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Abstract

Purpose As an adjunct to mammography, ultrasound can improve the detection of breast cancer in women with dense breasts.
We aimed to evaluate the diagnostic performance of automated breast ultrasound system (ABUS) and handheld ultrasound
(HHUS) in Chinese women with dense breasts, both in combination with mammography and separately.

Methods This is a cross-sectional multicenter clinical research study. Nine hundred and thirty-seven women with dense
breasts underwent ABUS, HHUS, and mammography at one of five tertiary-care hospitals. The diagnostic performance of
ABUS and HHUS was evaluated in combination with mammography, or separately in women with mammography-negative
dense breasts. The agreement between ABUS and HHUS in breast cancer detection was also assessed.

Results The sensitivity of the combination of ABUS or HHUS with mammography was 99.1% (219/221), and the specifici-
ties were 86.9% (622/716) and 84.9% (608/716), respectively. The area under the curve was 0.93 for ABUS combined with
mammography and 0.92 for that of HHUS combined with mammography. Statistically significant agreement between ABUS
and HHUS in breast cancer detection was observed (percent agreement=0.94, k=0.85). The incremental cancer detection
rate in mammography-negative dense breasts was 42.8 per 1000 ultrasound examinations.

Conclusions Both ABUS and HHUS as adjuncts to mammography can significantly improve the breast cancer detection rate
in women with dense breasts, and there is a strong correlation between them. Given the high prevalence of dense breasts and
the multiple advantages of ABUS over HHUS, such as less operator dependence and reproducibility, ABUS showed great
potential for use in breast cancer early detection, especially in resource-limited areas.

Keywords Breast neoplasms - Ultrasonography - Mammography - Breast density

Abbreviations HHUS Handheld ultrasound
ABUS Automated breast ultrasound system MG Mammography
AUC ROC The area under the receiver operating charac- MRI Magnetic resonance imaging

teristic curve NPV Negative predictive value
BI-RADS  Breast Imaging Reporting and Data System PPV Positive predictive value
CIs Confidence intervals SD Standard deviation
DCIS Ductal carcinoma in situ
FPR False-positive rate

Introduction

Disclaimer Where authors are identified as personnel of the Breast cancer is the most Commonly diagnosed cancer in

International Agency for Research on Cancer/World Health Chinese women. with an estimated 367.900 new cases
Organization, the authors alone are responsible for the views ’ ’

expressed in this article and they do not necessarily represent in 2018 [1]. Breast cancer in China is characterized by
the decisions, policy or views of the International Agency for a rising trend and relatively earlier age at diagnosis. The
Research on Cancer/World Health Organization. advanced stage at presentation leads to poor survival [2,
3], causing substantial economic and societal effects,
especially in resource-limited areas [4]. Early detection
of breast cancer can significantly improve disease-specific
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survival [5]. However, according to population-based
cancer registries in China, less than 1% of breast cancer
cases were detected by screening [6]. In this context, the
improvement of early cancer detection in women from out-
patient is exceptionally significant in China, especially in
resource-limited areas.

Breast density reflects the content of fibroglandular tis-
sue in the breast. More than half of Chinese women aged
45-65 years were categorized as having dense breasts [7,
8]. Women with dense breasts not only have significantly
increased risk of breast cancer, but also experienced the
lower sensitivity of mammography (MG) in breast cancer
detection due to the masking effect of dense tissue [9].
Thus, additional imaging modalities, such as ultrasonog-
raphy, tomosynthesis, or magnetic resonance imaging
(MRI), are needed to improve breast cancer detection in
women with dense breasts.

The high infrastructural needs and cost of tomosynthe-
sis or MRI have prevented these technologies from being
used more often in resource-limited areas. Handheld ultra-
sound (HHUS) is widely available and relatively inexpen-
sive [10], and there is limited evidence that it can improve
the detection of breast cancer, either in a screening setting
[11, 12] or in a diagnostic setting [13]. However, HHUS is
labor-intensive and time-consuming, and the performance
is highly dependent on the skills of the operators. Even
in China, where the ultrasonologists are independent of
radiologists and have long experience with breast ultra-
sound for breast cancer detection and diagnosis, the per-
formance of ultrasonologists varies to a large extent [14,
15]. Unlike HHUS, automated breast ultrasound system
(ABUS) has a reproducible and less operator-dependent
process for image acquisition. In addition, the image
acquisition can be dissociated from interpretation, which
means the image can be acquired by a trained operator
and interpreted by any qualified ultrasonologist/radiolo-
gist sitting at a different location (through cloud sharing
of images) or at a different time. This can decrease vari-
ability and improve reproducibility [16]. ABUS also pro-
vides three-dimensional (3D) representation of the whole
breast, while the reconstructed coronal plane has been
shown to improve diagnostic accuracy [17]. ABUS makes
it possible to apply ultrasonography in a broader range
and overcome some of the limitations imposed by limited
health resources. ABUS has better than or comparable per-
formance to HHUS [18-20]. However, to date, no study
has compared the diagnostic performance of ABUS and
HHUS in women with dense breasts from outpatient, or
as an adjunct to MG in this population. Thus, the aim of
this study was to evaluate the diagnostic performance of
ABUS and HHUS in Chinese women with dense breasts
from outpatient, both in combination with mammography
and separately, for the first time.
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Methods

