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Abstract

Purpose: A meta-analysis was conducted to evaluate the diagnostic performance of contrast-enhanced ultrasonography using
the contrast agent SonoVue to differentiate benign from malignant breast lesions. Method: A comprehensive search of the
literature was performed using the Embase, PubMed, and Web of Science databases to retrieve studies published before February
2020. Data were extracted, and pooled sensitivity, specificity, and diagnostic odds ratios were calculated with meta-analysis
software. Heterogeneity was evaluated via the Q test and I? statistic. Meta-regression and subgroup analyses were applied to
evaluate potential sources of heterogeneity. Publication bias was assessed using the Deeks’ funnel plot asymmetry test.
A summary receiver operating characteristic curve (SROC) was constructed. Results: A total of 27 studies including 5378 breast
lesions subjected to CEUS examination with SonoVue were included in the meta-analysis. The pooled sensitivity and specificity
values were 0.90 (95% confidence interval [CI], 0.88-0.91; inconsistency index [IZ] = 75.7%) and 0.83 (95% ClI, 0.82-0.85;
I* = 91.0%), respectively. The pooled diagnostic odds ratio was 48.35% (95% Cl, 31.22-74.89; I> = 77.6%). The area under the
summary receiver operating characteristic curve (AUC) was 0.9354. Meta-regression analysis revealed the region of patient
residence and dose of contrast agent as potential sources of heterogeneity (P < .0l). Subgroup analysis showed a higher area
under the summary receiver operating characteristic curve for European and higher contrast agent dose subgroups (P < .05).
Conclusion: Contrast-enhanced ultrasonography with SonoVue displays high sensitivity, specificity, and accuracy when differ-
entiating benign from malignant breast lesions. Despite its current limitations, this technique presents a promising tool for
diagnosing breast lesions in clinical practice.
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Figure 1. Conventional ultrasound and CEUS results of 2 breast lesions. A, Conventional ultrasound showed a regular-shaped lesion classified
as BI-RADS category 4A (left); CEUS showed hyperenhancement and enlarged scope of the lesion, which was classified as BI-RADS category
4B (right). This lesion finally proved to be an invasive ductal carcinoma. B, Conventional ultrasound showed an irregular-shaped lesion with
heterogeneous echo classified as BI-RADS category 4A (left); CEUS showed no internal blood perfusion, nor enlarged scope of the lesion,
which was then classified as BI-RADS category 3 (right). This lesion finally proved to be a fibrocystic breast disease.

at diagnosis, and early diagnosis is associated with distinctly
higher 5-year KM survival probability (62.5%) than diagnosis
at a late stage (35.8%),” highlighting the vital importance of
early disease detection in clinical prognosis.” Mammography
plays a central role in early detection of breast cancers as
changes in the breast can be visualized using this technique
before physical observation by the patient or physician. Newly
developed technologies, including contrast mammography and
computer-aided detection (CAD) systems, have facilitated the
optimization of screening performance. Breast ultrasound and
magnetic resonance imaging (MRI) are also used as supple-
mental screening modalities, particularly for patients who
should not be exposed to X-rays or with a family history of
breast cancer. Ultrasound can be effectively applied to screen
dense breast tissue containing abundant ducts, glands, fibrous
tissue, and less fat. Such tissues are challenging when identify-
ing cancers with traditional mammography.*” As a radiation-
free, cost-effective, and widely available option, ultrasound
technologies, including conventional ultrasound, elastography,
and contrast-enhanced ultrasound (CEUS), are commonly used
as a supplemental breast cancer screening modality. Elastogra-
phy measures the consistency or hardness of tissues to differ-
entiate benign from malignant breast lesions. CEUS presents a
considerable advantage over conventional ultrasound and elas-
tography in terms of visualization of microvascular distribution
and perfusion features within lesions (Figure 1).°

