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INTRODUCTION
Prostate cancer (PCa) is the second most common solid
tumor in males worldwide and tends to be diagnosed
mainly after 65 years of age (1). There is considerable
variation between developed and developing countries
regarding its incidence and mortality due to the heredi-
tary component of the disease, the method of screening
and diagnosis, and the involved environmental factors
(2, 3). Approximately 95% of tumors are adenocarcino-
mas and tend to be located in the peripheral zone (PZ) of
the prostate (4-6). PCa is diagnosed via direct sampling
obtained by prostate biopsy, which can be performed
transperineally or transrectally, both of which are compa-
rable in terms of tolerability and the detection rate of clin-
ically significant PCa (csPCa) (7). However, the first
approach is preferred due to the lower risk of infection
and associated rectal bleeding and the need for prophy-
lactic antibiotic therapy (8-12). Other complications
include urinary retention, haematuria, haematospermia,
perineal pain, lower urinary tract symptoms, erectile dys-
function, and, very rarely, death (13).
The decision to perform a prostate biopsy is not only based
on a particular prostate-specific antigen (PSA), but it is rec-
ommended to contextualize with PSA velocity and density,
free/total PSA ratio, digital rectal examination (DRE), and
with some patient risk factors such as age, ethnicity, fami-
ly history, and associated comorbidities (14, 15).
The classical technique for obtaining a prostate sample is
the standard ultrasound-guided double sextant prostate
biopsy, where prostatic material (usually 12 samples) is
randomly collected at predefined locations (10, 15-17).
The limitations associated with this technique include the
high rate of clinically insignificant PCa (cisPCa) detection
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and the failure to detect csPCa which leads to imprecision
in stratifying this disease and may require a repeat of the
procedure, delaying diagnosis and therapeutic decision-
making (10, 12, 15, 16, 18). 
Multiparametric magnetic resonance imaging (mpMRI) has
shown superiority over individual MRI sequences, allow-
ing the determination of a definitive correlation between
the lesions identified by imaging and the tumor location
in the specimens obtained from radical prostatectomy (RP)
(10, 15, 19-21). mpMRI sequences include high-resolu-
tion T2-weighted imaging (T2W) to describe the anatomy
of the prostate, typically combined with two functional
MRI techniques, diffusion-weighted imaging (DWI) to dis-
play cell densities, and dynamic contrast-enhanced MRI
(DCE-MRI), which can reveal the vascularization at the
suspected location (7, 22, 23). The clinical indications for
prostatic imaging include detection and localization of
PCa, for guidance in mpMRI-guided biopsy (mpMRI-GB),
local staging and stratification of the tumor, and assess-
ment of PCa recurrence and local treatment (12, 14).
It has been demonstrated that the use of mpMRI before
biopsy increases the detection of csPCa, and so the
European Association of Urology (EAU) recommends per-
forming mpMRI before biopsy for all eligible patients (8,
9, 15, 20, 24, 25). 
The ability to detect and delineate lesions strongly sug-
gestive of PCa on mpMR images has led to the develop-
ment of new magnetic resonance imaging-guided biopsy
(MRI-GB) techniques: cognitive fusion biopsy (CFB), biop-
sy performed during mpMRI imaging, and software
fusion biopsy of the images previously obtained mpMRI
with the images acquired during the ultrasound (7, 8, 15,
26). CFB consists of lesion identification and delineation
on previously obtained mpMRI based on anatomical
points that may exist near the lesion (7, 27). 
Subsequently, through ultrasound, the operator can
direct the biopsy needle to the suspected site, cognitively
correlating the images obtained from mpMRI and ultra-
sound in real time (9, 28). This is an old, fast, simple, and
accessible technique that does not require additional soft-
ware to merge the mpMR images with those of the ultra-
sound (7, 10, 15, 28). The associated disadvantages are
the limited accuracy of the biopsy in the absence of refer-
ence points, especially for smaller, anterior-located
lesions (7, 9). CFB seems to be more useful for larger and
more aggressive lesions, as well as diffuse abnormalities
located in the PZ of the prostate (7, 9). The diagnostic
accuracy of CFB depends on the visibility of the lesion on
the ultrasound images, the position of the patient, and the
location of the lesion on mpMRI because ultrasound and
mpMRI do not employ the same exploration planes.
Furthermore, this technique depends on the operator and
his experience in interpreting images and in transposing
them to ultrasound (9, 10, 28). 
Therefore, taking into account the associated advantages
and disadvantages, the present study aims to evaluate the
effectiveness of CFB in the detection of PCa in terms of
accuracy and diagnosis of csPCa, as well as in comparison
with the histological results obtained after RP; it also aims
to evaluate the accuracy of mpMRI as well as the param-
eters that influence the probability of detecting PCa on
mpMRI with respect to CFB histology.

