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Objective: This study aimed to evaluate the value of
the Young’s modulus obtained by transrectal real-time
shear wave elastography (SWE) for detection of pros-
tate cancer (PCa).

Methods: 215 patients underwent SWE in six identical
planes before biopsy guided with transrectal ultrasonog-
raphy. The Young’s modulus of the entire prostate gland
was defined as the mean of the results in these planes.
The measurements were compared with the patholog-
ical results, the prostate specific antigen (PSA), and the
Gleason score (GS) after biopsy.

Results: The Young’s modulus of elasticity, including the
maximum Young’s modulus (Emax), the mean Young’s
modulus (Emean), and the minimum Young’s modulus
(Emin), were significantly higher in malignant lesions
than those in benign lesions (all p < 0.05). The optimal
cut-off values for PCa were 128.48kPa, 62.27kPa, and

INTRODUCTION

Prostate cancer (PCa) is one of the most common malig-
nant tumors in males; second in incidence of all malignant
tumors in males worldwide.'™ In recent years, different
screening methods for Pca, including digital rectal exam-
ination (DRE), prostate specific antigen (PSA) testing,
transrectal ultrasonography (TRUS), MRI, and systematic
biopsy guided with transrectal ultrasonography have been
accepted.

Each method has its own advantages and disadvantages.
The accuracy of DRE is easily influenced by the doctor’s
experience, and it is not easy to palpate for deep or small
lesions.** The specificity of serum PSA testing is relatively
low.>*¢ TRUS has limited sensitivity and specificity for
diagnosis of PCa, with a range of 40-50%.”° MRI has a
relatively high sensitivity but a low specificity for PCa.

20.03kPa, respectively. The sensitivities were 77.88%,
81.42%, and 60.18%, respectively, and the specificities
were 85.33%, 74.51 and 63.73 %, respectively. PSA posi-
tively correlated with Emax and Emean (r = 0.686and
0.678, respectively), as did the GS (r = 0.410and 0.382,
respectively).

Conclusion: The Young’s modulus of entire prostate
gland can be used to differentiate benign from malignant
prostatic lesions. There were higher Young’s modulus of
elasticity and higher risk of malignant lesions. Mean-
while, higher Young’s modulus correlated with higher
PSA and GS.

Advances in knowledge: This study indicates SWE can
detect PCa by quantified the stiffness of entire prostate
gland whether the lesions have been visible or not on
gray-scale and Doppler ultrasound.

Although biopsy guided with transrectal ultrasonography
is the “gold standard” for PCa, its risks include bleeding and
infection etc.'!

Real-time shear wave elastography (SWE) is a type of of
elasticity imaging technique, developed by SuperSonic
Imagine (Aix-en-Provence, France), that can measure the
stiffness of tissue noninvasively and quantitatively.'>' Stiff-
ness will change in the presence of pathology,'*™'® so the
change in tissues stiffness can often indicate diseases, and
may be helpful to diagnose the nature of the illness.'”'®

Previous studies have used SWE to detect PCa.'*"** Most
of them interrogated abnormal nodules in the prostate
gland, and obtained the Young’s modulus of elasticity
values of benign and malignant prostate lesions. However,
the detection rate of PCa foci is not high by gray-scale
and Doppler ultrasound.””® Thus, only interrogating the
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abnormal nodules of prostate gland by SWE to differentiate
PCa is not easy in practice.

In this study, the Young’s modulus of elasticity of the prostate
gland was measured by transrectal SWE in six identical ultra-
sound planes, looking for abnormal foci that may or may not
have been visible on grayscale or Doppler imaging. The Young’s
modulus of elasticity of entire prostate gland was defined as the
average of measurement results in the six identical ultrasound
planes. The aim was to evaluate the diagnostic performance of
the Young’s modulus of elasticity measurement in the differenti-
ation of benign from malignant prostate disease.