This study was approved by the Institutional Review
Board of Cancer Hospital, Chinese Academy of Medi-
cal Sciences, and all five participant hospitals. Written
informed consent was obtained from all participants. This
study was registered in the Chinese Clinical Trial Registry
(ChiCTR1800017908).

Study design and study participants

This is a cross-sectional multicenter, clinical research study
conducted at five separate tertiary-care hospitals in China
between February 2016 and March 2017. The study method-
ology has been described in detail in our earlier publication
[21]. In brief, a total of 1973 women, aged 30-69 years,
attending outpatient clinics at five tertiary-care hospi-
tals, were recruited for a clinical diagnostic study aimed
at comparing HHUS to ABUS. The participants included
680 women aged 30-39 years and 1273 women aged
40-69 years. Each participant had a clinical breast examina-
tion performed by physicians, followed by ABUS and HHUS
performed by technicians and ultrasonologists, respectively.
Women who were aged 40 years or older also received con-
ventional mammogram examinations. Demographic data
and information on breast cancer-related risk factors were
collected at enrollment via a face-to-face interview using a
structured questionnaire. All examinations and image inter-
pretation were performed after the interview.

Only women with mammographic dense breasts were
included in the present analysis to evaluate the diagnos-
tic performance of ABUS and HHUS. Breast density was
visually assessed by the radiologists interpreting the mam-
mograms according to Breast Imaging Reporting and Data
System (BI-RADS) density category. BI-RADS a (fatty) and
b (scattered fibroglandular elements) were defined as non-
dense breasts, while BI-RADS c (heterogeneously dense)
and d (extremely dense) defined dense breasts. At last, a total
of 937 women aged 40—69 years, with dense breasts, were
included in this study.

Image interpretation

Images of either type of imaging investigation were inter-
preted according to the BI-RADS classification. The inter-
preting ultrasonologist/ radiologist for one modality was
blinded to the results of other examinations. The highest
BI-RADS category on ABUS, HHUS, and MG was consid-
ered as the imaging diagnostic result for that individual par-
ticipant. For analytical purposes, an assessment of BI-RADS
categories 1-3 was considered as a negative finding, while
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an assessment of BI-RADS categories 4-5 was considered
as a positive finding. Additional magnetic resonance imag-
ing (MRI) or biopsy was performed to avoid verification
bias, according to the patients’ preference in those with BI-
RADS category 3, as well as 10% of those with BI-RADS
categories 1-2 that were selected randomly. Women diag-
nosed with BI-RADS categories of 4-5 on any imaging
modality or a BI-RADS category of 3 along with an abnor-
mal MRI had a core biopsy performed within three months
of visible abnormality. If more than one lesion was found in
both breasts, a single final assessment was recorded based
on the lesion with the worst features.

Equipment

All ABUS scans were acquired with Invenia ABUS (GE
Healthcare, WI, USA). The 15 cm ultras-broadband trans-
ducer automatically applies compression to the breast across
the whole breast and obtains images from different views,
such as lateral, anteroposterior, and medial. The workstation
then can reconstruct the breast and display 3D volumes in
a 2-mm-thick coronal slice from the skin to the chest wall.

The HHUS images were acquired with the Aixplorer
system (Supersonic Imagine, Aix en Provence, France),
GE LOGIQ?9 (GE Healthcare, WI, USA), iU22 Ultrasound
System (Philips Medical System, WA, USA), and S2000
(Siemens Medical Solutions, CA, USA).

The mammograms were obtained by Fujifilm FDR
MS-2500 (Fujifilm Crop, Tokyo, Japan), GE Sengraphe DS
(GE Healthcare, WI, USA), and Hologic Selenia (Hologic,
MA, USA).

