst 2000;92:1081-7.

6.

Berg WA, Gutierrez L, NessAiver MS, Carter WB, Bhargavan M, Lewis
RS, et al. Diagnostic accuracy of mammography, clinical examination, US,
and MR imaging in preoperative assessment of breast cancer. Radiology
2004;233:830-49.

7.

Kerlikowske K, Grady D, Barclay J, Sickles EA, Ernster V. Effect of age, breast
density and family history on the sensitivity of first screening mammography.
JAMA 1996;276:33-8.

8.

Kolb TM, Lichy J, Newhouse JH. Comparison of the performance of screening
mammography, physical examination and breast US and evaluation of the
factors that influence them: an analysis of 27,825 patient evaluations. Radiology
2002; 225:165-75.

9.

McCormack V, dos Santos Silva I. Breast density and parenchymal patterns as
markers of breast cancer risk: a meta-analysis. Cancer Epidemiol Biomarkers
Prev 2006;15:1159-69.

10. Boyd N, Guo H, Martin LJ, Sun L, Stone J, Fishell E, et al. Mammographic
density and the risk and detection of breast cancer. N Eng J Med 2007;356:22736.
11. Gordon PB, Goldenberg SL. Malignant breast masses detected only by
ultrasound. A retrospective review. Cancer 1995;76:626-30.
12. Buchberger W, Niehoff A, Obrist P, DeKoekkoek-Doll P, Dünser M. Clinically
and mammographically occult breast lesions: detection and classification
with high-resolution sonography. Semin Ultrasound CT MR 2000;21:325-36.
13. Kaplan SS. Clinical utility of bilateral whole-breast ultrasound in the evaluation
of women with dense breast tissue. Radiology 2001;221:641-49
14. Crystal P, Strano SD, Shcharynski S, Koretz MJ. Using sonography to
screen women with mammographically dense breasts. AJR Am J Roentgenol
2003;181:177-82.
15. Leconte I, Feger C, Galant C, Berlière M, Berg BV, D'Hoore W, et al.
Mammography and subsequent whole-breast sonography of nonpalpable breast
cancers: the importance of radiologic breast density. AJR Am J Roentgenol
2003;180:1675-9.
16. Berg WA. Supplemental screening sonography in dense breasts. Radiol Clin
N Am 2004;42:841-55.
17. Corsetti V, Ferrari A, Ghirardi M, Bergonzini R, Bellarosa S, Angelini O, et
al. Role of ultrasonography in detecting mammographically occult breast
carcinoma in women with dense breasts. Radiol Med 2006;111:440-8.
18. American College of Radiology. Illustrated Breast Imaging Reporting and Data
System (BI-RADS), 3rd ed. Reston, VA: American College of Radiology, 1998.

Acknowledgements
The authors are grateful to Lee Li Na and Anne Wong for their invaluable
contributions to this work.

19. American College of Radiology. BI-RADS - Ultrasound, 1st ed. In: Breast
Imaging Reporting and Data System (BI-RADS atlas), 4th ed. Reston, VA:
American College of Radiology; 2003.
20. Pelikan S, Moskowitz M. Effects of lead time, length bias, and false-negative
assurance on screening for breast cancer. Cancer 1993;71:1998-2005.
21. Moskowitz M. Retrospective reviews of breast cancer screening: what do we
really learn from them? Radiology 1996;199:615-20.
22. Tabar L, Vitak B, Chen HH, Duffy SW, Yen MF, Chiang CF, et al. The
Swedish Two-County Trial twenty years later. Updated mortality results and
new insights from long-term follow-up. Radiol Clin N Am 2000;38:625-51.

