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Abstract: Objective: To evaluate the clinical significance of transrectal real-time elastography (TRTE) in diagnosis 
of prostate cancer (PCA). Methods: 195 patients with an elevated PSA level were enrolled in the study. A novel 
5-grading score of prostate outer gland was applied by TRTE imaging. Receiver-operating characteristic curve (ROC) 
analyses were performed to assess the diagnostic performance of TRTE score. Results: TRTE scores in patients with 
PCA and benign condition were 3.20 ± 1.11 (range: 1-5) and 2.24 ± 1.01 (range: 1-4), respectively (P < 0.001). 
The best cutoff value of TRTE score was 3, and the sensitivity, specificity, accuracy in the diagnosis were 68.6% 
(35/51), 69.4% (100/144) and 69.2% (135/195), respectively. The accuracy of TRTE in volume ≤ 30 ml group was 
significantly higher than that in the volume ≥ 50 ml group and the 30-50 ml group (76.9% vs. 65.0% and 76.9% vs. 
71.4%, both P < 0.001). Accuracy of TRTE score was higher for those with PSA ranged 4-10 ng/ml than those with 
PSA > 10 ng/ml (85.3% vs. 66.7%, P = 0.002). Conclusion: TRTE score, a novel semi-quantitative assessment of 
patients’ prostate stiffness, can be served as a useful screening method for patients suspicious of PCA, especially 
those only having an elevated PSA level. 
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Introduction

Prostate cancer (PCA) is one of the most com-
mon cancers in men in western countries and 
stands the second position in male malignant 
tumors worldwide [1]. With improvement in PSA 
screening and the prolonged life expectancy, 
incidence and prevalence of PCA has increased 
steadily in the last decade [2, 3]. Nowadays, 
methods for diagnosis of PCA include prostate-
specific antigen (PSA) serum level, digital rectal 
examination (DRE) and diagnostic imaging 
techniques such as ultrasound and MRI. 
However, 85% of PCA is multifocal and pro-
gresses along the capsule of prostate and it 
may not appear as a well-defined nodule like 
other malignant tumors [4, 5], so it is difficult to 
detect the lesions accurately using the conven-
tional imaging technology [6]. In this respect, it 
is necessary to find a new imaging modality for 
screening PCA.

Transrectal real-time elastography (TRTE) imag-
ing technology assesses the differences in tis-
sue strain produced by freehand compression, 
with the harder tissue presenting the smaller 
strain. TRTE can reflect the distribution of the 
strain by ultrasonic imaging in order to differen-
tiate benign and malignant tissue [7, 8]. As a 
novel biomechanics technique, TRTE makes up 
the deficiency of the conventional ultrasonic 
imaging mode, with better diagnostic value for 
PCA. However, it remains unclear whether TRTE 
can be used as routine clinical application [9].

Systematic biopsy guided by ultrasound is still 
the gold standard for diagnosis of PCA [3]. 
Elevated PSA level and/or abnormal DRE were 
widely accepted as biopsy indications [10, 11]. 
However, the specificity of elevated PSA level is 
low, since benign conditions including benign 
prostatic hyperplasia, prostatitis and other non-
cancerous lesions also can lead to an elevated 
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PSA [12-16]. Therefore, elevated PSA level as a 
biopsy indication will lead to much unneces-
sary biopsies. In this case, we aimed to evalu-
ate the diagnostic value of the new 5-grading 
score in the diagnosis of PCA with real-time 
elastography for patients with an elevated PSA, 
and to provide evidence for the decision-tree in 
selecting patients for biopsy.

Patients and methods

Patients

From August 2012 to October 2013, 352 con-
secutive patients with PSA ≥ 4 ng/ml under-
went prostate biopsy in the university hospital. 
Diagnoses were confirmed by pathological 
examination after biopsy and the pathological 
diagnoses were made by one experienced 
pathologist. The flowchart for the patient selec-
tion was presented in Figure 1. The inclusion 
criteria for the patients were as follows: (1) Age 
≤ 80 and no peripheral nodules visualized on 
grey-scale ultrasound; (2) No surgery per-

quency of 7 MHz (range, 5-9 MHz) was equipped 
for all the B-mode US and TRTE examinations. 
All the patients were examined by an experi-
enced operator who had the experiences in 
prostate examination by transrectal ultrasound 
at least 5 years and experiences in TRTE exami-
nation at least 6 months.

