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Abstract In this article, we will review the current recom-
mendations for screening breast ultrasound along with its role
as an adjunct to mammography and as a primary screening
tool. We will discuss the most recent literature pertaining to
breast ultrasound screening in high-risk, intermediate-risk,
and average-risk women and compare it with other breast
screening modalities including breast MRI, tomosynthesis or
3Dmammography, and automated breast ultrasound. The cur-
rent obstacles to screening breast ultrasound’s more wide-
spread implementation will also be covered in our discussion.
These will include ultrasound’s high false positive rate when
compared to mammography, overdiagnosis, and cost-effec-
tiveness. Our target audience encompasses breast surgeons,
oncologists, and breast radiologists with an interest in screen-
ing breast ultrasound.
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Introduction

Breast cancer is a leading cause of death in women in the USA
[1]. Cancer will become a major cause of morbidity and mor-
tality in the coming years for the entire world.With continuing
trends, the incidence for all cancer cases will increase to 22.2
million by the year 2030. Breast and cervical cancers are the
most common malignancies in women, with breast cancer
being the most common in most countries [2]. It is therefore
relevant to develop prevention strategies for population
screening and early intervention. While there are new and
improved treatment options available, it is the tumor stage
and nodal status at diagnosis, which in the long run signifi-
cantly impacts overall survival [3, 4].

Therefore, diagnosis of breast cancer at an early stage is
essential, and a screening program that provides early detec-
tion of breast cancer improves breast cancer outcomes. There
are multiple studies with data supporting that screening mam-
mography in women ages 40 thru 69 years old is associated
with a reduction in mortality. Current guidelines for breast
cancer screening from the American Cancer Society (ACS),
the United States Preventive Services Task Force (USPSTF),
the American College of Radiology (ACR), and the Society of
Breast Imaging (SBI) are reviewed here (Table 1)[1, 5–8].

Screening Ultrasound and Mammography

Screening mammography is the only modality proven to re-
duce mortality from breast cancer. Nonetheless, it has limita-
tions. Its sensitivity has been reported to vary between 85 %
and as low as 48 %, depending on breast density [9, 10].
Adjunct screening modalities are being explored for women
with a high risk of developing breast cancer and for women
with intermediate risk for breast cancer and dense breasts.
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Density in the breasts is currently subjectively identified on
mammography based on an estimation of the amount of radio-
opaque tissue and radiolucent fatty tissue. Dense breasts are
defined by most researchers, using the Breast Imaging
Reporting and Data System (BI-RADS classification [11]),
as heterogeneously dense (category C) and extremely dense
(category D) of the four density categories [11]. Women with
mammograms showing dense breasts (categories C and D) are
associated with a marked increased risk and with a modest
individual risk for invasive breast cancer. The association be-
tween mammographic density and an increased risk of breast
cancer is due not only to a masking effect, but as an indepen-
dent risk factor itself, due to a biologic connection between
breast density and breast cancer [12–14]. Approximately 27
US states have legislation with regards to patient notification
about their breast density after screening mammography has
been completed and interpreted [15]. Increased breast density
is not associated with reduced survival among women

diagnosed with breast cancer, after adjusting for stage at diag-
nosis and mode of detection [16].

With the coming of digital mammography, the sensitivity
of mammography improved, but the overall sensitivity
remained at only 55 % [17]. The majority of breast cancers
detected with screening ultrasound remained occult on mam-
mography as noted in a retrospective review from Bae et al.
where the causes for non-detection were discussed [18]. Bae
et al. stated that of 106,856 women who had screening ultra-
sounds in addition to mammograms, 356 cancers were detect-
ed only by ultrasound. Eighty-one percent of these cancers
were still occult on mammography even in retrospect. These
cancers were apparent on ultrasound and not on mammogra-
phy because 258 were obscured by overlapping dense breast
tissue on mammography, 62 were interpretive errors, and the
lesions were not included on mammography in 9 [18].

Currently available modalities used for supplemental
screening include handheld ultrasound (HHUS) and

Table 1 Current guidelines for breast screening according to different entities

Average risk (lifetime risk of breast cancer
<15 %)

High risk (lifetime risk of breast
cancer of >20–25 %)

Intermediate risk (lifetime risk of
15–20 %) including dense breasts

ACS
[1, 9]

Annual screening mammography
starting at age 45 through 54.

Annual screening mammogram
starting at age 30.

Same as average risk.

Biennial screening mammography
on women 55 years or older.

Add annual adjunct MRI. Not enough evidence for adjunct
screening.

Should have opportunity available
for women 40–44 y/o to begin
screening at 40.

Should continue screening as long as
health is good and life expectancy of 10 or
more years.

