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Introduction 

▪ Background 

Prostate cancer (PCa) is clinically suspected based on the results of digital rectal 

examination (DRE) and/or elevated serum prostate-specific antigen (PSA) level. DRE is 

subjective and operator dependent, and its sensitivity is questionable for deep or small 

lesions [1]. It has limited accuracy for staging disease and locating the different foci [2], 

which are two factors mandatory for planning primary therapy. Despite the low specificity 

of PSA testing and the low sensitivity of systematic biopsy (SB), these techniques remain 

the standard of care for PCA diagnosis, mainly because of their widespread availability and 

low cost [3-6]. 

The standard for pathologic diagnosis in the men with clinical suspicion of PCa is gray-

scale transrectal (TRUS)-guided 10‒12 core systematic biopsy. However, this diagnostic 

pathway using gray-scale TRUS has limited sensitivity (17‒57%) and specificity (40‒63%) 

for PCa detection [7]. It is difficult to detect prostate lesions accurately as approximately 

58% of PCa cases are multifocal, progress along the prostatic capsule, and may not be seen 

as well-defined nodules as in other malignant tumors [8]. Furthermore, suspicious 

hypoechoic areas demonstrate PCa in only 9%‒53% of cases [9,10]. 

PCa has higher cell and vessel density and accordingly, it can be stiffer than benign 

prostatic tissues [11,12]. Strain elastography has demonstrated the potential for improving 

PCa detection, with pooled sensitivity and specificity of 67% and 71% [13].  However, this 

technique has several disadvantages in daily clinical practice, including manual 

compression, reader dependency, and lack of quantitative data. To overcome these 

limitations, shear wave elastography (SWE) has been proposed as a noninvasive tool that 

can provide quantitative stiffness information for tissues in real time. To date, many 

studies have reported the potential results of SWE in detecting PCa, with various ranges of 

the sensitivity of 43‒96% and specificity of 69‒96% [14-18].  

Of the several SWE techniques, two-dimensional SWE (2D-SWE) is the tool that uses 

acoustic radiation force, and several commercially available systems have been developed 



 

 

[19]. 

S-Shearwave ImagingTM from Samsung Medison, which generates shear waves using 

multiple acoustic radiation forces to provide a reliable measurement index (RMI) map, has 

been developed. The purpose of this white paper is to assess the diagnostic performance 

of S-Shearwave ImagingTM for predicting PCa.   

Materials and Methods 

▪ Study population 

From September 2020 to April 2021, 40 patients with suspected PCa referred to perform 

MRI-TRUS fusion-guided biopsy from the urology to our department at our institution 

enrolled in this study. Inclusion criteria were as follows: 1) age ≥ 40 years and ≤ 80 

years; 2) prostate-specific antigen (PSA) level ≥ 2.5 ng/ml with or without a target lesion 

on prebiopsy mpMRI; and 3) performing a 2D-SWE, followed by standard systemic 12-core 

biopsy with and without targeted biopsy. The exclusion criteria were as follows: 1) age < 40 

years or > 80 years, 2) previous radiotherapy or chemotherapy in the pelvis, 3) rectal 

stenosis due to previous surgery, and 4) denial of participation in this study. Two patients 

withdrew their consent. Finally, 38 consecutive patients who met the eligibility criteria 

were enrolled. The mean age was 60.4 years (range, 40–80 years). Institutional review 

board approval was obtained for this prospective study, and all patients provided written 

informed consent (IRB No. 2019-08-145). 

 

▪ TRUS and S-Shearwave Imaging™ examination 

Transrectal ultrasound (TRUS) was performed using an ultrasound system (RS85, 

Samsung Medison, Co., Ltd) equipped with an EA2-11AR transrectal probe by one 

radiologist with > 10 years’ experience in genitourinary US examination. Gray-scale US and 

2D-SWE imaging were performed. After volume measurement and routine imaging, the 

prostate was divided into 12 sectors for both SWE imaging and MRI-TRUS fusion-guided 

systemic biopsy, with and without a targeted biopsy.  

S-Shearwave ImagingTM, referred to as 2D-SWE, generates an image that include both 



 

 

the stiffness and RMI maps. SWE imaging was performed by generating shear wave using 

a sonographic push pulse, which expresses the tissue stiffness in a color-coded map of 

Young’s modulus (E, kPa), which is simply the ratio of stress placed on a material to the 

deformation caused by stress, overlaid on gray-scale imaging. According to the World 

Federation for Ultrasound in Medicine and Biology guidelines [8], SWE was performed in 

all patients. The field of view of SWE imaging was placed in the right and left lobes in the 

axial plane. To ensure stable acquisition of the SWE data, the least possible pressure was 

applied to the prostate while maintaining contact with the probe for 2‒4 seconds. For each 

of the 12 sectors, one circular region of interest (ROI) with diameters of 3‒5 mm was placed 

along the estimated path for the systemic standard biopsy to calculate the Young’s 

modulus (Figure 1). 

