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Purpose To evaluate the optimal measurement location, cut-off value, and diagnostic perfor-
mance of S-Shearwave in differential diagnosis of breast masses seen on ultrasonography (US).
Materials and Methods During the study period, 225 breast masses in 197 women were includ-
ed. S-Shearwave measurements were made by applying a square region-of-interest automati-
cally generated by the US machine. Shearwave elasticity was measured three times at four dif-
ferent locations of the mass, and the highest shearwave elasticity was used for calculating the
optimal cut-off value. Diagnostic performance was evaluated by using the area under the receiv-
ing operator characteristic curve (AUC).

Results Of the 225 breast masses, 156 (69.3%) were benign and 69 (30.7%) were malignant.
Mean S-Shearwave values were significantly higher for malignant masses (108.0 = 70.0 kPa vs.
43.4 £ 38.3 kPa; p <0.001). No significant differences were seen among AUC values at different
measurement locations. With a cut-off value of 41.9 kPa, S-Shearwave showed 85.7% sensitivity,
63.9% specificity, 70.7% accuracy, and positive and negative predictive values of 51.7% and 90.8%,
respectively. The AUCs for US and S-Shearwave did not show significant differences (p =0.179).
Conclusion S-Shearwave shows comparable diagnostic performance to that of grayscale US
that can be applied for differential diagnosis of breast masses seen on US.
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INTRODUCTION

High-resolution ultrasonography (US) is nowadays widely spread and routinely used for eval-
uating causes for various breast symptoms. High-resolution breast US enables detailed morpho-
logic analysis of breast masses seen on US, in which we use to stratify cancer risk. The Breast
Imaging Reporting And Data System (BI-RADS) released by the American College of Radiology
(ACR) (1) contains morphologic descriptors for breast masses seen on US based on which we
categorize the masses according to its estimated malignancy risk, and many studies have shown
high performances in differential diagnosis and its usefulness in planning patient manage-
ment (2-4).

In addition to morphologic features, elastography, which is an additional imaging modality
that visualizes the intrinsic stiffness of a target mass has been introduced and applied to char-
acterizing breast masses (5). Various elastographic techniques are currently utilized along with
grayscale US features, ranging from strain elastography that shows the relative stiffness of a
target breast mass to the surrounding breast parenchyma, to shearwave elastography (SWE)
that enables measurement of quantitative elasticity values of the mass. SWE is considered as
more reproducible and reliable data since SWE remotely induces mechanical vibrations by
acoustic radiation force generated by the machine (6, 7). Regardless to the type of elastography
techniques, studies have commonly shown that applying elastography improves the diagnostic
performances of breast US (8-11). A new SWE technique, ‘S-Shearwave, has been developed
and applied to breast US imaging. Compared with other SWE, S-Shearwave provides reliabili-
ty measurement index (RMI), which is a parameter computing the reliability of the measure-
ment to support selection of measured values (12). However, there are no studies showing the
optimal cut-off levels for S-Shearwave or the diagnostic performances of S-Shearwave. Also,
there are no guidelines on the measurement location for accurate SWE measurements, since
there are little data on how the diagnostic performances of SWE differ according to the mea-
surement location.

Based on this, the purpose of this study is to evaluate the optimal cut-off value for S-Shear-
wave along with the optimal location for SWE measurement, and compare the diagnostic per-
formances of S-Shearwave for differential diagnosis of breast masses seen on US according to
various measurement locations.

MATERIALS AND METHODS

PATIENTS

This study is of a prospective design, and was approved by our Institutional Review Board (1-
2017-0013). Informed consent was obtained from all patients for study inclusion.

From July to September 2017, 225 breast masses from 197 women who had undergone breast
US examinations were included in this study. All breast masses met the following inclusion
criteria: 1) pathologically diagnosed with US-guided percutaneous biopsy or surgical excision,
2) stable on follow up images for more than 24 months after being diagnosed as benign on
US-guided core biopsy, 3) typically benign US features according to the ACR BI-RADS for US
(1). Mean size of the 225 breast masses were 14.6 & 10.3 mm (range, 5-62 mm). Mean age of

158 jksronline.org



cHﬁ‘_I-ogAOFQIﬁ_II-EIXI

J Korean Soc Radiol 2020;81(1):157-165

the 197 women was 47.8 &= 11.0 years (range, 20-74 years).

US EXAMINATION AND BIOPSY

Grayscale US and elastography images were obtained using a 3-12 MHz linear transducer
(RS80A with Prestiage, Samsung Medison, Seoul, Korea) by a radiologist with 10 years of ex-
perience (J.H.Y.) in breast imaging. After a breast mass was located, S-Shearwave was gener-
ated for elastography measurements. US images were assessed by the radiologist according
to the final assessments of the ACR BI-RADS (1). BI-RADS final assessments and elastography

measurements were recorded, prospectively. Biopsy was performed afterwards, if required.

