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Purpose: To prospectively evaluate the performance of real-time ul-
trasonographic (US) shear-wave elastography (SWE) in 
the diagnosis of peripheral zone prostate cancer in pa-
tients with high and/or increasing prostate-specific antigen 
levels and/or abnormal digital rectal examination results.

Materials and 
Methods:

After signing an informed consent form, men referred 
for transrectal prostate biopsy were enrolled in this pro-
spective HIPAA-compliant two-center study, which was 
conducted with institutional review board approval. Tran-
srectal US SWE of the prostate was performed after a 
conventional transrectal US examination and immedi-
ately before US-guided 12-core sextant biopsy. For each 
sextant, the maximum SWE value was measured and 
matched to the pathologic results of that sextant biopsy. 
The diagnostic performance of SWE was assessed at both 
patient and sextant levels. The elasticity value maximizing 
the Youden index was used to derive sensitivity, specific-
ity, positive predictive value (PPV), and negative predic-
tive value (NPV).

Results: The elasticity values were matched to pathologic results 
for a total of 1040 peripheral zone sextants in 184 men. 
One hundred twenty-nine positive biopsy findings (size, 
3 mm; Gleason score, 6) were identified in 68 pa-
tients. The sextant-level sensitivity, specificity, PPV, NPV, 
and area under the receiver operating characteristic curve 
for SWE with a cutoff of 35 kPa for differentiating benign 
from malignant lesions were 96% (95% confidence inter-
val [CI]: 95%, 97%), 85% (95% CI: 83%, 87%), 48% 
(95% CI: 46%, 50%), 99% (95% CI: 98%, 100%), and 
95% (95% CI: 93%, 97%), respectively.

Conclusion: Use of a 35-kPa threshold at SWE may provide additional 
information for the detection and biopsy guidance of 
prostate cancer, enabling a substantial reduction in the 
number of biopsies while ensuring that few peripheral 
zone adenocarcinomas are missed.

q RSNA, 2014

Online supplemental material is available for this article.

Jean-Michel Correas, MD, PhD
Anne-Marie Tissier, MD
Ahmed Khairoune, MD
Viorel Vassiliu, MD
Arnaud Méjean, MD, PhD
Olivier Hélénon, MD
Richard Memo, MD
Richard G. Barr, MD, PhD

Prostate cancer: Diagnostic 
Performance of Real-time Shear-Wave 
Elastography1

Note: This copy is for your personal non-commercial use only. To order presentation-ready  
copies for distribution to your colleagues or clients, contact us at www.rsna.org/rsnarights.



ULTRASONOGRAPHY: Diagnostic Performance of Real-time Shear-Wave Elastography in Prostate Cancer Correas et al

Radiology: Volume 275: Number 1—April 2015 n radiology.rsna.org 281

Published online before print
10.1148/radiol.14140567 Content codes:  

Radiology 2015; 275:280–289

Abbreviations:
AUC = area under the ROC curve
CI = confidence interval
NPV = negative predictive value
PPV = positive predictive value
PSA = prostate-specific antigen
ROC = receiver operating characteristic
ROI = region of interest
SWE = shear-wave elastography

Author contributions:
Guarantors of integrity of entire study, J.M.C., A.M., R.G.B.; 
study concepts/study design or data acquisition or data 
analysis/interpretation, all authors; manuscript drafting 
or manuscript revision for important intellectual content, 
all authors; manuscript final version approval, all authors; 
agrees to ensure any questions related to the work are ap-
propriately resolved, all authors; literature research, J.M.C., 
A.K., A.M., R.G.B.; clinical studies, all authors; experimental 
studies, A.M.T., V.V., A.M., R.M., R.G.B.; statistical analysis, 
J.M.C., A.M.; and manuscript editing, J.M.C., A.K., A.M., 
O.H., R.M., R.G.B.

Conflicts of interest are listed at the end of this article.

Advances in Knowledge

 n Shear-wave elastography (SWE) 
is a US technique that improves 
the detection of prostate cancer 
with a high sensitivity and high 
negative predictive value (96% 
and 99%, respectively).

 n Prostate cancer stiffness in-
creases with Gleason score, es-
pecially for elevated (7) Glea-
son scores (P = .01).

