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was used as reference to determine true-positive mpMRI 
findings. Per core correlation analysis was performed.
Results  Forty patients were included. Overall, 40 index 
lesions involving 137 ROIs (mean ROIs per index lesion 
3.43) were identified on MRI. After correlating these find-
ings with final pathology, 117 ROIs (85 %) were considered 
as true-positive lesions. A total of 102 biopsy cores directed 
toward such true-positive ROIs were available for final 
analysis. Cognitive targeted biopsy hit the target in 82 % of 
the cases (84/102). The only identified risk factor for miss-
ing the target was an anterior situated ROI (p = 0.01).
Conclusion  In experienced hands, cognitive MRTB-COG 
allows for an accuracy of 82 % in hitting the correct target, 
given that it is a true-positive lesion. Anterior tumors are 
less likely to be successfully targeted.

Keywords  Prostate cancer · MRI · Cognitive targeted 
biopsy · Accuracy · Index lesion · Correlation

Introduction

Cancer of the prostate (PCa) is now recognized as one of 
the most important medical issues affecting the male popu-
lation. PCa is the most common solid neoplasm in Europe 
and in the USA [1, 2]. It is estimated that about 233,000 
men were diagnosed with and 30,000 men died of PCa 
in 2014 in the USA. One in seven men will be diagnosed 
with the disease in their lifetime [3]. PCa diagnosis relies 
on clinical suspicion based on an abnormal digital rectal 
examination (DRE) and/or elevated serum PSA value, lead-
ing to transrectal ultrasound-guided, 12-core random biop-
sies of the prostate (TRUSGB). However, this technique 
has several important limitations, especially overdiagnosis 
of insignificant PCa and undersampling of the anterior/

Abstract 
Purpose  Prostate cancer (PCa) diagnosis relies on clini-
cal suspicion leading to systematic transrectal ultrasound-
guided biopsy (TRUSGB). Multiparametric magnetic 
resonance imaging (mpMRI) allows for targeted biopsy of 
suspicious areas of the prostate instead of random 12-core 
biopsy. This method has been shown to be more accurate 
in detecting significant PCa. However, the precise spatial 
accuracy of cognitive targeting is unknown.
Methods  Consecutive patients undergoing mpMRI-tar-
geted TRUSGB with cognitive registration (MRTB-COG) 
followed by robot-assisted radical prostatectomy were 
included in the present analysis. The regions of interest 
(ROIs) involved by the index lesion reported on mpMRI 
were subsequently targeted by two experienced urologists 
using the cognitive approach. The 27 ROIs were used as spa-
tial reference. Mapping on radical prostatectomy specimen 
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apical region of the prostate, which may lead to missed 
cancer diagnosis in up to 20 % of men with suspected PCa 
[4].

In view of this lack of sensitivity and specificity of 
standard TRUSGB, the use of multiparametric MRI of 
the prostate has proven useful. Indeed, when the tumor 
can be identified on MRI, the so-called MRI-targeted 
biopsy is more likely to detect cancer with fewer cores 
[5–8]. Indeed, macroscopic lesions visible on MRI are 
more likely to be targeted and more likely to harbor sig-
nificant PCa. Reduced cost, decreased infection rate and 
diminished procedure duration represent potential con-
sequences of using fewer cores. Moreover, MRI-targeted 
biopsy is less likely to detect insignificant (low volume, 
low grade) PCa, thus reducing the risk of overdiagnosis 
and potentially overtreatment of these low-risk tumors. 
Finally, MRI-targeted biopsy has been shown to accu-
rately correlate with the radical prostatectomy specimen, 
thus reducing the risk of upgrading or upstaging on final 
pathology [5, 9, 10].