METHODS AND MATERIALS

Patients

From June 2015 to December 2017, 215 patients were enrolled
in this study at Baoji Municipal Centre Hospital (Shanxi, China).
They had visited the hospital because of symptoms of frequent
micturition, dysuria, and/or urge incontinence. The age range of
the patients was 28-90 y (mean, 71.3 + 8.5 y). Inclusion criteria
for enrollment were abnormal serum PSA, a nodule palpated or
the entire gland have been rigid on DRE, or one or more nodules
detected on TRUS and MRI. Exclusion criteria: males who had
undergone prostate biopsy or surgery, or had received endocrine
therapy previously. The ethics committee and academic board of
our hospital approved all aspects of the study. All patients signed
an informed consent before starting the study.

TRUS and SWE examination

TRUS and SWE examinations were performed by one urological
radiologist, who has more than 15 years’ experience in urolog-
ical ultrasonography. The examinations were performed with
an ultrasound system (Aixplorer”, SuperSonic Imagine, Aix-en-
Provence, France) with an SE12-3 multi frequency intracavitary
probe (3-12 MHz).

After serum prostate specific antigen (PSA) testing, all patients
underwent TRUS examination. It was necessary to administer an
enema before the examination. With the patient lying in the left
lateral decubitus position, with hips and knees flexed, the doctor
inserted the probe into the patients rectum. The entire gland
was visualized; any abnormal areas were observed carefully in
multiple planes, and aspects such as the size, the shape, the echo-
genicity and color Doppler flow were noted. It was important
whether there are suspicious abnormal areas of echogenicity in
entire gland. The SWE mode was activated, Optimized settings
should include maximized penetration and appropriate elasticity
scale (70-90 kPa). In the transverse plane of the prostate, and the
sampling box was placed on both sides of the base, the middle,
and the apex of the prostate, respectively. The size of the sampling
box was set up according to the size of the prostate gland. A still
image was acquired after the probe was fixed for about 3-5 sec.
During SWE, the operator was careful to avoid applying too
much pressure with the transducer, to prevent creating iatro-
genic areas of increased stiffness.

Elasticity of the entire gland was measured by the following
steps: Quantitative analysis software (Q-box) was started in each
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detection plane during SWE. The size of the round region of
interest (ROI) was adapted to the sampling box of SWE. Elasticity
was measured at both sides of the base, the middle, and the apex
of the prostate, respectively. If the suspicious abnormal areas of
echogenicity were found in prostate, they should be covered in
ROI for measurement. The maximum Young’s modulus of elas-
ticity (Emax), the mean Young’s modulus of elasticity (Emean),
and the minimum Young’s modulus of elasticity (Emin) were
acquired from each each detection plane. The Young’s modulus
of elasticity of the entire gland was equal to the average of the
measurement results in the six regions. These were our data to
be analyzed.

Biopsy and pathologic examination

After SWE measurement was completed, all patients under-
went TRUS-guided systematic biopsy of the prostate imme-
diately. About 5 min before performing biopsies, 10 ml of
oxybuprocaine hydrochloride gel (Lvzhou” Pharm, Shen-
yang, China) was squeezed into the rectum. An 18-gauge,
25 cm puncture biopsy needle and automatic biopsy device
(MAGNUM"®, C.R. Bard, Inc., Warwick, RI) were used to
obtain biopsy cores. Biopsy specimens were generally obtained
from 12 cores, which were respectively from the base, the
middle, and the apex of bilateral prostate, as far as possible
from the peripheral zone and the central zone. Additional
biopsies were taken from any foci of abnormal echogenicity
first identified on TRUS.

All pathological diagnoses were determined by two pathologists
with more than 15 years of experience in prostate pathology after
their consultations. They were blinded to the TRUS and SWE
results but not to the patients’ clinical and biochemical data. The
Gleason score (GS) system was used for histological grading of
PCa.