Implications for Patient Care

 n The use of SWE could increase 
the positive biopsy rate from 
12.4% (129 of 1040) for system-
atic biopsies to 47.5% (124 of 
261) if an elasticity threshold of 
35 kPa is used, yielding a poten-
tial reduction in the overall 
number of required prostate 
biopsy cores by eliminating 
biopsy of areas with normal elas-
ticity, without a substantial 
decrease in cancer detection.

 n SWE may decrease peripheral 
zone sextant biopsy sampling 
error (and therefore the high 
false-negative rate of this proce-
dure) owing to its high negative 
predictive value (99%).

Prostate cancer is the most com-
monly diagnosed malignancy in 
men (excluding skin cancer), 

with an estimated 790 000 cases in 
2012 and 241 740 new cases diagnosed 
every year in the United States (1). 
For more than 30 years, the screening 
standard for prostate abnormalities 
has been the combination of digital 
rectal examination and prostate-specif-
ic antigen (PSA) testing. An abnormal 
or increasing PSA level or an abnormal 
digital rectal examination result trig-
gers a 12-core sextant biopsy guided 
with transrectal ultrasonography (US). 
However, there are two major draw-
backs of systematic biopsy: (a) the 
substantial number of unnecessary bi-
opsies in patients with no or indolent 
cancer (2) and (b) the high false-nega-
tive rate (3,4). Increasing the number 
of core biopsies (up to 40) improves 
prostate cancer detection and yields a 
better estimation of the tumor volume 
and Gleason score (5) but increases 
cost, morbidity, and the rate of over-
diagnosis of microscopic tumor foci 
(6–9) without completely ruling out 
prostate cancer (10).

Multiparametric magnetic reso-
nance (MR) imaging is an increasingly 
used modality for prostate tumor detec-
tion and staging (11–16), particularly in 
candidates for radical prostatectomy 
(17–22). However, its performance var-
ies depending on which combination of 
positive features is selected for cancer 
diagnosis (23) and the size and aggres-
siveness of the prostate cancer (24). 
Although the sensitivity of multipara-
metric MR imaging is high, its specific-
ity remains low (25), its cost is high, 
and it is not currently recommended as 

a first-line diagnostic tool for prostate 
cancer (1).

Conventional transrectal US has 
limited sensitivity and specificity rang-
ing from 40% to 50% for cancer de-
tection (26–28). Other transrectal US 
techniques, such as contrast material–
enhanced US, are currently being eval-
uated (29,30).

Prostate cancer is often stiffer than 
normal prostate tissue (31). The use 
of prostate transrectal US static (or 
strain) elastography improves the de-
tection of stiff prostatic tissues (32–
35). However, this technique exhibits 
several limitations, including the lack 
of uniform compression over the entire 
gland, operator dependency, artifacts 
caused by slippage of the compression 
plane (36), and the lack of quantita-
tive elasticity information. Another 
technique based on acoustic radiation 
force impulse (37) has been evaluated 
and has shown promising initial re-
sults; however, this technique is not 
commercially available. Recently, MR 
elastography has also proved capable 
of providing an elasticity image of the 
prostate. Although MR imaging shows 
promise, only a few clinical studies 
have been performed yet, and these 
were performed in a limited number 
of patients (38,39).

To overcome these limitations, shear-
wave elastography (SWE) has been  

utilized (40–43). SWE allows local 
measurements of prostate tissue stiff-
ness as quantitative elasticity values 
in kilopascals. In contrast to strain 
elastography, SWE requires no com-
pression of the rectal wall. SWE has 
shown promising preliminary results in 
the detection and characterization of 
prostate cancers (42,44) in a limited 
number of patients. Our study aims 
at assessing SWE performance in a 
larger cohort of patients.

Seventy to eighty percent of pros-
tate cancers arise in the peripheral 
zone (45), which is directly adjacent 
to the rectum wall and is easily acces-
sible to transrectal US and transrectal 
US SWE. Indeed, the European Asso-
ciation of Urology recommends that 
the first series of transrectal US–guided 
systematic biopsies are performed pos-
teriorly in the peripheral zone for pros-
tate cancer detection (45).

