

[image: image1]
Diagnostic Performance of Quantitative and Qualitative Elastography for Axillary Lymph Node Metastasis in Breast Cancer: A Systematic Review and Meta-Analysis












	
	SYSTEMATIC REVIEW
published: 15 October 2020
doi: 10.3389/fonc.2020.552177






[image: image2]

Diagnostic Performance of Quantitative and Qualitative Elastography for Axillary Lymph Node Metastasis in Breast Cancer: A Systematic Review and Meta-Analysis

Xiao-wen Huang1†, Qing-xiu Huang1†, Hui Huang2, Mei-qing Cheng2, Wen-juan Tong2, Meng-fei Xian2, Jin-yu Liang2* and Wei Wang2*


1Zhongshan Hospital of Traditional Chinese Medicine, Affiliated to Guangzhou University of Chinese Medicine, Zhongshan, China

2Department of Medical Ultrasonics, Institute of Diagnostic and Interventional Ultrasound, The First Affiliated Hospital of Sun Yat-sen University, Guangzhou, China

Edited by:
Masakazu Toi, Kyoto University, Japan

Reviewed by:
Tsuyoshi Shiina, Kyoto University, Japan
 Masataka Sawaki, Aichi Cancer Center, Japan

*Correspondence: Wei Wang, wangw73@mail.sysu.edu.cn
 Jin-yu Liang, ljyu@mail.sysu.edu.cn

†These authors have contributed equally to this work

Specialty section: This article was submitted to Cancer Imaging and Image-directed Interventions, a section of the journal Frontiers in Oncology

Received: 15 April 2020
 Accepted: 09 September 2020
 Published: 15 October 2020

Citation: Huang X-w, Huang Q-x, Huang H, Cheng M-q, Tong W-j, Xian M-f, Liang J-y and Wang W (2020) Diagnostic Performance of Quantitative and Qualitative Elastography for Axillary Lymph Node Metastasis in Breast Cancer: A Systematic Review and Meta-Analysis. Front. Oncol. 10:552177. doi: 10.3389/fonc.2020.552177



Background: Studies have shown inconsistent results regarding the diagnostic performance of ultrasound elastography for axillary lymph node metastasis (ALNM) in breast cancer. This meta-analysis aimed to estimate the diagnostic performance of ultrasound elastography (divided into quantitative and qualitative elastography) for ALNM in patients with breast cancer.

Methods: The PubMed and Embase databases were searched for eligible studies exploring the diagnostic performance of ultrasound elastography for ALNM in patients with breast cancer. The included studies were divided into quantitative and qualitative elastography groups to perform separate meta-analyses. The diagnostic performance was investigated with pooled sensitivity and specificity and diagnostic odds ratio (DOR) using a bivariate mixed-effects regression model. A summary receiver operating characteristic curve was constructed, and the area under the curve (AUC) was calculated.

Results: Seven and 11 studies were included in the quantitative and qualitative elastography meta-analyses, respectively. The pooled sensitivity and specificity, DOR, and AUC with their corresponding 95% confidence intervals were 0.82 (0.75, 0.87), 0.88 (0.78, 0.93), 33 (13, 83), and 0.89 (0.86, 0.91), respectively, for quantitative elastography and 0.81 (0.69, 0.89), 0.92 (0.79, 0.97), 46 (12, 181), and 0.92 (0.89, 0.94), respectively, for qualitative elastography. No significant publication bias existed. Fagan plots demonstrated good clinical utility. However, substantial heterogeneity existed among studies. Study design, measurement, and reference standard served as potential sources of heterogeneity for quantitative studies, which were measurement and reference standard for qualitative studies.

Conclusions: Both quantitative and qualitative elastography seem to be feasible, non-invasive diagnostic tools for ALNM in breast cancer. Nevertheless, the results must be interpreted carefully, paying attention to heterogeneity issues, especially for quantitative elastography studies.
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INTRODUCTION

The incidence of breast cancer is rising, and this disease is a serious threat to women's health. Pre-operative evaluation of axillary lymph node status can provide important reference values for determining the clinical stage of and treatment plans for breast cancer (1). Currently, axillary lymph node metastasis (ALNM) in breast cancer patients is diagnosed by axillary lymph node dissection, which may cause complications such as infection, nerve damage, or swelling of soft tissues in the axilla (2). Although sentinel lymph node biopsy is an important non-surgical alternative to axillary lymph node dissection, it is still an invasive procedure and inevitably produces false-negative results (3–5). Thus, it is necessary to explore non-invasive methods for the pre-operative assessment of ALNM.