S-SHEARWAVE APPLICATION AND ELASTOGRAPHY MEASUREMENT

S-Shearwave was performed by applying a fixed, square region-of-interest (ROI) of 5X5
mm that is automatically generated by the US machine. By setting the ROI at a specific loca-
tion, the elasticity properties were automatically generated by the US machine, visualized in
kPa (Fig. 1). With the elasticity values, RMI is visualized in the elasticity image, ranging from
0-1, higher values suggestive of high quality elasticity measurements and optimal RMI values
suggested as > 0.5. Shearwave elasticity was measured three times at four different locations
of the mass—at the center of the mass (mass center), at the superior border of the mass (supe-
rior margin), at the right lateral border of the mass (right lateral margin), and at the left lateral
border of the mass (left lateral margin) (Fig. 2). In cases when invalid elasticity measurements
occurred, repeated S-Shearwave measurements were performed until a valid numeric value
was obtained. Shearwave elasticity of the normal breast parenchyma adjacent to the breast
mass was also measured, by placing the ROI at the breast parenchyma adjacent to, and within

the similar depth to the mass.

DATA AND STATISTICAL ANALYSIS

Histopathologic results from US-guided biopsy or surgical excision were considered the ref-
erence standard. Final pathologic diagnosis of high-risk lesions such as atypical ductal hyper-

Fig. 1. Example of application of S-Shearwave to breast ultrasonography examination.

A. Asquare ROl is set at the center of the breast mass for shearwave elasticity measurement.

B. An ROl is set at the normal breast parenchyma adjacent to the breast mass, with the ROI set at the same
depth as that of the breast mass.

ROI = region-of-interest

2D G50 DR50 FA14 P90 Frq Gen.3.5cm 2D G50 DR50 FA14 P90 Frq Gen.3.5cm
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Fig. 2. After generating the S-Shear-
wave, shearwave elasticity is mea-
sured three times at four different lo-
cations of the mass by applying square
regions-of-interest - interior (mass
center), superior border, right lateral
border, and left lateral border of the
mass.

plasia, atypical lobular hyperplasia/lobular carcinoma in situ, intraductal papilloma, mucocele
like lesion or radial scar, were based on surgical excision, which was then considered benign
for statistical analysis.

Independent two sample t-test was used for comparison of continuous variables. For statis-
tical analysis, BI-RADS final assessment categories 2 and 3 were considered as negative, and
categories 4a to 5 were considered as positive. The maximum shearwave elasticity among the
median value calculated from the three elasticity measurements obtained from the four loca-
tions was used to calculate the optimal cut-off value for S-Shearwave. Youden’s index was used
to calculate the optimal cut-off levels for differentiating between benign and malignant mass-
es for S-Shearwave in general, and for each measurement location. For the cut-off value to be
used generally regardless of the measurement location, the maximum shearwave elasticity
among the median elasticity value obtained from each of the four measurement locations
was used to represent each breast mass, calculated as 41.9 kPa. Diagnostic performances in-
cluding sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
and accuracy was calculated and compared using generalized estimating equation method.
Area under the receiver operating characteristics (AUC) curve was calculated and compared
using the Delong’s method.

Statistical analysis was performed using SAS software (version 9.2, SAS Inc., Cary, NC, USA).
All tests were two sided, and p < 0.05 was considered to indicate statistical significance.

RESULTS

Of the 225 breast masses, 156 (69.3%) were benign and 69 (30.7%) were malignant. Mean size
of the malignant masses was significantly larger than the benign ones, 21.1 + 13.1 mm to
11.5 = 6.7 mm (p < 0.001). Among the 225 breast masses, final assessment categories were
as follows: 47 (20.9%) as category 2, 45 (20.0%) as category 3, 72 (32.0%) as category 4a, 4 (1.8%)
as category 4b, 37 (16.4%) as category 4c, and 20 (8.9%) as category 5.
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Mean S-Shearwave values are significantly higher for malignant masses to benign ones,
108.0 & 70.0 kPa to 43.4 & 38.3 kPa (p < 0.001). Among the 225 breast masses, 178 (79.1%) mea-
sured < 20 mm and 47 (20.9%) measured = 20 mm. Mean S-Shearwave values were signifi-
cantly higher in malignant masses to benign in breast masses for both size ranges, 1) < 20 mm:
83.8 £ 55.5kPato 42.1 £ 55.5 kPa (p =0.006), 2) = 20 mm: 139.4 & 75.1 kPa to 53.9 & 29.3 kPa
(p < 0.001), respectively. Table 1 summarizes the mean S-Shearwave values between benign
and malignant masses according to measurement location. Mean S-Shearwave values showed
significantly higher elasticity in malignancy compared to benign masses in all 4 measurement
locations (all p < 0.001). Mean S-Shearwave value for normal breast parenchyma was signifi-
cantly lower than the values for benign or malignant breast masses at all four locations (all p <

0.001, respectively).