USPSTF
[6, 8]

Biennial screening mammography
starting at age 50 thru 74.

Not enough evidence for adjunct
screening.

Biennial screening between the
ages of 40–49 should be an individual
decision. (Taking into account the risks vs the
benefits involved)

Insufficient evidence for screening at 75 years or
older.

ACR and
SBI
[7]

Annual screening mammography
from age 40.

Annual screening mammography from
age 30 or 10 years earlier than the age of
diagnosis of the youngest affected relative,
whichever is later.
With history of mantle radiation, start
screening 8 years after radiation.
(Not before age 25)

Women with lobular neoplasia,
atypical
ductal hyperplasia, ductal
carcinoma
in situ, invasive breast cancer, or
ovarian cancer: annual screening
mammogram
from time of diagnosis.

MRI as supplemental screening starting at
same age as mammography.

MRI may be considered on the basis
of personal history of breast or
ovarian
cancer or lobular neoplasia or
ADH.

Ultrasound to be considered in
women for whom MRI cannot be done.

Ultrasound can be considered as
adjunct to mammography.

y/o years old, ADH atypical ductal hyperplasia
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automated breast ultrasound (ABUS), digital breast
tomosynthesis (DBT), and magnetic resonance imaging
(MRI). Table 2 shows a comparative review on some recently
published studies performed to date.

Mammography with adjunct screening MRI or whole
breast ultrasound increases the rate of detection of early-
stage breast cancer in women with dense breasts [19]. The
addition of ultrasound to screening mammography has been
shown to increase the screening detection rate from 0.3 to 7.7
additional breast cancers per 1000 women screened [20]. A
recent retrospective study fromConnecticut was demonstrated
detecting an additional 2.3 cancers per 1000 women screened
with adjunct ultrasound for dense breast tissue [21]. Similar
studies have shown that the use of screening ultrasound de-
tects breast cancer at early stages [20, 22, 23], and demonstrat-
ed low interval cancer rates (ICR of 1.07 per 1000 negative
screens) as well [22–24]. Screening ultrasound is associated
with increased false positive findings [20, 25] when compared
to mammography alone. Because ultrasound and MRI are not
limited by breast density like mammography is [26], they can
detect breast cancer at an early stage and can improve sensi-
tivity even in dense breast parenchyma, as is seen in most
premenopausal women [27].

Automated Breast Ultrasound

ABUS has been studied for the potential to be implement-
ed as an adjunct screening tool in breast imaging with a
standardized acquisition of images using an automated
transducer. A recent study showed that the mean interpre-
tation time for a normal bilateral ABUS was 9 min [28].
In comparison, HHUS averages less than 0.5-min mean
interpretation time for a normal bilateral breast ultrasound
study [29]. Another study of 173 women, who had 206
suspicious lesions and scheduled for US-guided or stereo-
tactic guided biopsy, compared the performance of HHUS
to that of ABUS [30]. ABUS detected 83.0 % of the
lesions biopsied while HHUS detected 94.2 % of the total
lesions biopsied. ABUS detected less lesions, but did not
miss any malignant lesions; only smaller size and benign
lesions were not detected with ABUS [30]. The recall rate
has been shown to decrease with experience and training
from 25 to 13 % in 3 months [31].

The SomoInsight study [32•] was an observational,
prospective multicenter trial to determine if the cancer
detection rate increased when ABUS was added to mam-
mographic screening in women with dense breast tissue
(BI-RADS density C or D). A wide footprint transducer
was used. A total of 15,318 women were studied. Results
showed that an additional 1.9 cancers were detected per
1000 women screened with the added use of ABUS. A
total of 112 cancers were detected, of which 30 were

detected with ultrasound alone. Of the 30 cancers detected
on ultrasound alone, most of the cancers were invasive
carcinoma (28, 93.3 %). Cancer staging at the time of
detection was low (stages 1A and 1B) in 67 % of the
ultrasound-only detected malignancies. There was an in-
crease in the recall rate of 13 % and an increase in the
biopsy rate of 37 % when compared with mammography.
Mortality was not assessed in this study, and there was no
control group.

USPSTF

In February 2016, USPSTF published reviewed research on
supplemental screening of women with dense breasts [8]. The
task force looked at 24 studies that met their criteria, and
evaluated reproducibility of BI-RADS breast density classifi-
cation, test performance, and outcomes of supplemental breast
screening tools in womenwith dense breasts. Only six of these
studies were considered of good quality. The studies reviewed
included the use of HHUS, ABUS, MRI, and DBT as a sup-
plemental screening tool.