Statistical analysis

Statistical analyses and receiver operating characteristic (ROC)
analysis were performed using commercial software (SPSS
version 18.0"; SPSS Inc., Chicago, IL; MedCalc for Windows
15.2%; MedCalc Software, Inc, Mariakerke, Belgium). Quantita-
tive data are expressed as mean + standard deviation (x £ S)
if normal distribution was achieved. The Young’s modulus and
PSA of the two groups were analyzed by two-sample ¢-tests for
independent samples. The pathological diagnoses of prostate
biopsies were regarded as the gold standard; ROC curves were
plotted according to these, and the areas under the ROC curves
(AUCs) were calculated. The Z test was used to compare the
AUC:s of the different parameters. The optimal cut-off value for
each parameter was obtained at the Youden index was maximum
(sensitivity + specificity — 1). The correlation between SWE
parameters and PSA were analyzed by Pearson’s correlation. The
Pearson’s correlation test was also used in patients with PCa to
correlate SWE parameters with GS. The Young's moduli of PCa
with different GS were compared by ANOVA (analysis of vari-
ance), and LSD (least significant difference) - ¢ test was used for
paired comparison. Any p values < 0.05 were considered statis-
tically significant.
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Table 1.Comparison of Young's modulus between benign and malignant diseases of prostate gland (x + s)

Young’s modulus(kPa)
Group No. of patients PSA (ng/ml) Emax Emean Emin
Group of benign 102 14.52 + 14.03 98.44 + 43.63 54.47 + 25.04 20.82 +14.71
Group of malignant 113 128.08 + 108.54 175.82 + 57.64 95.52 + 39.65 26.03 +21.31
t Value -11.020 -11.161 -9.165 -2.101
P Value <0.001 <0.001 <0.001 0.037

Emax, maximum Young’s modulus; Emean, mean Young’s modulus; Emin, minimum Young’s modulus;PSA, prostate specific antigen.

RESULTS

Patient characteristics

The 215 patients were distributed into two groups according to
the pathological diagnoses of their prostate biopsies; 102 were
benign and 113 were malignant. The benign diagnoses included
benign prostatic hyperplasia (BPH) (n = 93), BPH complicated
with prostatitis (n = 8), and tuberculous prostatitis (n = 1). The
malignant diagnoses included acinar adenocarcinoma (n = 109),
metastases to the prostate (n = 1), sarcomatoid carcinoma (n =
1), urothelial carcinoma (n = 1), and lymphoma (n = 1).

Comparison of elasticity

As outlined in Table 1, the Emax, Emean, and Emin of the entire
gland of the malignant group were all significantly higher than
those of the benign group, (all p < 0.05) (Figures 1 and 2).

Figure 1.Images obtained from a 65-year-old male with a PSA
level of 912 ng ml™. The patient was in hospital because of
symptoms of frequent micturition and dysuria, he underwent
SWE examinations and TRUS-guided systematic biopsy of
the prostate. a. Young’s modulus of the prostate gland were
measured by SWE. Emax was 41.4 kPa, Emean was 27.0 kPa
and Emin was 10.7 kPa. b.) Histological image of the pros-
tate gland (hematoxylin and eosin stain,x10).Final diagnosis
was benign prostatic hyperplasia. Emax = maximum Young’s
modulus; Emean = mean Young’s modulus; Emin = minimum
Young’s modulus.

Diagnostic performance for PCa

The optimal cut-off value, AUC, sensitivity, specificity, Youden
index, positive predictive value (PPV) and negative predictive
value (NPV) of the different parameters can be seen in Table 2.
After the Z test, the AUCs were not found to be statistically
different between the serum PSA and Emax (z = 1.923, p =
0.554). However, the, AUC of serum PSA was greater than that of
Emean and Emin, respectively; they were significantly different
(z=2.210 and z = 7.055, p = 0.027 and p < 0.001, respectively).
The AUCs were not found to be significantly different between
Emax and Emean (z = 1.032, p = 0.302). The AUC of Emax and
Emean were both significantly greater than that of Emin (z =
6.316 and z = 6.722, both p < 0.001, respectively) (Figure 3).