Observations on the ultrasound contrast effect were initially
reported in the 1960s and microbubbles were primarily used in
contrast echocardiography.” Since then, CEUS has been widely
applied for the diagnosis of tumors in the liver, kidney, breast,
and other human organs.® Previous studies have shown that
CEUS, particularly qualitative analysis, provides useful infor-
mation on the course and distribution of internal vessels that can
aid in distinguishing between benign and malignant breast
lesions.”'” SonoVue (Bracco Imaging S.p.A., Milan, Italy), a
second-generation ultrasound contrast agent, is currently used
for diagnosing suspicious lesions in different human organs.'’
The pooled diagnostic performance of CEUS in breast lesions is
extensively documented. Hu et al and Ma et al reported good
sensitivity and specificity of CEUS for characterizing breast
lesions.'*'* Hu et al. showed that the use of Perfluoro containing
microbubbles (Sonovue or Optison) significantly increased
diagnostic precision, compared with Levovist.'? In 2018, Li
et al demonstrated better diagnostic performance of CEUS than
conventional ultrasound in differentiation of breast lesions.'*
Previously, CEUS examinations using different contrast agents
were conducted for breast cancer screening in different popula-
tions. While diagnostic performance is clearly variable with
different contrast agents, the efficacy of specific contrast agents
remains to be established. In recent years, CEUS with SonoVue
has been increasingly employed to diagnose breast lesions in
Europe and China. The current meta-analysis aimed to review
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relevant studies and evaluate the overall performance of CEUS
with the contrast agent SonoVue when differentiating benign
from malignant breast lesions.

Materials and Methods

Literature Search Strategy

Studies published before February 2020 were identified by com-
prehensively searching the Embase, PubMed, and Web of Sci-
ence databases. Both MeSH terms and free words were adopted.
The following terms were included in the search strategy:
“breast,” “contrast-enhanced (or contrast enhanced),” “neoplasm
(or carcinoma, cancer, tumor, mass, lesion),” “ultrasonography
(or ultrasound, sonography),” and “SonoVue.” We additionally
conducted a manual search of references of the relevant literature
to expand the included studies.

EENT3

Study Selection

Two reviewers (J. Lu, with 3 years of experience in breast
CEUS and meta-analysis, and C. Jin, with 3 years of experience
in breast CEUS) independently evaluated the eligible literature.
Disagreements between individual judgments were resolved by
discussion or consultation with a third author (P. Zhou, with 8
years of breast CEUS and 3 years of meta-analysis experience).
The following selection criteria were applied: (1) true-positive
(TP), false-positive (FP), false-negative (FN), and true-
negative (TN) rates could be extracted directly or indirectly
from 2-by-2 tabulated data in the study; (2) patients with sus-
picious malignant breast lesions screened using other tech-
niques, such as breast MRI, mammography or conventional
ultrasonography, were further examined using CEUS with
SonoVue; and (3) the nature of suspicious breast lesions was
determined by pathological examination.

There was no limit on patient age or region but the language
of publication was restricted to English and the number of
lesions in each enrolled study had to be greater than 10.
Reviews, case reports, meta-analyses, letters, conference
abstracts, and duplicate publications were excluded.

Data Extraction

The following data were extracted independently by 2
reviewers: (1) general study characteristics including the first
author’s name, country, publication year, number of lesions,
mean age of patients, mechanical index and dose of contrast
agent; and (2) TP, FP, FN, and TN rates obtained directly or
calculated according to the sensitivity and specificity values in
every selected study. We contacted the original authors for any
additional information needed for analysis.

Quality Assessment

The quality of all included studies was assessed by 2 indepen-
dent reviewers using the Quality Assessment of Diagnostic
Accuracy Studies checklist version 2 (QUADAS-2) in Review

Manager 5.3 (Cochrane Collaboration, London, England).
QUADAS-2 included 4 domains: (1) patient selection, (2)
index test, (3) reference standard, and (4) flow and timing.
Each item within the domains of QUADAS-2 was classified
as low, high, and unclear risk.

Statistical Analysis

A summary of sensitivity, specificity, positive and negative
likelihood ratios (LR), and diagnostic odds ratios (OR) with
corresponding 95% confidence intervals (95% CI) was
obtained using TPs, FPs, FNs and TNs extracted from all stud-
ies. The heterogeneity of sensitivity and specificity among
studies was evaluated using Q test and I statistic. P values <
0.01 for Q test or I values > 50% were considered significant
for heterogeneity and a random-effects model applied under
conditions of heterogeneity. Univariate meta-regression and
subgroup analyses were performed to explore potential sources
of heterogeneity. A summary receiver operating characteristic
curve (SROC) was conducted using the Moses—Shapiro—Lit-
tenberg method. Publication bias was evaluated with the
Deeks’ funnel plot asymmetry test. All statistical analyses were
performed using Stata version 15.1 (StataCorp, College Sta-
tion, TX) and Meta-Disc version 1.4 software.

