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Background: The role of targeted prostate biopsies (TBs) in patients with cancer
suspicious lesions on multiparametric magnetic resonance imaging (mpMRI)
following negative systematic biopsies (SBs) is undebated. However, whether they
should be combined with repeated SBs remains unclear.
Objective: To evaluate the value of repeated SBs in addition to TBs in patients with a
prior negative SB and a persistent suspicion of prostate cancer (PCa).
Design, setting, and participants: A prospective study as part of a multicenter
randomized controlled trial conducted between 2014 and 2017, including 665 men
with a prior negative SB and a persistent suspicion of PCa (suspicious digital rectal
examination and/or prostate-speciﬁc antigen >4.0 ng/ml).
Intervention: All patients underwent 3 T mpMRI according to Prostate Imaging
Reporting and Data System (PI-RADS) v2. Patients with PI-RADS 3 were randomized 1:1:1 for three TB techniques: MRI-TRUS fusion TB (FUS-TB), cognitive registration fusion TB (COG-TB), or in-bore MRI TB. FUS-TB and COG-TB were combined
with repeated SBs.
Outcome measurements and statistical analysis: Clinically signiﬁcant prostate
cancer (csPCa) was deﬁned as Gleason 3 + 4. Differences in detection rates of
csPCa, clinically insigniﬁcant PCa (cisPCa), and overall PCa between TBs (FUS-TB
and COG-TB) and repeated SBs were compared using McNemar’s test.
Results and limitations: In the 152 patients who underwent both TB and SB, PCa
was detected by TB in 47% and by SB in 32% (p < 0.001, 95% conﬁdence interval [CI]:
6.0–22%). TB detected signiﬁcantly more csPCa than SB (32% vs 16%; p < 0.001, 95%
CI: 11–25%). Clinically signiﬁcant PCa was missed by TB in 1.3% (2/152). Combining
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SB and TB resulted in detection rate differences of 6.0% for PCa, 5.0% for cisPCa, and
1.0% for csPCa compared with TB alone.
Conclusions: In case of a persistent suspicion of PCa following a negative SB, TB
detected signiﬁcantly more csPCa cases than SB. The additional value of SB was
limited, and only 1.3% of csPCa would have been missed when SB had been omitted.
Patient summary: We evaluated the role of systematic biopsies and magnetic
resonance imaging (MRI)-targeted biopsies for the diagnosis of prostate cancer in
patients with prior negative systematic biopsies. MRI-targeted biopsies perform
better in detecting prostate cancer in these patients. The value of repeated
systematic biopsies is limited.
© 2019 European Association of Urology. Published by Elsevier B.V. All rights reserved.

1.

Introduction

FUTURE trial who underwent both TB and SB were included in the
current analysis.

The most commonly used technique for prostate cancer
(PCa) detection is transrectal ultrasound (TRUS)-guided
systematic biopsy (SB). SB is notorious for both underdiagnosing clinically significant prostate cancer (csPCa) due
to undersampling of the anterior, midline, and apical
regions of the prostate, and overdiagnosing clinically
insignificant cancer (cisPCa) [1]. Many men undergo
repeated SBs due to a persistent suspicion of PCa, which
is associated with pain, anxiety, and a risk of infection [2–4].
Multiparametric magnetic resonance imaging (mpMRI)
offers increased sensitivity for csPCa and localization
accuracy of cancer suspicious regions (CSRs) [5]. Guidelines
advise to perform mpMRI in patients with a prior negative
SB and a persistent clinical suspicion of PCa [6,7]. CSRs on
mpMRI enable MR-targeted biopsies (TBs). Systematic
reviews of the literature have shown higher csPCa detection
rates by TB than by SB, and a lower yield of cisPCa while
requiring fewer biopsy cores [8–11]. Therefore, a combination of TB and SB is recommended. However, individual
studies show heterogeneous results and are mainly focused
on biopsy-naive men. Whether concurrent SBs are also
warranted in a repeat biopsy setting is still unclear [7].
To evaluate the value of adding SB to TB in men with a
negative prior SB and a persisting clinical suspicion of PCa,
we compared detection rates of overall PCa, cisPCa, and
csPCa between SB and TB.

