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Introduction The diagnostic pathway after a negative magnetic resonance imaging (nMRI) exam is not 
clearly defined. The aim of the present study is to define the risk of prostate adenocarcinoma (PCa)  
at the prostate biopsy after a negative multiparametric magnetic resonance imaging (mpMRI) exam.
Material and methods Patients with nMRI Prostate Imaging Reporting & Data System (PI-RADS) ≤2 and 
without a previous diagnosis of PCa were identified among all patients undergoing mpMRI in a single 
referral center between 01/2016-12/2019. Detailed data about prostate biopsy after nMRI were collected, 
including any PCa diagnosis and clinically significant PCa diagnosis. [Gleason score (GS) ≥7]. In addition  
to descriptive statistics, uni and multivariable logistic regression assessed the potential predictors of any 
PCa and clinically significant prostate cancer (csPCa) at the biopsy after a negative mpMRI.
Results Of 410 patients with nMRI, 73 underwent saturation biopsy. Only prostate-specific antigen (PSA) 
levels were significantly higher in patients undergoing biopsy (5.2 ng/ml vs 6.4, p <0.001), while Prostate 
Cancer Research Foundation (SWOP – Stichting Wetenschappelijk Onderzoek Prostaatkanker) risk score 
and other variables did not differ. A total of 22 biopsies (30.1%) were positive for PCa, GS 6 was diagnosed 
in 14 patients, GS 7 in 3, GS 8 in 1 and GS 9–10 in 4. csPCa was found in 8 (11%) patients. No significant 
predictors of any PCa or csPCa were identified at multivariate regression analysis.
Conclusions Despite the good negative predictive value of mpMRI in the diagnosis of prostate cancer, 
11% of the patients had csPCa. Specific predictive models addressing this setting would be useful. 
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INTRODUCTION

Multiparametric magnetic resonance imaging 
(mpMRI) has reached a central role in the diagnostic 
pathway of prostate cancer. The correlation between 
mpMRI and clinically significant prostatic cancer 
(csPCa) has been well described [1, 2, 3]. This as-
sociation suggests that mpMRI could potentially 

serve as a prognostic biomarker for prostate adeno-
carcinoma (PCa) treatment selection and improve 
upon both the suboptimal accuracy and invasiveness 
of current risk stratification strategies. Currently, 
mpMRI is employed both to orient the decision-
making for prostate biopsy and to target biopsy sam-
pling in suspicious areas [4]. MRI pathway had the 
most favorable outcome in clinically significant and 
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insignificant PCa detection compared with system-
atic biopsy [2]. As a result, the European Association  
of Urology (EAU) guidelines now recommend per-
forming mpMRI before prostate biopsy, both in the 
biopsy-naïve and in the repeated biopsy settings. 
However, the controversial mpMRI negative pre-
dictive value (NPV), and the diagnostic pathway  
after a negative mpMRI (nMRI) is not clearly de-
fined [5]. The number of expected false negatives 
per 1000 men assuming a baseline cancer prevalence 
of 30% is 84 (54–120). mpMRI has been included  
in multivariable models for individualized decision 
on biopsy; however, the definitive clinical reliability 
of these tools has not completely set [6]. Further-
more, a recent meta-analysis suggests that MRI  
is not accurate enough to replace prostate biopsy  
in patients suspected of having PCa, mainly be-
cause its accuracy is variable and influenced by the 
PCa risk [7]. The PROMIS trial [5] found an NPV 
of 89% for csPCa. However, these results dropped 
to 72–76% when different definitions of csPCa 
were used. Thus, there is paucity of data concern-
ing the best strategy to use in the risk stratifica-
tion for csPCa in patients with nMRI. Particu-
larly, the way to identify patients with nMRI and  
a high risk of csPCa is not well defined. Associating 
MRI with predictive factors may increase the NPV  
of MRI and reduce the number of prostate biopsies  
in men whose risk of csPCa is low. nMRI performance 
could be enhanced if there were more accurate ways 
of determining the risk of having PCa [8, 9]. The aim  
of this study is to assess the risk of any PCa and clin-
ically significant PCa in patients undergoing system-
atic biopsy after a negative mpMRI and to identify 
potential predictors of PCa in this specific setting.