The results of the review showed that HHUS and MRI
found additional breast cancers (most of them invasive), but
with an increase in the false positive rates. ABUS studies were
of fair quality, and only one study was shown to have similar
performance characteristics to HHUS studies [33]. DBT was
the only modality that did not increase the recall rates and the
number of additional biopsies, and may actually reduce recall
rates; however, only a few studies were available to conclu-
sively conclude such. None of the studies took into consider-
ation the effect of supplemental screening, while randomizing
women with and without this supplemental screening, on
breast cancer morbidity or mortality. The need for assessment
on whether the diagnosis of additional breast cancers will lead
to improved clinical outcomes, and what proportion of the
additional cancers detected represents overdiagnosis was
commented on. To address these issues, the task force recom-
mended well-designed, long-term, prospective, and compara-
tive studies.

Screening Ultrasound and Digital Breast
Tomosynthesis

DBTacquires multiple images of the breast at different angles
creating a three-dimensional (3D) image of the breast. At
present, DBT promises improved screening sensitivity in
dense breasts. It remains unclear if the improved sensitivity
would eliminate the requirement of additional adjunct screen-
ing ultrasound, or if the combination of DBT and screening
ultrasound would provide the best screening regimen.

The STORM trial [34], a prospective comparative trial,
showed that integrated two-dimensional (2D) and 3D

224 Curr Breast Cancer Rep (2016) 8:221–229



mammographic screening significantly improved detection of
breast cancer and reduced false positive recalls when com-
pared to standard 2D mammography alone. The supplemental
cancer detection rate was 2.7 cancers per 1000 screens. In this
study, 3D mammograms were not interpreted independently
of the 2D mammograms; therefore, 3D mammography only
(without the 2D images) might not provide the same results.

The Oslo trial [35] was a prospective trial that screened
women with both 2D and 3D mammography. The Oslo trial
randomized reading strategies (with vs without 3D mammo-
grams) and adjusted for the different screen readers using a
Wald test in the context of a log-linear binary regression mod-
el. Analysis showed a 27 % increase in the cancer detection
rate: 8 cancers per 1000 exams for combined 2D and 3D
imaging compared to 6.1 cancers per 1000 for 2D. Both stud-
ies (STORM and Oslo) showed that 3D mammography re-
duced false positive recalls when used in addition to standard
(2D) mammography [34, 35]. Screening ultrasound was not
assessed in either study.

The recently published multicenter adjunct screening with
tomosynthesis or ultrasound in women with mammography-
negative dense trial (ASTOUND) compared DBT to US for
adjunct screening in the same women with a negative screen-
ing mammogram and dense breasts [36••]. Interim results of
the trial showed 3231 women with negative mammograms
and dense breasts had additional 24 breast cancer detected: 1
with tomosynthesis only, 11 with ultrasound only, and 12 with
both modalities. Of the 24 cancers detected, 23 were invasive
carcinoma. These results show an increase in the cancer de-
tection rate (CDR) of 7.4 cancers per 1000 screens for both
modalities. The risk profile for these women was not quanti-
fied; therefore, the CDR may be higher because of higher risk
patients were inadvertently included in the study. The ultra-
sound CDR was higher at 7.1 cancers per 1000 screens when
compared to the DBT CDR, which was 4 cancers per 1000
screens. Out of 3231 women, 131 were recalled. The false
positive recall rate was similar for both modalities (US,
2.0 % and DBT, 1.7 %) as was the biopsy recall rate of
0.7 % for both modalities. These findings may be due to the
experience and the expertise of the interpreting radiologists
and that the ultrasound screening included both prevalent
and incident screens [37].

Most Recent Study

The Japan strategic anti-cancer randomized trial or J-Start
[38•] is a randomized controlled multicenter study comparing
the use ofmammography, clinical breast exam, and ultrasound
versus mammography and clinical breast exam in 72,998
women ages 40–49 years with dense breasts in Japan. It is
the first large randomized trial to address the quality and ef-
fectiveness of US as a screening tool. The results showed

increased sensitivity in the intervention group (mammography
(MG)+clinical breast exam (CBE)+US) of 91 % when com-
pared to the control group (MG+CBE) of 77 %. The number
of interval cancers identified was lower in the intervention
group (18 vs 35) than that in the control group. The screening
detection rate increased by 0.17 % with the addition of ultra-
sound, and 67 additional breast cancers were detected by so-
nography alone. Of the cancers detected by sonography, 78 %
were early stage (0–1), and most were invasive. Specificity
was lower in the intervention group due to an increased recall
rate (12.6 % in the intervention group vs 8.8 % in the control
group) with a combined (both intervention and control group)
recall rate of 10.7 %. The biopsy rate was 4.5 % in the inter-
vention group compared to 1.8 % in the control group.
Continued screening may decrease the recall rate and the bi-
opsy rate, therefore increasing specificity [26]. The study
allowed a comparison of the interval cancer rate between the
intervention and the control groups, and the intervention
group was lower. These findings are consistent with other
studies, which showed that the incidence rate of interval can-
cers was lower when ultrasound was used as a supplemental
screening tool [23, 24]. Of the women in the study, 57.7% had
BI-RADS breast density C or D, comparable toWestern wom-
en in their 40s whose breast density is also BI-RADSC orD in
more than 50 % [25].

