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Objective: To compare the diagnostic performance of automated breast
ultrasound (ABUS) and contrast-enhanced ultrasound (CEUS) in breast cancer.

Methods: Published studies were collected by systematically searching the
databases PubMed, Embase, Cochrane Library and Web of Science. The
sensitivities, specificities, likelihood ratios and diagnostic odds ratio (DOR) were
confirmed. The symmetric receiver operator characteristic curve (SROC) was
used to assess the threshold of ABUS and CEUS. Fagan's nomogram was drawn.
Meta-regression and subgroup analyses were applied to search for sources of
heterogeneity among the included studies.

Results: A total of 16 studies were included, comprising 4115 participants. The
combined sensitivity of ABUS was 0.88 [95% CI (0.73-0.95)], specificity was 0.93
[95% CI (0.82-0.97)], area under the SROC curve (AUC) was 0.96 [95% CI (0.94—
0.96)] and DOR was 89. The combined sensitivity of CEUS was 0.88 [95% CI
(0.84-0.91)], specificity was 0.76 [95% CI (0.66-0.84)], AUC was 0.89 [95% CI
(0.86-0.92)] and DOR was 24. The Deeks’ funnel plot showed no existing
publication bias. The prospective design, partial verification bias and blinding
contributed to the heterogeneity in specificity, while no sources contributed to
the heterogeneity in sensitivity. The post-test probability of ABUS in BC was 75%,
and the post-test probability of CEUS in breast cancer was 48%.

Conclusion: Compared with CEUS, ABUS showed higher specificity and DOR for
detecting breast cancer. ABUS is expected to further improve the accuracy of
BC diagnosis.
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breast cancer, automated breast ultrasound (ABUS), contrast-enhanced ultrasound
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Introduction

Having displaced lung cancer, breast cancer (BC) has become
the most frequently diagnosed cancer across the globe and accounts
for 1in 8 of all cancer diagnoses (1). Until 2020, there had been over
2.3 million new cases and 685,000 deaths in BC patients globally (1).
Furthermore, the treatment of patients with advanced BC is
difficult, and the cure rate is low (2, 3). The relative survival of
patients diagnosed with early-stage BC is much higher than that of
patients diagnosed with late-stage disease. The 5-year relative
survival for BC patients is >99% for stage I disease, 93% for stage
11, 75% for stage III, and 29% for stage IV (4). Therefore, early
detection, early diagnosis and early treatment are the keys to
reducing the mortality rate and improving the prognosis of
breast cancer.

Mammography (MG), as the main method of BC screening and
diagnosis, has been recognized by most clinicians and radiologists.
However, for dense breasts, MG has low sensitivity and specificity, a
high probability of false-negative results, uses ionizing radiation and
has other shortcomings (5). Ultrasonography has become an
important auxiliary imaging method for the diagnosis of breast
diseases MG (6). HHUS (handheld ultrasound) has become the
most used ultrasound method for the evaluation of breast diseases
due to its convenience, high resolution and absence of ionizing
radiation (7). However, HHUS has disadvantages, such as a high
operator dependence and real-time diagnosis.

To reduce operator dependence, automated breast ultrasound
has been developed. Automated breast ultrasound (ABUS) has
many advantages over conventional ultrasound. ABUS enables
visualization from the skin surface on the breast to the thoracic
wall and reserves all the breast volume information on a picture
archiving and communication system (8). ABUS has similar
diagnostic quality to hand-held ultrasonography in screening.
Nevertheless, it can assess the location and size of masses more
accurately than HHUS (8).

Contrast-enhanced ultrasound (CEUS) is a pure blood pool
imaging technology, which can not only display the morphology of
breast lesions but also evaluate the morphology and dynamics of the
blood supply to the lesions. Compared with that of US, it has been
confirmed that the diagnostic efficiency of CEUS is higher (9).
CEUS improves backscattering in the vascular system by injecting
contrast agents (gas-filled microbubbles). Therefore, sonographers
can make out certain vascular structures and tissues that differ in
vascularity in the masses, whereupon one can analyse breast lesions
features quantitatively and qualitatively (8).

