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Abstract
Purpose  To assess whether real-time elastography-targeted biopsy (RTE-bx) is superior to the standard systematic transrectal 
ultrasound (TRUS)-guided biopsy in predicting subsequent prostate cancer (PCa) rates in patients with initially negative 
biopsy and to specifically reveal differences in the occurrence of high-grade (Gleason ≥ 4 + 3) PCa by comparing both 
biopsy methods.
Patients and methods  Overall, 630 patients had an initially negative prostate biopsy between 2007 and 2015, either RTE 
targeted (n = 213) or systematically (n = 417). Follow-up data, ascertained by a questionnaire, of patients receiving RTE-bx 
were compared to data of patients receiving systematic biopsy (sbx) using Mann–Whitney-U test and Chi-square test. We 
performed logistic regression analyses to assess any association with PCa or high-grade PCa occurrence.
Results  In total, 258 (41%) patients were diagnosed with PCa at repeat biopsy whereof 54 (8.6%) harboured high-grade PCa. 
PCa occurred in 95 (44.6%) patients with initially negative RTE-bx and in 163 (39.1%) patients with initially negative sbx 
(p = 0.003). 24 (11.3%) patients receiving RTE-bx and 30 (7.2%) patients receiving sbx were diagnosed with high-grade PCa 
(p = 0.095). Logistic regression analyses showed that patients with the initial RTE-bx vs. those with the initial sbx neither 
resulted in a significant higher risk for PCa occurrence (OR 1.35 [CI 0.87–2.1]; p = 0.2) nor for high-grade PCa occurrence 
(OR 1.52 [CI 0.66–3.35]; p = 0.3).
Conclusions  We found no statistically significant association of prior biopsy method to subsequent PCa or high-grade PCa 
occurrence. Referring to our analyses, RTE is not superior to sbx in predicting subsequent PCa rates and, therefore, not 
eligible to decide on repeat biopsy.

Keywords  Prostate biopsy · Targeted biopsy · Oncological outcome · Negative biopsy

Introduction

Prostate cancer remains the most frequent malignant diag-
nosis in elderly men in the western world [1]. Still, prostate 
specific antigen (PSA)-testing and biopsy for detection of 
prostate cancer (PCa) is discussed controversially. On the 
one hand, early detection of PCa reduces morbidity and mor-
tality, on the other hand extensive use of diagnostic goes 
along with a higher rate of overdiagnosis and overtreatment 
[2]. For definitive diagnosis, most urologists rely on sys-
tematic transrectal ultrasound (TRUS)-guided biopsy as the 
standard of care. However, specificity and sensitivity are 
nonsatisfying, leading to repeated biopsy if clinical suspi-
cion for PCa persists [3]. This patient pool with initially neg-
ative biopsy is at significantly higher risk for insignificant 
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disease, and still, rate of unfavourable pathological result is 
not negligible [4].

In consequence, better imaging modalities are required to 
avoid false-negative biopsy. Real-time elastography (RTE) 
is a promising candidate for PCa detection. In addition to 
the conventional B-mode imaging, RTE shows the ability to 
visualize PCa foci in real time. RTE leads to higher detec-
tion rates for PCa [5–8] and improves agreement between 
biopsy- and pathological-Gleason Score [9].

For further evidence of RTE’s clinical benefit compared 
to systematic biopsy (sbx), investigation of patients with ini-
tially negative biopsy will be of interest. Specifically, RTEs 
ability to correctly detect patients who are not harbouring 
PCa. We hypothesized that patients who had an initially neg-
ative RTE-targeted biopsy (RTE-bx) may less often harbour 
clinical significant PCa in repeat biopsies than those who 
initially underwent standard sbx with negative result. In fact, 
we expect that initially, negative RTE-bx is superior to ini-
tially negative sbx to predict subsequent PCa rates.

To test our hypotheses, patients with initially negative 
biopsy either performed RTE targeted or systematically were 
included in a follow-up. Clinical parameters, biopsy method, 
and results of further biopsies were collected. First, associa-
tion between biopsy method and positive repeat biopsy was 
tested. Second, analyses were repeated to test for the occur-
rence of high-grade PCa.