Exclusion criteria for enrolment in the trial were prior diagnosed PCa,
prior TB, proven urinary tract infection, contraindication for mpMRI or
TB, imaging or TB or SB not performed according to protocol, or
withdrawal of consent.

2.2.

Multiparametric MRI

All patients underwent 3 T mpMRI according to the Prostate Imaging
Reporting and Data System (PI-RADS) v2 (Supplementary Tables 1 and 2)
[13]. Sequences included T2-weighted images, diffusion-weighted
images, and dynamic contrast-enhanced images. Images were centrally
evaluated by one of two expert radiologists (20 and 5 yr of experience in
prostate MRI, each performing 1500 cases/yr). Radiologists were not
blinded to clinical data. A written mpMRI report incorporating marked
images was provided. If imaging showed no CSR, patients entered
biochemical follow-up.

2.3.

Biopsy

Patients with PI-RADS 3 lesions were randomized 1:1:1 to undergo TB
using transperineal MRI-ultrasound fusion (FUS-TB; Biopsee; Medcom,
Darmstadt, Germany), transrectal cognitive registration fusion (COG-TB; BK
Pro Focus/Hitachi Hi-Vision Preirus), or transrectal in-bore MRI (MRI-TB;
DynaTRIM; Invivo, Gainesville, FL, USA) [12,14]. TBs were performed by
expert trained PhD candidates and urologists. TB cores were taken ﬁrst and
potted separately. A minimum of two TB cores per CSR was required for
adequate sampling. SBs were taken by the same operator who performed
TBs by transrectal approach, in cases of COG-TB, or by transperineal
approach, in case of FUS-TB. SBs were performed using a standardized

2.

Patients and methods

template irrespective of CSR location. For MRI-TB, it was not feasible to
perform concomitant SB since this would have meant an additional
procedure [15]. Therefore, in these patients, SB was omitted for ethical

2.1.

Study design

reasons and this group of patients was excluded from this analysis. The
number of SB cores was based on common practice at the time of trial design

We performed a prospective predeﬁned analysis of participants of the

and was dependent on prostate volume. Undersampling of the anterior/

FUTURE trial, which was designed as a multicenter randomized

transition zone by a prior negative SB was taken into account by including at

controlled trial comparing three techniques of TB in patients with a

least two anterior and two transition zone cores in the SB template, for

persistent suspicion of PCa following a negative SB [12]. A detection

example, volume <40 cc = eight biopsies (two anterior, two transition zone,

difference between TBs and repeated SBs was deﬁned as a secondary

and four peripheral zone), volume 40–60 cc = 10 biopsies (two anterior, two

endpoint in the study protocol. Institutional review board approval was

transition zone, and six peripheral zone), and volume >60 cc = 12 biopsies

granted. The protocol was registered in the Dutch Trial Registry

(two anterior, four transition zone, and six peripheral zone). Specimens were

(NTR4988). All patients provided written informed consent. Between

processed in accordance with International Society of Urological Pathology

December 2014 and November 2017, men with a prior negative SB within

standards and evaluated by an experienced uropathologist per center (11, 17,

the last 4 yr (eight or more cores from the peripheral zone) and a

and 10 yr of experience in PCa diagnosis) [16]. Gleason scores and maximum

persistent suspicion of PCa (prostate-speciﬁc antigen [PSA] 4.0 ng/ml

cancer core length were reported. Clinically signiﬁcant PCa was deﬁned as

and/or suspicious digital rectal examination) were enrolled into two

Gleason 3 + 4. Analysis using an alternative threshold of csPCa was

nonacademic centers of excellence for PCa diagnosis. Participants of the

included in Supplementary Table 3.
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2.4.