However, researchers differ in their understanding of the value
of ABUS and CEUS in the diagnosis of breast cancer. The diagnostic
capability of ABUS and CEUS in BC remains unclear. Therefore,

Abbreviations: ABUS, automated breast ultrasound; BC, breast cancer; CEUS,
contrast-enhanced ultrasound; DOR, diagnostic odds ratio; SROC, symmetric
receiver operator characteristic; MG, mammography; TP, true-positive; FN, false-
negative; FP, false-positive; TN, true-negative; Se, sensitivity; Sp, specificity; PLR,
positive likelihood ratio; NLR, negative likelihood ratio; AUC, Area Under Curve;
HHUS, handheld ultrasound.
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this study evaluated and compared the diagnostic capability of
ABUS and CEUS.

Methods
Search strategy

Two reviewers (ZHY and HJY) independently searched the
PubMed, Embase, Cochrane Library and Web of Science databases
up to April 2023. The search terms are shown below (Breast
Neoplasm OR Breast Tumors OR Breast Cancer OR Malignant
Neoplasm of Breast) AND (automated breast volume scan OR
automatically generated breast volume scan OR ABVS OR contrast-
enhanced ultrasound OR CEUS).

Inclusion and exclusion criteria

The inclusion criteria included the following items: (1) well-
defined BC patients included as study subjects; (2) randomized
controlled trials divided into two groups, the experimental group
with BC patients and the control group using patients with benign
lesions; (3) clinical trials involving ABVS or/and CEUS for BC
detection; (4) true-positive (TP), false-negative (FN), false-positive
(FP), true-negative (TN), sensitivity (Se) and specificity (Sp) shown
or figured out according to the literature; and (5) histological
examination applied as the gold standard method of diagnosis.
The exclusion criteria included following items: (1) animal studies;
(2) non-case-control trials; (3) studies without sufficient or
experimental data; (4) letters, case reports, guidelines, reviews,
and conference abstracts; (5) literature published repeatedly; and
(6) studies unrelated to diagnostic means in BC patients.

Data extraction

Two investigators (ZHY and HJY) independently screened the
demographic and intervention information from original studies.
The extracted information and data were as follows: (1) name of the
first author; (2) type of study; (3) region of the author; (4) sample
size or number of lesions; (5) age and female/male ratio of
experimental participants; (6) year the study was released; (7)
gold standard used and (8) the outcome indicators of ABVS and
CEUS, including TP, FP, NP, TN, Sp, Se etc.

Statistical analysis

Stata 15.0 software (Stata Corp 4905 Lakeway Drive, TX, USA)
was used to compare the diagnostic modalities in studies included
in the meta-analysis. The bivariate model was applied to calculate
combined sensitivity, specificity, the positive/negative likelihood
ratio (PLR/NLR) and the diagnostic odds ratio (DOR). The area
under the receiver operator characteristic (ROC) curve estimated
the total diagnostic efficacy of ABVS or CEUS in BC patients. Post-
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test probability could determine whether the diagnostic probability
was increased or decreased in comparison with the pre-test
probability, which was assessed from conventional data, trial data
or clinical decisions. The statistical heterogeneity based on the
included studies was evaluated using the I* statistics and Q test.
Values of I* < 50% and P > 0.1 indicated what could be regarded as
inhomogeneity, so a random-effects model was applied for further
analysis. Otherwise, a fixed-effect model should be performed. A P
value <0.05 indicated a significant difference between samples.

Results
Flow chart and study quality

A total of 5001 studies were searched from four databases
(PubMed, Embase, Cochrane Library and Web of Science). After
elimination of 1283 duplicate records, 3718 related studies were
included. Among these studies, 349 were omitted for being reviews,
conference abstracts, meta-analyses, animal studies or case reports,
whereas 2062 studies did not have relevant titles and abstracts. The
full text of the remaining 130 studies were perused, and 1177 studies
were excluded on account of imperfect data. The remaining 16
studies were extracted ultimately on the data extraction
requirements. Eight studies used ABUS, and 8 used CEUS. The
process of literature screening was performed in Figure 1. The basic
characteristics of each study were plotted in Table 1.

