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Abstract
Introduction: The risk of occult prostate carcinoma (PCa) af-
ter negative multiparametric MRI (mpMRI)-transrectal fusion 
biopsy (F-Bx) is unknown. To determine the false-negative 
predictive value, we examined PCa detection after prior neg-
ative F-Bx. Methods: Between December 2012 and Novem-
ber 2016, 491 patients with suspected PCa and suspicious 
mpMRI findings underwent transrectal F-Bx. Patients with 
benign pathology (n = 191) were eligible for our follow-up 
(FU) survey. Patient characteristics and clinical parameters 
were correlated to subsequent findings of newly detected 
PCa. Results: Complete FU with a median of 31 (interquartile 
range: 17–39) months was available for 176/191 (92.2%) pa-
tients. Of those, 54 men had either surgical interventions on 
the prostate or re-Bxs. Newly detected PCa was evident in 
14/176 (7.95%) patients stratified to ISUP ≤2 in 10 and ≥3 in 
4 cases. The comparison of patients with newly detected PCa 

to those without cancerous findings in FU showed signifi-
cant differences in prostate-specific antigen (PSA) density 
(0.16 vs. 0.13 ng/mL2) and prostate volume (45 vs. 67 mL, 
both p < 0.05). Both factors are significant predictors for new-
ly detected cancer after initial negative F-Bx. Conclusion: 
Only PSA density (>0.13 ng/mL2) and small prostate volume 
are significant predictors for newly detected PCa after initial 
negative F-Bx. Despite negative mpMRI/TRUS F-Bx results, 
patients should be further monitored due to a risk of devel-
oping PCa over time. Notwithstanding the limitation of our 
study that not all patients underwent another Bx, we assume 
that the false-negative rate is low but existing. Our data rep-
resent a real-world scenario. © 2021 S. Karger AG, Basel

Introduction

The conventionally used method to diagnose prostate 
cancer (PCa) is the transrectal 12-core systematic ultra-
sound-guided (TRUS) biopsy (Bx). Because of limitations 
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in terms of cancer visualization and characterization, up 
to 35% of tumors are not detected, and clinically insig-
nificant cancers could be overrepresented during the first 
Bx attempt [1]. Therefore, the risk for a re-Bx after previ-
ous negative systematic Bx is 12% at 1 year and increases 
to 38% at 5 years [2].

To increase the detection rate of high-grade PCa com-
pared to the conventional systematic approach (up to 24 
cores in saturation protocols), current guidelines strong-
ly (level of evidence 1a) recommend a multiparametric 
MRI (mpMRI) of the prostate for patients with suspected 
PCa [3, 4]. Suspicious lesions, usually described by “Pros-
tate Imaging-Reporting and Data System” (PI-RADS), 
are significantly associated with cancerous findings in 
whole-mount sections after prostatectomy between 29 
and 100% [5]. Based on mpMRI results, and regarding the 
risk of side effects (e.g., pain, infection, and bleeding), de-
cision can be made to omit a consecutive Bx or to perform 
a combined Bx using systematic and mpMRI-targeted 
Bxs (level of evidence 2a) [6, 7]. Studies using a combined 
approach with targeted and systematic sampling routine-
ly demonstrate higher yield of clinically significant cancer 
[8–11].

Focusing on the PROMIS trial’s key findings, up to 
25% of unnecessary Bx could be avoided by using mpMRI 
as a tool of pre-Bx risk-stratification [12]. Furthermore, 
the combination of suspicious MRI lesions and prostate-
specific antigen (PSA) density may reduce the number of 
unnecessary Bxs [13]. The PROMIS trial showed a higher 
detection rate of 38% compared to 26% for clinically sig-
nificant cancer when performing mpMRI-targeted Bx in-
stead of systematic Bx. Follow-up (FU) of patients after 
initial negative mpMRI-targeted Bx was only 3% and 
therefore too small for a meaningful statement concern-
ing undetected cancer [14].