The aim of this two-center study 
was to prospectively evaluate the per-
formance of real-time SWE in the di-
agnosis of peripheral zone prostate 
cancer in patients with high and/or 
increasing PSA levels and/or abnormal 
digital rectal examination results.
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Figure 1

Figure 1: SWE prostate measurements in 58-year-old man with a PSA level of 4.6 ng/mL. The top image 
shows the color-coded SWE in the color box, while the bottom image shows the same plane with only B-
mode information. SWE mean elasticity values were measured by placing two round ROIs in the paramedian 
and lateral sextants. Note the homogeneous pattern of the peripheral zone. Biopsies did not reveal any 
cancer, and elasticities throughout the prostate were low.

Materials and Methods

Portions of this study (quantification 
with shear-wave imaging) were not ap-
proved by the U.S. Food and Drug Ad-
ministration. The study was approved 
by each institution’s local ethics com-
mittee or institutional review board. All 
patients gave written informed consent. 
Equipment loans were obtained from 
SuperSonic Imagine (Aix-en-Provence, 
France). The authors had complete 
control of all data and analysis of data.

From June 2010 through Septem-
ber 2012, all consecutive patients who 
met the inclusion criteria and who were 
scheduled for prostate biopsy were 
enrolled in this prospective Health In-
surance Portability and Accountability 
Act–compliant study from two recruit-
ing sites—one in the adult radiology de-
partment of Necker University Hospital 
(Paris, France) (center 1) and one in the 
radiology department of Northeastern 
Ohio Medical University (Youngstown, 
Ohio) (center 2). Inclusion criteria were 
an elevated (.4.0) or increasing PSA 
(increase of more than half a point in 
a year) and/or an abnormal digital rec-
tal examination result. Prostate biopsy 
was performed immediately after real-
time SWE was performed by using the 
Aixplorer US diagnostic imaging system 
(SuperSonic Imagine) and an SE12–3 
endocavity transrectal high-frequency 
(8-MHz) probe. Two physicians (one 
at each center) (J.M.C. and R.G.B., 
each with more than 20 years of expe-
rience in transrectal US and more than 
2 years of experience in SWE prostate 
imaging) independently performed the 
measurements.

Transrectal US and SWE
Prostate SWE acquisitions were per-
formed after an evaluation of the pros-
tate with B-mode imaging in patients 
lying in the left lateral position to assess 
the size of the prostate and to guide 
systematic sextant biopsies within the 
prostate. The SWE mode was acti-
vated, and the entire gland was scanned 
in the transverse plane. SWE acquisi-
tions were performed by avoiding pres-
sure on the prostate applied with the 
transducer. Settings were adjusted to 

maximize penetration and to enable 
visualization of peripheral zone stiff-
ness with a maximum elasticity scale of 
70 kPa. SWE acquisition included the 
following steps: The elastographic box 
was enlarged to the maximum to cover 
half of the gland in a transverse plane, 
and each side of the peripheral zone 
of the prostate was scanned separately 
from base to apex by using a very slow 
movement that allowed stabilization of 
the signals. The two digital cine loops 
were stored to allow further stiffness 
measurements. Each digital cine loop 
was reviewed at the end of the SWE 
acquisition, and systematic stiffness 
measurement was performed at the 
maximum stiffness site within each 
peripheral zone sextant (two measure-
ments per sextant placed in the stiffest 
part of the lateral and medial subre-
gions of the sextant) by using a region 
of interest (ROI) (Fig 1). The ROI used 
for all measurements was round, and 
its diameter was adapted to enclose the 
areas of higher stiffness ranging from 
3 to 7 mm (median, 5 mm). The same 
ROI size was used for suspicious- and 

for normal-appearing sextants. The 
ROI was placed on the peripheral zone 
on the basis of the B-mode image, on 
which the peripheral zone could be 
clearly identified (Fig 2).