Results

Study Selection

A total of 885 articles were identified after the initial search,
and 786 were retained after removing duplicates. Another 734
studies were further excluded by reviewing titles and abstracts.
After full-text assessment of the literature, 28 articles were
considered eligible based on the inclusion and exclusion cri-
teria. Three authors had published more than one article and
one of the studies was removed after careful review of patient
samples. Ultimately, 27 studies were included for analy-
sis.'*!>% The complete literature screening and selection pro-
cess is presented in Figure 2.

Characteristics of Eligible Studies

The included studies were published from 2006 to 2019. Over-
all, 5378 lesions in 5276 patients were analyzed. The mean age
of patients was 47.8 years and the mean number of lesions in
each study was 199 (range, 15-1023). All 27 studies used
SonoVue as the contrast agent in CEUS examinations using
pathological results as the reference standards. Other main
characteristics, including country, mean age, mechanical index
(MI), and dose of contrast agent used, are presented in Table 1.

Quality Assessment

All eligible studies were assessed by 2 independent reviewers
using the QUADAS-2 checklist (Figure 3). Among the
included studies, 5 were judged to have unclear risk of bias
in the “patient selection” domain due to lack of information on
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[ Included | [ Eligibility | [ Screening | [ identification |

Literature identified through

Embase and Pubmed
searching
N=833

Literature identified through
other sources
N=52

N=786

Literature selected after duplicates removed

Literature screened by titles
and abstracts
N=786

Literature excluded with reasons: (N=734)
1. Review, meta-analysis, letter, case
report or conference abstract (N=30)

Full-text literature assessed
for eligibility
N=52

2. Not CEUS (N=458)
3. Not breast lesions (N=95)
4. Wrong language or study type (N=151)

Literature excluded with reasons: (N=25)
1. Not SonoVue (N=10)

k.

Eligible literature

2. All malignant lesions (N=4)
3. Duplicate studies (N=2)
4. Wrong study type (N=9)

N=27
Figure 2. Flow chart of the literature search and selection.

Table 1. Main Characteristics of the Included Studies.

Author Year Country Lesions, n Mean age, y MI Dose TP FP FN TN
Ricci** 2006 Italy 50 58 0.10 5 26 3 0 21
Barnard' 2008 UK 41 55 0.06 25 30 2 1 8
Du!® 2008 China 61 45 0.1 1.2 30 4 2 25
Liu?? 2008 China 104 50 0.06-0.08 24 42 7 2 53
Caproni'® 2010 Italy 43 58 0.27 5 29 3 3 8
Sorelli®® 2010 UK 15 44 NA 4.8 7 5 0 3
Zhao’® 2010 China 76 48.5 0.1 24 39 1 6 30
Du'’ 2012 China 61 48 0.1 3.6 29 2 3 26
Wan'? 2012 China 91 NA <0.1 3.6 39 5 8 39
Wang?¢ 2013 China 56 51 <0.1 3.6 27 2 3 24
Zhang*® 2013 China 216 46 NA 25 95 15 18 88
Xia®® 2014 China 47 53 0.05-0.08 2.4 22 4 2 19
Xiao? 2014 China 498 43 0.06 4.8 194 33 13 258
Liu?! 2015 China 46 40 <0.1 2.4 8 7 3 28
Wang” 2016 China 127 47.6 0.06 24 79 10 7 31
Xiao>° 2016 China 524 46 0.06 4.8 278 42 13 191
Xiao>? 2016 China 132 44.06 0.06 4.8 52 9 6 65
Xiao*! 2016 China 207 47 0.06 4.8 82 17 6 104
Zhang®’ 2016 China 200 422 0.07-0.10 24 70 11 10 109
Xiang® 2017 China 66 493 <0.1 24 12 21 1 32
Cai 2018 China 149 41.5 NA 4.8 61 16 0 72
Du?° 2018 China 105 53.3 NA 24 44 7 22 37
Xu* 2018 China 498 53.2 NA 4.8 258 37 29 174
Zhang>¢ 2018 China 94 46.7 NA NA 34 12 13 35
Chen'’ 2019 China 1023 44.71 <0.13 4.8 397 201 47 378
Park?® 2019 Korea 98 45.6 0.08 3.6 27 8 14 49
Zhao*’ 2019 China 750 54.55 NA 5 89 20 10 631