Figure 2.Images obtained from a 60-year-old male with a PSA
level of 305.22 ng ml™". The patient has no special discom-
fort, only the serum PSA was significantly increased during his
healthy physical examination. Then he underwent SWE exam-
inations and TRUS-guided systematic biopsy of the prostate.
(a.) Young’s modulus of the prostate gland were measured by
SWE. Emax was 241.8 kPa, Emean was 114.5 kPa and Emin was
48.8 kPa. (b.) Histological image of the prostate gland (hema-
toxylin and eosin stain,x10).Final diagnosis was prostate can-
cer, and the Gleason scores was 4 + 4=8. Emax = maximum
Young’s modulus; Emean = mean Young’s modulus; Emin =
minimum Young’s modulus.
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Table 2.The diagnostic performance between malignant and benign prostate lesion for different parameters

Optimal cut-off | Sensitivity | Specificity PPV NPV
Parameters AUC95% CI ) value (%) (%) Youden index (%) (%)
Emax 0.855 (0.804-0.905) 128.48 kPa 77.88 85.33 0.6121 83.02 77.06
Emean 0.842 (0.788-0.895) 62.27 kPa 81.42 74.51 0.5593 77.97 78.35
Emin 0.588 (0.512-0.665) 20.03 kPa 60.18 63.73 0.2390 64.15 58.72
PSA 0.910 (0.870-0.951) 37.01 ng ml! 74.34 98.04 0.7238 96.55 77.34

AUC, area under the receiver operating characteristic curves; Cl, confidence interval; Emax, maximum Young’s modulus; Emean, mean Young’s
modulus; Emin, minimum Young’s modulus; NPV, negative predictive value; PPV, positive predictive value; PSA, prostate specific antigen.

Correlation between Young’s modulus of elasticity
and serum PSA concentration or GS

The serum PSA level positively correlated with Emax and Emean
(r=0.686 and r = 0.678, respectively), (both p < 0.001) (Figure 4).
The serum PSA level also positively correlated with Emin (r =
0.180) (p = 0.008). The GS positively correlated with Emax and
Emean (r = 0. 410 and r = 0.382, respectively), (both p < 0.001)
(Figure 5). There was no correlation between Emin and GS (r =
0.067), (p = 0.496). The Young's moduli of PCa with different GS
satisfied homogeneity of variance (all p > 0.05). As outlined in
Table 3, the Emax and Emean of PCa with GS >7 were signifi-
cantly higher than those of GS <7, (all p < 0.05).

DISCUSSION

This study indicates that the Young’s modulus of elasticity of the
entire prostate gland measured by SWE technique can be used
as a new indicator for the diagnosis of PCa, irrespective of focal
lesions on gray-scale and Doppler ultrasound. The higher the
Young’s modulus of elasticity, the more likely the diagnosis of
PCa. It is feasible to detect PCa with SWE.

Figure 3.Receiver operating characteristic curves for Young’s
modulus and prostate specific antigen. The areas under the
curves are 0.910, 0.855, 0.842 and 0.588 for PSA, Emax,
Emean and Emin, respectively. PSA = prostate specific anti-
gen; Emax = maximum Young’s modulus; Emean = mean
Young’s modulus; Emin = minimum Young’s modulus.

Previous studies have demonstrated that nearly 58% of PCAs
are sporadic or multifocal, and progress along the capsule of
the prostate gland, such that it may not appear as a well-defined
nodule like other malignant tumors.”® The sonographic findings
of PCas are complex and variable, and depend on many factors.
Thus, it is difficult to detect lesions of PCa accurately using gray-
scale ultrasound.*** Meanwhile, Doppler ultrasound dose not
substantially improve the diagnostic accuracy.” Moreover, both
the performance of ultrasound instruments and the operator
dependence could influence the detection and identification of
lesions. Therefore, it is necessary to find an ultrasound method to
improve diagnostic accuracy for PCa. Ophir et al*® had consid-
ered that the changes of texture for PCa lesions may be earlier
than the changes in their morphology and blood flow distribu-
tion. A study by Hoyt et al”’ has shown that tissue of PCa has
a higher stiffness value compared with normal prostate tissue.
Thus, the stiffness of prostate gland has certain value for diag-
nosis of PCa.