Ultrasound elastography is a non-invasive detection method that can reflect information about the stiffness of the lesion (6, 7). Based on the fact that malignant lesions are usually harder than normal tissue, many studies have explored the diagnostic value of ultrasound elastography for ALNM in breast cancer (8–12). Some studies have demonstrated that ultrasound elastography is helpful in the pre-operative evaluation of axillary lymph node status (8–10). However, some researchers have reported that the diagnostic performance of ultrasound elastography in ALNM is insufficient (11, 12). Because of these conflicting results, it is necessary to perform a meta-analysis to assess the diagnostic value of ultrasound elastography for ALNM in breast cancer.

According to different imaging principles, ultrasound elastography can be methodologically divided into quantitative and qualitative elastography to assess tissue stiffness (6, 7). Quantitative elastography, mainly shear wave imaging, uses short-duration acoustic radiation forces to generate small localized tissue displacements (1–10 μm), which cause shear wave propagation and are tracked to calculate shear wave velocity or converted to Young's modulus to reflect tissue stiffness. Qualitative elastography, mainly strain imaging, reflects tissue stiffness through the color gradation superimposed on grayscale ultrasound images. Thus, to explore the impact of different imaging principles, we simultaneously investigated the diagnostic performance of quantitative and qualitative elastography for ALNM in breast cancer in this meta-analysis.



MATERIALS AND METHODS


Search Strategy

We searched the PubMed and Embase databases for studies that assessed the diagnostic performance of ultrasound elastography for ALNM in breast cancer through December 2019. The main search terms were elastography/stiffness, breast cancer, and lymph node/metastasis. The detailed search strategy is shown in the Supplementary Material. The search procedure was performed and confirmed by two investigators (X-wH and Q-xH).



Inclusion and Exclusion Criteria

Studies that met the following criteria were included in the meta-analysis: (1) the study was published in English; (2) ultrasound elastography was used to assess axillary lymph node status; (3) the study population consisted of at least 30 confirmed breast cancer patients; and (4) true-positive (TP), false-positive (FP), false-negative (FN), and true-negative (TN) data could be directly or indirectly obtained to construct a diagnostic 2 × 2 table. Duplicate studies, reviews, letters, editorials, case reports, non-human studies, and unrelated studies were excluded. The reference lists of the included studies were reviewed to identify other potentially eligible studies. Two investigators (HH and MC) independently reviewed and selected the studies. In case of disagreement, a consensus was required to reach a decision.



Data Extraction and Quality Assessment

The following data were extracted: first author, published year, country, study design (prospective or retrospective), number of lymph nodes, number of patients, mean age, elastography method, region of interest (ROI) position and size, measurement index, cutoff value, area under the receiver operating characteristic curve (AUC), sensitivity, specificity, TP, FP, FN, TN, and reference standard. If more than one measurement index from the same elastography was reported, only the measurement index with the highest diagnostic performance was extracted. Study quality was assessed using the Quality Assessment of Studies of Diagnostic Accuracy included in Systematic Review (QUADAS-2 tool) (13). This tool was used to assess the quality of diagnostic tests with respect to the following four aspects: patient selection, index test, reference standard, and flow and timing. Each aspect was evaluated based on the risk of bias (low, high, or unclear), with the first three aspects related to applicability. Two investigators (W-jT and M-fX) were assigned to data extraction and quality assessment. When disagreement arose, a consensus was required to reach a decision.



Statistical Analysis

All statistical analyses were performed using the MIDAS module of Stata, Version 12.0 (Stata, College Station, TX, USA), except for the quality assessment graphs, which were plotted using Review Manager, Version 5.3 (Copenhagen: The Nordic Cochrane Center, The Cochrane Collaboration, 2014). All analyses were applied to the quantitative and qualitative elastography meta-analyses.


Pooled Diagnostic Performance

A bivariate mixed-effects regression model was used to calculate the pooled sensitivity, specificity, positive likelihood ratio (PLR), and negative likelihood ratio (NLR). The diagnostic odds ratio (DOR), the ratio of positivity in diseased patients to positivity in non-diseased patients, was calculated to indicate the diagnostic performance (14). A summary receiver operating characteristic (SROC) curve was plotted, and the AUC with a 95% confidence interval (CI) was calculated to quantitatively assess the pooled result.