FP, false positive; FN, false negative; MI, mechanical index; TP, true positive; TN, true negative; NA, not available.
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Figure 3. Quality assessment of eligible studies. A, Risk of bias and applicability concerns: author judgments on the included studies in each
domain presented as percentages. B, Summarized risk of bias and applicability concerns: author judgments on the included studies in each domain.
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Figure 4. Forest plots of sensitivities and specificities. A, Forest plot of sensitivity of CEUS with SonoVue for diagnosis of breast lesions.
B, Forest plot of specificity of CEUS with SonoVue for diagnosis of breast lesions.

whether a consecutive or random sample of patients was
enrolled. Two studies had unclear risk of bias in the “index
test” domain, since they did not state whether a threshold was
used or pre-specified. Two studies were judged to have unclear
risk of bias in the “reference standard” domain, as no statement
was included on whether the reference standard results were
interpreted without knowledge of the index test results. For
some studies, concerns regarding applicability were rated as
unclear, as the relevant information was not clearly displayed
in the article. Overall, the quality of the included studies was
satisfactory.

Diagnostic Performance in the Differentiation of Benign
and Malignant Breast Lesions

A random-effects model was used for our meta-analysis due to
the observed heterogeneity in the included studies (P < .01,
I? > 50%). The pooled sensitivity and specificity of all eligible
studies were 0.90 (95% CI, 0.88-0.91; ¥ = 75.7%) and 0.83
(95% CI, 0.82-0.85; I = 91.0%), respectively (Figure 4). The
pooled diagnostic OR for CEUS with SonoVue was 48.35
(95% CI, 31.22-74.89; I = 77.6%). SROC for the diagnostic
value of CEUS with SonoVue in the differentiation of benign
and malignant breast lesions is shown in Figure 5. The area
under SROC (AUC) was 0.9354 (SE, 0.0106).

Meta-Regression and Subgroup Analysis

Meta-regression analyses for sensitivity and specificity regard-
ing patient number, mean age, and lesion number revealed
no significant differences (Figure 6). Patient region was

non-significant in the meta-regression analysis for specificity
but significant for sensitivity (P < .01) while dose of contrast
agent was significant for both sensitivity and specificity
(P <.001). Pooled sensitivities, specificities, diagnostic ORs,
AUC:s of studies grouped by patient region, and the dose of the
contrast agent used in CEUS are presented in Table 2. The
pooled diagnostic OR and AUC values of the European group
were higher than those of the Asian group (P <.05). The pooled
sensitivity, diagnostic OR, and AUC of the higher-dose
(>3 mL) group were higher than those of the lower-dose
(£ 3 mL) group (P < .05).

Publication Bias Assessment

Publication bias was assessed using the Deeks’ funnel plot
asymmetry test. No significant publication bias was found in
the diagnostic odds ratio of CEUS with SonoVue in the differ-
entiation of benign and malignant breast lesions (P = .62)
(Figure 7).

Discussion

Vascular morphology is the best criterion to distinguish
between benign and malignant tumors. CEUS contributes sig-
nificantly to differential diagnosis of breast lesions by provid-
ing more detailed features of intratumoral microvascular
distribution and blood flow compared with conventional ultra-
sonography or elastography.*' Some patients may select CEUS
in preference to mammography or MRI, since the technology is
radiation-free, cost-effective, and widely available. However,
CEUS diagnosis may be subjectively affected by operators or
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Figure 5. Summary receiver operating characteristic curve (SROC) and area under SROC (AUC).
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Figure 6. Meta-regression of included studies showing that patient
region and dose of contrast agent serve as potential sources of
heterogeneity.

imaging features that exist in both benign and malignant
lesions. Moreover, although the safety of the contrast agent has
been validated, the risk of allergies cannot be overlooked.
These limitations can be effectively resolved by other technol-
ogies, such as CAD algorithms or targeted contrast agent.** In
the current meta-analysis, the diagnostic performance of CEUS
with SonoVue when differentiating between benign and malig-
nant breast lesions was systematically evaluated. Within the 27
included studies, sensitivity ranged from 0.66 to 1.00 and spe-
cificity from 0.38 to 0.97. The pooled sensitivity and specificity
values were 0.90 and 0.83, respectively. The pooled diagnostic
OR was 48.35 and overall diagnostic accuracy, represented by
AUC, was 93.54%. These results indicate that CEUS with
SonoVue present an effective modality in differentiation of
benign and malignant breast lesions.