SWE is a more recently developed ultrasonic elastography
imaging technique, which can transmit the radiation force
impulse by the transducer,”® and continuously focuses on
different tissue depths, producing shear waves based on the

Figure 4.The scatter plot between PSA and Emax. PSA was
positive correlation with Emax, and the Pearson correlation
coefficient was 0.686. PSA = prostate specific antigen; Emax
= maximum Young’s modulus.
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Figure 5.The scatter plot between Gleason scores and Emax.
Gleason scores was positive correlation with Emax, and the
Pearson correlation coefficient was 0.410. Emax = maximum
Young’s modulus.
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Mach Cone principle.?** It can obtain the absolute value of
the elastic modulus by detecting the velocity of shear waves in
human tissue, which is Young’s modulus of elasticity.***! Young’s
modulus of elasticity increases directly with stiffness and vice
versa. Compared with other elastic imaging techniques, such
as transient elastography (TE), acoustic radiation force impulse
(ARFI) and strain elastography (SE), SWE has several advan-
tages, including real time two-dimensional sonogram, the area of
the sampling box can be adjusted appropriately, and the absolute
value of tissue elasticity can be obtained.

For the above reasons, to determine whether or not the patients
had PCa, Young’s modulus of elasticity of the entire prostate
gland was measured and calculated by SWE in this study. We
mainly analyzed the elastic changes in the entire prostate gland
in addition to focusing on the elastic changes in the focal nodules
or abnormal echogenicity areas in the prostate sonogram. It is
tantamount to quantify the information obtained by DRE.

In our study, the prostatic Youngs modulus of elasticity of the
malignant group, including Emax, Emean, and Emin, were all
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significantly higher than those of the benign group (all p < 0.05).
This shows that the stiffness of the entire prostate gland is signifi-
cantly higher than that of benign prostate tissue (such as BPH et
al) when the prostate gland is involved with cancer. The result
was similar to previous studies by Sarfraz et al** and Sungmin
et al.’® And it isn't relating with the specific parts of the pros-
tate lesion (at the base, the mid or the apex of the prostate). In
this group, the sensitivity and specificity of the prostatic Young’s
modulus of elasticity were higher than that of conventional ultra-
sound (40%-50%)"~? for PCa. It shows that SWE can improve
the diagnostic performance of conventional ultrasound for PCa.

After ROC curves were plotted, we found there was no signifi-
cant difference in AUC between the serum PSA and the Emax
(0.910 vs 0.855, p = 0.054). However, the AUC of serum PSA
was greater than that of Emean and Emin, respectively (0.910
vs 0.842 and 0.588, p = 0.027 and p < 0.001). In this group,
when the optimal cut-off values of the Emax, the Emean, and
the Emin for PCa were 128.48 kPa, 62.27 kPa and 20.03 kPa,
the sensitivity was 77.88%, 81.42 and 60.18%, and the speci-
ficity was 85.33%, 74.51 and 63.73%, respectively. When using
37.01 ng ml™! as the optimal cut-off values of the serum PSA,
the sensitivity and the specificity were 74.34 and 98.04%,
respectively. This indicates that the Young’s modulus of elas-
ticity is of value in the diagnosis of PCa, but its diagnostic
performance is not higher than that of serum PSA. There are
two possible reasons for the result: 1) In this study, the Young’s
modulus of elasticity of the entire prostate gland was regarded
as the object, however the entire stiffness of prostate gland is
positively correlated with the lesion size of PCa, only when the
lesions of PCa grow to a certain size or infiltrates prostate tissue
to a certain extent, the stiffness of entire prostate gland would
be increased. 2) The stiffness of the prostate gland is also influ-
enced by other factors, such as age, BPH and calcification.”**

In this study, the serum PSA concentration positively correlated
with the Youngs modulus of elasticity of the prostate gland,
including Emax, Emean, and Emin. It indicates that the stiffness
of the cancerous prostate gland is greater, and the serum PSA
concentration is higher. The GS also positively correlated with
the Young’s modulus of elasticity of the prostate gland, and the
Emax and Emean of PCa with GS >7 were significantly higher