Statistical analysis

Primary outcome was cancer detection rates (CDRs) by SB and TB.
Secondary outcomes were csPCa and cisPCa detection rates. Subanalyses
of CDRs per biopsy core, per approach (transperineal vs transrectal), and
stratiﬁed per PI-RADS score were performed. Patient characteristics
were summarized using mean  standard deviation, or median and
interquartile range as appropriate. To assess comparability between
paired continuous variables, Wilcoxon signed-rank test was applied.
McNemar’s test was used to compare paired nominal data (CDRs of SB
and TB) by means of absolute rate differences. CDRs of different TB
techniques and different approaches were combined based on previously
published data, which have shown comparable detection rates for
different SB and TB [12,17,18].
Since there is no gold standard for prostate biopsies, we used (dis)
concordance of results to calculate sensitivity and speciﬁcity as
previously described [10]. A positive reference was deﬁned as a positive
test result on either test (SB or TB), that is, the number of concordant
positive tests plus the number of discordant positive tests. Sensitivity of
TB and SB was calculated as the number of positive results on either TB or
SB divided by the total number of positive tests (TB and SB combined).
Speciﬁcity was calculated as the number of negative results on either SB
or TB divided by the total number of negative tests. The relative
sensitivity or relative speciﬁcity is the sensitivity or speciﬁcity ratio
between TB and SB.
Statistical analyses were performed using SPSS v24 (SPSS Inc., Chicago, IL,
USA) and 5% signiﬁcance levels were adopted in all tests. The trial was not
primarily powered for the comparison of TB and SB, as it was a predeﬁned
secondary endpoint. For further details regarding sample size calculation of
the trial, we refer to our previously published work [12].

3.

Results

3.1.

Patients

A total of 695 men were recruited in the trial and 665 men
were included in the final analysis (Fig. 1). A total of 234
(35%) patients with a PI-RADS 3 lesion on mpMRI were
randomized for TB: 79 for FUS-TB, 78 for COG-TB, and 77 for
MRI-TB. In all, 152 patients underwent both TB (76 COG-TB
and 76 FUS-TB) and SB. Table 1 shows baseline characteristics of study populations. In the analyzed cohort that
underwent both TB and SB, mean age was 66  6.7 yr, mean
prebiopsy PSA was 11  7.9 ng/ml, and mean PSA density
(PSAD) was 0.23  0.16 ng/ml/ml. By combining SB and TB,
the overall CDR was 53% (81/152), csPCa was detected in
35% (53/152), and cisPCa was detected in 18% (28/152).
3.2.

Comparison of CDR by SB and TB

Crosstabs compare PCa detection rates of SB and TB
(Table 2). CDRs for overall PCa were 47% (71/152) by TB
and 32% (49/152) by SB. The 15% difference (95% confidence
interval [CI]: 6.0–22%) was significant (p < 0.001). The
overall CDR by combining SB and TB was 53%, representing a
PCa detection rate difference of 6.0% compared with TB
alone (CDR of 47%).
Sensitivity for overall PCa was 0.88 for TB and 0.60 for SB,
with relative TB/SB sensitivity of 1.5. Specificity for overall
PCa was 0.72 for TB and 0.91 for SB, with relative TB/SB
specificity of 0.80.

3

Clinically significant PCa was detected by TB in 34% (51/
152) and by SB in 16% (24/152). The 18% difference in the
detection rate (95% CI: 11–25%) was significant (p < 0.001).
The combination of SB and TB detected csPCa in 35% (53/
152) cases, representing a csPCa detection rate difference of
1.0% compared with TB alone (34% csPCa). Sensitivity of
csPCa was 0.96 for TB and 0.45 for SB, with relative
sensitivity of 2.1. Specificity of csPCa was 0.78 for TB and
0.98 for SB, with relative specificity of 0.80.
TB detected cisPCa in 13% (20/152) compared with 16%
(25/152) by SB (p = 0.4, 95% CI:–4.0% to10%). The combination of SB and TB detected cisPCa in 18% (28/152) cases,
representing a cisPCa detection rate difference of 5.0%
compared with TB alone (13% cisPCa).
In patients in whom SB did not detect PCa, TB detected
PCa in 21% and csPCa in 13%. Alternatively, in patients in
whom TB did not detect PCa, SB detected PCa in 6.6% and
csPCa in 1.3%. Overall, csPCa was missed by TB in 1.3% and by
SB in 19%. This 18% difference (95% CI: 11–to 24%) was
significant (p < 0.001). Relative to the group of detected
csPCa (n = 53), TB missed 3.8% of csPCa and SB missed 55%
csPCa. SB detected cisPCa in 5.3% of patients in whom TB
detected no PCa, and TB detected cisPCa in 7.9% of patients
in whom SB detected no PCa. See Supplementary Table 3 for
outcomes for alternative csPCa thresholds.
A significantly higher number of TB cores were positive
for PCa (34%, 201/593) than SB cores (17%, 100/1533;
p < 0.001, 95% CI: 23–32%), resulting in a lower number of
cores (median 3 vs 10 cores per individual) needed to
achieve a higher CDR (Table 3). A subanalysis of CDRs
stratified per PI-RADS score (Supplementary Table 4) and
per biopsy approach (transrectal vs transperineal; Supplementary Table 5) did not show significant differences.
3.3.