10.3389/fonc.2023.1305545

ABUS against breast cancer

The random-effects model was applied when the heterogeneity
was greater than 50%. The combined sensitivity of ABUS against
breast cancer was 0.88 [95% CI (0.73-0.95)], specificity was 0.93
[95% CI (0.82-0.97)], PLR was 11.9 [95% CI (5.1-28.0)], NLR was
0.13 [95% CI (0.06-0.29)], and DOR was 89.09 [95% CI (55.60—
142.75)], indicating that ABUS had a high value in the screening of
BC (Figures 2A-C).

Publication bias and heterogeneity

Potential publication bias was assessed by the Deeks’ funnel
plots in the process of detecting BC with ABUS. P value of 0.24
(Supplementary Figure 1) indicated no existing publication bias.
There was one study out of the border, representing heterogeneity
among included studies, as plotted in Supplementary Figure 2.

Threshold effect

The threshold effect was assessed by the SROC curve plane test.
The typical “shoulder arm” was absent, indicating the inexistence of
the threshold effect. The area under the SROC curve (AUC) was
0.96 [95% CI (0.94-0.96)], indicating a high diagnostic value of
ABUS (Figure 3).

Records identified through

Medline and Ovid database
= searching(from data of inception
k] to 11.04.2023)
® (n =5001)
o
L]
€
)
3
N Records after duplicates removed
(n =3718) Records excluded
(n =2411)
=y 1. Review:85
= 2. Meta-analysis:66
2 3. Case report:76
3] 4. Animal studies:115
@ Records screened »| 5. Conference abstracts:7
(n=1308) 6. Other unrelated Title or
o abstract: 2062
v
2 Full-text articles Full-text articles excluded,
3 assessed for eligibility (n =1177)
;g (n =130) \ with reasons:
i | Not a full artcle:432
No ABUS/CEUS subjects in
_J Studies included in population:36
qualitative synthesis Not related ro predictive value
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FIGURE 1
Literature screening process of the meta-analysis.
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TABLE 1 Basic characteristics of enrolled studies.

contrast agent

Diagnostic value

References Year Study Region Sample size Age (years)
types volume sensitivity specificity
Xi Lin (10) 2012 Prospective China 95 16-78 _ _ 100 95 _
Yuanming Xiao (11) 2015 Retrospective China 273 18-72 _ _ 28.95 100 0.7864
Hong-Yan Wang (12) 2012 Prospective China 239 43.0 +12.5 _ _ 95.3 80.5 0.948
LIN CHEN (13) 2013 Retrospective China 219 16-71 _ _ 92.5 86.2 _
Weixiang Liang (14) 2017 Retrospective China 87 432+ 14.5 _ _ 81.8 852 0.879
Woo Jung Choi (15) 2014 Retrospective Korea 1866 19-82 _ _ 77.78 97.79 _
Jialin Liu (16) 2022 Prospective China 431 16-82 _ _ 92.16 87.05 0.901
Chaoli Xu (17) 2014 Retrospective China 46 46 £ 1.6 _ _ 100 77.8 _
Huiling He (18) 2023 Retrospective China 26 23-76 SonoVue 4.8ml 85.71 68.42 0.74
Yingying Yuan (19) 2022 Prospective China 108 53.37 £ 5.15 SonoVue 2.4ml 82.35 70 0.901
Zuopeng Ding (20) 2021 Retrospective China 109 48.5 +10.4 SonoVue 4.8ml 88.46 74.19 0.9084
Natalia Caproni (21) 2010 Retrospective Italy 43 28-85 SonoVue 5ml 91 7273 _
Jing Du (22) 2008 Prospective China 61 23-72 SonoVue 3;1132631 93.8 86.2 0.94
Yukio Miyamoto (23) 2014 Prospective Japan 351 485+ 12.3 Sonazoid 0.015 mL/kg 914 854 0.886
Definity:0.01
Daniela Stanzani (24) 2014 Prospective Sao Paulo 70 18-78 Definity PESDA mL/kg 92 46.6 _
PESDA: 3ml
Caifeng Wan (25) 2012 Prospective China o1 _ SonoVue CnfTL3.6ml 82.98 88.64 092
MFI:1.2ml

CnTI, contrast-tuned imaging; MFI, Microflow imaging; PESDA, perfluorocarbonexposed sonicated albumin.
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Pre-test probability, LR and post-
test probability