Patients and methods

Participants

Between 2007 and 2015, 9695 patients underwent the ini-
tial TRUS-guided prostate biopsy in our institution, either 
performed RTE-targeted (n  =  2037) or systematically 
(n = 7658). 3932 of these biopsies were assessed negative. 
Positive initial biopsy rate for RTE-bx was 51.4 and 61.6% 
for sbx. 19.4% of positive initial RTE-bx and in 23% of 
positive initial sbx contained high-grade PCa. We collected 
complete follow-up data from 713 patients with the initial 
negative biopsy and excluded patients (n = 83) with less 
than 6 months of follow-up and negative re-biopsy, leaving 
630 patients for the study. Suspicious digital rectal examina-
tion (DRE) or an elevated PSA-level > 4 ng/ml indicated for 
prostate biopsy [10]. Prostate biopsy was performed either 
by RTE-bx (n = 213) or by sbx (n = 417). RTE-bx con-
sisted of 4-core RTE-targeted biopsy in combination with 
10-core systematic biopsy. Sbx included 12-core biopsy of 
the peripheral zone in a standardized fashion. All data were 
selected out of the institutional database (FileMaker pro 11, 
FileMaker, Inc.) used for prospective collection and storage 
of patients’ data. The study was approved by the local ethics 
board, and all subjects provided written informed consent.

Elastography and systematic biopsy principles

Two observers performed patients’ elastography examinations 
of the prostate using a Hitachi Preirus with a V53W endfire 
probe to aim transrectal biopsy at tumor suspicious areas. 
RTE visualizes the differences of prostate tissue’s stiffness in 
real time. Due to higher cell density of malignant tissue, PCa 
appears as stiffer tissue in elastography examination. By defini-
tion, tumor suspicious areas are displayed as reproducible dark 
blue areas on the video screen [11]. The RTE-bx comprises 
two cores out of the two most prominent suspicious areas. 
After targeted biopsy, a systematic sampled ten-core biopsy 
in the sagittal plane out of the peripheral zone is following.

Sbx as part of the RTE-bx as well as exclusive sbx was 
accomplished equally according to the EAU guidelines for 
detection of PCa [10]. After initially negative biopsy, a rising 
or persistently elevated PSA, suspicious DRE, atypical glands, 
or extensive high-grade prostatic intraepithelial neoplasia 
indicated for repeat biopsy [12]. Subsequent biopsies were 
conducted by German urologists in ambulatory care, whereof 
93% adhere to prostate cancer guidelines [13]. Genitourinary 
pathologists separately analysed all biopsy cores. Origin of 
the core, length, percentage of tumor, Gleason grade, and 
sum of every single core is determined in every pathological 
examination.

Follow‑up

Follow-up information was ascertained by a questionnaire sent 
by email. Phone interviews were conducted in patients, where 
no email address was available. Information about succeeding 
biopsies and cancer diagnosis including Gleason grade was 
collected between April 2015 and June 2016.

Statistical analyses

Medians and interquartile ranges (IQR) were reported for con-
tinuous variables. Frequencies and proportions were reported 
for categorical variables. The Mann–Whitney-U test and Chi-
square test were used to compare medians and proportions, 
respectively. Uni- and multivariable analyses were performed 
using logistic regression analyses.

All statistical analyses were performed using the JMP soft-
ware v9.0.2 (SAS Institute, Inc., Cary, NC, USA). Statistical 
significance was defined as p < 0.05.

Results

In Table 1, the patients’ characteristics and the outcome 
parameters are shown. Patient’s overall median age was 64 
with 63 vs. 64 for RTE-bx vs. sbx (p = 0.8). The median 
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number of cores was 10 for the overall cohort and 14 vs. 10 
for RTE-bx vs. sbx (p < 0.001), the median prostate volume 
was 54 ml for the overall cohort and 56 ml for RTE-bx vs. 
53 ml for sbx (p = 0.16), and the median PSA value was 
6.6 ng/ml in the overall cohort and 7.4 vs. 6.3 ng/ml for 
RTE-bx vs. sbx (p = 0.002).