Radical prostatectomy

A radical prostatectomy (RP) was performed in 40 patients
with a CSR on mpMRI. Of these 40 patients, 38 were
diagnosed with PCa by at least one TB and 19 were
diagnosed by at least one SB. Seventeen patients were
diagnosed with PCa by both TB and SB. Gleason grading
according to Epstein of TB cores and RP specimens was
concordant in 17 of 38 (45%) patients, upgraded in seven of
38 (18%) patients, and downgraded in 14 of 38 (37%)
patients. In three of seven (43%) upgraded cases, it
concerned an upgrade from cisPCa to csPCa. Gleason
grading of SB and RP specimens was concordant in six of
19 (32%) patients, upgraded in six of 19 (32%) patients, and
downgraded in seven of 19 (37%) patients. In six of six
(100%) upgraded cases, it concerned an upgrade from cisPCa
to csPCa.
4.

Discussion

4.1.

Main findings

To prevent cisPCa overdiagnosis and overtreatment without
missing out on csPCa, there is an obvious need for an
optimal imaging and biopsy approach in men with a prior
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Fig. 1 – Flowchart of the study. COG-TB = cognitive registration targeted biopsy; CSR = cancer suspicious region; DWI = diffusion weighted imaging; FUSTB = MRI-TRUS fusion targeted biopsy; mpMRI = multiparametric MRI; MRI = magnetic resonance imaging; MRI-TB = in-bore MRI targeted biopsy; PIRADS = Prostate Imaging Reporting and Data System; SB = systematic biopsy; TB = targeted biopsy; TRUS = transrectal ultrasound; UTI = urinary tract
infection.

negative SB and a persistent clinical suspicion of PCa. The
aim of this analysis was to evaluate the value of adding SB to
TB in a homogeneous cohort of men with a prior negative SB
and a persistent suspicion of PCa.
In this prospective cohort, as part of a randomized
controlled trial, TB significantly increased CDR of overall PCa
as well as csPCa compared with SB. The number of biopsy
cores needed to achieve a higher CDR was significantly

lower for TB than for SB. The additional value of repeated
SBs was limited. Using TB, only few csPCa cases were missed
and fewer cisPCa cases were detected compared with SB.
4.2.

Current knowledge

Recently, a Cochrane review and meta-analysis and the
updated European Association of Urology (EAU) guideline
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Table 1 – Study population characteristics.

Table 3 – Biopsy cores.

Cohort that underwent
SB + TB (n = 152)
Age (yr), mean (SD)
PSA (ng/ml), mean (SD)
Volume TRUS (ml), mean (SD)
PSAD (ng/ml/ml), mean (SD)
Clinical stage (DRE), n (%)
cT1c
cT2a/b
cT2c
cT3a
Number of prior negative biopsy procedures
(n), median (IQR)
Time interval from previous biopsy to
mpMRI (mo), median (IQR)
Time interval from mpMRI to biopsies (d),
median (IQR)
PI-RADS score, n (%)
3
4
5
CSRs per patient (n), median (IQR)
CSR location, n (%)
Anterior
Midline
Posterior
Overall PCa detection rate, n (%)
Overall csPCa detection rate, n (%)

66
11
47
0.23

(6.7)
(7.9)
(16)
(0.16)

122
27
2
1
1

(80)
(18)
(1.3)
(0.66)
(1–2)