S-SHEARWAVE MEASUREMENTS ACCORDING TO LOCATION

Optimal cut-off level for each measurement location was calculated as follows: 25.8 kPa for
mass center, 32.2 kPa for superior margin, 24.1 for right lateral margin, 29.5 kPa for left lateral
margin, respectively. The diagnostic performances using these cut-off values at each measure-
ment location is summarized in Table 2. Sensitivity and NPV was highest at the superior mar-
gin, 82.9% and 89.2%, respectively. Specificity, PPV, and accuracy was highest at the left lateral
margin, 74.2%, 55.1%, and 72.9%, respectively. Sensitivity was significantly higher for superi-

Table 1. Comparison of Mean S-Shearwave Values between Breast Masses

Benign (n =156)

Mass Parenchyma p Mass Parenchyma p

Mass center 29.0+30.0 183*+153 <0.001 720*x674 131%£92 <0.001 <0.001
Superior margin 339£778 183*x153 <0.001 776=%£581 131%X92 <0.001 <0.001
Right lateral margin  26.8 226.8 183+ 153 <0.001 520+474 13.1+92 <0.001 <0.001
Left lateral margin 272 £27.7 183+ 153 <0.001 534+415 13.1+92 <0.001 <0.001

Data are displayed as mean % standard deviation (kPa).

*Comparison of mean elasticity values between benign masses and surrounding parenchyma.
*Comparison of mean elasticity values between benign and malignant masses in the four measurement lo-
cations.

Malignancy (n =69)

pt

*

Table 2. Diagnostic Performance of S-Shearwave According to Measurement Location

Mass Center Superior Margin Right Lateral Margin Left Lateral Margin Overallp

Cut-off level* (kPa) >25.8 >32.2 >24.1 >29.5 -

Sensitivity 80.0 (70.6-89.4) 82.9 (74.0-91.7) 68.6 (57.7-79.5) 70.0 (59.3-80.7) 0.024
Specificity 63.2 (55.6-70.8) 63.9(56.3-71.4) 70.3 (63.1-77.5) 74.2 (67.3-81.1) 0.014
PPV 40.3-58.8) 50.9 (41.7-60.1) 51.1(41.0-61.2) 55.1 (44.7-65.4) 0.521
NPV 87.5(81.4-93.6) 89.2 (83.4-95.0) 83.2(76.8-89.6) 84.6 (78.5-90.6) 0.189
Accuracy 68.4 (62.4-74.5) 69.8 (68.8-75.8) 69.8 (63.8-75.8) 72.9(67.1-78.7) 0.586
AUC 0.716 (0.656-0.777) 0.734 (0.675-0.792) 0.695 (0.629-0.760) 0.721 (0.657-0.785) >0.999

95% confidence intervals are in parentheses.

*Cut-off level is calculated by Youden’s index with the maximum S-Shearwave elasticity among the median values calculated from the three
elasticity measurements obtained from each location.

AUC = area under the receiver operator characteristics curve, NPV = negative predictive value, PPV = positive predictive value
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or margin compared to left lateral margin (p = 0.008). Specificity for the left lateral margin was
significantly higher compared to the specificity at mass center (63.2%) and superior margin
(63.9%, p = 0.004 and p = 0.014, respectively). No significant differences were seen among the

AUC values between the any of the measurement locations.

DIAGNOSTIC PERFORMANCES OF US AND S-SHEARWAVE

Optimal cut-off for S-Shearwave in general was calculated as 41.9 kPa. Using this cut-off
value, diagnostic performances of S-Shearwave were as follows: sensitivity 85.7%, specificity
63.9%, PPV 51.7%, NPV 90.8%, and accuracy 70.7%. Table 3 summarizes the diagnostic per-
formances of US and S-Shearwave in the diagnosis of the 225 breast masses in this study. Sen-
sitivity (98.6% to 85.7%, p = 0.002) and NPV (98.9% to 90.8%, p = 0.002) of US alone shows signif-
icantly higher values compared to S-Shearwave, without significant differences for specificity,
PPV, or accuracy (all p > 0.05). AUC for US and S-Shearwave do not show significant differ-
ences, 0.794 to 0.748, respectively (p = 0.179).