As an endpoint of interest, patients with PCa after ini-
tially negative biopsy are opposed to patients who live tumor 
free at the time of data collection (Table 1). In total, 258 
patients were diagnosed with PCa at repeat biopsy (41%). 
PCa occurred in 44.6% of the patients who first underwent 
RTE-bx and in 39.1% of the patients who first underwent 
sbx (p = 0.003). 59% in the overall cohort stayed tumor free, 
subdivided into 55.4% in the RTE-bx cohort and 60.9% in 
the sbx cohort. In addition, Gleason ≥ 4 + 3 PCa is ana-
lysed separately: overall occurrence rate was 8.6, 11.3% in 
the RTE-bx cohort vs. 7.2% in the sbx cohort (p = 0.095). 
Median time of follow-up in case of patients harbouring PCa 
was 13.8 months for the overall cohort and 16.3 months for 
RTE-bx vs. 13.0 months for sbx (p = 0.72). Median time 
of follow-up if patients stayed tumor free for the overall 
cohort was 32.4 and 49.2 months for RTE-bx vs. 24.6 for 
sbx (p < 0.001).

In the second part, uni- and multivariable logistic 
regression analyses were performed. We examined sev-
eral parameters to check if they are associated with the 

occurrence of PCa after initially negative biopsy. Our main 
interest was to assess whether RTE-bx or sbx is associated 
with a higher occurrence rate of first overall PCa and sec-
ond Gleason ≥ 4 + 3 PCa. Results are shown in Table 2.

Age occurred as a risk factor for PCa at repeat biopsy 
(Odds ratio (OR) 1.04 [95%-confidence interval (CI) 
1.01–1.07]; p value = 0.005). In contrary, prostate vol-
ume was associated with a lower risk of PCa occurrence 
(OR 0.98 [CI 0.97–0.99]; p < 0.001). PSA value did not 
emerge as independent risk factor (OR 1.02 [CI 1–1.05]; 
p = 0.2). Finally, patients who received RTE-bx vs. those 
receiving sbx did not result in a significant higher risk for 
PCa occurrence (OR 1.35 [CI 0.87–2.1]; p = 0.2).

In the next step, we separately analysed the same 
parameters for any association with the occurrence of a 
Gleason ≥ 4 + 3 PCa. Occurrence rate of Gleason ≥ 4 + 3 
PCa in the overall cohort was 7.2%. Age occurred as a risk 
factor for Gleason ≥ 4 + 3 PCa at repeat biopsy (OR 1.11 
[CI 1.04–1.18]; p value < 0.001). In contrary, prostate 
volume was associated with a lower risk of PCa occur-
rence (OR 0.97 [CI 0.96–0.99]; p = 0.003). PSA value 
did not emerge as independent risk factor (OR 1.02 [CI 
0.99–1.05]; p = 0.1). Finally, patients who received RTE-
bx vs. those receiving sbx did not result in a significant 
higher risk for PCa occurrence (OR 1.52 [CI 0.66–3.35]; 
p = 0.3).

Table 1   Patients’ characteristics 
and outcome parameters

Overall RTE-bx Systematic bx p value

Patients; n 630 213 417
Age, years; median (IQR) 64 (58; 68) 63 (58; 68) 64 (58; 68) 0.8
Number of cores; median (IQR) 10 (10; 12) 14 (14; 14) 10 (10; 10) < 0.001
Prostate volume, ml; median (IQR) 54 (40; 71) 56 (43; 74) 53 (40; 71) 0.16
PSA, ng/ml; median (IQR) 6.6 (4.8; 9.7) 7.4 (5.1; 11.8) 6.3 (4.6; 8.7) 0.002
Outcome
 PCa; n (%) 258 (41) 95 (44.6) 163 (39.1) 0.003
 Tumor-free; n (%) 372 (59) 118 (55.4) 254 (60.9)
 Gleason ≥ 4 + 3; n (%) 54 (8.6) 24 (11.3) 30 (7.2) 0.095
 Follow-up if PCa, months; median (IQR) 13.8 (5.7; 29.2) 16.3 (5.3; 36.2) 13.0 (5.7; 27.3) 0.72

Table 2   Logistic regression 
analyses predicting (1) overall 
PCa and (2) PCa Gleason 4 + 3 
after negative biopsy

