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introduCtion

Prostate carcinoma (PCa) is the second most frequently 
diagnosed cancer in males all over the world and is a major 
healthcare concern associated with significant morbidity and 
mortality. The burden of PCa is estimated to grow to 1.7 million 
new cases and 499000 new deaths by 2030 as a result of growth 
and aging of the global population.[1]

Digital rectal examination (DRE), screening for prostate 
specific antigen (PSA), and imaging techniques such as 
transrectal ultrasound (TRUS) and magnetic resonance 
imaging (MRI) are the methods commonly employed for 
detection of PCa. DRE is limited by its low sensitivity, 
subjective nature, and depends on the experience of the 
clinician. Although PSA testing has been widely used for 
screening of prostatic cancer, it is not disease specific and 
can be elevated in patients with prostatitis as well as benign 

prostatic hyperplasia.[2,3] In a patient with suspicion of 
prostatic cancer, current guidelines involve histopathologic 
examination of systematic biopsy cores to confirm or 
rule out cancer.[4] However, the conventional biopsy 
protocol misses significant cancer in a large proportion 
of patients.[5] Further many insignificant cancers that do 
not need immediate treatment are also detected leading to 
overdiagnosis and treatment.[6] Use of TRUS for detecting 
prostate cancer has limitations such as poor specificity of 
focal abnormalities, frequent multifocality of cancer within 
the prostate, and substantial percentage of isoechoic prostatic 
carcinoma (PCa).[7] Although MRI results are promising, 
it is expensive and not always available. In view of these 
limitations, improved noninvasive imaging modalities that 
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can provide better characterization of prostatic lesions and 
increase detection of prostatic cancer are needed.

Ultrasound elastography (USE) is a dynamic technique that uses 
ultrasound to estimate tissue stiffness by measuring the degree of 
distortion under application of an external force. As cancerous 
tissue has greater stiffness than a benign lesion USE has been 
used to differentiate malignant from benign lesions in breast, 
thyroid, liver, and cervix. Recent studies have demonstrated 
the utility of sonoelastography in detecting prostate cancer.[8-10]

Data on the usefulness of transrectal strain elastography (SE) 
in evaluation of prostatic cancer and its correlation with 
histopathology are relatively few, especially from India. The 
purpose of the present study was to evaluate the usefulness 
and diagnostic performance of transrectal SE in identifying 
prostatic cancer with histopathologic diagnosis obtained by 
needle biopsy of prostate as reference standard.

MAtEriAls And MEthods

This prospective study was performed in a tertiary care center 
in South India between December 2014 and September 2016. 
60 consecutive patients who were referred to the department 
of Radiology with suspicion of PCa based on abnormal 
DRE and elevated PSA levels (>4 ng/ml) were enrolled. The 
institutional review board approved the study protocol and the 
protocol was in compliance with tenets of the Declaration of 
Helsinki (IRB approval Number: 14/399). Informed consent 
was obtained from all participants. Exclusion criteria consisted 
of patients with bleeding disorders, inflammatory bowel 
disease and surgical absence of rectum or ileoanal pouch. All 
patients underwent TRUS (grey scale and Doppler) and SE as 
well as needle biopsy of prostate in the same session.

TRUS of prostate was done using an endocavitary 
transducer (Siemens Accuson S3000, Siemens Healthineers, 
Erlangen, Germany) with 9–4 MHz range and 174 degree 
field of vision, capable of user selectable multi hertz imaging. 
Xylocaine gel was applied over a probe cover applied onto the 
probe. All patients were examined in the left lateral decubitus 
position. Prostate was imaged in both axial and sagittal planes 
with assessment of volume, echogenicity, surface, calcification, 
vascularity, and the presence of nodules. Each nodule was 
assessed for size, margins, location in the gland, morphology, 
and echogenicity.