In addition, regarding target lesions seen on prebiopsy mpMRI, lesion echogenicity on 

gray-scale US and vascularity on color Doppler US were evaluated, and stiffness on SWE 

imaging was measured. We also searched for focal lesions on gray-scale US or SWE 

imaging. To minimize the possible measurement variability on SWE, the stiffness was 

measured for ROIs with RMI ≥ 0.5, and measurements were performed twice, with the 

corresponding mean value used to represent the stiffness of each ROI. Three quantitative 

SWE parameters were generated: the maximum Young’s modulus of stiffness (Emax), mean 

Young’s modulus of stiffness (Emean), and minimum Young’s modulus of stiffness (Emin). 

 



 

 

 

Figure 1. Methods of acquisition for the 2D-SWE parameters. 2D-SWE images in a 58-year-old man 

show two 5-mm regions of interest on axial gray-scale US (left-sided) and SWE (right-sided) images, 

placed along the estimated path of the core biopsy in the left peripheral zone of base. 
 

 

 

▪ Prebiopsy MRI and MRI-TRUS fusion biopsy 

Diagnostic performances including sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV), accuracy was calculated and compared using 

generalized estimated equation (GEE) method. Cutoff values for each elasticity value were 

calculated using the area under the receiver operator characteristics (ROC) curve (AUC) 

and compared using the Delong’s method.  

 

▪ Statistical Analysis 

All According to the biopsy results, patients were divided into two groups: patients with 

PCa and without PCa. The clinical parameters were compared between the two groups.  

To predict all PCa and CSC, the diagnostic performance of the clinical or SWE parameters 

per patient and per region was evaluated using a receiver operating characteristic (ROC) 

curve analysis. The optimal cut-off values of the parameters were determined using the 

greatest Youden index. The sensitivity, specificity, and area under the ROC curve (AUC) 

values were derived as the thresholds. In the patient-based analysis, an index tumor was 



 

 

defined as a tumor with the highest ISUP grading.  

For SWE measurements, interobserver reliability and variability in the right lobe, left 

lobe, and both lobes were evaluated using the intraclass correlation coefficients (ICCs) and 

the Bland-Altman plots, respectively. The ICC value was determined to provide a reliability 

that was poor (0.00–0.20), fair (0.21–0.40), moderate (0.41–0.60), good (0.61–0.80), or 

excellent (0.81–1.00). A two-sided P-value of < 0.05 was considered statistically significant. 

Associations between tumor SWE parameters and Gleason scores or PI-RADS scores 

were determined using Spearman’s rank correlation analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Results 

▪ Baseline characteristics 

Patient characteristics are presented in Table 1. The median numbers of target biopsies 

and combined target and systemic biopsy cores were 2 and 14, respectively. 

  

Table 1. Characteristics of patients with and without PCa 

  
All 

 (n = 38) 

Cancer Positive 

(n = 17) 

Cancer Negative 

 (n = 21) 
P value 

Age (year) 60.4 ± 8.01 61.4 ± 7.0 59.7 ± 8.9 0.529 

PSA (ng/ml) 24.8 ± 5.4 45.4 ± 120.3 8.1 ± 10.5 0.164 

Prostate volume 

(ml) 
40.5 ± 20.2 33.2 ± 12.0 46.4 ± 23.6 0.043 

PSA density (ng/ml2) 0.58 ± 0.14 1.05 ± 2.30 0.19 ± 0.19 0.143 

ISUP grade, median  2 (1-5)   

1  4   

2  6   

3  4   

4  2   

5  1   

# cores of target 

biopsy 
2 (0-4) 2 (0-4) 3 (0-4) 0.18 

# cores of target + 

systemic biopsy 
14 (12-16) 14 (12-16) 15 (12-16) 0.18 

PI-RADS on 

prebiopsy MRI 
   0.005 

2 8 1 7  

3 12 3 9  

4 13 8 5  

5 5 5 0  

Target lesion size 

(mm) 
11.1 ± 8.8 14.3 ± 10.2 8.5 ± 6.5 0.039 

Note: Data are presented as mean ± standard deviation or number of patients. The parentheses are range. PSA = 

prostate-specific antigen, ISUP = International Society of Urological Pathology, Prostate Imaging-Reporting and 

Data System = PI-RADS, P value: statistical comparison between cancer positive and cancer negative. 
 

 

▪ Comparisons of SWE parameters in patient/region-based analysis 

The results of the quantitative SWE parameters in patient/region-based analysis are 

shown in Table 2,3. 