A similar meta-analysis was conducted in 2015,"* which
included 29 studies with 2296 lesions examined using CEUS.
Their results supported the effectiveness of CEUS at diagnos-
ing both benign and malignant breast lesions. However, only 14
studies enrolled in this earlier study used SonoVue as the con-
trast agent, and the diagnostic value of CEUS with SonoVue
was not evaluated in subgroup analysis. In recent years, further
studies relevant to this topic have been published, many of
which used SonoVue as a contrast agent. Compared with pre-
vious similar reports,®'* our comprehensive meta-analysis
included a larger number of studies (n = 27) and lesions
(n = 5378) to assess on the value of CEUS with SonoVue in
differentiating between benign and malignant breast lesions.
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Table 2. Subgroup Analysis.

Sensitivity Specificity Diagnostic OR
Studies,n  Groups,n  Lesions,n  (95% CI; I, %) (95% CI; 12, %) (95% CI; I, %) AUC (SE)
Over all 27 27 5378 0.90 0.83 48.35 0.9354 (0.0106)
(0.88-0.91; 75.7)  (0.82-0.85;91.0)  (31.22-74.89; 77.6)
Region
Asian 23 23 5229 0.89% 0.84 48.14 0.9355* (0.0109)
(0.88-0.91; 77.4)  (0.82-0.85;922)  (30.35-76.35; 80.5)
European 4 4 149 0.96* 0.76 49.77 0.9623* (0.0759)
(0.90-0.99; 33.4)  (0.62-0.86; 59.9)  (12.93-191.67; 15.4)
Dose(ml)
>3 15 15 4195 0.91% 0.84* 62.00 0.9476* (0.0120)
(0.90-0.92; 74.1)  (0.82-0.85; 94.6)  (33.61-114.38; 83.5)
<3 11 11 1089 0.86* 0.84* 40.12 0.9260* (0.0152)

(0.83-0.89; 68.7)

(0.80-0.87; 67.4)  (22.74-70.78; 47.1)

AUC, area under the curve; CI, confidence interval; F, inconsistency index; OR, odds ratio; SE, standard error. *: P < 0.05.
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Figure 7. Deeks’ funnel plot of publication bias. No potential publi-
cation bias for all eligible studies was observed (P = 0.62).

Meta-regression was conducted to investigate the potential
sources of heterogeneity. In our investigation, 23 studies were
located in Asia and 4 were located in Europe. In subgroup
analysis, summarized diagnostic OR and AUC values were
higher in the European than the Asian group. However, previ-
ous studies suggest that Asian women are more likely to have
higher breast density and ultrasonography was used as a supple-
mental screening modality for breast cancer, since the diagnostic
performance of mammography was not as satisfactory.*>** In
contrast, our subgroup analysis indicated a better diagnostic
performance of CEUS with SonoVue in breast tissue with
lower-density breast tissue than higher-density breast tissue.
These results require verification with follow-up studies
owing to the limited sample of European patients in our study.
Moreover, summarized diagnostic OR and AUC were higher
in the higher-dose (>3 ml) than lower-dose (< 3 ml) group,
consistent with the basic principle of contrast agents.*> CEUS
imaging is obtained by processing the echoes of microbubbles
and reflectivity is proportional to the concentration of the

microbubbles themselves. The dose of contrast agent used
in CEUS examinations could affect diagnostic performance.
Diagnosis of CEUS examinations may be more accurate if > 3
ml of SonoVue is bolus-injected once within the recom-
mended dose range.

Our study has several potential limitations that should be
acknowledged. First, among the 27 eligible studies, 22 were con-
ducted in China and only 4 were conducted in Europe. The results
of subgroup analysis may be more convincing with a larger Eur-
opean sample. Second, the influence of different operators and
parameter settings was not evaluated since this information was
not available.*® Finally, although malignancies of breast lesions
were all determined using CEUS with SonoVue, the image char-
acteristics used for diagnosis were not exactly the same for indi-
vidual studies. These limitations may be resolved in follow-up
studies providing comprehensive results.

Conclusions

CEUS can be effectively applied to detect breast cancer owing to
its specific advantages over other imaging modalities in some
cases. Data from our meta-analysis suggest that CEUS con-
ducted with the contrast agent SonoVue can effectively differ-
entiate between benign and malignant breast lesions. Despite its
current limitations, this technique presents a promising tool for
diagnosing breast lesions in clinical practice. Within the recom-
mended dose range, injection of more contrast agent may
improve diagnostic performance, along with technologies, such
as CAD algorithms or targeted contrast agents.
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