Despite all these advantages, MRI-targeted biopsy is 
not yet considered as standard [11]. So far, three target-
ing options are available [12]: (1) the cognitive approach 
which is the most widely used technique. MRI-targeted 
TRUSGB with cognitive registration (MRTB-COG) rep-
resents biopsies performed under TRUS guidance, using 
cognitive registration of prebiopsy mpMRI data, and TRUS 
imaging, with manual guidance to the target. The cognitive 
approach requires the physician performing the biopsy to 
review the MRI separately and cognitively register the sus-
pected lesion location onto ultrasound volume of the pros-
tate to guide the biopsy gun toward the appropriate target 
[11, 13]. Thus, the likelihood of an MRI lesion being posi-
tive for clinically significant PCa if it is targeted at biopsy 
depends on (a) the accuracy of MRI to detect PCa and (b) 
the operator’s accuracy in directing the needle toward the 
target during MRTB-COG; (2) fusion targeting, which uses 
a dedicated device and software that allow for registration 
of the MRI with the real-time US images. In order to fuse 
the MRI picture of the prostate to the real-time US image, 
which can be deformed because of the intrarectal probe, a 
registration process (rigid or elastic fusion) is needed. Cor-
responding landmarks are chosen manually [14]; and (3) 
in-bore targeting which is achieved with the use of MRI 
compatible biopsy material. The biopsy is performed dur-
ing the MRI. While in-bore targeted biopsy has shown 
promising results [15], it is limited by device availability, 
time investment and overall and opportunity costs of mag-
net time [16].

While a large body of evidence suggests that the sensi-
tivity and specificity of MRI in detecting significant PCa 
are high, little is known about the accuracy of the operator 
in hitting the target during MRTB-COG. The goal of the 

present study is to evaluate the accuracy of cognitive tar-
geted biopsy in hitting true-positive MRI targets based on 
the correlation with the final robot-assisted radical prosta-
tectomy (RARP) specimen.

Methods

This study was approved by the Research Ethics Com-
mittee of the Jewish General Hospital, McGill University 
Health Center, Montreal, Canada (study number 14–64). 
From October 2012 to September 2014, consecutive 
patients undergoing MRTB-COG of the prostate and subse-
quently robot-assisted radical prostatectomy (RARP) were 
included in the present single-center retrospective analy-
sis. Patients in whom MRI demonstrated Likert score 3 or 
less suspicious lesions were excluded. If MRTB-COG was 
aimed toward a lesion not considered as the index lesion, 
this patient was excluded (Fig. 1). Patient’s characteristics 
including age, familial history of PCa, DRE and PSA value 
were tabulated in an Excel spread sheet.

Multiparametric MRI

Four experienced abdominal imaging radiologists were 
involved in MRI interpretation and reporting. MRI was 
performed on a Philips Intera 1.5T 8.5.2 ACS scanner 
(Philips Medical Systems, Best, Netherlands) running 
software version 3.2.1.1 using the phased-array four-
channel SENSE body coil, without endorectal coil, as 
described previously by our group [17]. Sequences were 
performed following injection of Buscopan (Hyoscine 
butyl bromide, Boehringer Ingelheim (Canada) Limited, 
Burlington, Ontario, Canada) 1 cc of 20 mg/cc IV as pre-
viously described. Thereafter Omniscan (Gadodiamide, 
GE Healthcare Canada, Mississauga, Ontario, Canada) 
0.2  mmol/kg 0.5  mmol/cc to a maximum of 20  cc was 
injected IV and dynamic imaging performed with a 25-s 
delay.

Based on low signal intensity on T2-weighted images 
(T2  W), homogeneous early enhancement after Gadodi-
amide administration (DCE) and/or restricted diffusion 
on diffusion-weighted images (DWI)/reduced apparent 
diffusion coefficient (ADC), the likelihood of PCa was 
determined using the Likert scoring system from 1 to 5 
[18]. The index lesion at MRI was defined as the largest 
suspicious tumor nodule with highest score. All regions 
of interest (ROIs) involved by the index PCa lesion were 
reported on MRI, together with prostate volume and index 
lesion size and volume. The 27 ROIs [18, 19] were used as 
spatial reference. Only Likert score 4–5 lesions were con-
sidered. MRI prostate volume was used to calculate PSA 
density.
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Targeted biopsy

All biopsies were performed under local anesthesia and 
antibiotic prophylaxis by two experienced urologists 
(FB and SA) with extensive knowledge of prostatic MRI 
and having performed over 100 MRTB-COG. Suspi-
cious ROIs involved by the index lesions on MRI were 
targeted using the cognitive approach. Based on previ-
ously published results, patients who underwent side-
firing biopsy were excluded from the present analysis 
[17]. The number of cores per ROIs was left to the oper-
ator’s discretion. Each patient underwent between 1 and 
7 targeted biopsy (median 2) following standard 12-core 
TRUSGB. For each target, the precise ROI that was tar-
geted and the primary/secondary Gleason grading were 
recorded.