All patients lied in left lateral position with bend 
knees hip flexion. Latex was set close to the 
probe besmeared a moderate amount of cou-
pling agent and the probe was inserted to the 
rectum slowly. The prostate capsule, symmetry, 
internal echo and boundary were observed 
firstly by conventional ultrasound. Then the 
blood flow sign was observed with color Doppler 
and power Doppler ultrasound, the prostate 
volume was measured and recorded simultane-
ously. Then TRTE mode was started. Each sec-
tion was checked from the apex to the bottom. 
TRTE images were obtained in the transverse 
plane at up to 10 frames per second with focus 
at the depth of 1.5 cm from the surface of 
probe. The region of interest of TRTE was set as 

Figure 1. Flowchart of the selection of the patients for TRTE score.

formed on prostate tissue 
before; (3) Patients were will-
ing to undergo TRTE. In total, 
195 patients were enrolled in 
the present study and 3 pa- 
tients were excluded because 
of unreliable imaging (TRTE 
images were not bilateral sym-
metrical or did not include 
prostate tissue completely). 
The patient age ranged from 
48 to 80 yrs and the mean 
age was 66.8 ± 7.2 yrs. The 
PSA ranged from 4 ng/ml to 
98.4 ng/ml (median, 9.9 ng/
ml) and the volume of pros-
tate ranged from 11 ml to 113 
ml (median, 45 ml). The study 
was approved by the Ethical 
Committee of the university 
hospital and written informed 
consent was obtained from 
each patient.

Elasticity imaging

TRTE were performed with 
LOGIQ E9 machine (GE Heal- 
thcare, Milwaukee, Wl, USA). A 
transrectal endocavity probe 
(IC5-9-D) with a center fre-
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approximately 1 cm to the edge of 
biggest transverse. The investiga-
tor manually induced slight com-
pression and decompression of 
the prostate tissue using the 
probe. Under the guidance of qual-
ity bar in the process of compres-
sion and decompression, the 
pressure and direction of manual 
vibration were adjusted until sta-
ble, repeatable images (bilateral 
prostatic capsule was clear, 
smooth and symmetrical with the 
pressure indicator bar displayed 
as over 4) were obtained. The 
images were stored in the instru-
ment system in the workstation 
for further analysis. Each patient 
was examined about 7 to 10 
minutes.

Image analysis and TRTE score

All the images were interpreted by 
a senior doctor and a junior doctor 
and both of them didn’t know each 
other’s scores and pathological 
results. The repeated TRTE score 
for the same TRTE images were 
performed by the senior doctor. 
The first TRTE score of the senior 
doctor was recorded as final 
result. The two results of the 
senior doctor for TRTE score were 
used to assess intraobserver 
reproducibility. The first TRTE 
score of the senior doctor and the 
TRTE score of junior doctor were 
used to assess interobserver 
reproducibility.

Figure 2. Transrectal real-time elas-
tography (TRTE) imaging (left). Score 
1: A: There was no blue area or star-
like blue in outer glands; Score 2: B: 
The mosaic or a little symmetrical blue 
area in bilateral outer glands, the blue 
area is less than 5 mm in diameter; 
Score 3: C: A little symmetrical blue 
area in bilateral outer glands, the di-
ameter of blue area ≥ 5 mm; Score 
4: D: Asymmetric blue area in bilat-
eral outer glands, the diameter of blue 
area ≥ 5 mm; Score 5: E: Asymmetric 
blue area in bilateral outer glands, the 
blue area of more than 50%, the blue 
area ≥ 50% of single outer gland area.
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The interpretation standard of TRTE was as fol-
lowing: score 1: there was no blue area or star-
like blue in outer glands; score 2: the mosaic or 
a little symmetrical blue area in bilateral outer 
glands were seen and the blue area is less than 
5 mm in diameter; score 3: a little symmetrical 
blue area in bilateral outer glands, the diameter 
of blue area ≥ 5 mm; score 4: asymmetric blue 
area in bilateral outer glands, the diameter of 
blue area ≥ 5 mm; score 5: asymmetric blue 
area in bilateral outer glands, the blue area of 
more than 50%, the blue area ≥ 50% of single 
outer gland area (Figure 2).