In 38 patients, the Emax, Emean, and Emin values of the cancer positive patients were 



 

 

significantly higher than the cancer negative patients (P < 0.001) (Table 2)  

 

Table 2. Results of the patient-based analysis in cancer positive and negative 

 All 

(n = 38) 

Cancer Positive 

(n = 17) 

Cancer Negative 

(n = 21) 
P value 

Emax 61.0 ± 31.3 82.8 ± 35.2 43.5 ± 10.0 < 0.001 

Emean 47.9 ± 29.2 69.0 ± 33.1 31.0 ± 4.5 < 0.001 

Emin 37.4 ± 23.0 52.0 ± 27.8 25.5 ± 5.6 < 0.001 
Note: Data are presented as mean ± SD. Emax = maximum Young’s modulus, Emean = mean Young’s modulus, Emin = 

minimum Young’s modulus, P value: statistical comparison between cancer positive and cancer negative. 

 

Of the 488 regions, 78 (16%) had PCa and the remaining 410 (84%) showed no PCa. The 

ISUP distributions of the 78 PCa regions were as follows: grade 1 (n = 42), grade 2 (n = 21), 

grade 3 (n = 10), grade 4 (n = 4), and grade 5 (n = 1). The Emax, Emean, and Emin values of the 

regions with PCa were significantly higher than those of regions without PCa (P < 0.001). 

Furthermore, all SWE parameters of regions with CSC were significantly higher than those 

of regions without CSC (all P < 0.01)(Table 3). 

 

Table 3. Results of the region-based analysis in prostate cancer and benign prostate tissue 

 
PCa 

Cancer-negative 

(n = 410) 
P value* P value** 

 
All (n = 78) CSC (n = 36) 

Non-CSC (n = 

42) 

Emax 59.4 ± 30.0 71.6 ± 33.2 49.0 ± 22.6 40.9 ± 17.0 < 0.001 0.001 

Emean 47.1 ± 28.4 58.3 ± 34.1 37.6 ± 18.0 28.8 ± 10.5 < 0.001 0.001 

Emin 36.4 ± 25.7 45.5 ± 31.8 28.5 ± 15.5 23.2 ± 12.6 < 0.001 0.003 
Note: Data are presented as mean ± SD. PCa = prostate cancer, CSC = clinically significant PCa  

*Comparison between all PCa and cancer-negative. 

**Comparison between CSC and non-CSC. 
 

▪ Diagnostic performance of parameters to predict PCa   

Table 4 presents the diagnostic performance of several parameters for predicting all PCa 

and CSC in the patient-based ROC curve analysis. For predicting all PCa, the Emean showed 

the highest AUC (0.840), followed by Emin (0.832), Emax (0.804), and PSA density (0.717). With 

an optimal cut-off value of 41.3 kPa, the sensitivity and specificity of Emean were 70.6% and 

100%, respectively. For predicting CSC, the Emax showed the highest AUC (0.865), followed 

by Emean (0.855), Emin (0.828), and PSA density (0.749). With optimal cutoff value of 52.4 kPa, 

Shear modulus from MRE 



 

 

the sensitivity and specificity of Emax were 84.6% and 92.0%, respectively. 

 

Table 4. Diagnostic performance of the parameters in predicting CSC in the patient-based ROC curve 

analysis 

All PCa (n = 17) CSC (n = 13) 

Paramet

er 

Cut-off 

value 

(kPa) 

Sensitivity 

(%) 

Specificit

y (%) 
AUC 

Cut-off 

value 

(kPa) 

Sensitivity 

(%) 

Specificity 

(%) 
AUC 

Emax 47.1 76.5 90.5 0.804 52.4 84.6 92.0 0.865 

Emean 41.3 70.6 100 0.840 42.5 76.9 96.0 0.855 

Emin 27.1 88.2 71.4 0.832 40 61.5 96.0 0.828 

Age 54 94.1 28.6 0.564 61 69.2 60.0 0.610 

PSA 10.9 29.4 95.2 0.560 7.51 61.5 80.0 0.680 

PSA 

density 
0.13 76.5 61.9 0.717 0.135 84.6 64.0 0.749 

 

Table 5 presents the diagnostic performance of the SWE parameters in predicting all PCa 

and CSC in the region-based ROC curve analysis. Of the 78 regions with PCa, 36 had CSC 

and the remaining 42 had no CSC. For predicting all PCa and CSC, the AUCs of the Emean were 

0.713 and 0.772, respectively, followed by Emax and Emin. With optimal cut-off values of 41.1 

and 47 kPa of the Emean, the sensitivity and specificity were 43.6% and 87.6% for predicting 

all PCa, and 50.0% and 92.4% for predicting CSC, respectively 

 

Table 5. Diagnostic performance of the parameters in predicting all PCa and CSC in the region-based 

ROC curve analysis 

 All PCa (n = 78) CSC (n = 36) 

Param

eter 

Cut-off 

value 

(kPa) 

Sensitivity 

(%) 

Specificity 

(%) 
AUC 

Cut-off 

value 

(kPa) 

Sensitivity 

(%) 

Specificity 

(%) 
AUC 

Emax 49.8 52.6 75.7 0.684 57.3 58.3 86.1 0.772 

Emean 41.1 43.6 87.6 0.713 47 50 92.4 0.776 

Emin 22.1 69.2 57.9 0.673 26.4 63.9 69.2 0.727 
Note: PCa = prostate cancer, CSC = clinically significant PCa, Emax = maximum Young modulus, Emean = mean Young 

modulus, Emin = minimum Young modulus, AUC = area under the curve. 
 