Publication Bias

It is necessary to assess publication bias for the included studies because studies that report positive results may be easier to publish. Publication bias was assessed by testing the asymmetry of Deeks' funnel plot [the inverse of the square root of the effective sample size (1/rootESS) vs. the natural logarithm of the DOR (lnDOR)]. P < 0.05 for the slope coefficient indicates significant asymmetry, which thus indicates significant publication bias (15).



Heterogeneity Assessment

Heterogeneity was assessed using the inconsistency index I2; a value >50% was considered substantial heterogeneity. If heterogeneity existed, subgroup analysis and meta-regression analysis were performed to explore the potential sources of heterogeneity with the following factors: country, study design (prospective or retrospective), measurement index, reference standard, ex/in vivo research, ROI size, and publication form (conference abstract or full text).



Clinical Utility

The clinical utility was assessed using a Fagan plot (16), which provided the post-test probability (Ppost) of ALNM when pre-test probabilities (Ppre, suspicion of ALNM) were provided. Ppost was calculated from the likelihood ratio (LR) using Bayes's theorem, with Ppost = (LR × Ppre)/[(1 − Ppre) × (1 − LR)]. In this meta-analysis, a Ppre of 50% was provided to determine the corresponding Ppost of ALNM.





RESULTS


Search Results

A total of 356 and 503 studies were initially searched from the PubMed and Embase databases, respectively. After removing duplicates, 675 studies were further reviewed. After reviewing the titles and abstracts, 643 studies not related to the topic were removed. Then, the full texts of 32 studies were further reviewed, and 15 studies were removed (one animal study, four studies not limited to breast cancer patients, three studies from which the data could not be extracted, and seven unrelated studies). Finally, 17 studies were included in this meta-analysis. Among the 17 included studies, six reported only quantitative elastography measurements (17–22), ten reported only qualitative elastography measurements (9–12, 23–28), and one reported both quantitative and qualitative elastography measurements (8). Therefore, the seven studies that reported quantitative elastography measurements were included in the quantitative elastography meta-analysis (8, 17–22). The 11 studies that reported qualitative elastography measurements were included in the qualitative elastography meta-analysis (8–12, 23–28). The inclusion and exclusion processes are summarized in Figure 1.


[image: Figure 1]
FIGURE 1. Flowchart of eligible studies.




Study Characteristics and Quality Assessment

The main characteristics of the included studies are displayed in Table 1. There were 827 (251 metastatic, 576 benign) and 1,072 (576 metastatic, 496 benign) lymph nodes included in the quantitative and qualitative elastography meta-analyses, respectively. In the quantitative studies, two were ex vivo assessments of lymph nodes (18, 20). In the qualitative studies, two were published as conference abstracts (9, 11). One study compared a new qualitative pattern classification for shear wave elastography (SWE) to quantitative SWE parameters (8). Therefore, this study was included in the quantitative elastography meta-analysis (including the quantitative SWE parameters) and the qualitative elastography meta-analysis (including the qualitative SWE pattern classification). The QUADAS-2 tool showed that the included studies generally had good methodological quality (Table 2), which was intuitively displayed in the corresponding quality assessment graphs (Supplementary Material, Supplementary Figures 1, 2).


Table 1. Characteristics of the included studies.
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Table 2. Quality assessment of the included studies.
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Diagnostic Performance

In the seven studies included in the quantitative elastography meta-analysis, the sensitivity and specificity for ALNM diagnosis ranged from 70.7 to 90.8% and 69.6 to 96.7%, respectively (Table 1). In the 11 studies included in the qualitative elastography meta-analysis, the sensitivity and specificity for ALNM diagnosis ranged from 38 to 96.7% and 50.9 to 100%, respectively (Table 1). The sensitivity and specificity of the pooled results are displayed in the forest plots (Figure 2). For the quantitative elastography studies, the pooled sensitivity, specificity, PLR, NLR, and DOR with their corresponding 95% CIs were 0.82 (0.75, 0.87), 0.88 (0.78, 0.93), 6.8 (3.6, 12.7), 0.20 (0.14, 0.29), and 33 (13, 83), respectively; the corresponding values for the quantitative studies were 0.81 (0.69, 0.89), 0.92 (0.79, 0.97), 9.7 (3.4, 27.4), 0.21 (0.12, 0.36), and 46 (12, 181). The areas under the SROC curves for the quantitative and qualitative elastography studies were 0.89 (0.86, 0.91) and 0.92 (0.89, 0.94), respectively (Figure 3).