Prostate biopsy

All patients underwent transperineal ultra-
sound-guided prostate biopsy. For patients 
with the volume of prostate ≤ 30 ml, 8-core 
biopsy was performed (one core in apex, mid-
dle and bottom of bilateral outer glands and 
bilateral inner glands); For patients with the vol-
ume of prostate ranged from 30 ml to 50 ml, 
10-core biopsy was performed (conventional 
8-core and one core in apex bilateral outer 
glands); For patients with the volume of pros-
tate ≥ 50 ml, 12-core biopsy was performed 
(conventional 8-core, one core in apex and mid-
dle of bilateral outer glands).

Statistical analysis

Differences in quantitative data were com-
pared with independent t-test. The intra- and 

mm, and ≥ 50 ml). The statistical analyses were 
carried out using SPSS17.0 software package 
(SPSS Inc, Chicago, IL). P < 0.05 was consid-
ered to be statistically significant.

Results

In total, 51 of 195 patients (26.2%) were diag-
nosed as PCA. Histologically and the Gleason 
score ranged from 4 to 9. The basic character-
istics of the patients and final pathologic diag-
noses were presented in Table 1.

7.9% (3/38) patients with a score of 1 and 
16.7% (13/78) patients with a score of 2 were 
PCA. 63.3% (19/30) patients with a score of 3 
and 56.8% (25/44) patients with a score of 4 
were benign. None of the 5 patients in this 
group with a score of 5 were benign. The TRTE 
scores of PCA and benign conditions were 3.20 
± 1.11 (range: 1-5) and 2.24 ± 1.01 (range: 1-4) 
respectively. The mean TRTE score of PCA was 
significantly higher than that of benign condi-
tions (P < 0.001).

ROC curve analyses showed that the area 
under the curve (AUC for the TRTE was 0.729 
(95% CI: 0.648, 0.810). The best cutoff value of 
TRTE score was 3. The sensitivity, specificity, 
accuracy in diagnosis of PCA were 68.6% 
(35/51), 69.4% (100/144) and 69.2% (135/ 
195), respectively. When dividing the patients 
into three groups according to their prostate 

Table 1. Characteristics of the patients
N (%) Range Mean ± SD t P

Age (y) Benigna 144 (73.8) 48-79 66.13 ± 7.03 2.253 0.025
PCA 51 (26.2) 50-80 68.76 ± 7.56

Volume (ml) Benign 144 (73.8) 11-113 47.99 ± 21.46 -3.998 0.000
PCA 51(26.2) 13-80 36.67 ± 15.68

Serum PSA levels (ng/ml)
4-10 Benign 87 (44.6) 4-10 6.79 ± 1.75 0.263 0.793

PCA 15 (7.7) 4.6-10 6.91 ± 1.72
> 10 Benign 57 (29.2) 10.19-74.9 21.16 ± 14.06 3.436 0.001

PCA 36 (18.5) 11.1-98.4 36.72 ± 24.76
Gleason score
4 2 (3.9)
5 5 (9.8)
6 13 (25.5)
7 20 (39.2)
8 6 (11.8)
9 5 (9.8)
aBenign indicates benign conditions, including benign prostatic hyperplasia and chronic 
prostatitis.