MATERIAL AND METHODS

We collected data of all prostate mpMRI performed 
at our institution between 01/2016 and 12/2019 and 
identified negative scans. [Prostate Imaging Report-
ing and Data System (PI-RADS) ≤2]. All patients un-
derwent mpMRI on a 1.5 T system (MAGNETOM 
Avanto, Siemens Healthcare, Erlangen, Germany) 
with a 10-channel abdominal phased array coil.
For every patient, T1/T2 weighted images, diffusion-
weighted imaging (DWI) and dynamic contrast-en-
hanced (DCE) sequences were obtained, the latter 
was acquired after i.v. administration of 0.1 ml/kg  
of gadobutrol (Gadavist, Bayer-Schering, Berlin, 
Germany), at an injection rate of 2–3 ml/s. The im-
age acquisition was performed after i.v. administra-
tion of 40 mg hyoscine butylbromide (Buscopan, 
Boehringer Ingelheim GmbH, Ingelheim, Germany) 
as a spasmolytic agent.

The image analysis was performed by two experi-
enced radiologists (A.L. and C.S.L.) both with an MRI 
experience longer than 10 years and who took part  
in a previous prostate MRI study involving more 
than 300 patients. The image analysis was conducted 
in accordance with the PI-RADS version 2 criteria. 
Every radiological report included the PI-RADS v2 
score for each lesion, its dimension and the precise 
location using the 39-region map.
Patients with any previous diagnosis of PCa, as well 
as any previous prostatic surgery different from 
transurethral resection of the prostate (TURP) were 
excluded. For the present study, patients who un-
derwent a prostate biopsy based on shared decision-
making after negative mpMRI were identified and 
included. The number of cores on all post-MRI biop-
sies was extended to ≥24.
Complete pre-mpMRI data were collected, including 
age, prostate-specific antigen (PSA) and its deriva-
tives (PSA density and velocity) when possible, pre-
vious prostate biopsy, pharmacological treatments 
including 5-alpha reductase inhibitors (5-ARIs), and 
previous TURP. Prostate volume at MRI was col-
lected and the Prostate Cancer Research Foundation 
(SWOP) score [10] (any pCa risk and significant pCa 
risk) was calculated.
The results of post-MRI biopsy were recorded, in-
cluding time from MRI to biopsy, detection rate  
of any PCa and detection rate of clinically signifi-
cant PCa (GS ≥3+4) [11]. Post-MRI biopsy results 
were compared between biopsy-naïve patients and 
men with a previous negative biopsy. Moreover, post-
biopsy management decisions were recorded; when 
radical prostatectomy was performed, complete in-
formation on definitive histopathology was collected. 
Finally, uni- and multivariable logistic regression 
analysis assessed the potential predictors of any PCa 
and csPCa at biopsy after negative mpMRI.
All statistical analysis was carried out using com-
mercially available software (IBM SPSS version 26, 
NY, United States of America).

RESULTS

A total of 410 patients underwent mpMRI with nega-
tive results in the study period. After application of in-
clusion/exclusion criteria, 348 patients were left in the 
cohort. Of these, 73 (21%) were subjected to satura-
tion prostate biopsy and included in the final analysis. 
Table 1 shows the comparison between patients who 
underwent biopsy and the rest of the cohort, where no 
obvious differences in age, digital rectal examination 
(DRE), PSA density (PSAD) or SWOP risk score for 
any PCa and csPCa were found, whereas median PSA 
was higher in the biopsy cohort (5.2 vs 6.4, p <0.001). 
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In particular, 5-ARI therapy was associated with  
an increased risk of any PCa diagnosis in this cohort. 