Screening Ultrasound in Selective Population

High-Risk Population

Women who are at high risk for developing breast cancer
have a higher prevalence of disease, and therefore, addi-
tional screening should result in a higher yield. Because
they have a higher prevalence, they should be screened at
an earlier age. Screening mammograms of younger wom-
en usually demonstrate dense breast tissue, decreasing the
sensitivity of mammography even further. Therefore, ad-
ditional screening modalities for high-risk patients are
needed.

At present, contrast-enhanced breast MRI is recom-
mended as adjunct screening to mammography for wom-
en at high risk (20 % or greater lifetime risk of breast
cancer) including a family history of breast or ovarian
cancer and mantle radiation to the chest [5]. The supple-
mental yield of mammography plus breast MRI ranges
from 11 to 18.15 cancers per 1000 [39, 40]. Ultrasound
is mostly used as a screening test in women who are at
high risk for developing breast cancer when they cannot
tolerate MRI or when MRI is contraindicated.

The American College of Radiology Imaging Network
(ACRIN) 6666 trial [24] was a multicenter study to assess
the use of screening ultrasound in patients with dense

Curr Breast Cancer Rep (2016) 8:221–229 225



breasts and intermediate to high risk for developing breast
cancer. The ACRIN 6666 trial demonstrated that by
adding a single screening ultrasound to the screening
mammogram, there was an increase in the cancer detec-
tion rate of small cancers and node-negative cancers. The
study included women with additional risk factors such as
a personal history of breast cancer and a family history of
breast cancer, in addition to dense breasts. The targeted
population has been shown to have a higher interval can-
cer rate than the average-risk population, and mammo-
graphic sensitivity was lower than in the average-risk
population [41]. The ACRIN 6666 trial also included a
mix of film screen and digital mammography, resulting
in lower mammographic sensitivity in women with dense
breasts. Results also showed an increase in the false pos-
itive rate with false positive rates for mammography at
4.4 % and for ultrasound at 8.1 %. The combined (mam-
mography and ultrasound) false positive rate was 10.4 %
[24]. The number of false positives should be minimized
since false positives add to the overall costs of a screening
program, and false positive assessments may cause unnec-
essary anxiety.

A recent multicenter randomized controlled trial in
high-risk Chinese women ages 30–65 (mean age 46)
years, compared ultrasound to mammography for breast
cancer screenings [57]. The study included 12,519 women
in the first year and 8692 in the second year. The patients
were randomized for screening with mammography, ultra-
sound, or both. Their results showed that mammography
detected 5 cancers (CDR 0.072/1000), ultrasound detected
11 cancers (CDR 1.51/1000), and the combined group
(mammography and ultrasound) detected 14 cancers
(CDR 2.02/1000) for a total of 30 cancers, of which
82 % were stages 0 and 1. In the combined group, ultra-
sound detected all cancers (100 % sensitivity) vs 8 detect-
ed by mammography (57.1 % sensitivity) (P= 0.04). The
specificity and positive predictive value (PPV) between
mammography and ultrasound was the similar at 100 vs
99.9 %, (P = 0.51) and 72.7 vs 70 %, (P = 0.87).
Interestingly, the cost to detect one cancer per modality
used was $7876 for ultrasound alone, $45,253 for mam-
mography alone, and $21,599 for the combined approach.
Even though the peak age for breast cancer in Asian
women (40–55 years old) is different than that in
Western women (60–70 years old) [42–44], we can see
how for increased breast density and premenopausal
women, ultrasound evaluation can be more sensitive than
mammography.

Average-Risk Population

Gartlehner and colleagues [45] did a meta-analysis and
systematic review of studies evaluating mammography

with ultrasound vs mammography alone for breast cancer
screening in average-risk women. They found no method-
ologically sound evidence to justify the routine addition
of ultrasound to mammography in average-risk women.
Results of a recent study in average-risk women indicated
that MRI has a higher cancer detection rate than US or
tomosynthesis [46]. In a more recent study, an abbreviated
MRI protocol could provide for a screening tool without
compromising sensitivity or specificity. The reduced ac-
quisition and interpretation time may render the study
more accessible and less costly [40]. The use of intrave-
nous contrast in breast MRI remains a risk.