MATERIALS AND METHODS

The present study was approved by the Ethics Committee
of Hospital de Braga (CEHB) (Appendix I) and the
Department of Data Protection (Appendix II). The norms
and recommendations of the Declaration of Helsinki, the
Convention on Human Rights and Biomedicine, and the
Guidelines on Good Clinical Practice were respected.
We conducted a retrospective observational single-center
study, including men who underwent RP and CFB
between 2017 January and 2022 January. In addition, the
inclusion criteria for this study were: first biopsy, PSA
levels between 2 and 10 ng/ml, and lesion categorization
on mpMRI according to version 2.1 of the Prostate
Imaging-Rating and Data System (PI-RADS) equal to or
greater than 3. Patients who did not meet the inclusion
criteria described above, as well as those whose outcome
information was not fully available, were excluded. 
Data analysis was performed using IBM®SPSS® software,
version 28.0. In the descriptive analyses, means (Ms) and
standard deviations (SDs) are calculated for continuous
variables with normal distributions, and medians (Mdns)
with percentiles (P25-P75) are calculated otherwise. The
decision criteria were the skewness coefficient within the
interval [-1; 1] and the analysis of the histogram. 
Categorical variables are described with numbers (n) and
percentages (%). Ordinal variables are described as fre-
quencies and percentages or as medians and percentiles,
whichever was more intuitive for describing the variable.
When comparing categorical variables, the chi-square test
(𝝌2) was used in cases of compliance with Cochran's
rules; otherwise, Fisher’s exact test was used. 
The standardized residuals, Ri =        (O = observed fre-
quency in the sample, E = expected frequency), were cal-
culated in cases in which the association was statistically
significant in tables with dimension (2 + n) X (2 + n), for
n > 0. The residuals were said to be statistically significant
when ri ≥ |1.96|, under the assumption of a normal dis-
tribution. To assess the agreement of the evaluation meth-
ods, Cohen's kappa (κ) was calculated, in which 0.01 to
0.20 was considered minimal agreement, 0.21 to 0.40 fair
agreement, 0.41 to 0.60 moderate agreement, 0.61 to
0.80 substantial agreement and 0.81 to 1.00 high agree-
ment. Logistic regression was used to evaluate the associ-
ation of different variables with lower detection of PCa on
CFB, first with univariate models and then with models
adjusted to the variables with statistically significant
results in the univariate analysis. The odds ratio (OR) was
calculated to assess the association between the variables.
Statistical significance was assessed using the 95% confi-
dence interval (CI) for the OR and the associated p value.
Statistical significance was set at a p value < 0.05.

Definitions
We defined as a csPCa when the International Society of
Urological Pathology (ISUP) score was greater than or
equal to 2. The presence of extraprostatic extension (EPE)
was identified in the mpMRI report and in the patholog-
ical anatomy report of the specimens obtained by RP.
Regarding the characteristics of the lesions on mpMRI and
in the histological analysis of the RP sample, 3 parameters
were defined with regard to the location of the nodule
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with the largest dimensions: zone (peripheral/transition/
both), laterality (right, left, both) and site (apex, middle,
base, middle+base, middle+apex, base+apex, > 2 sites).
If the three location parameters agreed between mpMRI
and the RP analysis, we consider a perfect match; if one of
the three parameters was not in agreement, mpMRI was
said to have no match. A partial match was subdivided
into false-positives (all those individuals whose tumor
location in the mpMRI report was more extensive than
that in the pathological anatomy report for the prostate
specimen) and false-negatives (individuals whose imaging
indicated a more restricted location than to the actual
location of the tumor in the prostate).

RESULTS

Patient selection and sample characterization
The patient selection process is described in the flowchart
below (Figure 1).
Of the 639 patients initially analyzed, 83 with a mean age
of 64 years were included, 34 of whom (41.0%) were sus-
pected of PCa according to the DRE. 
The median total PSA was 6.62 ng/ml (P25-P75, 4.63-
8.99), the median free/total PSA ratio was 13.00% (P25-
P75, 8.20%-19.00%) and the median PSA density was
0.15 ng/ml/cm3 (P25-P75, 0.10-0.21). 
mpMRI analysis showed that most patients had only 1 sus-
picious nodule (n = 61, 73.5%), and the mean diameter of
the largest identified lesion was 14.27 mm (SD = 4.60).
The median prostatic volume verified on mpMRI was