Total cores
Per subject, n (median, IQR)
PCa positive cores
Positivity rate (%)

40 (26–56)

(28)
(41)
(31)
(1–1)

59
14
79
81
53

(40)
(9.2)
(52)
(53)
(35)

csPCa = clinically signiﬁcant prostate cancer (Gleason 3 + 4); CSR = cancer
suspicious region; DRE = digital rectal examination; IQR = interquartile
mpMRI = multiparametric
magnetic
resonance
imaging;
range;
PCa = prostate cancer; PI-RADS = Prostate Imaging Reporting and Data
System; PSA = prostate-speciﬁc antigen; PSAD = prostate-speciﬁc antigen
density; SB = systematic biopsy; SD = standard deviation; TB = targeted
biopsy; TRUS = transrectal ultrasound.

Table 2 – Biopsy outcomes.
Systematic biopsy
No PCa
Targeted biopsy
71 (47%)
No PCa
cisPCa
12 (7.9%)
csPCa
20 (13%)
103
Total

Total

cisPCa

csPCa

8 (5.3%)
8 (5.3%)
9 (5.9%)
25

2 (1.3%)
0 (0.0%)
22 (14%)
24

SB cores

593
3 (3–4)
201
34

1533
10 (8–12)
100
6.5

IQR = interquartile range; PCa = prostate cancer; SB = systematic biopsy;
TB = targeted biopsy.

8 (4–24)

42
63
47
1

TB cores

81
20
51
n = 152

cisPCa = clinically insigniﬁcant prostate cancer (Gleason 3 + 3);
csPCa = clinically signiﬁcant prostate cancer (Gleason
3 + 4);
PCa = prostate cancer.

recommend to perform TB only when mpMRI is positive in
the repeated biopsy setting [19,20]. However, the evidence
regarding this recommendation is still weak, as rated by the
EAU Guideline Committee. Although the research question
of our study might not be novel, the results are of clinical
relevance. We performed an analysis of a predefined
secondary endpoint within a randomized controlled trial.
This has resulted in protocoled high-quality data collection
and management of a homogeneous cohort of patients in
centers of excellence regarding PCa diagnosis. Therefore,
our results contribute to increase the level of evidence for
the guideline recommendation on TB and SB in the repeat
biopsy setting.

So far, several studies have compared CDRs of SB and TB
in patients with a prior negative SB, and found csPCa
detection rates by TB to range from 15% to 48% depending on
patient selection, imaging quality, TB technique used, and
applied definition of csPCa [21–24]. In these studies,
repeated SB yields of csPCa ranged from 9.0% to 31%. The
authors of these papers concluded that addition of SB may
be needed to avoid missing csPCa. The results from this
current study seem to contradict these conclusions.
In accordance with our findings, a systematic review and
meta-analysis by Schoots et al. [10] showed that TB detected
significantly more (cs)PCa than SB (relative sensitivity of
1.54 [95% CI: 1.05–2.57]) in a subgroup of men with a prior
negative SB. The authors did not formulate a recommendation regarding the value of repeated SBs in these men,
possibly due to the heterogeneity of the study populations.
On the contrary, Mischinger et al. [15] recently evaluated
the performance of transperineal robot-assisted TB compared with SB in primary and repeat biopsy settings, and
found that TB and SB showed similar csPCa detection rates.
However, their patient selection was not restricted to fixed
PI-RADS thresholds, and more importantly a heterogeneous
population was studied. Despite the high sensitivity of TB
for csPCa, as presented by Filson et al. [25] in a recent
prospective trial, concerns regarding missing csPCa may
arise when omitting SB in the repeat biopsy setting. In the
repeat biopsy setting, studies show variable percentages of
missed csPCa by TB ranging from 0.0% to 23%
[23,24,26,27]. Filson et al. [25] showed in a mixed
population (biopsy naive, with a prior negative SB, and
under active surveillance) of men with PI-RADS 3 that a
combination of TB and SB (n = 289) detected more cases of
csPCa in men than either modality alone (229 by TB and
199 by SB). Interestingly, a recent study showing frequent
overlap of SB and TB cores further supports our findings that
SB adds limited diagnostic improvement in a repeat biopsy
setting [28].
In our study, the combination of SB and TB resulted in
similar csPCa detection to TB alone (35% vs 34%, respectively). TB missed csPCa in only 1.3% of patients, indicating that
SB could have been safely omitted in this group of patients.
In one case, it concerned a sampling error (a positive SB in
the same quadrant as a suspicious lesion on mpMRI); in the
other, the lesion was not diagnosed on mpMRI.
The correlation between TB and final RP specimen has
not been studied widely. However, in concordance with
our findings, previous studies have shown that Gleason
grading is often underestimated by SB (upgrading on
prostatectomy between 30% and 43%) due to a large
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sampling error [29–32]. Discrepancy may lead to undertreatment as an upgrade from cisPCa to csPCa is commonly
seen. We found less upgrading from cisPCa to csPCa after
TB than after SB, which may enhance therapeutic decision
making. Our relatively low concordance rate between TB
and RP specimens (45%) compared with most of the
literature reports may be explained by our relatively low
number of cores per CSR (median 3–4), which might have
resulted in a sampling error. Furthermore, while most
studies report on (mixed) cohorts of biopsy-naïve men,
men with a previous negative biopsy, and men under active
surveillance, we analyzed a homogeneous cohort of men
with a previous negative biopsy. This repeat biopsy setting
may have influenced our results by a higher incidence of
smaller, harder-to-approach lesions, resulting in a subsequent sampling error and a lower concordance rate
compared with other studies [33–38].
Nevertheless, some csPCa cases might fall below the
threshold of mpMRI, and therefore, follow-up of men with
negative mpMRI and TB, in whom clinical suspicion persists,
is of great importance. Currently, our follow-up is limited in
duration, and a more elaborate analysis on this issue will
follow after completion of 2–5 yr of follow-up for all
patients.