A total of 73 patients underwent saturation biop-
sy after negative mpMRI (Table 1), with a median  
of 24 cores. Of these, 63/73 (86.3%) biopsies were per-
formed via the transrectal route and 10/73 (13.7%) 
via the transperineal approach. Overall, 22/73 bi-
opsies (30.1%) were positive for prostate cancer. 
GS 6 was diagnosed in 14/22 patients (63.6%); GS 7  
in 3/22 (13.6%), GS 8 in 1/22 (4.6%) and GS 9–10  
in 4/22 (18.2%) (Table 2). Therefore, csPCa was found 
in 8/73 (11%) patients who underwent biopsy after 
negative mpMRI. Table 3 shows the results stratified 
by previous biopsy status (biopsy naïve vs previous 
negative biopsy). Of note, no significant differences 
were found, in particular the detection of any PCa 
and csPCa did not differ between the two cohorts; 
SWOP risk calculator results were similar as well. 
Finally, logistic regression analysis was carried out 
to assess possible predictors of biopsy positivity for 
any PCa and csPCa. The results of uni and multi-
variate models for any PCa are reported in Table 5.  

Table 1. Comparison between patients who underwent or did 
not undergo biopsy after negative multiparametric magnetic 
resonance imaging

No biopsy 
after MRI

Biopsy after 
MRI P value

N. of patients 275 (79%) 73 (21%) n/a

Age at 1st MRI, years  
(median, IQR)

65.1 
(59.7–70.2)

65.2 
(57.9–69.7) 0.67

DRE
equivocal
positive
negative

19 (17.3%)
5 (4.5%)

86 (78.2%)

8 (21.1%)
1 (5.3%)

28 (73.7%)

0.85

PSA at 1st MRI (ng/dL) 
(median, IQR) 5.2 (3.3; 7.3) 6.4 (4.9; 9.6) 0.001

PSAD before 1st MRI  
(median, IQR)

0.08 
(0.05–0.11)

0.09 
(0.07–0.13) 0.068

PSAD after 1st MRI  
(median, IQR)

0.07 
(0.04–0.12)

0.10 
(0.06–0.13) 0.066

PSAD (1st MRI) >0.15  
(median, IQR) 23 (13.6%) 9 (15.8%) 0.68

PSA DT (month)  
(median, IQR)

10  
(62.5–54.5)

26  
(73.5–104.5) 0.95

PSA velocity (ng/dL/y) 
(median, IQR)

1.3 (1.03–
0.405)

0.23 
(0.43–1.08) 0.084

Prostate volume  
(median, IQR)

65  
(46–88.8)

72  
(50; 97) 0.35

SWOP any PCa risk 1  
(median, IQR)

0.06  
(0.05–0.092)

0.07 
(0.06–0.10) 0.20

SWOP csPCA risk 1  
(median, IQR)

0.01  
(0.01–0.012)

0.01 
(0.01–0.02) 0.23

N – number; MRI – magnetic resonance imaging; IQR – interquartile range;  
DRE – digital rectal examination; PSA – prostate-specific antigen;  
PSAD – PSA density; PSA DT – PSA doubling time; PCa – prostate cancer; 
csPCa – clinically significant prostate cancer; SWOP – Prostate Cancer Research 
Foundation Score

Table 2. Baseline features of patients who underwent biopsy 
after negative mpMRI

Table 3. Post MRI prostate biopsy features 

Variables

N. of patients 73 

Previous Biopsy before first MRI 36 (49.3%)

Age at 1st MRI, years (median, IQR) 65.2 (57.9–69.7)

N. of previous MRI (median, IQR) 1 (1–2)

N. of patients with previous negative TURP 22 (30.1%)

DRE
equivocal
positive
negative

8 (21.1%)
1 (5.3%)

28 (73.7%)

PSA at 1st MRI (ng/dL) (median, IQR) 6.4 (4.9–9.6)

PSAD before 1st MRI (ng/ml2) (median, IQR) 0.09 (0.07–0.13)

PSAD after 1st MRI (ng/ml2) (median, IQR) 0.10 (0.06–0.13)

PSAD (1st MRI) >0.15 (ng/ml2) 9 (15.8%)

PSA DT (months) (median, IQR) 26 (73.5–104.5)

PSA velocity (ng/dL/y) (median, IQR) 0.23 (0.43–1.08)