However, in daily clinical practice, it is not uncommon 
that targeted Bx reveal benign histology despite suspi-
cious mpMRI lesions. The exact false-negative rate of 
mpMRI-targeted Bx (suspicious mpMRI lesions and be-
nign Bx histology) is still unknown since studies show a 
high level of heterogeneity by including, for example, pa-
tients with previously diagnosed PCa under active sur-
veillance therapy [15].

The purpose of our study was to determine the false-
negative rate of mpMRI/TRUS fusion biopsy (F-Bx) dur-
ing an oncological FU in form of a real-life observational 
study. Furthermore, we want to assess risk factors based 
on Bx/patient characteristics to predict cancer detection 
during FU.

Materials and Methods

Data Source and Study Population
After receiving ethical study approval by an institutional re-

search committee (Ruhr-University Bochum, 17-6212), we focused 
on men who underwent a transrectal F-Bx in local anesthesia (n = 
491) between December 2012 and November 2016 to ensure a lon-
ger FU timeframe. All Bxs were performed after rectal swab analy-
sis and prophylactic subscription of gyrase inhibitors (e.g., cipro-
floxacin) using the “Real-time Virtual Sonography technique” on a 
HI VISION Preirus ultrasound device (Hitachi Medical®, Tokyo, 
Japan). The Bx protocol consisted of 12 systematic, and 2 targeted 
Bx cores for every suspicious mpMRI lesion with a PI-RADS score 
≥3. Fusion-guided Bxs were taken based on electromagnetic track-
ing (EM) through an endorectal endfire probe. MR image acquisi-
tion (Philips® Ingenia 3.0 Tesla, Germany) protocol was based on 
T1/T2-weighted axial, coronal, and sagittal DCE imaging without 
an endorectal coil. Pictures were analyzed using PI-RADS version 
2 by 1 well-trained radiologist with 8 years of experience. For a bet-
ter comparison in a homogeneous cohort, we converted all partici-
pants with initial PI-RADS version 1 to version 2 [16]. Men were 
either Bx naïve or had a re-Bx at time of our F-Bx.

Patients with inconspicuous mpMRI findings (n = 91), PCa di-
agnosis (n = 209), and missing FU data (n = 15) were excluded. The 
final study population consisted of 176 men with negative Bx re-
sults but suspicious mpMRI findings.

Baseline Characteristics
We abstracted prostate-specific variables at time of F-Bx in-

cluding PSA (ng/mL), PSA density (ng/mL2), prostate volume 
(mL), digital rectal examination (DRE) findings (suspicious vs. un-
suspicious), history of prior Bx sessions (yes vs. no), number of 
prior Bx sessions (0, 1, 2, ≥3), and number of target lesions (1, 2, 
≥3). For each patient, we registered the highest PI-RADS score (3, 
4, or 5) and the maximum diameter (mm) of all described lesions.

Follow-Up
FU was in February 2018 with a self-created questionnaire eval-

uating further Bx sessions or any kind of prostate surgery (online 
suppl. Appendix 1; see www.karger.com/doi/10.1159/000513075). 
Indication for further tissue sampling was based on individual can-
cer risk assessments or symptoms of bladder outlet obstruction 
(BOO). Cancerous findings were stratified according to the “Inter-
national Society of Urological Pathologists” (ISUP) classification 
[17]. Furthermore, median value of PSA density was used to strat-
ify patients with new PCa findings according to ISUP classifica-
tion. In addition, our survey recorded all Bx side effects according 
to the Clavien-Dindo classification [18].

Statistical Analyses
Continuous variables were reported as the median and inter-

quartile range (IQR), whereas the categorical variables as frequen-
cies and proportions. As statistical analyses, we performed Mann-
Whitney U test, Fisher’s exact test, and Pearson’s χ2 test to compare 
continuous and categorical variables. Cox regression analysis was 
used to calculate hazard ratios (HR) and 95% confidence intervals 
(CI) to predict PCa during FU. Survival estimations and cumula-
tive hazards were generated using the Kaplan-Meier method.

All p values were two sided, with a statistical significance set at 
p < 0.05. Statistical analyses were performed using SPSS, version 
25 (IBM, Chicago, IL, USA).
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Results

Baseline Characteristics
Overall, 191 men could be included in the analysis. 