optimal situation. Therefore, our results are in agreement
with the statement of Rosenkrantz et al. [7] that omission
of SB should be considered only when quality of mpMRI
acquisition and TB can be assured.

4.3.

Exterkate, Wegelin, Somford, van Melick, Barentsz, Bosch, van der Leest,

5.

Conclusions

In men with a prior negative SB and a persistent suspicion of
PCa, TBs have a 18% higher csPCa detection rate than SBs.
The combination of SB and TB resulted in csPCa detection
rate differences of 6.0% for PCa, 5.0% for cisPCa, and 1.0% for
csPCa compared with TB alone. Only 1.3% csPCa would have
been missed if SB had been omitted. Therefore, the value of
adding SB to TB in a repeat biopsy setting is limited.
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This study has some limitations. First of all, the FUTURE
trial was designed and powered to compare CDRs of three
different TB techniques, and sample size calculations for
our subgroup analyses are lacking. In this study, the same
operator performed TB and SB, and therefore was not
blinded to the CSR on mpMRI while performing SB. We
attempted to limit this bias by using a standardized SB
template based on prostate volume. In addition, CDRs for
csPCa are dependent on the definition of csPCa. Therefore,
CDRs need to be interpreted with caution, especially
when tumor burden, PSA value, and clinical staging are
not taken into account. We attempted to reduce this
limitation by applying a secondary definition of csPCa
incorporating tumor volume, PSAD, and clinical staging
(Supplementary Table 3). Potentially TB samples CSR
more thoroughly than SB, resulting in higher Gleason
scores. This study uses earlier published definitions of
csPCa based on random sampling. Consensus on the
definition of csPCa in the TB era is urgently needed to
compare between series. Lastly, we are not informed on
the actual PCa prevalence in our cohort, as we used the
combination of the two analyzed techniques as our gold
standard. In our study, patients were enrolled in two
nonacademic centers of excellence for PCa diagnosis. All
mpMRI studies were performed following PI-RADS v2
standards and centrally reviewed in an academic center.
Therefore, we believe that our results can be compared
with other centers of excellence for PCa diagnosis (either
academic or nonacademic), while on the contrary,
generalizability of the presented outcomes to general
practice may be limited. Nevertheless, this study shows
how accurate mpMRI and consequent TB can be in an
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