[image: Figure 2]
FIGURE 2. Forest plots of sensitivity and specificity for the included studies. Bivariate mixed-effects regression model was used to calculate the pooled sensitivity and specificity. (A) Quantitative elastography studies; (B) qualitative elastography studies. CI, confidence interval.



[image: Figure 3]
FIGURE 3. Sensitivity and specificity plotted in summary receiver operating characteristic (SROC) curves of the included studies. Area under the curve (AUC) was calculated to quantitatively assess the pooled result. (A) Quantitative elastography studies; (B) qualitative elastography studies. SENS, sensitivity; SPEC, specificity.




Publication Bias

For the quantitative and qualitative elastography meta-analysis, P-values for testing the asymmetry of the Deeks' funnel plots were 0.42 and 0.63, respectively, which meant that there was no significant publication bias among the included studies (Figure 4).


[image: Figure 4]
FIGURE 4. Deeks' funnel plot asymmetry test for testing publication bias. Publication bias was assessed by testing the asymmetry of Deeks' funnel plot [the inverse of the square root of the effective sample size (1/rootESS) vs. the natural logarithm of the DOR (lnDOR)]. P < 0.05 for the slope coefficient indicates significant asymmetry, i.e., significant publication bias. (A) Quantitative elastography studies; (B) qualitative elastography studies.




Heterogeneity Assessment

For the quantitative and qualitative elastography meta-analysis, the values of I2 and the corresponding 95% CIs were 66% (24%, 100%) and 97% (95%, 99%), respectively, which indicated substantial heterogeneity among the included studies. The results of subgroup analysis and meta-regression analysis for country, study design, measurement index, reference standard, ex/in vivo research, ROI size, and publication form (conference abstract or full text) are shown in Table 3. According to meta-regression analysis, study design (P < 0.01), measurement (P < 0.01), and reference standard (P < 0.01) were potential sources of heterogeneity for quantitative studies, which were measurement (P < 0.01) and reference standard (P < 0.01) for qualitative studies.


Table 3. Subgroup analysis and meta-regression analysis.
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Clinical Utility

Both quantitative and qualitative elastography were demonstrated to have good clinical utility in the diagnosis of ALNM in breast cancer (Figure 5). At a Ppre of 50%, the positive and negative Ppost values were 87 and 17% for quantitative elastography (Figure 5A) and 91 and 17% for qualitative elastography, respectively (Figure 5B).


[image: Figure 5]
FIGURE 5. Fagan plots for assessing the clinical utility of quantitative (A) and qualitative (B) elastography to diagnose axillary lymph node metastasis (ALNM) in breast cancer. Fagan plot provided the post-test probability (Ppost) of ALNM when pre-test probabilities (Ppre, suspicion of ALNM) were provided. Ppost was calculated from the likelihood ratio (LR) using Bayes's theorem, with Ppost = (LR × Ppre)/[(1 – Ppre) × (1 – LR)]. In this meta-analysis, a Ppre of 50% was provided to determine the corresponding Ppost of ALNM.





DISCUSSION

We performed this meta-analysis to investigate the diagnostic performance of quantitative and qualitative elastography for ALNM in breast cancer. Elastography was found to have good diagnostic performance in diagnosing ALNM, with a pooled sensitivity and specificity of 0.82 and 0.88 for quantitative elastography and of 0.81 and 0.92 for qualitative elastography, respectively. Both quantitative and qualitative elastography were demonstrated to have good clinical utility in the diagnosis of ALNM in breast cancer.

The present meta-analysis encompassed both quantitative and qualitative elastography, which assess tissue stiffness based on different imaging principles (6, 7). Quantitative and qualitative elastography have comparable performance in diagnosing ALNM because the pooled sensitivity, specificity, and AUC of the two techniques were similar. In addition, the Fagan plots demonstrated the good clinical utility of quantitative and qualitative elastography in diagnosing ALNM in breast cancer (Figure 5). Thus, the differences between the imaging principles of the quantitative and qualitative elastography seemed to have not led to significant differences in diagnostic performance. However, no studies have directly compared the diagnostic performance of the two methods for ALNM except for one current study, which claimed that qualitative SWE classification showed better diagnostic performance than quantitative SWE parameters (8). However, the proposed qualitative SWE classification method was a new qualitative pattern classification first proposed by the authors, which differed from common qualitative elastography (strain imaging). On the other hand, compared with quantitative elastography, the qualitative one is simpler with relatively unified principle and measurement index based on strain pattern (7). In addition, regarding performance as the sensitivity and specificity as shown, in the forest plot (Figure 2), variations at each study of quantitative elastography is significantly larger than the qualitative one. Therefore, future studies are required to compare the differences in the diagnostic performance between quantitative and qualitative elastography for ALNM in breast cancer.