There were 176/191 (92.14%) men with negative Bx re-
sults but conspicuous mpMRI findings eligible for our 
cohort with a median age of 63 years. Of this whole co-
hort, 89.8% received a re-Bx, while 10.2% had their first 
Bx. DRE findings were unsuspicious in 70.4%. Median 
PSA, PSA density, and prostate volume were 9.4 ng/mL, 
0.1 ng/mL2, and 65 mL (Table 1).

Follow-Up
In a median FU of 31 (IQR: 17–39) months for the 

whole cohort, 54/176 (30.7%) men had different prostate 
interventions with tissue sampling while the other 69.3% 
did not have another intervention on the gland. From the 
54 men, 16 patients (29.6%) had an intervention of BOO, 
while 38 men (70.4%) had a second Bx after our negative 
F-Bx. Median FU was 18 (IQR: 6–42.25) months for those 

54 patients until secondary prostate intervention. That 
said, 38/176 (21.6%) individuals with complete FU had 
another Bx.

With a median FU of 36.5 (IQR: 10.3–54.3) months, 
14/176 patients (7.95%), received the diagnosis of PCa by 
either additional Bx (n = 2) or surgical intervention for 
BOO (n = 12). Of those, 10 men (71.4%) were found to 
have PCa ISUP-1/2, while ISUP ≥ 3 was found in 4 men 
(28.6%). Furthermore, of the 12 individuals with BOO 
intervention, 8 men (66.7%) had an ISUP-1/2 and 4 pa-
tients (33.3%) an ISUP ≥ 3 in their pathology examina-
tion. Retrospectively, 14.3, 57.1, and 28.6% of those pa-
tients had a maximum PI-RADS score of 3, 4, and 5 at 
initial F-Bx. Lesions were allocated to ventral and dorsal 
parts of the prostate in 61.5 and 38.5%. The distribution 
to base, middle, or apex was 42.3, 30.8, and 26.9%, respec-
tively. Compared to those patients without any cancerous 
findings or interventions on the gland during FU (n = 
162), there was no statistically significant difference re-
garding the median values for age, maximum lesion di-

Table 1. Baseline characteristics for the whole cohort (n = 176) and stratified by secondary PCa in the FU

Total in FU; 
n = 176 (100%)

No PCa in FU; 
n = 162 (92.05%)

PCa in FU; 
n = 14 (7.95%)

p value

Age, median (IQR), years 63 (58–69) 62 (58–69) 65.5 (61.8–71.25) 0.082
PSA, median (IQR), ng/mL 9.4 (6.7–13.0) 9.4 (6.7–13.0) 9.1 (6.9–12.7) 0.987
PSA density, median (IQR), ng/mL2 0.134 (0.096–0.191) 0.132 (0.086–0.189) 0.160 (0.138–0.331) 0.007
Prostate vol, median (IQR), mL 65 (51.3–84.8) 67 (55–88) 45 (38.5–51.8) 0.001
Max PI-RADS score, %

3 25.4 26.4 14.3 0.499
4 49.7 49.1 57.1
5 24.9 24.5 28.6

DRE, %
Unsuspicious 70.4 71.0 64.3 0.558
Suspicious 29.6 29.0 35.7

History of prior Bx sessions, %
Yes 89.8 88.8 100 0.365
No 10.2 11.2 0

Number of prior Bx sessions, %
0 10.2 11.2 0 0.518
1 43.4 43.4 42.9
2 27.1 25.7 42.9
≥3 19.3 19.7 14.1

Number of target lesions, %
1 58.5 59.3 50.0 0.191
2 27.8 28.4 21.5
≥3 13.7 12.3 28.5

Max MRI diameter of MRI lesions, median (IQR), mm 12.5 (10–17) 13 (10–17) 12 (10–19) 0.992

PCa, prostate cancer; FU, follow-up; IQR, interquartile range; PSA, prostate-specific antigen; vol, volume; DRE, digital rectal ex-
amination; Bx, biopsy; PI-RADS, Prostate Imaging-Reporting and Data System. p values <0.05, shown in italics, are significant.