The relationships among the prior probability, the PLR, the
NLR and the posterior probability were assessed via a Fagan graph.
When the pre-test probability was set to 20%, the post-test
probability of BC was 75%. Moreover, the positive likelihood
ratio (PLR) was >10 (PLR = 12), and the negative likelihood ratio
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(A) Forest plot of sensitivity and specificity of automated breast
ultrasound (ABUS) in the diagnosis of breast cancer. (B) Forest plot
of the diagnosis likelihood ratio (DLR). (C) Forest plot of the
diagnostic odds ratio (DOR).
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(NLR) was > 0.1 (NLR = 0.13), indicating that the ability to diagnose
true positives was better (Figure 4).

Meta-regression and subgroup analysis

Some factors, including a prospective design (prodesign),
partial verification bias (fulverif), an adequate description of the
study participants (subjdescr), report of method, a broad spectrum
of diseases (brdspect), and whether the test results were assigned a
value by a blind method, might be relevant to heterogeneity among
these ABUS studies. The meta-regression analysis of the above-
mentioned factors indicated that prodesign and blinding might be
the source of heterogeneity of sensitivity (Supplementary Figure 3).

CEUS against breast cancer

A random-effects model was applied when the heterogeneity
was greater than 50%. The combined sensitivity of CEUS against
breast cancer was 0.88 [95% CI (0.84-0.91)], specificity was 0.76
[95% CI (0.66-0.84)], PLR was 3.7 [95% CI (2.5-5.5)], NLR was
0.16 [95% CI (0.11-0.21)], and DOR was 23.85 [95% CI (12.59—
45.17)], indicating that CEUS had a high value in the screening of
BC (Figures 5A-C).

Publication bias and heterogeneity

A P value of 0.20 (P > 0.05) (Supplementary Figure 4) indicated
the absence of publication bias. There was one study outside of the
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FIGURE 3
Summary of receiver operating characteristics of automated breast
ultrasound (ABUS).
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FIGURE 4

Fagan diagram of automated breast ultrasound (ABUS) in the diagnosis of breast cancer.

border, representing heterogeneity among the included studies
(Supplementary Figure 5).

Threshold effect

The threshold effect was assessed by the SROC curve plane test.
The typical “shoulder arm” was absent, as revealed in Figure 6,
indicating the inexistence of a threshold effect. The area under the
SROC curve (AUC) was 0.89 [95% CI (0.86-0.92)], indicating a
high diagnostic value of ABUS.

Pre-test probability, LR and post-
test probability

When the pre-test probability was set to 20%, the post-test
probability of BC was 48%. Moreover, the positive likelihood ratio
(PLR) was <10 (PLR = 4), and the negative likelihood ratio (NLR)

Frontiers in Oncology

was >0.1 (NLR = 0.16), indicating that the diagnosis could neither
be confirmed nor excluded. The diagnostic value of CEUS in BC
was limited, as shown in Figure 7.

Meta-regression and subgroup analysis

The meta-regression analysis indicated that prodesign and
blinding might be sources of heterogeneity of sensitivity, and no
factors were related to sources of heterogeneity of specificity
(Supplementary Figure 6).

Comparison of ABUS and CEUS

A comparison of ABUS and CEUS was performed using ROC,
sensitivity, and specificity analyses. Among them, ABUS had the
best diagnostic value; details are shown in Table 2.
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(A) Forest plot of sensitivity and specificity of contrast-enhanced
ultrasound (CEUS) in the diagnosis of breast cancer. (B) Forest plot
of diagnosis likelihood ratio (DLR). (C) Forest plot of the diagnostic
odds ratio (DOR).

Discussion

The global incidence of BC is increasing each year (26). Early
diagnosis can improve the prognosis significantly, especially when
the lesions cannot be felt (27). Therefore, early diagnosis and
symptomatic therapy in BC patients have weighty significance.