Prostate volume (ml) (median, IQR) 72 (50–97)

SWOP (median, IQR)
any PCa risk 1 
csPCA risk 1 
any PCa risk 2 
csPCA risk 2

0.07 (0.06–0.10)
0.01 (0.01–0.02)

0.065 (0.06–0.20)
0.02 (0.01–0.08)

N – number; MRI – magnetic resonance imaging; IQR – interquartile range;  
DRE – digital rectal examination; PSA – prostate-specific antigen;  
PSAD – PSA density; PSA DT – PSA doubling time; PCa – prostate cancer;  
csPCa – clinically significant prostate cancer; SWOP – Prostate Cancer Research 
Foundation Score

Variables

Biopsy type
transperineal
transrectal

10 (13.7%)
63 (86.3%)

N. of cores (median, IQR) 24 (14–24)

Positive biopsy 22 (30.1%)

GS
6
7
8
9
10

14 (63.6%)
3 (13.6%)
1 (4.5%)

3 (13.6%)
1 (4.5)

any PCa 22 (30.6%)

csPCa 8 (11%)

SWOP 
any PCa risk after MRI
csPCa risk after MRI

0.07 (0.06; 0.10)
0.01 (0.01; 0.02)

N – number; IQR – interquartile range; GS – Gleason score; PCa – prostate cancer; 
csPCa – clinically significant prostate cancer; MRI –  magnetic resonance imaging; 
RARP – robot-assisted radical prostatectomy
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Table 6 shows the results of uni- and multivariate 
models for clinically significant PCa. No significant 
predictors of csPCa diagnosis were found, in par-
ticular SWOP risk scores were not useful to predict 
csPCa diagnosis in this cohort.
Finally, complete data was available for those pa-
tients who underwent radical prostatectomy in the 
present cohort (n = 13), as shown in Table 7. A to-
tal of 5/13 patients (38.5%) were found to have non-
organ confined disease with extraprostatic exten-
sion at definitive histopathology; while 6/13 patients 
(46.2%) had a Grade Group 4. 

DISCUSSION

In the present study, 73 men underwent 24-core bi-
opsy after a negative mpMRI, with 30.1% (22/73) 
of overall pCa detection and 11% (8/73) of csPCa. 
In this single institution study patients were in-
cluded if there were no suspicious lesions on pre-
biopsy mpMRI as defined by PI-RADS v2 criteria  
(PI-RADS ≤2). Patients with prior PCa or surgi-

Table 4. Post-mpMRI biopsy results stratified by indication

Biopsy naive 
– 0

Previous 
biopsy – 1 P value

Time between MRI and biopsy, 
days (median, IQR)

150 
(59.5–346)

313.5 
(176–389.8) 0.067

Biopsy type
transperineal
transrectal

30 (81.1%)
6 (16.2%)

4 (11.1%)
32 (88.9%)

0.48

Positive biopsy 13 (35.1%) 10 (27.8%) 0.50

GS
6
7
8
9
10

8 (61.5%)
2 (15.4%)
1 (7.7%)

2 (15.4%)
0 (0%)

6 (66.7%)
1 (11.1%)

0 (0%)
1 (11.1%)
1 (11.1%)

0.68

any PCa 13 (35.1%) 9 (25.7%) 0.94

csPCa 5 (13.5%) 3 (8.3%) 0.52

SWOP any PCa risk after MRI 
(median, IQR)

0.09 
(0.07–0.15)

0.06 
(0.06–0.08) 0.08

SWOP csPCa risk after MRI 
(median, IQR)

0.02 
(0.01–0.02)

0.01 
(0.01–0.01) 0.21

mpMRI – multiparametric magnetic resonance imaging; IQR – interquartile range; 
GS – Gleason score; PCa – prostate cancer; csPCa – clinically significant prostate 
cancer; SWOP – Prostate Cancer Research Foundation Score

Table 5. Uni- and multivariate regression for any PCa diagnosis at biopsy

Table 6. Uni and multivariate regression for clinically significant PCa diagnosis at biopsy