Quantitative elastography assesses tissue stiffness using shear wave velocity or Young's modulus. Among the seven included quantitative elastography studies, six investigated the diagnostic performance of SWE in ALNM. Various quantitative elasticity measurements can be obtained with SWE, including maximum elasticity (Emax), mean elasticity (Emean), minimum elasticity (Emin), the standard deviation of the ROI, and the ratio of elasticity (Eratio) of the lesion to the surrounding normal tissue. To maximize the diagnostic performance, if a study reported more than one quantitative elasticity measurement, only the measurement with the highest diagnostic performance was extracted to pool the estimates. Finally, heterogeneity was found among the studies, with an I2 of 66% (95% CI, 24, 100%). Subgroup analysis indicated a significant difference between the pooled specificity of Emean and Eratio. Meta-regression analysis suggests that the elasticity measurements were one possible source of heterogeneity. In addition, other factors, including the study design and reference standard, also served as potential sources of heterogeneity among the included quantitative elastography studies (Table 3). These results suggest that the heterogeneity among the quantitative elastography studies may be the result of many factors. Therefore, prospective multicenter studies controlling confounding variables as much as possible are necessary to explore the diagnostic performance of quantitative elastography in ALNM.

Qualitative elastography assesses tissue stiffness using the hard area ratio of the lymph nodes. The common two practices are to directly evaluate the hard area ratio or to convert the hard area ratio to an elasticity score to assess the stiffness of lymph nodes. In the qualitative elastography meta-analysis, four studies directly evaluated the hard area ratio (10, 12, 25, 26), while four others converted the hard area ratio as the elasticity score (23, 24, 27, 28). We found that the optimal cutoff values of the hard area ratio were all 50%, and the optimal cutoff values of elasticity score were all 3. A score of 3 corresponded to a hard area ratio ≥50% in three studies (23, 24, 27) and to a hard area ratio ≥45% in one study (28). Therefore, the optimal cutoff values of the hard area ratio and elasticity score were similar, which did not result in significant heterogeneity. Subgroup analysis also indicated no significant difference in the sensitivity and specificity between studies using the hard area ratio or the elasticity score as qualitative measurements (Table 3). However, meta-regression analysis indicated that measurement was a potential (P < 0.01) source of heterogeneity (Table 3). We thought that the subgroup analysis result of measurement may have been affected by other confounding variables. In fact, the heterogeneity among the studies may have been caused by many factors, such as the search strategy, inclusion, and exclusion criteria, parameter measurement, statistical analysis, and characteristics of each study (29). There may be many explanations for the sources of heterogeneity. We hypothesized that interobserver differences in the naked-eye assessment of the hard area ratio, which may be affected by the experience of the operators, the examination process, the machine parameters, etc., may be one possible reason. Further studies to explore the impact of individual differences in the diagnostic performance of qualitative elastography may be helpful to explain the observed heterogeneity.

Our study had several limitations. First, studies published in languages other than English were not included in this meta-analysis. However, this did not seem to produce significant publication bias in either the quantitative or the qualitative elastography studies (Figure 4). Second, substantial heterogeneity was found among both the quantitative and qualitative elastography studies, as we clarified in the above discussion, which would limit recommending their integration into clinical practice. The above two issues must be interpreted carefully, paying attention to the small number of quantitative studies. Theoretically, the funnel plot was invalid because the accuracy is low when fewer than 10 studies are available for the quantitative summary (30). Thus, the number of quantitative studies (seven) is too small to carry out statistical evaluation such as publication bias and analysis for the heterogeneity. Besides, according to the results of quality assessment (Table 2 and Supplementary Figure 1), two studies with high risk of bias are low in quality (17, 22), which possibly reduced the accuracy of bias assessment. Third, the ultrasound machines of the included studies were not exactly the same. Technological improvements or system errors may lead to measurement bias. In addition, the assessment and diagnostic performance of ultrasound elastography rely on the experience and skills of the operators as well as the operating procedures. All elastography imaging techniques have a learning curve for implementation to daily practice. Therefore, particularly for beginner operators, the diagnostic performance of these imaging tools may not be satisfactory as concluded in this meta-analysis. All these limitations of ultrasound elastography serve as potential sources of heterogeneity.