Glands with homogeneous echotexture or minimal heterogeneity 
on TRUS were labeled as benign while those with ill-defined 
echotexture abnormality, focal bulge or hypoechoic mass were 
categorized as malignant. For Color Doppler (CD) imaging, 
capsular/periurethral flow and symmetric radial flow from 
capsular branches were considered benign while asymmetric 
or increased flow with disorganized pattern was labeled 
malignant.[11]

Using the same probe transrectal real-time strain 
elastography (RTE) of prostate was done by a single 
experienced radiologist. The probe was placed over the region 

such that the lesion is in the center of the image. Elastograms 
were obtained by slight compression and decompression of 
the prostate. The appropriate frequency and pressure of the 
compression/decompression was optimized with the help of 
real time display of quality index. Elastograms obtained with 
quality index equal to or >60 were only included. At least a 
5 mm thickness of normal adjacent tissue was included, to 
assess the lesion stiffness in relation with the average elasticity 
of the surrounding tissue. A standardized color coding system 
was used, where red indicated soft, more compliant areas 
and blue indicated stiff areas. Green color indicated average 
strain in the region of interest. The elastograms along with 
conventional B-mode images were displayed side by side 
on split screen mode. Multiple frames were acquired and the 
best fit B mode-elastography image pairs were selected for 
examination. The elasticity patterns were scored using a five 
point scale proposed by Kamoi et al.[10] [Table 1] The cut off 
for malignancy was set between scores of 2 and 3 [Figures 1-4].

Sampling of the prostate was performed either in the sagittal 
or in the axial plane. Biopsies were taken using an 18 G biopsy 
gun under strict aseptic precautions. Extended core biopsy 
protocol (12 cores) was used. Additional targeted biopsy was 
carried out on suspicious areas identified by B mode US and 
elastography. The grade (degree of aggressiveness) of prostate 
cancer was evaluated on the basis of the Gleason score. No 
major complications were encountered after the procedure.

The findings of TRUS, Doppler and RTE were interpreted by 
consensus by two experienced radiologists who were blinded to 
patients’ clinical profile and biopsy results. The histopathologic 
results were considered as the reference standard, and utility 
of RTE was evaluated.

Statistical analysis
Data was entered in the Statistical Package for Social Sciences 
version 24 (SPSS Inc., Chicago, IL, USA). Descriptive 
statistics was presented as mean ± standard deviation. 
Qualitative variables were presented in the form of frequency 
and percentages. The diagnostic sensitivity, specificity, positive 
predictive value (PPV) and negative predictive value (NPV) 
were calculated with histopathologic analysis as reference 
standard. For analyzing the combined diagnostic performance 
of tests, the test was considered positive if either of them was 

Table 1: Sonoelastography scoring system proposed by 
Kamoi et al.

Elastography 
score

Description

Score 1 Normal - homogeneous strain
Score 2 Probably normal - symmetric heterogeneous strain
Score 3 Indeterminate - asymmetric focal stiff lesion which is 

not related to any hypoechoic area
Score 4 Probably carcinoma (strain at the periphery of the 

hypoechoic lesion with sparing of the center
Score 5 Definitely carcinoma (no strain in the entire 

hypoechoic lesion or in the surrounding area)
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patients. Gleason score ranged from 6 to 9 (Mean: 7.42 ± 1.13). 
Among the 32 patients with benign histopathology results, 
20 (62.5%) were found to have benign prostatic hyperplasia 
and 12 (37.5%) had prostatitis. The mean prostatic volume was 
38.20 ± 18.25 cm3 (range: 8–89 cm3). The mean age of patients 
with benign and malignant lesions were 66.78 ± 9.56 years and 
71.89 ± 8.59 years, respectively (P = 0.035).

Out of the 60 patients, 28 (47%) were suspected of having 
prostate cancer by TRUS. The sensitivity, specificity, PPV, 
and NPV of TRUS in detecting prostate cancer were 78.57%, 
81.25%, 78.57%, and 81.25%, respectively, with histopathology 
as reference standard. On CD evaluation 87.5% (n = 28) of 
benign lesions showed symmetric, radial flow compared to 
14.3% (n = 4) of malignant lesions (P < 0.0001).