Pathology reporting

After fixed in 10  % buffered formalin, each RP speci-
men was processed according to the modified Stanford 
technique [20]. Serial cross sections of 3  mm thick were 
obtained from apex to base. Each specimen was included in 
standard blocks and submitted completely.

Three experienced uropathologists blinded to the MRI 
results reviewed all RARP specimens. All foci of carci-
noma were traced on glass slides and transposed on the 
same spatial referential mapping used for MRI. The index 
lesion was defined as the tumor nodule with greater dimen-
sion and/or higher Gleason score. The Gleason score, 
dimensions and location of all tumors foci were registered. 
Finally, tumor localization on the specimen was manu-
ally reported on the same spatial reference used for MRI 
reports. PCa mapping on final pathology was used as refer-
ence to ensure that each MRI ROIs involved by the index 
lesion were true-positive finding. Only MRTB-COG cores 
directed toward such true-positive ROIs were considered. 
The targeted biopsy was considered as positive if cancer 
was found in the same targeted ROIs.

Standard descriptive statistics are reported as median 
(interquartile range) or mean (±SD) for continuous vari-
ables depending on the distribution and frequencies, and 
percentage for categorical variables. They were used for 
patient’s characteristics and MRI and pathology reporting. 
Means and standard deviations are given when not other-
wise specified. For comparison of positive targets with neg-
ative ones, independent t tests or Mann–Whitney U tests 
were used for continuous variables. Pearson’s Chi-squared 

Fig. 1   Selection process and 
exclusion criteria

155 patients underwent RARP during the 
study period (October 2012 to September 
2014) (two surgeons: FB and MA) 

Screening 
94 patients had pre-biopsy mpMRI 

Reasons for exclusion (n=42):  

- no targeted biopsy (n=28) 
- Likert score <4 (n=12) 
- biopsy report not available (n=2) 

52 patients had MRTB-COG 

Reasons for exclusion (n=12):  

- mpMRI index lesion not targeted 
(n=5) 

- biopsy using side-firing (n=7) 

Eligibility 

Inclusion 
40 patients (40 index lesions) included in 
final analysis

Identification 

Reasons for exclusion (n=61):  

- no prebiopsy mpMRI (n=49) 
- preoperative mpMRI reports not 

available/performed elsewhere (n=12) 
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tests were used for categorical variables. For the compari-
son of patients in whom MRTB-COG missed the target 
versus those in whom ROIs involved by the MRI index 
lesion were successfully targeted (Table 2), Mann–Whitney 
U tests and Pearson’s Chi-squared tests were used for con-
tinuous and categorical variables, respectively.

Results

Overall, 155 patients underwent RARP during the study 
period. After applying exclusion criteria, the remaining 
40 patients were included in final analysis. The study flow 
chart and selection process are summarized in Fig.  1. Of 
those, 36 (90 %) were biopsy-naïve patients and four had 
had previous TRUSGB in an active surveillance setting. 
The mean age (±SD) of the cohort was 63 ± 7 years. Mean 
PSA was 8.18 ± 3.54 ng/ml. Family history was positive in 
two patients. All other relevant patient’s characteristics are 
summarized in Table 1.

Multiparametric MRI revealed 17 Likert score 4 (43 %) 
and 23 Likert score 5 index lesions (57 %), involving 137 
ROIs. Index lesions at MRI involved from 1 to 7 ROIs 
(mean ROIs per MRI index lesion 3.43). Mean mpMRI 
prostate volume was 39.17 ± 13.38 ml and was similar to 
the gland volume reported by TRUS (39.40 ±  12.25 ml). 
The mean PSA density was 0.23 ± 0.12 ng/ml2 (Table 1)

MRTB-COG was performed 71  ±  77 (range 2–329) 
days after the MRI. The time elapsed between MRTB-COG 
and RARP was 119 ± 55 (range 42–234) days.