D
ow

nl
oa

de
d 

by
: 

A
cc

es
s 

pr
ov

id
ed

 b
y 

th
e 

U
ni

ve
rs

ity
 o

f M
ic

hi
ga

n 
Li

br
ar

y
14

1.
21

5.
93

.1
65

 -
 5

/2
4/

20
21

 8
:4

1:
06

 A
M



Risk of Prostate Cancer after Negative 
Fusion Biopsy

449Urol Int 2021;105:446–452
DOI: 10.1159/000513075

ameter, and PSA. Nevertheless, there was a significant 
difference in PSA density (0.132 vs. 0.160 ng/mL2; p = 
0.007) and prostate volume (67 vs. 45 mL; p = 0.001) (Ta-
ble 1). Furthermore, univariable Cox regression analysis 
shows that PSA density (HR:3.619; 95% CI:1.005–13.003; 
p = 0.049) and prostate volume (HR:0.961; 95% CI:0.929–
0.994; p = 0.020) are significant predictors for PCa (Ta-
ble  2). Moreover, multivariate Cox regression analysis 
with all prostate-specific variables from Table 1 displays 
the impact of PSA density on PCa detection (HR:3.779; 
95% CI:1.038–13.767; p = 0.044). In case of a PSA density 
>0.13 ng/mL2, ISUP-1/2 cancer was present in 8 (72.7%) 
patients, whereas 3 (27.3%) men showed ISUP-3. Cumu-

lative hazard function revealed significant different PCa 
detection rates during FU when using PSA density of 
<0.13 ng/mL2 (Fig. 1).

Furthermore, clinical complications were part of our 
survey. According to the questionnaires, 50% did not re-
port any problems within 5 days after F-Bx (CDC0). The 
most frequent minor complications were hematuria 
(34.86%), hematospermia (29.55%), or dysuria (8.52%) 
(all CDC1). Only 2/176 patients (1.14%) experienced 
prostatitis with consecutive sepsis (CDC3a).

Discussion

We followed up all patients with a self-created ques-
tionnaire who received an F-Bx between December 2012 
and November 2016 at our institution. The current study 
evaluates a homogenous cohort after negative F-Bx. In 
comparison to the majority of published data, the current 
work did not include patients with previously diagnosed 
PCa under active surveillance or patients with ≤PI-RADS 
2 lesions [15, 19, 20].

During early FU, the procedure is associated with low 
risk of major complications (CDC3) and therefore a safe 
method [21]. During later FU, almost 8% of men with 
initial negative F-Bx will receive the diagnosis of PCa. Ac-
cording to our results, PSA density (HR: 3.619) and pros-
tate volume (HR: 0.961) are significant predictors for 
newly detected PCa. Similar to the multivariable Cox re-
gression analysis of Panebianco et al. [22], our analyses 
show that a high PSA density is associated with a subse-
quent PCa diagnosis. In contrast to their study with pre-
vious negative mpMRI findings, all patients in our study 
had suspicious lesions according to the PI-RADS proto-

Table 2. Univariable Cox regression analysis examining the association of pre-Bx risk factors with the detection 
of PCa

HR 95% CI p value

Age, ref. below median 63, years 2.448 0.817–7.336 0.110
PSA, ref. below median 9.4, ng/mL 1.097 0.384–3.137 0.863
PSA density, ref. below median (<0.13),* ng/mL 3.619 1.005–13.003 0.049
Max MRI diameter of MRI lesions, ref. below median 12.5, mm 1.194 0.339–3.578 0.751
Prostate vol, ref. below median 65, mL 0.95 0.061–1.249 0.095
DRE, ref.: unsuspicious 2.030 0.067–6.115 0.211

Bx, biopsy; PCa, prostate cancer; HR, hazard ratio; CI, confidence interval; PSA, prostate-specific antigen; vol, 
volume; DRE, digital rectal examination; ref., reference; AIC, Akaike information criterion. p value <0.05, shown 
in italics, is significant. * Using backward selection according to AIC, this variable was the most informative vari-
able of all variables presented.