This systematic review and meta-analysis assessed the diagnostic
efficiency of ABUS and CEUS in BC. A total of 16 studies, involving
4115 samples, were included in the analysis. Both ABUS and CEUS
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Summary of receiver operating characteristics of contrast-enhanced
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had a certain diagnostic value for breast cancer, as assessed by DOR.
In addition, ABUS has a higher specificity and a larger AUC than
CEUS. Moreover, ABUS improved the post-test probability to a
greater extent than CEUS. The results showed that the diagnostic
performance of ABUS was higher than that of CEUS. It should be
noted that according to the search strategy, after screening by the
inclusion and exclusion criteria, the final included literatures were
mainly from Asian countries. Several studies has reported that for
breast cancer dense breast as a risk varying from the lowest to highest
sort of density by 4-6 folds, severally (28, 29). The breast density of
women arguably in western countries are much lower than in Asian
countries (30-33). This may be one reason that the final included
literatures mainly focused on Asian countries.

ABUS is a time-saving method and a money-saving method. For
breast cancers, the primary screening method is mammography. But
its sensitivity is lower for dense breasts. Kim (34) found that
mammography had a lower sensitivity in screening lesions of dense
breasts as an independent risk factor for breast cancers. ABUS could
become a supplementary diagnostic method to mammography when
detecting masses in women with dense breasts (34). There are more
and more studies for ABUS.

Vourtsis (35) claimed that a three-dimensional automated
breast ultrasound system (3D ABUS) used high-frequency
ultrasonic transducers and scanned most of the breast at once,
which largely addressed the limitations of HHUS.

CEUS is a convenient imaging technique that allows patients to
take a more appropriate position and shorter examination time than
MRI, and CEUS can also be used in patients with MRI
contraindications such as ferromagnetic metal implants. CEUS which
is a high-performance, feasible, easy-to-implement, non-irradiating,
accessible imaging method has proven to be a valuable complement to
breast ultrasound (36). Hu (37) claimed that CEUS could display the
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FIGURE 7

Fagan diagram of contrast-enhanced ultrasound (CEUS) in the diagnosis of heart sounds.

features of breast lesions accurately and be helpful for selecting
suspected malignant masses for surgery.

ABUS and CEUS also have their own limitations in the
application process. ABUS has no ability to evaluate the condition
of axillary nodes. Moreover, it still cannot guide the puncture
biopsy. ABUS may miss lesions if there is a mass at the outer
position of the breast. If the lotion in the ultrasound gel is not
distributed homogeneously or even missing an area, air will enter
the interspace between the transducer and the skin, inducing the
inability to visualize the tissue beneath (38). In addition, the

TABLE 2 Diagnostic performance of ABUS and CEUS.

accuracy of CEUS used for detecting ductal carcinoma in situ
(DCIS) and some rare types of BC is low (37).

The combination of the two may help to improve the ability to
diagnose breast cancer. Quan et al. (39) indicated in the recently
published literature that ABUS pooled with CEUS had higher
precision in the analysis of BC and showed great application value
in the judgment of breast cancer. In addition, Yongwei et al. (40)
aimed to evaluate the role of ABUS and CEUS in the early prediction
of the treatment response to neoadjuvant chemotherapy (NAC) in
patients with BC and found that the CEUS-ABUS model could be

Sensitivity Specificity Prior P PLR (%) NLR(%)
ABUS 0.96 0.88 093 20 119 0.13
CEUS 0.89 0.88 0.76 20 3.7 0.16

ABUS, automated breast ultrasound; CEUS, contrast-enhanced ultrasound; PLR, the positive likelihood ratio; NLR, the negative likelihood ratio
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used clinically to optimize the treatment of patients with breast
cancer. However, the current number of studies on this topic is
insufficient for a systematic review, which provides direction for our
future research.

Limitations

This study has several limitations. Firstly, because of the
retrospective studies in this meta-analysis, there was likely to be
subject selection bias. For example, most of the studies included
were from Asia, especially China, which may cause bias of this
research. Secondly, the relatively small sample sizes of the included
studies may lead to overestimation of the diagnostic capacity.
Thirdly, significant heterogeneity existing among the included
reports could reduce the statistical efficiency. It is worth looking
into further assessing the diagnostic power of CEUS and ABUS in a
large-scale and prospective diagnostic study.

Conclusions

The use of ABUS showed higher specificity and DOR for
detecting BC compared with CEUS. ABUS is expected to further
improve the diagnostic accuracy of breast cancer.
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