(1) Occurrence of PCa after negative 
biopsy

(2) Occurrence of Gleason ≥ 4 + 3 
PCa after negative biopsy

OR 95% CI p value OR 95% CI p value

Age 1.04 1.01–1.07 0.005 1.11 1.04–1.18 < 0.001
Prostate volume 0.98 0.97–0.99 < 0.001 0.97 0.96–0.99 0.003
PSA 1.02 1.00–1.05 0.2 1.02 0.99–1.05 0.1
RTE-bx vs. sbx 1.35 0.87–2.10 0.2 1.52 0.66–3.35 0.3
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Discussion

Definite diagnosis of PCa mainly relies on prostate biopsy. 
To date, an initially negative biopsy cannot guarantee the 
absence of PCa [14]. In consequence, efforts of develop-
ing better imaging modalities rest on the aim to enhance 
predictive accuracy of biopsies. Predictive value of being 
cancer free, if biopsy was negative, ought to be as high 
as possible. False-negative results at biopsy should be 
reduced to a minimum. At re-biopsy, PCa detection rates 
are as high as 30% [15]. Nonetheless, a careful indication 
for repeat biopsy is of importance to minimize potential 
unfavourable consequences such as complications from 
biopsy and inefficiently handling financial and human 
resources.

The objective of this study was to disclose possible dif-
ferences in the PCa occurrence rates between patients with 
initially negative RTE-targeted biopsy and patients with 
initially negative sbx. The previous studies showed sev-
eral benefits of RTE-targeted biopsy over sbx alone. For 
example, agreement of biopsy- and pathological-Gleason 
Score was significantly higher for RTE-targeted biopsy 
vs. sbx alone [9]. The question that remained from recent 
studies was if RTE-targeted biopsy might also show poten-
tial benefit to keep PCa occurrence rates after initially 
negative biopsy low. Therefore, we examined follow-up 
data for any association with the occurrence of PCa and 
separately to the occurrence of unfavourable PCa variants 
(Gleason ≥ 4 + 3).

The current study reveals some interesting findings 
regarding the value of having an initially negative pros-
tate biopsy. First, when comparing negative RTE-targeted 
biopsies to negative systematic biopsies, there is a statisti-
cally significant difference in the occurrence of consecu-
tive PCa diagnosis (44 vs. 39%, p = 0.003). However, after 
adjustment for potential confounders, no significant asso-
ciation between repeat RTE-targeted vs. sbx and the occur-
rence of PCa or Gleason pattern ≥ 4 + 3 variants revealed. 
Taken together, none of the two biopsy methods is associ-
ated with higher rates of subsequent PCa occurrence.

Several studies report on PCa detection rates of RTE-
targeted biopsies. Most of them showed promising results 
in comparison with sbx [7, 16]. Particularly, detection 
rates for Gleason score greater than 7 increased when 
using RTE [3, 17]. In contrast, some studies reported lim-
ited reliability of RTE prediction [18, 19]. To the best of 
our knowledge, this is the first study specifically analys-
ing the follow-up data of patients with initially negative 
biopsies to compare the groups of RTE-targeted biopsies 
vs. systematic biopsies.

Our results substantiate the findings of Schiffmann 
et al. [18] that there is a proportionate high rate of PCa 

diagnosis at repeat RTE-bx. Schiffmann et al. compared 
clinical characteristics between men at first and repeat 
RTE-targeted biopsy. They found out that reliability of 
negative RTE was higher in patients who underwent 
repeat biopsy than patients who underwent first biopsy. 
A false-negative rate of 27% in patients at first biopsy 
was reported. Schiffmann et al. ascertained that there is 
no selection in Gleason score at false-negative results. In 
our cohort, PCa occurrence rate is 41%; however, rate of 
high-risk PCa occurrence is only 8.6%.

Relating our results to the findings of Ganzer et al. [8], 
our findings cannot confirm their hypothesis that the ini-
tial RTE-bx in comparison with the initial sbx reduces 
the number of unnecessary biopsies following. Ganzer 
et al. compared PCa findings in 4 core RTE-bx to follow-
ing tenfold sbx in the initial and repeat biopsies. Study 
results showed that the likelihood to detect PCa increases 
significantly, when biopsy is performed RTE targeted. At 
repeated biopsy, cancer detection rate was 55.2% summed 
up for both groups, which is even higher than our study 
investigated.