Final pathology revealed one pT2a (2.5  %), 26 
pT2c (65  %), 10 pT3a (25  %) and 3 pT3b (7.5  %) PCa, 
respectively. Bilateral pelvic lymph node dissection was 
performed in 37/40 patients (93  %). Two (5  %) were 
pN +  (one pT3a and one pT3b). In most of the patients 
(25/40, 63 %) PCa were graded as Gleason 3 +  4, while 
Gleason >8 was found in 6/40 patients (15  %) (Table  1). 
Out of the 40 index lesions identified, 7 strictly involved the 
anterior prostate (17.5 %), while 15 (37.5 %) only involved 
the posterior ROIs of the prostate. The remaining 45 % of 
the index lesions involved both the anterior and posterior 
prostate. Overall, based on Epstein criteria [21], 100 % of 
the index lesions were considered as significant PCa. When 
the ROIs involved by the index tumor on final pathology 
were correlated with those seen on MRI (n =  137), 117 
harbored PCa and were considered as true-positive lesions. 
Of the 102 cores targeted toward such true-positive ROIs, 
84 came back positive for PCa, allowing for an accuracy 
of 82 % in hitting the index lesion (Fig. 2). The mean per-
centage of core length involved by cancer was 37 ± 26 %. 
The Gleason concordance rate between MRTB-COG and 
final RARP specimen pathology was 59/84 cores (70 %). 
In 21 cases (25  %), and the Gleason score was upgraded 
on final specimen pathology, while a downgrading was 

Table 1   Patient’s and tumor characteristics

Values are given as mean ± SD

Units Value

Number of patients 40

Age Years 63 ± 7

Family history 2

PSA ng/ml 8.18 ± 3.54

Prostate volume on TRUS cm3 39.40 ± 12.25

Prostate volume on MRI cm3 39.17 ± 13.38

PSAD ng/ml2 0.23 ± 0.12

Index lesion largest diameter on MRI cm 1.56 ± 0.82

Index lesion volume cm3 1.05 ± 1.1

Time from MRI to biopsy Days (range) 71 ± 77 (2–329)

Number of index lesions Likert 4–5 17–23

Number of regions of interest (ROIs) involved by index lesions Total number (per patient) 132 (3.3)

Number of true-positive ROIs 117

Number of cores targeted toward true-positive ROIs Total number 102

Number of positive cognitive targeted cores Total number (% accuracy) 84 (82)

Gleason score on final pathology (3 + 3; 3 + 4; 4 + 3; 4 + 4; 4 + 5) 1; 25; 8; 3; 3

Time from biopsy to RARP Days 119 ± 55

Index lesion largest diameter on final pathology cm 2.02 ± 0.58

Lymph node involvement 2

pT stage (T2a/b/c; T3a/b) 1/0/26; 10/3
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observed in 4 (5 %) patients. The maximal combined Glea-
son score discrepancy was 1 point. Of the 18 MRTB-COG 
(in 11 patients) that missed the target, 10 (56  %) were 

aimed at the anterior ROIs of the prostate, while 20 (24 %) 
were aimed toward anterior ROIs in the successful targeted 
group.

Fig. 2   Results of a biopsy-
naïve 56-year-old man with 
PSA of 5.8 ng/ml and a normal 
DRE who underwent MRGTB. 
a Prebiopsy MRI suggests a 
lesion suspicious for PCa in the 
anterior zone, involving ROIs 
9A and 11A (A1, T2-weighted 
imaging; A2, dynamic con-
trast enhanced imaging; A3, 
diffusion-weighted imaging). 
Likert score 5/5 was given. One 
cognitive MRGTB targeted 
9A, and another one targeted 
11A. Both came back positive 
for Gleason 4 + 3 PCa. b The 
patient underwent a RARP 
55 days after MRGTB. Final 
pathology showed a 1.5-cm 
Gleason 4 + 3 adenocarcinoma 
involving the ROIs 9A and 11A. 
The picture below represents a 
slide cut at the level of 9A with 
the tumor limits marked in red. 
c The same areas involved by 
PCa that were marked on the 
slides were then reported on 
the Dickinson’s ROIs drawing. 
In the present patient, MRGTB 
correlated perfectly with the 
final pathology