Table 2 shows the correlation of elastography scores and 
histopathologic diagnoses of lesions. Out of the 32 patients 

suspicious for malignancy and negative if neither showed 
suspicious features. Pearson Chi-square test was used to study 
the association between categorical variables. P < 0.05 was 
considered as statistically significant.

rEsults

The age of the patients ranged from 53 to 88 years (Mean: 
69.16 ± 9.40 years). Serum PSA levels ranged between 4.3 
and 178.6 ng/ml (Mean 48.54 ± 56.69 ng/ml). No Significant 
difference in PSA levels were noted between patients with 
carcinoma and benign lesions of the prostate (P = 0.083). In 
60 patients, 784 biopsy cores were harvested out of which 720 
was according to the extended core biopsy protocol and 64 
were targeted (36 and 28 targeted to areas found suspicious on 
B-mode US and RTE, respectively). Histopathology revealed 
cancerous focus in at least one biopsy core in 28/60 (47%) 

Figure 1: (a) Transrectal ultrasonography image showing mild 
enlargement of prostate. (b) Sonoelastography showing heterogeneous 
appearance with symmetrical mosaic pattern of green and blue (Score 
2 – probably normal). Histopathology revealed hyperplasia of prostate 
with benign glandular pattern

ba

Figure 2: (a) Transrectal ultrasonography image showing hypoechoic lesion 
in the right peripheral zone (arrows) of prostate. (b) Sonoelastography 
showing focal asymmetric stiff lesion not related to hypoechoic 
area (score 3 – indeterminate). Histopathology was suggestive of 
adenocarcinoma prostate

ba

Figure 3: (a) Transrectal ultrasonography image showing hypoechoic 
lesion in the right peripheral zone (arrow) of prostate. (b) Sonoelastography 
showing stiffness in the center of the lesion and strain at the periphery; 
the peripheral part of lesion appears green and the central part appears 
blue (score 4 – probably carcinoma). Histopathology confirmed 
adenocarcinoma prostate

ba

Figure 4: (a) Transrectal ultrasonography image showing hypoechoic 
lesion with irregular margin in the right peripheral zone (arrows) of 
prostate. (b) Sonoelastography showing stiffness in the entire hypoechoic 
lesion and in the surrounding area; the entire lesion appears blue (score 
5 – definitely carcinoma). Histopathology confirmed adenocarcinoma 
prostate

ba
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with benign histopathology, 14 were judged as negative for 
malignancy at RTE. There were 3 false negative patients on 
elastography with score of 2. The sensitivity and specificity 
of RTE was 89.29% and 56.25% with positive and NPV of 
58.13% and 82.35%, respectively. Higher elastography score 
was found to be significantly associated with malignant 
histopathology (P = 0.004).

Table 3 shows the relation between Gleason score and 
elastography scores. Approximately 84% of patients with a 
Gleason score ≤6 were detected by RTE whereas for scores 
8–9, the detection rate was 100%.

The diagnostic performance of TRUS, combined 
modalities (TRUS and Doppler) and RTE are shown in Table 4.

disCussion

In this prospective study from South India, we evaluated 
the diagnostic performance of transrectal real-time 
elastography (RTE) in detection of prostatic cancer in 
patients with abnormal DRE and elevated PSA levels. RTE 
showed superior sensitivity of nearly 90% versus sensitivity 
of 79% by TRUS and 86% by a combination of TRUS and 
CD ultrasound.

Ever since the description of principles of elastography by 
Ophir et al., elasticity imaging has been applied to a wide 
variety of tissues such as breast, thyroid, liver, lymph nodes 
and prostate.[12]

The two US elastography techniques in clinical use are SE and 
shear wave elastography. Several studies have evaluated the 
utility of SE in diagnosing prostatic cancer and have shown 
varied results. While few have compared the diagnostic 
accuracy with needle biopsy of prostate,[13-15] others have used 
histopathologic examination of radical prostatectomy specimen 
as the reference standard.[8,9,16] The heterogeneous results can 
be attributed to the varied inclusion criteria, demographic 
characteristics of patients, serum PSA levels, location of 
tumors, reference standard, number of biopsy cores, systematic 
or targeted biopsies and Gleason score of the tumors examined.