Regarding the question of the clinical benefit of RTE uti-
lization, the findings in our current study add some useful 
information to the results of one of our previous RTE stud-
ies [9]. Specificity gain for RTE combined biopsy to distin-
guish between postoperatively favourable and unfavourable 
PCa, as well as significantly decreasing false-positive rate 
for PCa cannot be reflected in PCa rates after initially nega-
tive biopsy. Our results show that RTE-bx is not superior to 
sbx in predicting PCa rates after initially negative biopsy. 
In addition, no significant difference in the subsequent 
occurrence of PCa variants Gleason ≥ 4 + 3 was revealed, 
whereas recent studies reported that elastography works best 
in higher Gleason tumors [3, 20].

There are mainly two possible reasons, why repeat biopsy 
could be positive for PCa. First, a sampling error might be 
causal. This means that the initial biopsy has missed malig-
nant tissue and the patient was already harbouring PCa at the 
first biopsy. Second, the patient did not harbour PCa at the 
timepoint of the initial biopsy, but developed PCa later on.

Some studies refer to handling negative biopsy and per-
sisting suspicion for PCa. By following 1995 patients for 
10 years, Ploussard et al. [21] analysed clinical parameters 
which are associated with the risk of repeat biopsy. Detec-
tion rate for PCa after negative biopsy (7%) was reported 
to be low. Chun et al. [15] developed a predictive nomo-
gram for repeat biopsy with the intend to simplify deci-
sion for repeat biopsy and prediction for PCa rates after 
initially negative biopsy. Predictor variables used in the 
nomogram, namely, patient age, DRE, PSA, percent-free 
PSA, sampling density, and the number of previous nega-
tive biopsy sessions, lead to 76% predictive accuracy. By 
the current study, it is shown that the initial biopsy method 
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is not reliable for further decision to repeat biopsy or to 
predict subsequent PCa rates.

To handle high rates of repeat biopsies needed for PCa 
diagnosis, magnetic resonance imaging (MRI) represents 
an alternative imaging modality for targeting prostate 
biopsies. It specifically improves PCa detection of tumor 
located in the anterior or transitional zone [22]. When 
comparing RTE-targeted biopsies to MRI-targeted biop-
sies, Junker et al. [23] reported on similar detection rates 
for RTE and MRI and a significantly higher detection rate 
of low risk tumors for MRI. In addition, RTE is the more 
cost-effective technique, which is non-invasive and can 
be performed under real time. Nam et al. [24] investigated 
the role of MRI in patients with no prior biopsy. Nega-
tive predictive value for MRI score as predictor for cancer 
was reported to be 85.7% for normal PSA and 66.7% for 
PSA > 4 ng/ml.

For further elucidation of how RTE can improve tar-
geted biopsy, a European multicentre study with stand-
ardized biopsy protocol and RTE equipment has been 
launched in 2013.

The present study is not without limitations. First, the 
retrospective character of this study as well as the lack 
of randomization between RTE-bx and sbx patients rep-
resent the most important drawbacks. Second, negative 
biopsies were performed in our institution, whereas repeat 
biopsies were also performed by urologists in ambulatory 
care. Potentially different standards in biopsy settings and 
performance might have biased the results. Finally, we did 
not compare equivalent follow-up duration, which might 
influence on PCa occurrence rate. Follow-up of tumor-
free RTE-bx patients (49.2 months) is significantly longer 
than tumor-free sbx patients’ follow-up (24.6 months) 
(p  <  0.001). PCa diagnosis rates after a comparable 
follow-up time might be higher for sbx when follow-up 
time extends. However, median time to PCa diagnosis in 
patients with initially negative sbx is 13 months. There-
fore, we consider it likely, that, typically, PCa would 
have already been diagnosed in a follow-up period of 
24.6 months.

In conclusion, elastography is not eligible to predict 
PCa rates in case of initially negative biopsy. No signifi-
cant association of either RTE-bx or sbx to the subsequent 
occurrence of PCa could be revealed. The clinical benefit 
of RTE resulting from incremental PCa detection rates 
could not be reflected. Our findings show that medical 
attendance after initially negative biopsy remains manda-
tory due to high PCa occurrence rates in the follow-up.
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