In conclusion, the present meta-analysis suggests high diagnostic performance of ultrasound elastography for ALNM in breast cancer. Both quantitative and qualitative elastography were carried out with high and comparable sensitivity and specificity. However, because of the substantial heterogeneity among these studies, evidence of data reliability is still insufficient. The results must be interpreted carefully, paying particular attention to heterogeneity issues, especially for quantitative elastography studies. Adequate method for higher accuracy of ALNM is needed in the future. Prospective multicenter population-based trials are necessary to confirm the diagnostic value of ultrasound elastography for ALNM in breast cancer.
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Author, year Participant  Study Lymph  Patients, Mean Elastography ROl position ROl size
country  design nodes, n n age  method
Quantitative Luo, 2019 (8) China Prospective 121 118 4668 SWE First ROI: stiffest region of target ALN Second ROI: surrounding ~ 1-mm-diameter circle
studies fatty tissue
Seo, 2018 (17) Korea Retrospective 54 53 NA SWE First ROI: stiffest region of target ALN Second ROI: surrounding 3-mm-diameter circle
fatty tissue
Bae, 2018° (18) Korea Prospective 228 55 49 SWE First ROI: stiffest region of target ALN Second ROI: surrounding ~ 2-mm-diameter circle
fatty tissue
Youk, 2017 (19) Korea Retiospective 130 130 49.4  SWE First ROI: stiffest region of target ALN Second ROI: surrounding ~ 2-mm-diameter circle
fatty tissue
Kilic, 2016° (20) Turkey Prospective 64 30 NA  SWE Stiffest region for the hilar and cortical regions of target ALN 2-mm-diameter circle
Tamaki, 2013 (21) Japan NA 149 149 57 viQ Fastest velocities of the central and cortical areas of ALN 5x5mm
Tourasse, 2012 (22) France Prospective 81 NA NA SWE First ROI: stiffest region of target ALN Second ROI: surrounding 2-mm-diameter circle
fatty tissue
Qualitative Luo, 2019b (8) China Prospective 121 118 4668 SWE Comprise target ALN and surrounding tissue NA
studies
Zhao, 2018 (29) China Prospective 78 8 5247 SE Shallow layers with subcutaneous fat and part of deep layers Two or more times
excluding axillary vessel and pectoralis muscles; comprise target  target ALN
ALN and surrounding tissue
Xu, 2018 (24) China Prospective o7 %2 51 SE Comprise target ALN and surrounding tissue Greater than or equal
to two times larger
than target ALN
Chang, 2018 (25) China Retrospective 140 140 553 SE Comprise target ALN and surrounding tissue NA
Zhang, 2017 (26) China Retiospective 161 158 552 SE Comprise target ALN and surrounding tissue NA
Leong, 2017¢ (9) USA Retrospective 70 70 NA  NA NA NA
Kleditzsch, 20179 (11) Germany Prospective 97 a7 NA SE NA NA
Park, 2014 (12) UsA Prospective 104 101 55 SE Comprise target ALN and surrounding tissue 3.0-cm-wide and
25-cm-deep
rectangular box
Teai, 2013 (10) China Prospective %0 89 51 SE Comprise target ALN and surrounding subcutaneous fat and NA
muscle n the same proportion, but excluded other tissues
Taylor, 2011 (27) United Prospective 50 50 57 SE Comprise target ALN and surrounding tissue NA
Kingdom
Choi, 2011 (28) Korea Retrospective 64 62 53 SE Comprise target ALN and surrounding tissue, exclude pectoralis ~ NA
muscles and axillary vessels.
Author, year Measurementindex ~ Cutoff value AUC  Sensitivity (%)  Specificity (%) TP FP FN TN  Reference standard
Quantitative studies  Luo, 2019a (8) Emean >26.9kPa 0946 86.7 96.7 52 2 8 59 Biopsy + surgery
Seo, 2018 (17) Emax >209kPa 0887 82.35 95.00 28 1 6 19 Biopsy + surgery
Bae, 2018° (18) Eratio >237 0831 707 888 29 21 12 166 Surgery
Youk, 2017 (19) Eratio >27 0950 2038 939 59 4 6 61 Biopsy + surgery
Kilic, 20167 (20) Cortical Emean >14.75kPa 0786 75 8 9 9 3 43 Surgery
Tamaki, 2013 (21) Shear wave speed >1.44 m/s NA 8238 696 28 3 5 8 OSNA
Tourasse, 2012 (22) Emean NA 0762 81.98 7422 9 18 2 52 Surgery
Qualitative studies Luo, 2019b () Color pattern® Color pattem2 0983 9.7 100 58 0 2 61 Biopsy + surgery
Zhao, 2018 (23) Elasticity score 2score 3 0898 86.4 853 38 5 6 29 Surgery
Xu, 2018 (24) Elasticity score =score 3 0916 78 ] 1 3 11 42 Biopsy
Chang, 2018 (25) Hard area ratio =50% NA 60.26 96.77 47 2 31 60 Biopsy + surgery
Zhang, 2017 (26) Hard area ratio >50% 0683 380 986 35 1 57 68 Biopsy + surgery
Leong, 2017¢ (9) Elastographic size ratio  NA NA 935 100 43 o 3 24 Biopsy + surgery
Kleditzsch, 20179 (11) SR max NA 068 74.4 509 20 31 9 33 Surgery
Park, 2014 (12) Hard area ratio >50% 0616 685 545 47 16 22 19 Biopsy+ surgery
Tsai, 2013 (10) Hard area ratio >50% 0907 86 ) 3 4 7 36 FNAcytology
Taylor, 2011 (27) Elasticity score zscore 3 090 0 86 19 4 2 25 Biopsy + surgery
Choi, 2011 (28) Easticity score =score 3 0784 80.7 66.7 25 11 6 22 Biopsy + surgery