Variables
Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Age at 1st MRI 1.06 0.99–1.15 0.11 1.09 0.98–1.2 0.11

5-ARI (yes vs no) 2.47 0.46–13.36 0.29 7.67 0.97–60.7 0.053

PSAD (≥0.15 vs <0.15) 0.83 0.15–4.57 0.83 0.47 0.06–3.47 0.46

PSA velocity 1.07 0.82–1.41 0.62 / / /

PSA DT 1.00 0.99–1.001 0.88 / / /

Prostate volume 0.99 0.98–1.01 0.86 0.98 0.96 - 1.01 0.19

Previous biopsy 0.64 0.23–1.76 0.39 0.52 0.13 - 2.04 0.34

Time between MRI and biopsy 1.001 0.99; 1.003 0.44 / / /

OR – odds ratio; 95% CI – 95% confidence level; MRI – magnetic resonance imaging; 5-ARI – 5-alpha reductase inhibitors; PSAD – prostate-specific antigen density;  
PSA DT – prostate-specific antigen doubling time

Variables
Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Age at 1st MRI 1.08 0.97–1.21 0.17 1.16 0.97–1.38 0.11

5-ARI (yes vs no) 1.71 0.17; 16.85 0.64 / / /

PSAD (≥0.15 vs <0.15) 1.38 0.14–13.9 0.79 0.72 0.05–11.04 .81

PSA velocity 1.03 0.63 - 1.69 0.89 / / /

PSA DT 1.001 1–1.002 0.21 / / /

Prostate volume 0.97 0.94–1.00 0.048 0.98 0.94–1.02 0.33

Previous biopsy (yes vs no) 0.58 0.13–2.64 0.48 0.37 0.05–2.78 0.33

Time between MRI and biopsy 1.002 0.99–1.005 0.26 / / /

OR – odds ratio; 95% CI – 95% confidence level; MRI – magnetic resonance imaging; 5-ARI – 5-alpha reductase inhibitors; PSAD – prostate-specific antigen density;  
PSA DT – prostate-specific antigen doubling time
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opsy naïve or with previous negative biopsy. Overall,  
a 4.8% of csPCa were detected during follow-up. 
While clinical variables (PSA and PSAD) are compa-
rable to the present report, only a fraction of the pa-
tients included in the cited study underwent prostate 
biopsy, therefore a direct comparison is not possible.
A recent systematic review analyzed the negative 
predictive value of mpMRI [12]. With the same defi-
nitions of nMRI and csPCa used in our study, the re-
sults show a 7–10% risk of clinically significant PCa 
after nMRI, although the data might be significantly 
variable depending on clinical setting, local situation 
and approach to post-MRI biopsy. However, this risk 
is certainly comparable to the 11% seen in the pres-
ent study. 
One advantage of the present study is that, besides 
the PCa diagnosis at prostate biopsy, a consider-
able percentage of patients received radical prosta-
tectomy and whole-mount pathology was available  
for comparison. 
Comparable findings were not reported in men spe-
cifically with nMRI, but rather in men with signifi-
cant cancer detected on biopsy who underwent de-
finitive treatment. In a recent meta-analysis by Goel 
et al., targeted biopsy was upgraded in 23.3% of the 
cases, whereas systematic biopsy had an upgrade rate 
of 42.7% at radical prostatectomy. The odds of GS up-
grading at radical prostatectomy (RP) after systemat-
ic biopsy compared with fusion biopsy were 1.75 [17].
These results suggest that there is a real, but small, 
rate of higher-risk disease that is difficult to detect 
by mpMRI, potentially related to low tumor volume.
Although mpMRI-targeted prostate biopsy may bet-
ter predict pathology at radical prostatectomy than 
systematic prostate biopsy [17], these small, yet sig-
nificant, cancer foci would be difficult to detect with 
the available biopsy technology and remain a topic  
of further investigation.
The main limitations of our study are due to the ret-
rospective nature of the data collection. In particular, 
there is a possible selection bias for the men includ-
ed in the study; patients included in the study may 
present with elevated clinical suspicion of csPCa who 
eventually underwent a prostate biopsy. In fact, not 
all men with negative MRI at our institution under-
went a biopsy. However, complete clinical information 
was available for all patients (including those who 
did not undergo biopsy) and direct comparison of the 
biopsy and non-biopsy group found differences only  
in the absolute PSA value, while all the other variables, 
including the PSAD, PSA velocity (PSAV) and SWOP 
risk score did not show any significant difference. 
Most saturation biopsies were transrectal. A po-
tential limitation is the superior detection of csPCa  
of transperineal template-based saturation biopsy  