Histopathology

Histopathological diagnosis was performed at the pathol-
ogy department of each hospital where the participants
were enrolled. The histopathology was assessed by quali-
fied pathologists following surgery or core biopsy, with each
specimen undergoing formalin fixation followed by paraffin
embedding.

Statistical methods

The unit of analysis was the individual participant. Continu-
ous variables were described as mean and standard devia-
tion (SD) and were compared with the T-test. Categorical
variables were described as a percentage and were compared
with the Chi-square test or Fisher’s exact test for the variables
with low expected cell counts. Sensitivity, specificity, false-
positive rate (FPR), positive predictive value (PPV), negative
predictive value (NPV), and area under the curve (AUC) of
the receiver operating characteristic (ROC) were calculated
to evaluate the diagnostic performance of HHUS and ABUS

separately, and when used as an adjunct to MG. Although
women underwent all three modalities, we simulated the
diagnostic use of ultrasound as an adjunct to MG in women
with dense breasts (Fig. 1). The gold standard for evaluation
of the different diagnostic methods was final breast histopa-
thology. The agreement of ABUS and HHUS was estimated
with both percent agreement, which was calculated as the
number of agreement divided by total number, and « statistic,
which also accounts for chance agreement [22]. Statistical
significance was evaluated with two-sided tests, with 0.05 set
as the threshold for significance. All analyses were performed
in SAS 9.4 software (SAS Institute Inc., Cary, NC).

Results

Based on mammographic breast density, 937 women aged
40 years and above were classified as having dense breasts.
The mean age of these participants was 49.1 years (SD: 6.8).
Of the 937 women, 221 women (23.6%) were diagnosed
with breast cancer, including 200 with invasive breast can-
cer and 21 with ductal carcinoma in situ (DCIS). Palpable
lesions were present in 292 (31.2%) of the total participants.
Women with breast cancer tended to be older than women
free of cancer (50.5 vs. 48.7 years, p <0.01) at enrollment
and were more likely to be postmenopausal (42.1% vs.
32.3%, p=0.01) (Table 1).

In women with dense breasts on MG (N=937), if ABUS
was used as an adjunct test (women positive on either test
underwent biopsy), the sensitivity was as high as 99.10%
(95% CI1 96.77-99.89%) and the specificity was 86.87% (95%
CI 84.18-89.26%). The PPV and NPV were 69.97% (95%
CI 64.56-75.00%) and 99.68% (95% CI 98.85-99.96%),
respectively. The combination of HHUS and MG obtained
similar sensitivity (99.10%, 95% CI 96.77-99.89%) and
NPV (99.67%, 95% CI1 98.82-99.96%), but lower specificity
(84.92%, 95% CI 82.08-87.46%) and PPV (66.97%, 95% CI
61.59-72.05%), indicating HHUS had higher false-positive
results (Table 2). The AUC of the combination of ABUS
and MG was higher than the combination of HHUS and
MG (0.93 and 0.92, respectively, p <0.01). We observed a
high percent agreement between ABUS and HHUS of 0.94
(x=0.85,95% CI 0.81-0.89, p <0.01) in categorizing the
radiological findings with BI-RADS scores in all women
with mammographic dense breasts.

In women with MG-negative dense breasts (N=678,
72.36%), 30 additional cancer cases were detected using
ultrasound (28 cases being detected by both HHUS and
ABUS, 1 case by HHUS only, 1 case by ABUS only). The
incremental cancer detection rate was identical by ABUS
and HHUS, with an estimated incremental cancer detection
rate of 42.8 (95% CI 28.8-60.9) per 1000 ABUS examina-
tions or 1000 HHUS examinations. Among the 30 breast
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Fig. 1 Diagnostic performance of automated breast ultrasound and handheld ultrasound in women with dense breasts

cancers detected by ultrasound, 27 were invasive breast can-
cer and 3 were DCIS. Nineteen of these women were clas-
sified as BI-RADS 1-2 and 11 as BI-RADS 3 by MG. The
average size of detected lumps was around 17 mm. More
details are shown in Table 3. There was only one case missed
by both ultrasound and mammogram that detected by MRI.