Table 3.Comparison of Young's modulus among different gleason scores of PCa (x + s)

Young’s modulus (kPa)
Gleason score No. of patients Emax Emean Emin
GS<7 16 132.35 £52.39 64.96 + 17.24 20.70 £ 9.73
GS=7 26 154.28 + 54.10° 83.70 + 40.72° 25.93 +24.91
GS>7 67 195.26 + 53.03% 108.45 + 38.46" 27.84 +£22.19
F Value 10.98 0713
P Value <0.001 <0.001 0.492

Emax, maximum Young’s modulus; Emean, mean Young’s modulus; Emin, minimum Young’s modulus;GS, Gleason score.

2Compared with GS <7, p > 0.05.
bComy:)ared with GS <7, p < 0.05.
“Compared with GS =7, p < 0.05.
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than those of GS <7 (all p < 0.05). Previous studies by Sumura
et al*® and Correas et al*’ have also demonstrated these results.
Several studies have shown that the GS had a good correlation
with biological behavior and prognosis of PCa,***” and the level
of serum PSA also had a certain correlation with pathological
grades of PCa.*®* These findings pointed out that the values of
the Young’s modulus of elasticity may have a certain correlation
with aggressiveness and clinical prognosis of PCa. To demon-
strate this deduction, we need to increase the quantity of the
samples for further study.

After we compared the diagnostic performances of Emax,
Emean, and Emin for PCa, the AUC of Emin was only 0.588,
meanwhile, the sensitivity and the specificity were only 60.18 and
63.73%, respectively. Emin has a very low correlation with the
serum PSA concentration and the GS (r = 0.180 and r = 0.067,
respectively). And there was no significant difference in Emin of
PCa with different GS. Thus, we think that Emin has a limited
diagnostic value for PCa. In clinical practice, we should chiefly
use Emax and Emean as the reference for detecting PCa.

In this study, the optimal cut-off values for the Young’s modulus
of elasticity of the prostate gland were observably higher than
those in a previous study by Correas et al.?’ This difference might
be for several reasons: First, the method of measuring the Young’s
modulus of elasticity was different. In our study, the ROIs were
placed on the base, the middle and the apex on both sides of the
prostate. The Young’s modulus of elasticity values of the prostate
gland were equal to the average of the measurement results at
these planes, and not only measured the Young’s modulus of elas-
ticity of abnormal echo lesions in the prostate sonogram. Second,
physical differences between Chinese and Europeans may have
caused the difference in experimental results. Additionally, the
patients’ older age may have been an influencing factor.

There are some limitations in our study: (1) The pathological
diagnoses of prostate biopsies were regarded as the “gold stan-
dard, rather than the pathological findings of surgical speci-
mens, which may elevate the misdiagnosis rate. (2) In this study,
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the Young’s modulus of elasticity values of the entire prostate
gland was equal to the average of the measuring results, which
obtained from the base, the mid and the apex of the bilateral
prostate. When the volume of prostate gland was larger and the
size of PCa lesions were small, maybe the measurements were
not carried out at the sections where the lesions of PCa were
located. Therefore, the method probably underestimated the
stiffness of the prostate gland. (3) The stiffness of the entire pros-
tate gland maybe influenced by BPH, inflammation, calcification
and the lesion size, etc. It might reduce the accuracy of SWE for
detection of PCa.

CONCLUSION

Our preliminary results indicated that there is a difference in the
Young’s modulus of the entire prostate gland between benign
and malignant prostatic diseases. The risk of PCa increases with
increasing Young’s modulus of elasticity. SWE can quantitate the
stiffness of the prostate gland, which is convenient and objective.
It provides a new ultrasonic method for the differential diagnosis
of benign and malignant prostatic diseases, and it is helpful to
improve the diagnostic performance of conventional ultrasound
for PCa. In the future, comparing the diagnostic performance
of SWE and multi parameter MRI for PCa will be our research
direction, the aimed to evaluate whether SWE can reduce healthy
cost without reducing the accuracy of PCa screening.
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