Annals Academy of Medicine

Supplementary Breast Ultrasound Screening in Asian Women—Lester CH Leong et al

23. Zorzi M, Guzzinati S, Puliti D, Paci E; IMPACT working group. Early diagnosis,
not differential treatment, explains better survival in service screening. Eur
J Cancer 2005;41:2728-34.
24. Paci E, Giorgi D, Bianchi S, Vezzosi V, Zappa M, Crocetti E, et al. Assessment
of the early impact of the population-based breast cancer screening programme
in Florence (Italy) using mortality and surrogate measures. Eur J Cancer
2002;38:568-73.
25. Ernst MF, Voogd AC, Coebergh JW, Roukema JA. Breast carcinoma
diagnosis, treatment, and prognosis before and after the introduction of mass
mammographic screening. Cancer 2004;100:1337-44.

439

42. Lord SJ, Lei W, Craft P, Cawson JN, Morris I, Walleser S, et al. A systematic
review of the effectiveness of magnetic resonance imaging (MRI) as an addition
to mammography and ultrasound in screening young women at high risk of
breast cancer. Eur J Cancer 2007;43:1905-17.
43. Jara-Lazaro AR, Thilagaratnam S, Tan PH. Breast cancer in Singapore: some
perspectives. Breast Cancer 2010;17:23-8.
44. Duffy SW, Gabe R. What should the detection rates of cancers be in breast
screening programmes? Br J Cancer 2005;92:597-600.
45. Wang SC. The Singapore National Breast Screening Programme: principles
and implementation. Ann Acad Med Singapore 2003;32:466-76.

26. Duffy SW, Tabar L, Vitak B, Yen MF, Warwick J, Smith RA, et al. The Swedish
Two-County Trial of mammographic screening: cluster randomisation and
end point evaluation. Ann Oncol 2003;14:1196-8.

46. Shin HR, Joubert C, Boniol M, Hery C, Ahn SH, Won YJ, et al. Recent trends
and patterns in breast cancer incidence among Eastern and Southeastern Asian
women. Cancer Causes Control 2010;21:1777-85.

27. Berry DA, Cronin KA, Plevritis SK, Fryback DG, Clarke L, Zelen M, et al.
Effect of screening and adjuvant therapy on mortality from breast cancer. N
Engl J Med 2005;353:1784-92.

47. Leong SP, Shen ZZ, Liu TJ, Agarwal G, Tajima T, Paik NS, et al. Is breast
cancer the same disease in Asian and Western countries? World J Surg
2010;34:2308-24.

28. Duffy SW, Tabar L, Vitak B, Day NE, Smith RA, Chen HH, et al. The relative
contributions of screen-detected in situ and invasive breast carcinomas in
reducing mortality from the disease. Eur J Cancer 2003;39:1755-60.

48. Seow A, Koh WP, Chia KS, Shi LM, Lee HP, Shanmugaratnam K. Trends
in cancer incidence in Singapore 1968-2002, Singapore Cancer Registry,
report no.6, 2004.

29. Alagaratnam TT, Wong J. Limitations of mammography in Chinese females.
Clin Radiol 1985;36:175-7.

49. Trends in cancer incidence in Singapore 1968-2007, Singapore Cancer
Registry, report no.7, 2010.

30. El-Bastawissi AY, White E, Mandelson MT, Taplin S. Variation in
mammographic breast density by race. Ann Epidemiol 2001;11:257-63.

50. Berg WA, Blume JD, Cormack JB, Mendelson EB, Lehrer D, Böhm-Vélez M, et
al. Combined screening with ultrasound and mammography vs mammography
alone in women at elevated risk of breast cancer. JAMA 2008;299:2151-63.

31. Maskarinec G, Meng L, Ursin G. Ethnic differences in mammographic
densities. Int J Epidemiol 2001;30:959-65.
32. Maskarinec G, Nagata C, Shimizu H, Kashiki Y. Comparison of mammographic
densities and their determinants in women from Japan and Hawaii. Int J
Cancer 2002;102:29-33.

51. Pisano ED, Gatsonis C, Hendrick E, Yaffe M, Baum JK, Acharyya S, et al.
Diagnostic performance of digital versus film mammography for breast-cancer
screening. N Engl J Med 2005;353:1773-83.