Table 2   Comparison between 
missed and successful targeted 
biopsies

Missed targets Successful targets p=

Number of cores 18 84

Number of cores directed toward anterior ROIs 10 (56 %) 20 (24 %) 0.01

Number of cores directed toward apical ROIs 4 (22 %) 24 (29 %) 0.56

Number of patients 11 29

Mean age (years) 63 ± 8 63 ± 7 0.87

Mean PSA (ng/ml) 7.93 ± 3.00 8.26 ± 3.75 0.73

PSA density (ng/ml2) 0.22 ± 0.11 0.23 ± 0.13 0.94

Time from MRI to MRGTB (days) 45 ± 19 80 ± 88 1.00

Prostate volume (ml) 39.7 ± 16.3 39.0 ± 12.4 0.91

Likert scale score 5 6/11 17/29 0.81

Index lesion maximal diameter on MRI (cm) 1.79 ± 1.00 1.47 ± 0.74 0.31

Index lesion maximal diameter on MRI or final pathology (cm) 2.10 ± 0.89 1.97 ± 0.44 0.92

Index lesion volume on MRI (ml) 1.23 ± 1.62 0.95 ± 0.75 0.80

Primary Gleason 3 pattern 9/11 20/29 0.37
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Patients in which MRTB-COG missed the target in at 
least one ROI (11 men) were then compared to patients 
in which all MRTB-COG successfully hit their target (29 
men, 73  %) in order to identify risk factors for missing 
the target (Table 2). There was no statistical difference as 
far as age, PSA, PSA density, time from MRI to MRTB-
COG or prostate volume were considered. No significant 
difference was found in Likert score 5 attributions, index 
lesion maximal diameter on MRI or final pathology, index 
lesion volume on MRI and primary Gleason 3 pattern. 
Anterior located ROIs was the only risk factor for missing 
the target [10/18 (56 %) versus 20/84 (24 %), p = 0.01] 
(Table 2).

Discussion

The present study demonstrates that MRTB-COG directed 
toward true-positive foci hit the target with 82 % accuracy. 
To our knowledge, this is the first study addressing this 
specific question. The main strength of the present analy-
sis relies on the use of radical prostatectomy specimen as 
standard reference, together with the adoption of a standard 
spatial reference for reporting the precise location of PCa 
on both MRI and final pathology. The sensitivity of MRI 
in detecting index lesions of significant PCa (100 %) might 
seem high in the present study. It is obviously biased by the 
inclusion criteria for this study and including patients with 
negative MRI but positive standard 12-core biopsy who 
would undergo RARP would probably lower the sensitiv-
ity. This result should therefore be interpreted with caution. 
While the body of evidence favoring MRTB-COG versus 
TRUSGB is growing [5, 8], most of these studies are lim-
ited by the absence of radical prostatectomy specimens as 
the standard reference. Therefore, one cannot determine 
whether the absence of cancer on MRTB-COG is related 
to the inability of the operator to hit the target or whether 
the operator actually hit the intended target, but which 
turned out to be a false-positive lesion. So far, the reported 
accuracy of MRGTB in detecting PCa ranges between 60 
and 70 % [5, 9]. However, mpMRI false-positive rates up 
to 15 % have been reported [22] and most studies do not 
report the accuracy using a spatial reference standard.

Baco et  al. [23] recently reported on the accuracy of 
MRI-targeted biopsy using MRI-US image fusion in char-
acterizing the index lesion. Patient’s characteristics were 
similar to our cohort, except that only 31 % of their patients 
were biopsy-naïve. As in our study, they used step-sec-
tioned RARP specimen as standard reference. They found a 
95 % concordance between index tumor location on MRI-
targeted biopsy and RARP specimen and a 90 % concord-
ance for the primary Gleason pattern. Since the authors 
did not consider all ROIs involved by the index lesions but 

rather the tumor center of the index lesion (lowest ADC 
value) as one target, it is difficult to extrapolate the exact 
ROIs spatial accuracy.