The age of patients with malignancy of prostate was 
significantly higher compared to those with benign lesions in 
our study (P = 0.035). Age is considered to be an established 
risk factor for prostatic cancer and study of age-specific 
incidence curves have shown that risk of prostate cancer 
begins to rise sharply after 55 years of age and peaks at 70–74, 
declining slightly thereafter.[17]

In our study, TRUS revealed hypoechoic/focal lesions 
in 28 patients (47%). Out of these, 22 were confirmed as 
adenocarcinoma prostate while 6 turned out to be benign 
on histopathology. The results from our study in terms of 
specificity and PPV of TRUS in detecting prostatic cancer are 
similar to that of Ferrari et al. who had evaluated 84 patients 
suspected of prostatic cancer by TRUS, RTE and transperineal 
prostate biopsy.[18] B-mode US demonstrated 56% sensitivity, 
80% specificity, 70% PPV and 67% NPV in diagnosing 
prostatic cancer. A hypoechoic lesion in the peripheral zone 
of prostate is suggested to be more likely malignant, the 
proposed cause being replacement of normal loose glandular 
tissue by a packed mass of tumor cells which results in fewer 
reflecting interfaces. Hyperplasia, prostatitis, fibrosis and 
cysts of prostate are other lesions that appear hypoechoic on 
TRUS.[19] Nearly 25%–40% of prostate cancers are isoechoic 
and missed by TRUS.[20]

CD and Power Doppler (PD) have been reported to be 
useful in detecting isoechoic tumors which may be missed 
by conventional ultrasound.[21,22] In 2 patients with prostatic 
cancer in our study, Doppler evaluation revealed asymmetric, 
increased flow while TRUS was not suspicious for malignancy. 
Few authors have shown that increased CD signal correlates 
positively with grading and staging of prostate cancer as well 
as risk of recurrence after treatment.[23,24]

On CD evaluation, 87.5% (n = 28) of benign lesions showed 
symmetric, radial flow compared to 14.3% (n = 4) of malignant 
lesions (P < 0.0001) in our study. A combination of TRUS 
and Doppler revealed superior diagnostic performance with 
sensitivity and NPV of nearly 86% compared to TRUS. 
However, benign lesions like prostatitis can also show 

Table 2: Correlation between elastography score and 
histopathologic diagnosis of lesions

Elastogram 
pattern

Benign (n=32) Malignant (n=28) Total (n=60)

1 0 0 0
2 14 3 17
3 18 4 22
4 0 9 9
5 0 12 12

Table 3: Relation between Gleason score and 
elastography scores

Gleason score ES 1 ES 2 ES 3 ES 4 ES 5
≤6 0 1 0 2 3
7 0 2 2 6 2
8 0 0 0 1 1
9 0 0 2 0 6
ES: Elastography score

Table 4: Diagnostic performance of transrectal 
ultrasound, combined modalities (transrectal ultrasound 
and Doppler) and real‑time strain elastography

Performance measure TRUS TRUS and doppler RTE
Sensitivity (%) 78.57 85.71 89.29
Specificity (%) 81.25 75 56.25
Positive predictive value (%) 78.57 75 58.13
Negative predictive value (%) 81.25 85.71 82.35
TRUS: Transrectal ultrasound, RTE: Real-time strain elastography
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increased flow on CD and CD does not reveal microscopic 
vessels of prostatic cancer that do not possess enough flow to 
cause Doppler shift.[25,26] Despite these limitations, our findings 
indicate that CD imaging can be a useful adjunct to improve 
tumor detection by TRUS.