inter-observer reproduc-
ibility was assessed us- 
ing the correlation coeffi-
cient analysis. Receiver-
operating characteristic 
curve (ROC) analyses we- 
re performed to assess 
the diagnostic performan- 
ce of TRTE score in differ-
entiating benign from PCA 
and the best cutoff value 
was investigated. The chi-
square test were used to 
assess the accuracy bet- 
ween the two groups with-
in each PSA level (4-10 
ng/ml and > 10 ng/ml). 
The One-way ANOVA and 
LSD-t were used to ass- 
ess the accuracy between 
the three groups within 
each prostate volume 
category (≤ 30 ml, 30-50 
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volume, for the volume ≤ 30 ml, AUC was 0.679 
(95% CI: 0.512, 0.846); for the volume ranged 
30-50 ml, 0.709 (95% CI: 0.590, 0.827); for the 
volume ≥ 50 ml, 0.849 (95% CI: 0.720, 0.979). 
The accuracy of TRTE in volume ≤ 30 ml group 
was significantly higher than that in the volume 
≥ 50 ml group and the 30-50 ml group (76.9% 
vs. 65.0% and 76.9% vs.71.4%, both P < 0.001). 
There was no significantly difference between 
the volume ≥ 50 ml group and the 30-50 ml 
group in the accuracy of TRTE (P = 0.175). 
When dividing the patients into two groups by 
PSA level, for the 4 ng/ml ≤ PSA ≤ 10 ng/ml 
group, AUC was 0.825 (95% CI: 0.709, 0.942); 
for the PSA > 10 ng/ml, 0.681 (95% CI: 0.571, 
0.791). The accuracy of TRTE score was higher 
for PSA ranged 4-10 ng/ml than PSA > 10 ng/
ml (85.3% vs. 66.7%, P = 0.002). The corre-

highly sensitive or specific in the diagnosis of 
PCA [17]. Meanwhile, color Doppler and power 
Doppler imaging do not substantially improve 
the diagnostic accuracy [18]. Pathological 
result obtained by transrectal ultrasonography 
guided biopsy remains the mainstay in confirm-
ing PCA [3]. It was reported that about one mil-
lion biopsies per year were performed in the 
United States [19]. However, it was not useful 
to increase the detection rates of PCA by modi-
fying biopsy protocols that focus on obtaining 
increased biopsy sample number [20-24], 
which may be attributable to the limitation of 
placing biopsy needles into the desired region 
as per biopsy protocol [17]. The ideal imaging 
technology should be affordable and minimally 
invasive; however, if prostate biopsy is used as 
a routine procedure, it is likely to bring more 

Table 2. Diagnostic performance of TRTE score in the diagnosis of PCA
Accuracy %b Sensitivity % Specificity % AUC 95% CI

Volume (ml) ≤ 30 76.9 (40/52) 62.5 (15/24) 89.3 (25/28) 0.679 0.512, 0.846
30-50 65.0 (52/80) 73.1 (19/26) 61.1 (33/54) 0.709 0.590, 0.827
≥ 50 71.4 (54/63) 71.4 (5/7) 71.4 (40/56) 0.849 0.720, 0.979

PSA (ng/ml) 4-10 85.3 (87/102) 96.3 (26/27) 81.3 (75/87) 0.825 0.709, 0.942
> 10 66.7 (62/93) 69.4 (25/36) 64.9 (37/57) 0.681 0.571, 0.791

bOne-way ANOVA result in F = 15.354, P = 0.000; further analysis with LSD-t test revealed that the accuracy of volume ≤ 30 
group was significantly higher than that of the volume ≥ 50 ml group and the 30-50 ml group (all P < 0.001. There was no 
significantly difference between the volume ≥ 50 ml group and the 30-50 ml group (P = 0.175). The accuracy of TRTE score 
was more higher for PSA ranged 4-10 ng/ml than PSA > 10 ng/ml (85.3% vs. 66.7%, P = 0.002).

Figure 3. Distribution of TRTE score for PCA according to Glea-
son score.

sponding sensitivity, specificity, and accu-
racy were presented in Table 2.

The distribution of TRTE score for PCA 
according to Gleason score was shown in 
Figure 3. The mean TRTR score was 3.40 ± 
1.05 for Gleason < 7 and 3.06 ± 1.15 for 
Gleason ≥ 7. There were no significant dif-
ference between the mean scores for 
Gleason < 7 and those for Gleason ≥ 7 (P = 
0.298).

The correlation coefficients were 0.948 (P 
= 0.000) for intraobserver measurement 
and 0.725 for interobserver measurement 
(P < 0.001).

Discussion

Ultrasound is the most common imaging 
method for direct visualization of the pros-
tate due to the advantages of real-time 
imaging, free of radiation, and low cost. 
However, transrectal ultrasound is not 
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complications and cost. In this respect, more 
effort is needed to improve the prostate imag-
ing. Elastography has been used clinically to 
examine a variety of organs, including the 
breast, thyroid and prostate [21, 25, 26], since 
it was first introduced by Ophir et al [27]. TRTE 
is currently mainly used for differentiating 
benign from malignant prostatic lesions [28] 
and guiding prostate biopsy [6, 20, 29, 30] as a 
new ultrasonic technique and the diagnostic 
performance is ideal with potential in improving 
the diagnosis of PCA.