DISCUSSION

S-Shearwave showed differences in diagnostic performances according to the measurement
location, results of our study show that the sensitivity and NPV is highest when the ROI is set
at the superior margin, and specificity, PPV, and accuracy is highest when set at the left lateral
margin. The level at which SWE parameters are measured are not strictly defined. The poten-
tial for increase in artifacts caused by reflection and refraction due to the large variation of
shearwave velocity between normal breast parenchyma and breast masses have been sug-
gested for marginal measurements (13), while measurement failure was more often experi-
enced during internal measurements in other recent studies (14, 15). The same factors may
have affected the SWE values of our study, which may have been the cause for differences in
sensitivity, NPV, and specificity, PPV, accuracy according to measurement locations. Although
there are some differences, the AUC value among the different measurement locations did not
show statistically significant differences, based on which we can conclude that the measure-
ment location does not affect the overall diagnostic performances of SWE. To our knowledge,

our study is the first to show that there is a potential for different performances according to

Table 3. Diagnostic Performance of S-Shearwave and US for the 225 Breast Masses

S-Shearwave* US Alone p
Sensitivity 85.7 (77.5-93.9) 98.6 (96,2-100.0) 0.002
Specificity 63.9 (56.3-71.4) 58.3 (51.0-66.5) 0.332
PPV 51.7 (42.6-60.8) 51.1(43.8-60.7) 0.888
NPV 90.8 (85.4-96.2) 98.9 (96.2-100.0) 0.002
Accuracy 70.7 (64.7-76.6) 70.7 (65.7-77.5) 0.821
AUC 0.748 (0.692-0.804) 0.794 (0.755-0.832) 0.179

95% confidence intervals are in parentheses.

*Cut-off level of S-Shearwave in general is used as 41.9 kPa.

AUC = area under the receiver operator characteristics curve, NPV = negative predictive value, PPV = positive
predictive value, US = ultrasonograpy
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measurement location in S-Shearwave, which we can consider during application of breast US
examinations. Also, mean elasticity values were 1) significantly higher for malignancy com-
pared to benign in all four measurement locations, and 2) significantly higher for breast mass-
es compared to the adjacent normal breast parenchyma (Table 1), consistent to the results of
prior studies (14-16).

To calculate the diagnostic performances of S-Shearwave, a separate cut-off value was cal-
culated regardless of the measurement location. The highest shearwave elasticity among the
median value calculated from the three elasticity measurements obtained from the four loca-
tions was used to calculate this generally applicable cut-off value, calculated as 41.9 kPa. This
calculation was based on the results of other studies in that high diagnostic performances were
obtained when the higher of internal or marginal values were adopted (14, 16, 17). Similar to
the prior studies, the diagnostic performances of S-Shearwave has highest AUC value (0.748)
compared to the performances obtained from four different measurement locations. AUC val-
ues for S-Shearwave and US do not show significant differences, 0.748 to 0.794 (p = 0.179) in
our study, showing comparable performances of S-Shearwave to grayscale morphologic assess-
ments of US for the differential diagnosis of breast masses. Our results are in line to previous
studies using SWE, showing that SWE alone cannot replace grayscale US for differential diag-
nosis of breast lesions detected on US, but as an adjunctive imaging tool (11, 18).

RMI which was used in this study, is a unique value provided automatically in S-Shearwave
which enables performers in selecting elasticity values obtained in adequate conditions, for ex-
ample, hard compression force applied when performing SWE significantly affects values ob-
tained. As SWE provides quantitative elasticity values, it has been considered to be more ob-
jective than conventional elastography, but even SWE values vary according to the clinical
factors of the patient and also the performer especially during data acquisition (7). Applying
RMI may enable acquisition of more reliable SWE data, reducing variability among perform-
ers, but further investigation is needed to reveal the true benefit of RMI in SWE

There are some limitations to this study. First, one radiologist was involved in S-Shearwave
measurement and grayscale US interpretation, and different results may have been obtained
if more radiologists were involved in SWE measurement and US interpretation. Second, in or-
der to avoid missing data, S-Shearwave measurement was repeatedly performed until a valid
numeric elasticity was obtained, which may have affected the SWE data accuracy and also the
optimal cut-off levels. Prior studies mention the inclusion of ‘non-numeric’ values (15, 17), in
which technical advances are required for more accurate data measurement. In addition, since
we did not have an optimal cut-off level set during data acquisition, how S-Shearwave changes
the diagnostic performances of breast US examinations has not been evaluated in this study.
Further studies revealing the role of S-Shearwave on breast US are anticipated. Last, due to
the limited number of breast lesions included, we could not provide a guideline for the opti-
mal measurement location.

In conclusion, S-Shearwave has comparable diagnostic performances to grayscale US re-
gardless of measurement location, that can be applied for differential diagnosis of breast mass-
es seen on US.
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