The diagnostic performances of ABUS and HHUS in
women with MG-negative dense breasts are shown in
Table 4. There were 25 false-positive results caused by
ABUS, while 39 false-positive results were caused by
HHUS (FPR =3.86% and 6.03%, respectively). Among
these false-positive findings, 19 of them were found by
both ABUS and HHUS. After review by an ultrasonologist
(XL), according to the characteristics on ABUS or HHUS,
it was reasonable to classify these lesions as suspicious
findings, including complex cystic and solid echo pattern,
intraductal lesion, fibroadenoma with multiple coarse
calcifications in postmenopausal women, and uncircum-
scribed margins with angular features. Specifically, the
twenty HHUS-only false-positive interpretations were all
classified as BI-RADS 3 by ABUS and BI-RADS 4A by
HHUS, indicating low suspicion for malignancy (2-10%).
These cases displayed indistinct margins on HHUS while
benign features on ABUS. The percent agreement between
ABUS and HHUS in MG-negative women was 0.95, with
an estimated x of 0.75 (95% CI 0.66-0.84, p <0.01).
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Discussion

In our multicenter hospital-based study, ultrasound as an
adjunct to mammography significantly improved the breast
cancer detection rate in women with dense breasts. The sen-
sitivity was very high irrespective of the nature of the ultra-
sound. The incremental cancer detection rate in MG-negative
dense breasts was 42.8 per 1000 ultrasound examinations.
ABUS and HHUS showed high agreement with breast cancer
detection in women with dense breasts. However, additional
ABUS and HHUS resulted in 25 and 39 false-positive cases,
respectively, resulting in unnecessary biopsies.

Our results suggest that supplemental ultrasound can lead
to improved detection of breast cancer in Chinese women with
dense breasts, as has been demonstrated consistently in previ-
ous studies [12]. In another hospital-based study from Korea
[23], the cancer detection rates in symptomatic women with
MG-negative dense breasts were 151.1 per 1000 diagnostic
ultrasound examinations (21/139), and 22.4 per 1000 screening
ultrasound examinations in asymptomatic women (10/446),
thus supporting that ultrasound is useful for detecting malig-
nancy in MG-negative dense breasts. Even in screening or
asymptomatic populations, where the cancer detection rates
were much lower than that in ours, ultrasound still showed
incremental detection. In the American College of Radiol-
ogy Imaging Network (ACRIN) 6666 study, supplemental
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Table 1 Characteristics of All participants No malignancy Breast cancer p value
outpatients aged 40-69 years (N=937) (N=1716) detected (N=221)
old with dense breasts on
mammography Mean/No SD/% Mean/No SD/% Mean/No SD/%
Age (years) 49.12 6.81 48.70 6.67 50.48 7.10 <0.01
Breast density <0.01
BI-RADS ¢ 728 77.69 542 75.70 186 84.16
BI-RADS d 209 2231 174 2430 35 15.84
BMI* 0.28
<18.5 36 3.84 27 3.77 9 4.07
18.5-23.9 599 63.93 468 65.36 131 59.28
24-28 253 27.00 188 2626 65 29.41
>28 49 5.23 33 4.61 16 7.24
Education <0.01
Primary school or less 108 11.53 76 10.61 32 14.48
Junior high school 266 28.39 193 2696 73 33.03
High school 207 22.09 148 20.67 59 26.70
Bachelor’s degree or above 356 37.99 299 41.76 57 25.79
Menopausal status 0.01
Premenopausal 613 6542 485 67.74 128 57.92
Postmenopausal 324 3458 231 3226 93 42.08
Age at menarche 0.38
<11 36 3.84 30 4.19 6 2.71
11-13 284 3031 222 31.01 62 28.05
>13 617 65.85 464 64.80 153 69.23
Number of pregnancies® 0.72
Nulliparous 25 2.67 20 2.80 5 2.26
1 177 1891 141 19.72 36 16.29
2 303 3237 231 3231 72 32.58
34 363 3878 274 38.32 89 40.27
5 or above 68 7.26 49 6.85 19 8.60
Smoking status 0.24
Never smoker 906 96.69 696 97.21 210 95.02
Former smoker 16 1.71 11 1.54 5 2.26
Current smoker 15 1.60 9 1.26 6 2.71
Alcohol intake 0.10
Never 853 91.04 656 91.62 197 89.14
Former 57 6.08 44 6.15 13 5.88
Current 27 2.88 16 223 11 4.98
Breast clinical sign
No clinical sign 576 61.47 530 74.02 46 20.81
Palpable mass 292 31.16 118 1648 174 78.73
Nipple discharge 9 0.96 9 1.26
Breast tenderness 57 6.08 56 7.82 1 0.45
Other 3 0.32 3 0.42

ultrasound added the detection of 5.3 cancers per 1000 women
with elevated breast cancer risk [24]. In a comparative trial
of Adjunct Screening With Tomosynthesis or Ultrasound in

BI-RADS Breast Imaging Reporting and Data System, BMI body mass index, SD standard deviation
ABMI calculated as weight (kg)/ height (m)?