Biopsy and Pathologic Examination
After the SWE acquisitions, US-guided 
prostate biopsies were performed by 
one of two physicians (A.K., a urora-
diologist, and R.M., a urologist, each 
with at least 20 years of experience in 
performing transrectal US prostate bi-
opsies) using a biopsy guide attached 
to the US probe. These two physicians 
were blinded to the results of the SWE 
study. Systematic biopsies were per-
formed with US guidance by using a 
disposable 18-gauge prostate needle 
(Programmable Automatic Biopsy 
System Achieve, CareFusion, San Di-
ego, Calif [center 1]; or Tru-Cut needle, 
Bard, Covington, Ga [center 2]). The 
systematic biopsy protocol included 
12 peripheral posterior biopsies, with 
paramedian and lateral cores for each 
sextant, unless there was a contraindi-
cation to biopsy because of treatment 
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Figure 2

Figure 2: SWE prostate measurements in 57-year-old man with a PSA level of 6.62 ng/mL. The top image 
shows an orange-coded stiff area (solid-line ROI; mean elasticity, 54 kPa) incidentally discovered in the left 
base paramedian peripheral zone with no abnormal features at B-mode US (bottom image). Another ROI 
(dashed line; mean elasticity, 18.4 kPa) was located in the lateral peripheral zone of the same sextant. The 
biopsy performed in the stiffest area revealed an 11-mm Gleason 7 adenocarcinoma.

with platelet inhibitors or warfarin. In  
this case, a smaller number of biopsies 
were performed.

All specimens were analyzed by a sin-
gle pathologist at each site (V.V. at center 
1). Both pathologists had more than 15 
years of experience in the evaluation of 
prostate core biopsy samples. The pa-
thologist was blinded to the imaging re-
sults but not to the patient’s clinical and 
biochemical data. The Gleason score and 
presence of prostatic intraepithelial neo-
plasia were determined for each speci-
men. The length of each biopsy specimen 
(in millimeters) was recorded, as well as 
the length of adenocarcinomatous tissue, 
if found, in the biopsy core. A biopsy was 
considered to have positive results (in-
dicating malignancy) when the Gleason 
score was 6 or higher and the size of the 
adenocarcinomatous tissue within the 
biopsy core was 3 mm or larger. These 
criteria are commonly used to define clin-
ically important prostate cancers; how-
ever, they are often debated as well (46).

Data Analysis
Data analysis was performed at the level 
of the prostate sextant and at the level 
of the patient. For each prostate sex-
tant, the highest stiffness value between 
the paramedian and lateral measure-
ments was used for statistical analysis. 
For the two systematic biopsies per-
formed in the same sextant, prostate 
cancer was considered to be present if 
at least one of the two cores contained 
an adenocarcinoma, as defined accord-
ing to the criteria described above. If 
the two cores in the same sextant were 
positive, the core used for Gleason 
score analysis and cancer tissue length 
was the one with the highest Gleason 
score. The biopsy results were grouped 
by sextant (maximum size and Gleason 
score) and were correlated with the 
stiffest area (in kilopascals) in the cor-
responding sextant.

For patient-level analysis, a patient 
was considered to have SWE-positive 
results if at least one sextant had an 

elasticity value higher than the cutoff 
value; otherwise, the patient was con-
sidered to have SWE-negative results. A 
patient was considered to have prostate 
cancer if at least one of the 12 system-
atic biopsy cores was positive (accord-
ing to the criteria for prostate cancer 
defined above); otherwise, the patient 
was considered to be cancer free.

Statistical Analysis
Statistical analysis was performed by 
using R software (http://cran.r-project.
org/). The relationship between elastic-
ity and each variable was assessed by 
using the Spearman rank correlation 
coefficient. Elasticity values of malignant 
and benign regions were compared by 
using a paired Student t test. P , .05 
was considered to indicate a statistically 
significant difference. In assessing diag-
nostic accuracy, it is often essential to 
determine a test’s ability to both detect 
and correctly locate multiple abnormal-
ities per patient. The statistical method 
for clustered data to assess the test’s 
accuracy described by Obuchowski et 
al (47,48) was used for patient-based 
analysis (assuming correlation among 
sextants in the same patients). A sex-
tant-based (or ROI-based) conventional 
analysis was performed assuming no 
correlation among sextants from the 
same patient. Receiver operating char-
acteristic (ROC) curves were plotted for 
elasticity values at sextant and patient 
levels, and areas under the ROC curve 
(AUCs) were calculated with 95% confi-
dence intervals (CIs). Optimal elasticity 
cutoff values were determined by using 
the maximum Youden index (sensitivity 
+ specificity 2 1), assuming sensitivity 
and specificity were equally important. 
The sensitivity, specificity, positive pre-
dictive value (PPV), and negative pre-
dictive value (NPV) were then derived 
with corresponding 95% CIs for both 
sextant- and patient-based analyses. For 
patient-level analysis, the true-positive 
rate characterized the ability of SWE to 
reveal at least one malignant lesion in 
patients with cancer, and the false-pos-
itive rate described the frequency with 
which the test incorrectly revealed at 
least one abnormality in patients with-
out an abnormality. The patient-level 
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Table 1