1.0
PSA density cut-off
≤0.13 ng/mL2

>0.13 ng/mL20.8

0.6

0.4

0.2

0

0 20
FU time, months

40 60

Cu
m

ul
at

iv
e 

ha
za

rd

Fig. 1. Cumulative hazard function for prostate cancer detection 
according to PSA density (n = 175; log rank, p = 0.035). PSA, pros-
tate-specific antigen; FU, follow-up.
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col [22]. Men with newly detected PCa had smaller pros-
tate volume compared to patients without PCa in FU (45 
vs. 67 mL). Those results are in concordance with pub-
lished literature, especially in patients with PSA around 
9.0 ng/mL [23]. In our cohort, 21.6% had another Bx in a 
median FU of 18 months. Despite a similar FU period like 
Ploussard et al. [2] (19 months), the re-Bx rate was lower 
in our study (21.6 vs. 31%). The difference between both 
studies is that in contrast to our mpMRI-based-F-Bx, 
Ploussard et al. [2] performed systematic Bx alone. Fur-
thermore, we included men with BOO surgery for a high-
er chance of histopathology results. But, similar to our 
study, the same factors for newly detected PCa were found 
to be of high predictive value (high PSA density and low 
prostate volume) [2]. Hong et al. [20] could show a PCa 
detection rate of 41.2% in their FU which consists of re-
MRI and F-Bx, in contrast to our study without a stan-
dardized FU schedule. That shows, how important an ap-
propriate FU for patients with a negative Bx but suspi-
cious MRI findings is [20].

Reasons for negative F-Bx results and following sec-
ondary cancer diagnosis in initial suspicious mpMRI 
findings are manifold and may be caused by false-posi-
tive mpMRI results and/or by a false-negative Bx. Ac-
cording to Gordetsky et al. [24], especially, lesions in the 
central and anterior parts of the prostate were found to 
imitate as transitional tumors due to low T2 signals based 
on PI-RADS scoring in version 2. Our results show 61% 
suspicious ventral lesions in men with negative F-Bx but 
later PCa diagnosis. Moreover, as stated by the authors, 
those regions could be misinterpreted by radiologists 
[24]. The success of a F-Bx is directly correlated to the 
radiologist’s experience and skill for identifying suspi-
cious lesions in mpMRI and minimizing false-positive 
results. Prostate deformity, triggered by different bladder 
fillings, patient positions, or respiratory activity at the 
time of mpMRI and TRUS, has an impact on image reg-
istration. Thus, we gave special attention to analyze the 
anatomical prostate boundaries at the procedures begin-
ning to minimalize the deviations in prostate imaging 
[25]. For better examinations, mpMRI and F-Bx were 
performed after voiding.

Furthermore, a well-trained radiologist can help to 
avoid unnecessary Bxs and indicate Bxs with a high 
chance of PCa detection [26]. In a study by Sonn et al. 
[26], 9 radiologists with different levels of experience had 
a variation in PI-RADS distribution and cancer detection. 
For example, an average of 13% of clinically significant 
cancer was found in PI-RADS 2 lesions. Usually, patients 
with PI-RADS score <3 do not undergo F-Bx as proposed 

in the PROMIS trial [12]. Besides, the variability of high 
and low volume centers/radiologists for the difference in 
numbers for PI-RADS lesions is shown in the PRECI-
SION trial [14]. To minimize the interobserver variabil-
ity, 1 well-trained radiologist took part in our study.