cal benign prostatic hyperplasia (BPH) treatment 
were excluded because that could alter PSA levels  
and/or MRI findings, introducing potential confound-
ers. Patients with mpMRI performed elsewhere were 
also excluded to maintain MRI protocol uniformity 
and enhance the internal validity of the findings. 
The use of SWOP risk score and the 24-core biopsy 
protocol are distinctive features of the present study. 
A nMRI has the potential to lower suspicion of ag-
gressive prostate cancer and to avoid unnecessary 
biopsies. However, csPCa undetected by mpMRI are 
still a large portion (10–15%) of the total MRI exami-
nations [12, 13, 14]. Therefore, the interpretation  
of a nMRI demands the awareness of missing csPCa 
in a certain number of patients. 
Several reports in the literature have attempted  
to validate the predictive value of a nMRI. In a co-
hort of 75 men, nMRI was highly predictive of the 
absence of cancer on systematic biopsy, and only one 
man (1.3%) had GS 3+4 cancer on biopsy [15]. 
These findings are in contradiction with our results 
since the 11% of the nMRI had a csPCa requiring  
a definitive treatment of the primary tumor. Of note, 
the study by Wysock et al. differs from ours in several 
aspects. First, 28% of the included patients were un-
der active surveillance (and most GS 6 cancers were 
detected in this subgroup), whereas all patients with 
any previous diagnosis of pCa were excluded from 
the present study. Moreover, median PSA levels were 
lower in Wysock et al. (4.7 vs 6.4 in our cohort) and 
SWOP PCa risk score was not taken into account. 
On the same issue, Panebianco et al. [16] reported 
on 1255 patients with negative mpMRI, either bi-

Table 7. Features of the patients who underwent radical pros-
tatectomy 

Variables

RARP 13 (100%)

pT
1b
2a
2c
3a
3b

1 (7.7%)
5 (38.5%)
2 (15.4%)
4 (30.8%)
1 (7.7%)

pN
0
1

12 (92.3%)
1 (7.7%)

EPE 5 (41.7%)

PSM 6 (46.2%)

Grade Group
1
2
4

2 (15.4%)
5 (38.5%)
6 (46.2%)

RARP – robot assisted radical prostatectomy; EPE – extraprostatic extension;  
PSM – positive surgical margins; RARP – robot-assisted radical prostatectomy
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of prebiopsy negative magnetic resonance imaging 
could be useful factors to identify men with clinically 
significant prostate cancer who should undergo sys-
tematic biopsy. Specific predictive models addressing 
this setting would be useful.
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to transrectal in the MRI target setting, when ad-
justed for number of cores and prostate volume [18]. 
Possible missing lesions in certain parts of the pros-
tate (even with random 24 cores) cannot be excluded, 
especially in larger glands [18, 19]. However, the hy-
pothesized advantage in PCa detection for random 
transperineal biopsies is unclear [20], especially in the 
MRI era.
Our ability to assess the true NPV of nMRI for csPCa 
is inherently limited by the sensitivity of systematic 
saturation biopsy to detect PCa. However, all patients 
of the included patients had a systematic 24-core biop-
sy, therefore reducing the sampling error in compari-
son to 12-core biopsy, which was used in the majority 
of the studies present in the current literature. 

CONCLUSIONS

Our study reports approximately 11% (8/73) chance 
of detecting clinically significant prostate cancer with 
a systematic 24-core biopsy in patients with negative 
mpMRI.
The use of prostate-specific antigen, prostate-specific 
antigen density and suspicious DRE in the presence 
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