Demographic Data in Patient Population

Characteristic Overall Population Population at Center 1 Population at Center 2 P Value

No. of patients 184 106 78 .60
No. of patients with cancer 68 (37.0) 49 (46.2) 19 (24)
Age (y)* 65.1 6 7.6 (51–86) 65.86 7.6 (51–86) 64.2 6 7.4 (46–79) .15
PSA (ng/mL)* 7.4 6 6.6 (0.2–60) 9.1 6 7.3 (0.4–60) 4.7 6 3.7 (0.2–18.6) ,.001
Prostate volume (mL)* 52.0 6 26.4 (12.9–159) 54.9 6 24.1 (15–125) 48.0 6 29.1 (12.9–159) .09
No. of biopsies 1040 568 472
No. of positive biopsies 129 86 43
No. of negative biopsies 911 482 429
Positive biopsy rate (%) 12.4 15.1 9.1
No. of Gleason 6 biopsies 34 (26.4) 15 (17.4) 19 (44.2)
No. of Gleason 7 biopsies 72 (55.8) 59 (68.6) 13 (30.2)
No. of Gleason 8 biopsies 11 (8.5) 6 (7.0) 5 (11.6)
No. of Gleason 9 biopsies 12 (9.3) 6 (7.0) 6 (14.0)

Note.—Unless otherwise specified, data are numbers of patients or biopsies, with percentages in parentheses. Sextants with Gleason scores of 6–9 were considered to contain malignancy.

* Data are means 6 standard deviations, with ranges in parentheses.

ROC areas were derived by plotting the 
patient-based false-positive rate ver-
sus the patient-based true-positive rate 
and were interpreted as the probability 
that SWE correctly helps distinguish be-
tween a patient with at least one malig-
nant lesion and a patient with no cancer.

The correlation between Gleason 
score and adenocarcinoma stiffness 
was calculated by using Spearman rank 
correlation; elasticity value box-and-
whisker plots were computed for each 
Gleason score. To take into account the 
spectrum effect and to prevent multiple-
testing risks, a method for estimating 
the accuracy of a diagnostic test when 
the reference standard is not binary that 
was described by Obuchowski (49) was 
used. This method provides a multino-
mial version of the AUC. Pairwise AUCst 
values provide estimations of the diag-
nostic test’s AUC for differentiating be-
tween categories s and t. In our study, 
five categories corresponded to the 
reference standard outcome (histologic 
Gleason scores); category 1 indicated 
benign tissue, and categories 2, 3, 4, and 
5 indicated Gleason scores of 6, 7, 8, 
and 9, respectively. The measure, called 
the Obuchowski measure (wAUC),  
is a weighted average of the n(n 2 1)/2  
different AUCst values correspond-
ing to all pairwise comparisons be-
tween two of the n categories. Each 

pairwise comparison between stages 
was weighted to take into account the 
distance between grades (Gleason 
scores).

To determine the ability of SWE to 
reveal small prostate cancers, an analysis 
was performed that involved varying the 
size criterion used to define a positive 
biopsy core (the minimal size of the ade-
nocarcinoma) from 2 to 12 mm.

Results

A total of 184 patients were enrolled 
in the study (Table 1). Of the 1104 
sextants (six sextants per patient), 64 
sextants (5.8%) had missing data. The 
reasons for the missing data were as 
follows: lack of SWE information be-
cause of SWE penetration issues (21 
sextants [1.9%]), technical issues with 
SWE (33 sextants [3.0%]), and lack of 
pathologic results because of a limited 
number of biopsies performed in pa-
tients receiving platelet inhibitors or 
warfarin (10 sextants [0.9%]). A mean 
of 11.89 biopsies was performed per 
patient, with a range of six to 12 bi-
opsies. Therefore, elasticity values from 
1040 sextants were matched with the 
pathologic biopsy results. The positive 
biopsy rate was 12.4% (129 of 1040). 
Center 1 had a higher positive biopsy 
rate, which was probably related to 

higher PSA levels in its patient popu-
lation. Prostate cancer grades were 
mainly Gleason 6 and 7 (106 [82.2%] 
of 129 cancers).