33. Habel LA, Capra AM, Oestreicher N, Greendale GA, Cauley JA, Bromberger
J, et al. Mammographic density in a multiethnic cohort. Menopause
2007;14:891-9.

52. Skaane P, Hofvind S, Skjennald A. Randomized trial of screen-film versus
full-field digital mammography with soft-copy reading in population-based
screening program: follow-up and final results of Oslo II study. Radiology
2007;244:708-17.

34. del Carmen MG, Halpern EF, Kopans DB, Moy B, Moore RH, Goss PE,
et al. Mammographic breast density and race. AJR Am J Roentgenol
2007;188:1147-50.

53. Del Turco MR, Mantellini P, Ciatto S, Bonardi R, Martinelli F, Lazzari B, et
al. Full-field digital versus screen-film mammography: comparative accuracy
in concurrent screening cohorts. AJR Am J Roentgenol 2007;189:860-6.

35. Harvey JA, Bovbjerg VE. Quantitative assessment of mammographic breast
density: relationship with breast cancer risk. Radiology 2004;230:29-41.

54. Vigeland E, Klaasen H, Klingen TA, Hofvind S, Skaane P. Full-field digital
mammography compared to screen film mammography in the prevalent round
of a population-based screening programme: the Vestfold County Study. Eur
Radiol 2008;18:183-91.

36. Saslow D, Boetes C, Burke W, Harms S, Leach MO, Lehman CD, et al.
American Cancer Society guidelines for breast screening with MRI as an
adjunct to mammography. CA Cancer J Clin 2007;57:75-89.
37. Warner E, Plewes DB, Hill KA, Causer PA, Zubovits JT, Jong RA, et al.
Surveillance of BRCA1 and BRCA2 mutation carriers with magnetic resonance
imaging, ultrasound, mammography, and clinical breast examination. JAMA
2004;292:1317-25.
38. Kuhl CK, Schrading S, Leutner CC, Morakkabati-Spitz N, Wardelmann E,
Fimmers R, et al. Mammography, breast ultrasound, and magnetic resonance
imaging for surveillance of women at high familial risk for breast cancer. J
Clin Oncol 2005;23:8469-76.
39. Sardanelli F, Podo F, D'Agnolo G, Verdecchia A, Santaquilani M, Musumeci
R, et al. Multicenter comparative multimodality surveillance of women at
genetic-familial high risk for breast cancer (HIBCRIT study): interim results.
Radiology 2007;242:698-715.
40. Lehman CD, Isaacs C, Schnall MD, Pisano ED, Ascher SM, Weatherall PT, et
al. Cancer yield of mammography, MR, and US in high-risk women: prospective
multi-institution breast cancer screening study. Radiology 2007;244:381-8.
41. Hrung JM, Sonnad SS, Schwartz JS, Langlotz CP. Accuracy of MR imaging
in the work-up of suspicious breast lesions: a diagnostic meta-analysis. Acad
Radiol 1999;6:387-97.

October 2012, Vol. 41 No. 10

55. Kelly KM, Dean J, Comulada WS, Lee SJ. Breast cancer detection using
automated whole breast ultrasound and mammography in radiographically
dense breasts. Eur Radiol 2010;20:734-42.
56. Thurfjell EL, Lindgren JA. Population-based mammography screening in
Swedish clinical practice: prevalence and incidence screening in Uppsala
County. Radiology 1994;193:351-7.
57. Kan L, Olivotto IA, Warren Burhenne LJ, Sickles EA, Coldman AJ.
Standardized abnormal interpretation and cancer detection ratios to assess
reading volume and reader performance in a breast screening program.
Radiology 2000;215:563-7.
58. Sohlich RE, Sickles EA, Burnside ES, Dee KE. Interpreting data from audits
when screening and diagnostic mammography outcomes are combined. AJR
Am J Roentgenol 2002;178:681-6.
59. Berg WA. Rationale for a trial of screening breast ultrasound: American
College of Radiology Imaging Network (ACRIN) 6666. AJR Am J Roentgenol
2003;180:1225-8.