For the patients with abnormal DRE or abnor-
mal nodules on conventional ultrasound, the 
cases can be diagnosed by transrectal ultraso-
nography guided biopsy targeting to the suspi-
cious area, which is the most direct and effi-
cient way. However, for the patients with 
elevated PSA levels only, it remains unclear 
whether all biopsies are necessary. This ques-
tion has great clinical implication since use of 
TRTE could reduce the rate and the cost of 
biopsies for those only having an elevated PSA 
level.

Cell density is greater in neoplastic tissue than 
in normal tissue, which causes a change in tis-
sue elasticity [31]. TRTE allows an assessment 
of tissue elasticity with color coding, in which 
the scale ranged from red (soft) to blue (hard). 
Kamoi et al [28] initially reported that the grad-
ing system of TRTE was valuable in the diagno-
sis of PCA, as was successfully applied to 
breast lesions and thyroid nodules [28, 32]. In 
the clinical application of TRTE-guided biopsy, 
the hard areas with a diameter ≥ 5 mm in elas-
ticity imaging were considered as malignant 
[33, 34]. Many prostate cancers detected at 
biopsy were not visible at TRUS [28] and many 
cases were isoechoic. Therefore, the TRTE 
score based on the symmetry and elastic distri-
bution of prostate outer gland was proposed 
for the patients only having an elevated PSA 
level.

In this study, the mean TRTE score of PCA was 
significantly higher than that of benign condi-
tions. The sensitivity, specificity, and accuracy 
in diagnosis of PCA were 68.6%, 69.4% and 
69.2%, respectively. On the other hand, the 
sensitivity, specificity and accuracy of the grad-
ing system of TRTE focus on prostate lesions 
were 68%, 81% and 76% in the study of Kamoi 

K [28]. It showed a relatively balanced sensitiv-
ity, specificity and accuracy. Until present, there 
have been no studies on the relationship 
between the TRTE score and the prostate or 
prostate lesion size. In this study, the diagnos-
tic value of TRTE score was associated with the 
prostate volume with relatively high value for 
those volume ≤ 30 ml. The diagnostic value of 
TRTE score was also associated with the PSA 
level, with relatively high value for those with 4 
ng/ml ≤ PSA ≤ 10 ng/ml. It is controversial to 
perform biopsy for patients only having PSA 
ranged 4-10 ng/ml, thus this finding can help 
clinicians with the pressing need. Therefore, it 
may be useful to introduce TRTE score into rou-
tine clinical practice.

At present, Gleason score is one of the most 
used histological grading systems for prostate 
cancer and the prognosis of prostate cancer is 
closely related to the Gleason score. The pro-
gression and fatality rate of Gleason 6 were 
much lower than Gleason ≥ 7 [35, 36]. Some 
studies [3, 20, 28, 30, 37] reported that the 
TRTE detection rate of prostate cancer with a 
higher Gleason score was higher than that of 
lower Gleason score, whereas Tsutsumi et al 
[33] found that TRTE detection rate was higher 
for low-staged tumors. In the present study, 
there were no significant differences between 
the mean scores for Gleason < 7 and those for 
Gleason ≥ 7.

There were some limitations in the present 
study. Firstly, the major limitation of TRTE is 
that the procedure is manually compressing 
the prostate and it is operator-dependant, 
which may affect the repeatability [38]. Pelzer 
et al [39] reported that transition zone cancers 
were very rare in a PSA screening population, 
and additionally, TRTE can produce hard arti-
facts (blue) with increasing depth of penetra-
tion [33]. Therefore, the inner gland findings 
were not included in the TRTE score. Another 
limitation was that biopsy specimen cannot 
diagnose all the PCAs because of sampling 
error. Lastly, volunteers with normal PSA are 
not included in the study.

In conclusion, TRTE score, a novel semi-quanti-
tative assessment of patients’ prostate, can be 
served as a useful screening method for those 
patients suspicious of PCA, especially those 
only having an elevated PSA level.
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