a, b, Same study reported both quantitative and qualitative elastography methods.

SLymph nodes in the two researches were ex vivo.

9The two researches published as conference abstract.

©A new qualitative pattem clessification of SWE proposed by the author.
NA, data not available; SWE, shear wave elastography; VTQ, virtual touch quantiication; SE, strain elastography; Emean, mean elasticity; Emax, maximum elasticity; Eratio, elesticity ratio (lesion-to-fat); SR, strain ratio; AUC, area under

curve; TP, true positive; FP, false positive; FN, false negative; TN, true negative; OSNA, one-step nucleic acid amplification; FNA, fine needle aspiration; ROI, region of interest; ALN, axillary lymph node.
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Author, year Risk of bias Applicability concerns

Patient Index Reference  Flow and Patient Index Reference
selection test standard timing selection test standard

Quantitative studies  Luo, 2019a (8) Unclear Low Low Unclear Low Low Low

Seo, 2018 (17) High Low Low Unclear Unclear Low Low

Bae, 2018 (18) Low Low Low Unclear Low Low Low

Youk, 2017 (19) Low Low Unclear Unclear Low Low Unclear

Kilic, 2016 (20) Unclear Low Low Low Low Low Low

Tamaki, 2013 (21) Unclear Low Unclear Low Low Low High

Tourasse, 2012 (22) High Low Low Unclear High Low Low
Qualitative studies Luo, 2019b (8) Unclear Low Low Unclear Low Low Low

Zhao, 2018 (23) Low Low Low Low Low Low Low

Xu, 2018 (24) Unclear Low Low Unclear Unclear Low Low

Chang, 2018 (25) Low Low Low Unclear Low Low Low

Zhang, 2017 (26) Low Low Low Unclear Low Low Low

Leong, 2017 (9) Unclear Unclear Low Unclear Unclear Unclear Low

Kleditzsch, 2017 (1) Unclear Low Low Low Unclear Low Low

Park, 2014 (12) Low Low Low Low Low Low Low

Tsai, 2013 (10) Unclear Unclear Unclear Low Unclear Low High

Taylor, 2011 (27) Unclear Low Low Unclear Unclear Low Low

Choi, 2011 (28) Low Low Unclear Low Low Low Low

a, b, Same study reported both quantitative and qualitative elastography methods.
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*Some studies were not classified into subgroups because the number was <2.
P-sen, P-value for sensitivity; P-spe, P-value for specificity; P-meta, P-value after meta-regression analysis.
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