Ultrasound as Primary Screening for Breast Cancer

Ultrasound’s lack of radiation exposure, relatively low
cost of implementation, and portability make it an attrac-
tive screening tool for breast cancer. Based on the ACRIN
6666 study, the cancer detection rate for ultrasound is
similar to mammography, but a higher percentage of the
cancers detected by sonography were invasive (91 %) and
more likely to be node negative as well [24, 26]. The false
positive rate on ultrasound was higher than that for mam-
mography, though it was reduced with incidence screen-
ing. With adequate technologist and sonographer training,
ultrasound may be a screening tool that can be used in
countries where mammography is not widely available.
However, appropriate validation is needed. [47]

Harms from Screening Breast Ultrasound

Potential harms noticed from supplemental screening breast
ultrasound false positive results should be equivalent to the
ones seen from mammography screening with the exception
of the radiation exposure [48]. Possible harms include recom-
mendations for biopsy, anxiety and distress, pain during the
procedures, and overdiagnosis [26, 49]. Most of these are
short-term and have shown no lasting effects [50].
Overdiagnosis means that women will have their cancer treat-
ed by surgery, radiation therapy, and possibly chemotherapy,
but it is unknown if the cancer would have become apparent
without screening and lead to death, or if it would have
remained undetected. According to some estimates, overdiag-
nosis can range from 10 to 54 %, depending on whether lead
time bias was compensated for or not and how it was com-
pensated for [51–54]. It was noted that you would need at least
30 years of follow-up to compensate for the effects of lead
time. Another controversy with overdiagnosis is the use of
ductal carcinoma in situ (DCIS) cases and whether they have
been included in the data used for estimations, as not all DCIS
will represent overdiagnosis. Whether DCIS will progress to
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invasive cancer and cause symptoms in the patient’s lifetime is
a question that has yet to be answered [52]. We do know that
ultrasound screening has consistently shown that the majority
of cancers detected are invasive [55••]. Overdiagnosis experts
agree that some malignancies detected will likely not result in
mortality, and therefore, women will be undergoing unneces-
sary treatment regimens. Ultrasound has shown to increase the
recall rate and biopsy rates as well. However, the risk of false
positives decreases with annual screening as was seen with
both mammography and MRI [26].

Sprague et al. [25] used microsimulation models to
determine the cost-effectiveness ratio of supplemental
screening breast ultrasound per quality-adjusted life-years
(QALY) gained in women with dense breasts. The analy-
sis showed that the supplemental use of screening sonog-
raphy for women ages 50–74 with dense breasts (BI-
RADS C and D) would decrease cancer deaths by 0.36
per 1000 women screened. It would also cost more than
$100,000 per QALY, increasing costs while producing
relatively small benefits in prevented breast cancer deaths.
Sprague et al. agreed that additional studies are needed to
justify the use of supplemental screening breast ultra-
sound in dense breasts [25].

Conclusions

Mammography continues to be the gold standard as a screen-
ing tool for breast cancer detection. Due to limitations related
to this imaging modality, additional screening modalities have
been investigated, and some have shown improved cancer
detection rates and other benefits as discussed. For example,
in the high-risk population, the CDR of adjunct MRI is sig-
nificantly higher that mammography or ultrasound, making it
the tool of choice for screening. Supplemental ultrasound can
be offered if MRI is not tolerated. For intermediate risk and/or
dense breasts, adjunct ultrasound has a higher CDR than
mammography alone. Recent studies have concluded that
DBT in addition to 2D mammography reduces the recall rate
in most instances. However, ultrasound has a better CDR than
DBT in dense breasts. Breast ultrasound is also widely avail-
able, has no ionizing radiation and no adverse side effects, and
is better tolerated by the patients than mammography or MRI.
Ultrasound does have a higher false positive rate than mam-
mography with a positive predictive value of approximately
11 % [56]. There is no proof that screening ultrasound can
reduce the mortality rate from breast cancer, even thoughmost
of the cancers detected by ultrasound are invasive, small, and
node-negative [24].

Ultrasound exam is operator-dependent. Therefore, one
obvious limitation is the difficulty to maintain standardiza-
tion of scanning techniques and training among technolo-
gists and sonographers in different centers and countries. In

addition, this exam can be time-consuming. By adding ul-
trasound to mammography screening, the cost of screening
would increase. Finding a balance between screening ben-
efits and the costs of the additional adjunct exams to screen-
ing mammography requires additional studies and long-
term follow-up.
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