Missing data: number of pregnancies unknown for one woman

Women With MG-Negative Dense Breasts (ASTOUND-2),

adjunct ultrasound had an incremental cancer detection rate of
4.9/1000 screens (95% CI3.21-7.19%). Since there was a high
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Table 2 Diagnostic

Mammography + ABUS Mammography + HHUS

performance of ABUS

and HHUS as adjuncts to No./Total Estimate 95% C1 No./Total Estimate 95% C1

mammography in outpatients

aged 40-69 years old with Sensitivity, % 219/221 99.10 96.77, 99.89 219/221 99.10 96.77, 99.89

dense breasts on mammography Specificity, % 622/716 86.87 84.18, 89.26 608/716 84.92 82.08, 87.46
FPR, % 94/716 13.13 10.74, 15.82 108/716 15.08 12.54,17.92
PPV, % 219/313 69.97 64.56, 75.00 219/327 66.97 61.59, 72.05
NPV, % 622/624 99.68 98.85, 99.96 608/610 99.67 98.82, 99.96
AUC 0.93 0.92,0.94 0.92 0.91,0.93

ABUS automated breast ultrasound system, AUC area under the curve, CI confidence interval, FPR false-
positive rate, HHUS handheld ultrasound, NPV negative predictive value, PPV positive predictive value

Table 3 Characteristics of ultrasound-detected breast cancers in
women with mammography-negative dense breasts

Mammographic results

BI-RADS 1-2 BI-RADS 3

No. of breast cancer 19 11
No. of invasive breast cancer 18 9
No. of DCIS 1 2
No. of premenopausal women 13 8
No. of women with palpable masses 7 8
ABUS
BI-RADS 3 1 0
BI-RADS 4 14 9
BI-RADS 5 4 2
Women with at least one mass 19 11
detected

The average size of the most suspi- 17.11 (8.75) 16.18 (6.68)
cious masses detected (mean [SD],
mm)

Architectural distortion 6

Convergent sign 6 3
HHUS
BI-RADS 2 0
BI-RADS 4 16 9
BI-RADS 5 3
Women with at least one mass 17 11
detected

The average size of the most suspi- 17.12 (9.89) 16.82 (5.81)
cious masses detected (mean [SD],
mm)

Architectural distortion 8 2

ABUS automated breast ultrasound system, BI-RADS Breast Imaging
Reporting and Data System, DCIS ductal carcinoma in situ, HHUS
handheld ultrasound, SD standard deviation

proportion of breast cancer cases (221/937), it is reasonable for
us to gain such a high incremental detection rate.

Although the diagnostic yield was increased with addi-
tional ultrasound, these studies highlighted the importance
of the trade-offs between the detection of additional cases
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and unnecessary interventions due to higher false-positive
outcomes when using adjunct imaging [25]. Youk et al. [23]
reported a false-positive rate of 5.2% by ultrasound in MG-
negative dense breasts, which was comparable to that pre-
sent in our study with ABUS (3.86%) or HHUS (6.03%). The
ultrasonographic characteristics that lead to positive findings
indicated that ultrasound has some advantages over MG in
detecting certain breast diseases, such as intraductal papil-
loma, and identifying cystic components associated with a
mass. It is possible that the pressure of ABUS’s probe makes
the indistinct margin on HHUS not visible on ABUS, leading
to more false-positive interpretations by HHUS based on our
definition of “positive finding (BI-RADS 4A and above)”.
Besides, shadowing from dense parenchyma was the lead-
ing cause of false-positive ABUS interpretations in another
study [26], while poor visibility and shadowing caused by
inadequate contact was the most common cause of image
misinterpretation as false-negative readings in ABUS [27].
In line with prior studies [28, 29], our results among women
with dense breasts indicate high agreement (k=0.85) between
the two ultrasound modalities and high reliability as well. The
ultrasonologists involved in our study were from tertiary hos-
pitals; they have long experience with HHUS and relatively
shorter experience with ABUS. Our observation of the high
agreement between these two modalities indicates that ABUS
may act as a replacement of HHUS in China. ABUS may play
a more significant role, given its standardized image acqui-
sition process, in areas where the ultrasound examinations
were conducted by technicians or radiologists rather than
ultrasonologists. These findings also have important public
health implications for the early detection of breast cancer in
resource-limited settings, given the fact that, on the one hand,
the high prevalence of dense breasts and the high proportion
of patients presenting in early age (due to the demographic
profile) decrease the sensitivity of MG; and, on the other hand,
MG or MRI is not affordable in these areas. At the same time,
ABUS has some advantages over HHUS in breast cancer
detection. First, the acquisition can be separated from inter-
pretation, thus images can be read later and remotely [30].
Second, ABUS demonstrated better interobserver agreement
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Table 4 Diagnostic ABUS HHUS