Prostatic cancer tends to be stiffer than benign lesions due to 
replacement of normal glandular tissue by neoplastic cells.[27] 
Stiffer tissues demonstrate less strain to deformation, and 
RTE helps in differentiation of benign and malignant tissues 
based on distribution of strain. Miyagawa et al. evaluated 
the usefulness of RTE in detecting prostatic cancer prior to 
systematic biopsy and have noted a diagnostic sensitivity of 
72.6% for elastography and 89.5% for combination of TRUS 
and elastography.[14] Kamoi et al. used a five point subjective 
scale based on degree and distribution of strain in relation to 
hypoechoic area and found that RTE had 68% sensitivity and 
81% specificity in detecting prostatic cancer. The combination 
of RTE with PD US further increased the sensitivity to 78%.[10]

Using the cutoff value of 3 (suggesting focal asymmetric lesion 
without strain unrelated to hypoechoic lesion) proposed by 
Kamoi et al., RTE was found to have sensitivity of 89.29% and 
specificity of 56.25% in our study. Of 43 patients with RTE 
findings suspicious for carcinoma, 25 were confirmed to be 
malignant on histopathology. Benign entities such as benign 
prostatic hyperplasia, adenomyomatosis, fibrosis and prostatitis 
can be associated with increased tissue stiffness and therefore 
may be difficult to distinguish from carcinoma prostate. This 
can be responsible for the relatively low specificity and PPV 
observed in our study. Because of the high frequency of 
false-positive results, RTE should be used in combination with 
TRUS to increase the detection rate.

In 5 of 28 patients with prostatic cancer (17.9%), B mode 
US was normal but RTE was suggestive of carcinoma. 
While systematic biopsy picked up malignancy in 3 patients, 
targeted biopsy based on RTE findings resulted in detection 
of cancer in 2 patients. The role of RTE targeted biopsy 
in detecting prostatic cancer has been reported by several 
authors. Pallwein et al. compared a 5-core RTE targeted 
biopsy with a 10-core systematic biopsy and concluded 
that cancer detection rate per patient was not significantly 
higher for targeted approach compared to systematic 
approach but an RTE targeted core was 2.9 fold more 
likely to be positive for cancer than a systematic core.[28] 
Salomon et al. analyzed the incremental detection rate 
of 4-core RTE targeted biopsy in addition to randomized 
10-core in 1024 patients.[29] Additional use of RTE resulted 
in an incremental detection rate of 18.3%. 34 patients who 
harbored high-grade PCa (Gleason score ≥4) were diagnosed 
by RTE targeted biopsy only. A recent meta-analysis on the 
role of RTE targeted biopsy has shown that the detection 
rate of malignancy is enhanced when systematic biopsies 
are combined with RTE targeted biopsies.

Further RTE targeted biopsy can make a nearly equivalent 
diagnosis with fewer cores.[30]

In our study RTE detected 5 of 6 patients with prostatic cancer 
of Gleason score ≤6, 10 of 12 with score 7 and all with Gleason 
score 8 or 9. Our observations are similar to that of other 
authors who have noted that RTE detection rate of prostate 
cancer with higher Gleason score was greater than that of 
prostatic cancer with a lower Gleason score.[9,31] This might 
be explained by the greater cell density in high grade tumors 
resulting in stiffer tissue. In contrast, Tsutsumi et al. have noted 
a lower RTE detection rate for high grade tumors.[32]

Our study has few limitations. The sample size was small and 
no interobserver variability was studied since the RTE findings 
were interpreted by consensus. Another main limitation of 
RTE is that the degree of manual compression influences the 
elasticity image and may compromise diagnostic accuracy 
of RTE. However all examinations were performed by a 
single experienced radiologist and only images with optimal 
compression as displayed by the quality index were included 
in the study. Recent literature suggests that multiparametric 
MRI has greater sensitivity and specificity for detection of 
clinically significant prostate cancer.[33]

Although the incidence of prostatic cancer is low in 
Asian countries compared to the west, demographic and 
epidemiological transition in recent times have resulted in 
increase in the burden of various cancers including prostate 
in India. Prostate is reported to be the second leading site 
of cancer among males in several cities in India and cancer 
projection data estimate that the number of cases will become 
doubled by 2020.[34]

ConClusion

In this initial study from South India, RTE was found to have 
better sensitivity than TRUS as well as combination of TRUS 
and CD. With its greater sensitivity and NPV, RTE can be an 
effective adjuvant tool to guide biopsy and thereby increase the 
detection rate of prostatic cancer. Further prospective studies 
with larger sample size are needed before recommending RTE 
along with conventional TRUS for routine use in the evaluation 
of suspected prostatic malignancy in India.
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