The optimal method for targeting MRI areas suspicious 
for PCa remains to be determined. Software-based fusion 
of MR images during real-time ultrasound imaging rep-
resents an alternative to MRTB-COG, which is likely to 
reduce operator-related variations and to increase accu-
racy. Puech et  al. [8] compared cognitive versus MRI-US 
fusion targeted biopsy and found no difference in overall 
cancer detection rate (53 vs. 47 %, no p value given). More 
recently, Wysock et  al. prospectively demonstrated that 
fusion biopsy was more often histologically informative 
than MRTB-COG, although overall cancer detection rate 
was similar (32 vs. 26.7  %, p =  0.14) [16]. Both studies 
were limited by the lack of radical prostatectomy speci-
men reference as standard. One must keep in mind that our 
study assessed the per core targeting accuracy, and there-
fore, the comparison to per MRI target statistics is lim-
ited. Our study demonstrates that, in experienced hands, 
MRTB-COG represents a reliable method, with an accu-
racy of 82 % in hitting true-positive targets. Interestingly, 
the only risk factor for missing the target was anterior situ-
ated lesions. This area is known to be more difficult to tar-
get and limited biopsy core length has been associated with 
anterior zone PCa undersampling and underdiagnosis [24, 
25]. We believe that the use of image fusion of MRI with 
US is likely to increase the success rate and precise target-
ing in this region.

While the correlation between MRI and final pathol-
ogy was not the primary aim of the present study, an inter-
esting finding merits special attention. The mean largest 
index lesion diameter on MRI was 1.56 ±  0.82  cm. The 
corresponding mean largest index lesion diameter on final 
pathology was 2.02 ± 0.58 cm. After applying the usually 
accepted average linear shrinkage factor of 4.5 %, the cor-
responding pathological size is 2.11 cm. This observation 
raises the issue of underestimation of the size/volume of the 
index lesion, which might be of utmost importance when 
focal therapy is considered. Discrepancies exist when index 
lesion volume correlation between MRI and pathology is 
considered, and more studies are needed to determine the 
real value of MRI in treatment planning and extend of 
“safety” margin for focal treatments [26–28].

The issue of discrepancy between biopsy Gleason score 
and RARP specimen Gleason score merits special atten-
tion. Schreiber et al. [29] recently showed that the Gleason 
concordance rate between standard biopsy and radical pros-
tatectomy specimen was only about 55 %. This retrospec-
tive study involved over 30,000 patients. They concluded 
that there continues to be significant up and downgrad-
ing from biopsy. The adoption of targeted biopsy should 
be able to reduce this grading migration and increase the 
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concordance with final specimen pathology. In our study, 
the Gleason concordance rate was higher (59/84 cores; 
70 %). In 21 cores (25 %), the Gleason score was upgraded 
on final specimen pathology, while a downgrading was 
observed on 4 (5  %) cores. No combined Gleason score 
discrepancy over 1 point (i.e., Gleason score 3 + 3 = 6 at 
biopsy and Gleason 4 + 4 = 8 at final RARP pathology) 
was found. We believe that although up- and downgrading 
remain a limitation in determining successful targeting, dis-
crepancy of 1 point in combined Gleason score is accept-
able and those were therefore considered as successful hits.

Despite the present results being encouraging, care-
ful interpretation is needed. MRI reading and report-
ing were performed by four experienced uroradiologists; 
MRTB-COG was undertaken by two experienced urolo-
gists. Therefore, the present results might not be applica-
ble to all centers. The fact that no central MRI review was 
undertaken explains the absence of interobserver variability 
assessment, which can be seen as a limitation. However, a 
concordance kappa index of 0.665 in MRI scoring system 
was previously reported by our group [17]. Forty patients 
representing 102 cores were included in the final analy-
sis. Bias related to this highly selected small sample size 
cannot be excluded. The retrospective nature of this study 
explains the high exclusion rate. Whole-mount step-section 
analysis of radical prostatectomy specimen represents the 
gold standard in characterizing PCa. This method is not 
used as the standard approach in our institution, and this 
can be seen as a limitation. However, since no volumet-
ric calculation was performed in this analysis, we believe 
that the modified Stanford represents a valid processing for 
tumor location and mapping.

In conclusion, given a technically adequate mpMRI 
which is interpreted by an experienced radiologist, an 
experienced physician performing a MRTB-COG targeted 
toward a Likert score 4–5 index lesion will hit that lesion in 
100 % of the cases. When spatial accuracy based on regions 
of interest is taken into consideration, MRTB-COG allows 
for a correct sampling of 82  % of the pathologic ROIs. 
These encouraging results add another piece of evidence 
favoring MRTB-COG as a valid and accurate method to 
precisely detect and map PCa. Further research will aim at 
evaluating other targeting methods such as software fusion 
targeting and in-bore targeting to assess their superiority in 
PCa detection.
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