Sextant-level Results
A maximum Youden index of 81% (95% 
CI: 78%, 84%) was found, and use of 
a cutoff value of 35 kPa for SWE in 
differentiating benign from malignant 
sextants yielded an AUC of 95% (95% 
CI: 93%, 97%) (Table 2, Fig 3) and a 
wAUC of 96% (95% CI: 94%, 98%). 
Prostate cancer elasticity values ranged 
from 10 to 267 kPa, with a median and 
an interquartile range of 53 and 43 
kPa, respectively. Benign sextants had 
Young moduli that ranged from 8 to 218 
kPa, with a median and an interquartile 
range of 21 and 12 kPa, respectively (P 
, .001) (Fig 4).

In Table 3, AUCst estimation re-
vealed significant differences between 
sextants in all Gleason categories and 
sextants of benign tissue, with all AUC-
st values being greater than 85% (95% 
CI: 79%, 91%), while the Gleason 6 
category was less differentiated from 
Gleason 7 and 8 categories (AUCst = 
46% [95% CI: 78%, 84%] and AUCst 
= 68% [95% CI: 48%, 88%], respec-
tively) (Fig 5). There was also a less 
marked difference between Gleason 7 
and 8 categories (AUCst = 70% [95% 
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Figure 3

Figure 3: (a) ROC curve for sextant SWE shows an AUC of 95%. (b) ROC curve for patient SWE shows an 
AUC of 80%. Dashed lines = 95% CIs for the ROC curves.

Table 2

Sextant- and Patient-level Performance of SWE

Performance Level
Maximum Youden  
Index (%)

SWE Cutoff  
(kPa) Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC (%)

Per sextant 81 (78, 84) 35 (35, 35) 96 (95, 97) [124/129] 85 (83, 87) [774/911] 48 (46, 50) [124/261] 99 (98, 100) [774/799] 95 (93, 97)
Per patient 56 (45, 65) 38 (37, 38) 93 (89, 96) [63/68] 63 (56, 70) [73/116] 59 (52, 66) [103/106] 94 (88, 100) [73/78] 80 (72, 87)

Note.—Data in parentheses are 95% CIs; data in square brackets are those used to calculate the percentages.

CI: 54%, 96%]). Gleason 9 sextants 
were very differentiated from all other 
Gleason score categories (AUCst  
83%). Elasticity of malignant sextants 
as a function of prostate cancer size 
(Figs 6, E1 [online]) for each Gleason 
score had a Spearman rank correla-
tion coefficient of 0.282 (P , .001). 
A statistically significant difference in 
stiffness was found between Gleason 
6, 7, and 8 categories and the Gleason 
9 category (P < .0000001), as well as 
between Gleason 6 and 7 and Gleason 
8 and 9 categories (P = .001), but this 
difference was less marked between the 
Gleason 6 category and Gleason 7, 8, 
and 9 categories (P = .01). 

Sextant-based ROC curves for SWE 
were also plotted, and the sensitivity, 
specificity, PPV, NPV, and AUC were 
calculated for different minimal prostate 
cancer sizes ranging from 2 to 12 mm for 
a fixed elasticity cutoff of 35 kPa (Figs 7,  
E2 [online]). The elasticity AUC was 
95% (95% CI: 93%, 97%) for a minimal 
prostate cancer size of 3 mm, while the 
NPV was 99% (95% CI: 98%, 100%), 
sensitivity remained above 95% (rang-
ing from 95% to 97%) (95% CI: 95%, 
97%), and specificity stayed above 80% 
(ranging from 80% to 85%) (95% CI: 
83%, 87%). The PPV decreased from 
48% to 25% with increasing minimal 
size. The accuracy also decreased with 
increasing cutoff size, from 55% (for a 
2-mm minimal prostate cancer size) to 
30% (for a 12-mm minimal size). This 
raises the issue that when the size cut-
off was increased, smaller cancers were 
considered false-positive findings in the 
analysis. The optimal Youden index of 
81% (95% CI: 78%, 84%) was found for 
a minimal prostate cancer size of 3 mm.