▪ Interobserver reliability and variability 

Regarding interobserver reliability, the ICCs of the Emax, Emean, and Emin values in the right 

peripheral zone (PZ) were 0.660 (95% CI, 0.328‒0.846), 0.599 (95% CI, 0.236‒0.815), and 



 

 

0.769 (95% CI, 0.512‒0.899), respectively; those in left PZ were 0.528 (95% CI, 0.136‒0.777), 

0.591 (95% CI, 0.225‒0.811), and 0.595 (95% CI, 0.229‒0.813), respectively; and those in 

both PZs were 0.542 (95% CI, 0.154‒0.785), 0.640 (95% CI, 0.297‒0.836), and 0.687 (0.372‒

0.860), respectively.  

For interobserver variability, Bland-Altman plots demonstrated that the mean 

differences in the Emax, Emean, and Emin in the right PZ were 1.5%, 2.7%, and 1.8%, respectively; 

those in the left PZ were 7.0%, 2.7%, and 0.5%, respectively; and those in both PZs were 

5.3%, 0.1%, and 0.6%, respectively. 

  

▪ PCa Associations between SWE parameters and ISUP or PI-RADS 

Regarding ISUP grading, the SWE parameters showed significantly poor associations: 

Emax (Spearman coefficient = 0.391, P = 0.004)), Emean (Spearman coefficient = 0.324, P < 

0.001), and Emin (Spearman coefficient = 0.259, P = 0.022) (all P < 0.001).  

The PI-RADS score was moderately correlated with Emax (Spearman coefficient = 0.602, 

P < 0.001), Emean (Spearman coefficient = 0.587, P < 0.001), and Emin (Spearman coefficient 

=0.562, P < 0.001) (all P < 0.001). 

Conclusion 

Our results demonstrate that the values of all quantitative parameters derived from the 

2D-SWE imaging were significantly higher than those of benign prostate tissues in patient-

based and region-based analyses. In the ROC curve analysis, SWE parameters revealed 

good diagnostic performance for predicting CSC in both patient-based and region-based 

analyses. Regarding the SWE parameter measurements, the interobserver reliability was 

moderate to good. These findings indicate that as a reproducible tool, 2D-SWE imaging 

might offer useful information for differentiating between PCa and benign prostate tissues 

and for the prediction of CSC. We believe that Emax and Emin parameters as well as Emean on 

SWE can be used to evaluate PCa. 

The results of our study demonstrate that 2D-SWE imaging is a reproducible tool that 

provides useful information for differentiating between patients with prostate cancer and 



 

 

those with benign prostate tissues, as well as predicting clinically significant cancer. 

Specifically, the quantitative parameters derived from 2D-SWE imaging, including Emax, Emin, 

and Emean, were significantly higher in patients with prostate cancer than in those with 

benign prostate tissues, according to both patient-based and region-based analyses. 

Additionally, our analysis of the ROC curve showed that these SWE parameters had good 

diagnostic performance in predicting clinically significant cancer. We also found that the 

interobserver reliability of SWE parameter measurements was moderate to good, 

suggesting that 2D-SWE imaging can be a reliable and reproducible method for evaluating 

prostate cancer. Therefore, we believe that 2D-SWE imaging can be a valuable tool for 

clinicians in the diagnosis and management of patients with prostate cancer. 

In conclusion, the 2D-SWE method appears to be useful for the prediction of PCa.  

Furthermore, 2D-SWE is a particularly valuable tool for guiding targeted biopsies in 

urology. It has been observed that lesions can shift in location between MRI and 

ultrasound-guided biopsy, resulting in a high incidence of specimen errors. This is due to 

various factors such as the patient's body position and breathing that can affect the lesion's 

location during the biopsy. In many cases, confirming the lesion on a gray scale US image 

alone can be challenging, especially for patients with only high PSA levels and no MR 

results. In such cases, using 2D-SWE as a guide for Target Biopsy is expected to be 

beneficial. This study is important as it evaluates the performance of 2D-SWE in a patient 

population with elevated PSA levels that are challenging to determine as either cancer-

positive or negative. 
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