performance of ABUS

and HHUS in women with No./Total Estimate 95% C1 No./Total Estimate 95% C1

mammography-negative dense

breasts Sensitivity, % 29/31 93.55 78.58,99.21 29/31 93.55 78.58,99.21
Specificity, % 622/647 96.14 94.35,97.48 608/647 93.97 91.85, 95.68
FPR, % 251647 3.86 2.52,5.65 39/647 6.03 4.32,8.15
PPV, % 29/54 53.70 39.61, 67.38 29/68 42.65 30.72, 55.23
NPV, % 622/624 99.68 98.85, 99.96 608/610 99.67 98.82,99.96
AUC 0.95 0.90, 0.99 0.94 0.89, 0.98

ABUS automated breast ultrasound system, AUC area under the curve, CI confidence interval, FPR false-
positive rate, HHUS handheld ultrasound, NPV negative predictive value, PPV positive predictive value

compared to HHUS [31], which will almost certainly be a
promising tool for overcoming the poor standardization and
reproducibility of HHUS results [31]. Third, the reading time
of ABUS was shown to be as short as 2.9-9 min [32], and the
reading time of an experienced and non-experienced user is
comparable [33]. The performance can be further improved by
33% with the appearance of computer-aided detection software
[34]. Patients also reported a positive experience with ABUS,
complaining of less pain during examination [35]. Implemen-
tation of ABUS, however, has some barriers. First, automated
ultrasound is more expensive than HHUS, and additional train-
ing is required [30]. Second, the current iteration of ABUS is
unable to perform axillary scanning, which potentially pro-
vides more information on the diagnosis of breast cancer.

To the best of our knowledge, this is the first study to
evaluate the diagnostic performance of ABUS and HHUS
in women with dense breasts in China. The interpretation of
study results was conducted independently for ABUS, HHUS,
and MG in this comparative study, which avoided potential
bias to some extent. Furthermore, this is a multicenter study
utilizing participants representative of those from the outpa-
tient to be diagnosed for breast cancer in China.

The limitations of our study should also be taken into con-
sideration. First, this is a cross-sectional study; there is no
follow-up information for women considered to be non-cases.
This may lead to an overestimation of the test sensitivities due
to verification bias. The high level of the ultrasonologists in
these five tertiary hospitals and the high prevalence of breast
cancer in this study may also contribute to the overestimation
of sensitivities. However, if the tests did not perform satis-
factorily in this high prevalence setting (not the case in our
study), they are unlikely to perform well in real-life settings.
On the other hand, women with probably benign findings were
confirmed by MRI or biopsy; thus, the chance of false nega-
tives should be very low. Second, we did not collect detailed
information on pathology results, which prevented us from
analyzing the stage and hormonal receptor status. A study with
long-term follow-up is needed to evaluate the effects of ultra-
sound examination on breast cancer prognosis and survival.
Third, given that the ultrasonologists in our five tertiary-care

hospitals can represent the highest level of ultrasonologists, it
may not be representative of real-world performance. Whether
ultrasound, especially ABUS, given its high reproducibility
and less operator dependency, performs well in the resource-
limited area, or as primary diagnostic or screening tool, needs
further exploration in cohort studies. Our study does, however,
provide theoretical support for using automated ultrasound as
a primary breast cancer detection modality.

In conclusion, ABUS and HHUS have a high agreement
in breast cancer detection in women with dense breasts. They
can significantly increase diagnostic performance as adjuncts
to MG-negative women with dense breasts. Given the high
prevalence of dense breasts and the multiple advantages of
ABUS over HHUS, such as less operator dependence and
reproducibility, ABUS showed great potential for use in breast
cancer early detection, especially in resource-limited areas.
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