The performance of SWE was also 
assessed for different prostate cancer 

minimal sizes (Figs 7, E2 [online]). The 
Youden index, sensitivity, specificity, 
PPV, NPV, AUC, and ROC curves were 
computed for several prostate cancer 
minimal sizes ranging from 2 to 12 mm 
(Figs 7, E2 [online]). Sensitivity slightly 
increased for prostate cancers larger 
than 8 mm (sensitivity, 98%); however, 
PPV drastically decreased to less than 
25% (because small cancers are stiff 
but are not considered malignant).

Patient-level Results
The maximum Youden index to differ-
entiate patients with from those with-
out cancer was 38 kPa. The SWE tech-
nique exhibited an AUC of 80% (95% 
CI: 72%, 87%) (Table 2, Fig 3).

Discussion

By maximizing sensitivity and specific-
ity, the highest Youden index allowed us 
to determine a cutoff of 35 kPa. At the 

sextant level, a 35-kPa SWE cutoff value 
yielded 96% sensitivity (124 of 129 [95% 
CI: 95%, 97%]) for prostate cancer de-
tection, as well as a high NPV of 99% 
(774 of 779 [95% CI: 98%, 100%]), with 
an AUC of 95% (95% CI: 93%, 97%).

For a cutoff of 30 kPa, the PPV de-
creased to 35% (95% CI: 33%, 37%), 
while for a threshold of 40 kPa, the 
sensitivity decreased to 82% (95% CI: 
80%, 84%).

At present, the success rate of sys-
tematic prostate biopsy ranges from 
25% to 30%, while its false-negative 
rate varies from 17% to 21% in patients 
with a negative first series of biopsies 
(3,4). In our study, there was a 12.4% 
(129 of 1040) positive rate for system-
atic biopsies at the sextant level and a 
37.0% (68 of 184) positive rate at the 
patient level. If SWE had been used 
with an elasticity threshold of 35 kPa, 
the number of systematic biopsies could 
have been reduced by 74.4% (774 of 
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Figure 6

Figure 6: Box-and-whisker plot shows adenocar-
cinoma size for different Gleason scores. Boundaries 
of boxes = 25th and 75th percentiles.

Figure 5

Figure 5: Box-and-whisker plot shows elasticity 
values for benign and malignant sextants with Glea-
son scores of 6, 7, 8, and 9. Boundaries of boxes = 
25th and 75th percentiles.

Figure 4

Figure 4: Box-and-whisker plot shows elasticity 
values for benign and malignant prostate sextants. 
Boundaries of boxes = 25th and 75th percentiles 
(P , .001).

the 1040 systematic biopsies), yielding 
a positive biopsy rate of 47.5% (124 of 
261). The high NPV of SWE may in the 
future be used to reduce the number 

of systematic biopsies and, moreover, 
to reduce the need for invasive proce-
dures such as systematic biopsies. In-
deed, the patient-level analysis showed 
that 39.7% of the patients (73 of 184) 
enrolled in this study could have avoid-
ed transrectal US systematic biopsy if 
SWE had been used to select patients 
for this procedure. The patient-level 
analysis also showed a high NPV of 94% 
(73 of 78) and a high sensitivity of 93% 
(63 of 68) for SWE.

These results, in terms of sen-
sitivity, specificity, and NPV, are in 
agreement with those reported in pre-
vious preliminary studies by Barr (50) 
and Ahmad et al (44), which exhibited 
sensitivities ranging from 90% to 96%, 
specificities ranging from 88% to 99%, 
and NPVs ranging from 81% to 99%. 
However, the PPV was higher for Barr 
at 69% and for Ahmad et al at 98% 
than for our study (at 48%). This dif-
ference could be explained by a differ-
ence in patient populations: Mean PSA 
levels were 5 ug/L for the Barr study, 
greater than 20 ug/L for the Ahmad et 
al study, and 7.1 ug/L in our popula-
tion. All studies reported a significantly 

higher stiffness for prostate cancer 
than for benign tissues (P , .05 for all), 
with a trend toward differences in stiff-
ness between different Gleason scores 
for Ahmad et al (44).