In the current study, an EM-based F-Bx system was 
used, which allows the examiner to move the endorectal 
endfire probe with multiple degrees of freedom. The sys-
tem is limited by potential operator errors due to free-
hand probe guidance at time of Bx, which may lead to 
missing target lesions [27]. To minimize these factors, de-
vices with semi-robotic guidance can overcome the limi-
tations of EM systems. Westhoff et al. [28] compared an 
EM-based fusion device and an elastic fusion semi-robot-
ic system and demonstrated a higher mismatch potential 
for the EM system. The rate of missing small lesions  
(5 mm) was significantly higher for the EM system 
(44.4%) compared to the semi-robotic system (11.1%) 
[28]. Another factor influencing PCa detection is the 
learning curve associated with F-Bx. One study compared 
the performance of performing target and systematic Bxs 
between senior urologists and urology residents. This 
study found out that experienced urologists yield a high-
er PCa detection rate than beginners (49 vs. 23%) [29]. At 
out institution, F-Bx are always carried out under guid-
ance of experienced colleagues to bring beginners as 
quickly as possible to a high level of expertise. Even 
though all our biopsies had high mpMRI PI-RADS scores 
[3–5], as was later recommended by the consensus state-
ment of Rosenkrantz et al. [30] in 2016, there is still a risk 
of missing cancer. In this case we also recommend con-
tinuing clinical and laboratory controls or possibly re-
Bxs. If those factors are minimized, the transrectal F-Bx 
method may be limited by the prostate volume and the 
area of the region of interest. Halstuch et al. [31] showed 
that there is a needle tip deflection of 1.77 (IQR: 1.35–
2.47) mm for the transrectal way, which can lead to mis-
targeting of small suspicious PI-RADS lesions especially 
in the ventral/anterior area of the gland. But the maxi-
mum mpMRI lesion size in both groups of our cohort was 
not significantly different (p = 0.992). Other authors, like  
Sonn et al. [26], hypothesized that the perineal Bx method 
has an advantage for those ventral/anterior regions, due 
to the higher yield of clinically significant cancer of about 
70% in the anterior stroma. Nevertheless, a targeted  
transrectal Bx should reach anterior lesions, irrespective 
of the needle approach. After all, 40% of the positive 
mpMRI lesions in our cohort of men with later findings 
of secondary PCa were peripheral and therefore did not 
explain the false-negative F-Bx of missing the anterior re-
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gion. Furthermore, we cannot describe the exact area of 
newly detected PCa due to histology extraction method.

Finally, the sepsis rate of our study was lower than al-
ready published. Reasons could be the risk-adapted path-
way of rectal swabs for immunocompromised patients 
(e.g., diabetes) and men who have taken an antibiotic 
within the last 6 months. Those patients received their 
antibiotic according to the testing [21].

Some limitations of this study should be addressed. 
This is a retrospective and single-center study. Based on 
this study design, the small cohort has meaningful results. 
Furthermore, we do not know the precise newly detected 
PCa location according to 14.3% of PCa results, which 
came from TUR material. We are not able to give any in-
formation if a potentially performed mpMRI has already 
shown the tumor or not. That said, the tumor could be 
either newly detected PCa or been overlooked at the time 
of F-Bx. Furthermore, 122 men without further indica-
tion for re-Bx based on individual risk evaluation did not 
undergo any tissue sampling of the prostate in the FU. It 
could be assumed that some cases of occult PCa are not 
diagnosed. However, even in the case of re-Bx, occult can-
cer foci can be missed, and only a whole-mount analysis 
could reveal the true burden of cancer. Due to ethical rea-
sons, this was not part of our study protocol. The present 
study is limited by all the drawbacks inherent to a retro-
spective cohort but represents a real-world scenario with 
a FU according to national and international guideline 
recommendations. Furthermore, we cannot provide de-
tailed information about indication and/or imaging prior 
re-Bx of the 2 men with tumor. Last, the effect of the ex-
aminers learning curve and experience could have an im-
pact on the PCa detection rate.

Conclusions

Men with PI-RADS 3 or 4 should be observed clini-
cally with DRE, PSA monitoring, TRUS imaging, and re-
mpMRI [32]. Our results suggest a PSA density threshold 
of >0.13 ng/mL2 to indicate a re-Bx, especially in the case 
of PI-RADS 5 lesions, to exclude a personal operator er-
ror. Based on our data, patients with suspicious mpMRI 
but negative Bx should be monitored as there is still a low 
but existing risk of occult PCa.
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