From the prostate cancer analysis, 
it can be inferred that SWE can effi-
ciently reveal prostate cancers of 3 
mm or larger (sensitivity, .95%). The 
ability to reveal cancers and guide bi-
opsies in areas suspicious for cancer 
will also help improve prostate cancer 
detection rates.

In our study, two statistical analyses 
were performed to assess SWE per-
formance in the detection and locali-
zation of malignant prostatic lesions: 
a patient-based approach and a ROI-
based or sextant-based approach. The 
patient-based approach considers the 
potential for multiple findings in the 
same patient and their localization. 
For example, a patient with a single 
false-positive lesion is treated in the 
same manner as a patient with multiple 
false-positive lesions. This causes both 
the numerator and denominator of the 
false-positive rate to be different from 
those in the sextant evaluation. Also, 
patients can have both true-positive and 
false-positive findings. This explains the 
lower observed diagnostic performance 
of SWE in the per-patient analysis. The 
ROI-based 95% CIs were also smaller 
than those for the patient-based esti-
mates in almost every case. The sex-
tant-based approach will, in general, be 
more powerful than the patient-based 
approach, as clinical treatment can be 
tailored to each sextant. A negative 
SWE examination in a sextant may de-
crease the number of biopsies required.

Our study had several limitations. 
It used transrectal US–guided system-
atic biopsy results as the reference 
standard for prostate cancer detection. 
Even though this technique is the rec-
ommended diagnostic method in most 
patients suspected of having prostate 
cancer (51), there might be a risk that 
cancers were missed or underestimated 
in terms of their size or Gleason score 
(5). This limitation could also explain 
the high false-positive rate of SWE. An-
other limitation of using biopsy results 
as the reference standard is the lack of 
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Figure 7

Figure 7: ROC curve for the performance of SWE as a function of minimal prostate cancer size for sizes 
ranging from 2 to 12 mm.

precise correlation between prostate 
cancer location and SWE estimates (ie, 
the stiff areas at SWE may not have 
been the actual cancer but tissues near 
a cancer).

Other limitations of this study in-
cluded the lack of inter- and intraob-
server variability data and analysis; the 

use of our data to establish thresholds, 
which can lead to overoptimistic results; 
and the limited number of cases of sex-
tants with Gleason 8 and 9 scores.

Prostate SWE imaging is also facing 
some challenges. When a stiff area is de-
tected during the examination, the oper-
ator should release any pressure on the 

transducer and image the lesion with 
different angles to avoid a misdiagnosis 
of prostate cancer. The posterior pros-
tate parenchyma sitting just against the 
transducer appears stiff in some cases 
owing to the natural compression of the 
transducer resulting from bending the 
probe to image the prostate. Our study 
was limited to the detection and charac-
terization of prostate cancer in the pe-
ripheral zone. Further studies need to 
be performed to assess transition zone 
prostate cancers. This study was also 
limited by a relatively small number of 
cases. Our cutoff values of 35 kPa for 
sextants and 38 kPa for patients need be 
validated in a larger multicentric clinical 
study. Macro- and microcalcifications 
may increase elasticity values. How-
ever, they can be easily identified with 
B-mode imaging. We did not consider 
eliminating the sextants that exhibited 
such findings, which may explain some 
highly elevated elasticity values despite 
the absence of prostate cancer.

In summary, SWE enables the as-
sessment of tissue stiffness to provide 
additional information for the detection 
and biopsy guidance of prostate cancer. 
Indeed, SWE provides a high sensitivity 
for prostate cancer detection while also 
yielding a very high NPV, ensuring that 
only a very few cancers are or no can-
cer is missed in the prostate peripheral 
zone, even for Gleason 6 and small can-
cers (starting at 3 mm). Prostate can-
cer elasticity values increase with Glea-
son score and therefore seem linked to 
prostate cancer aggressiveness, espe-
cially for elevated Gleason scores (7).

Future studies should also involve 
three- or four-dimensional prostate 
SWE with multiplanar reconstruction 
and MR imaging fusion to volumetric 
US data that include elastographic data. 
These new modalities should improve 
guiding capabilities to target biopsies to 
the most suspicious areas.
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