40.00 cm3 (P25-P75, 32.00-52.00), and the PI-RADS eval-
uation classified the largest nodule detected into three
categories: 3 (n = 15, 18.1%), 4 (n = 36, 43.4%) and 5
(n = 32, 38.6%). 
In most cases, two fragments (n = 58, 69.9%) were col-
lected by CFB, with a range between 0 (n = 17, 20.5%)
and 4 (n = 1, 1.2%) samples. Most patients had two pos-
itive fragments (n = 36, 43.4%), and the median number
of positive samples was 2.00 (P25-P75, 1.00-2.00).
Regarding SB, the most common number of fragments
collected was 12 (n = 76, 91.6%). The tumor was detect-
ed in 0-2 (n = 15, 18.1%), 3-5 (n = 31, 37.3%), 6-7 (n =
19, 22.9%) and ≥ 8 samples (n = 18, 21.7%), with a
median of 5.00 samples (P25-P75, 3.00-7.00). 
On mpMRI, the nodules were mostly found in the PZ (n =
63, 75.9%), on the left (n = 37, 44.6%), and in the apical
region (n = 23, 27.7%). In the RP sample, the tumor was
detected more frequently in the PZ (n = 64, 77.1%), bilat-
erally (n = 45, 54.2%), and in more than 2 sites (n = 22,
26.5%).
The PCa ISUP score obtained for the samples collected
from SB was distributed among categories 1 (n = 12,
14.5%) to 5 (n = 11, 13.3%), with most classified as cate-
gory 4 (n = 17; 20.5%).The same results were observed for
the tumors detected with CFB, with ISUP scores from 1
(n = 20, 24.1%) to 5 (n = 6, 7.2%), with category 4 being
more frequent (n = 22, 26.5%). The overall ISUP scores
were distributed among the same categories, from 1 (n =
15, 18.1%) to 5 (n = 13, 15.7%), where the highest fre-
quency was observed for ISUP category 2 (n = 24, 28.9%). 
For the samples obtained from RP, the ISUP carcinoma

scores ranged from 1 (n = 4,
4.8%) to 5 (n = 19, 22.9%),
with most classified into cate-
gory 2 (n = 29, 34.9%). 
Regarding the presence of EPE,
we found that 29 (34.9%) and
25 (30.1%) patients were pos-
itive on mpMRI and post-RP,
respectively. 
Following SB, 16 individuals
(19.3%) were negative for
tumor detection in the collect-
ed fragments, 12 (14.5%) were
classified as having cisPCa,
and 55 individuals (66.3%)
had csPCa.

Figure 1. 
Flowchart of the patient selection
according to the inclusion 
and exclusion criteria for the study.
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Regarding the samples obtained by CFB, 20 (24.1%) and
62 men (74.7%) were said to have cisPCa and csPCa,
respectively; only 1 patient (1.2%) had no diagnosis of
PCa. After removal of the prostate via RP, 4 men (4.8%)
were diagnosed with cisPCa, and 79 individuals (95.2%)
had csPCa (Table 1).

Overall and specific rate of PCa detection
Table 2 presents the results of the overall and specific rate
of PCa detection for CFB. The overall rate of CaP detection

Table 1. 
Sample characterization.

Parameters N = 83

Age 64.40 (6.08) [49-77]
Digital rectal examination
Normal 49 (59.0%)
Suspected 34 (41.0%)
Total PSA (ng/ml) 6.62 (4.63–8.99) [2.10–10.00]
Free/total PSA Ratio (%) 13.00 (8.20–19.00) [4.37–82.90]
PSA density (ng/ml/cm3) 0.15 (0.10–0.21) [0.05–0.42]
Number of nodules on mpMRI
1 61 (73.5%)
2 16 (19.3%)
≥ 3 6 (7.2%)
Diameter of the largest nodule on mpMRI (mm) 14.27 (4.60) [11.00–17.00]
Prostate volume (cm3) 40.00 (32.00–52.00) [18.00–97.00]
PI-RADS category
3 15 (18.1%)
4 36 (43.4%)
5 32 (38.6%)
Number of samples collected by CFB
1 3 (3.6%)
2 58 (69.9%)
3 14 (16.9%)
4 7 (8.4%)
5 1 (1.2%)
Number of tumor-bearing samples collected by CFB 2.00 (1.00–2.00) [0.00–4.00]
0 17 (20.5%)
1 18 (21.7%)
2 36 (43.4%)
3 11 (13.3%)
4 1 (1.2%)
Number of fragments collected by SB
10 5 (6.0%)
11 2 (2.4%)
12 76 (91.6%)
Number of tumor-bearing fragments collected by SB 5.00 (3.00–7.00) [0-12]
0–2 15 (18.1%)
3–5 31 (37.3%)
6–7 19 (22.9%)
≥ 8 18 (21.7%)
Location of the nodule on mpMRI Zone
PZ 63 (75.9%)
TZ 14 (16.9%)
Both (PZ + TZ) 6 (7.2%)
Laterality
Right 28 (33.7%)
Left 37 (44.6%)
Bilateral 18 (21.7%)
Site
Apex 23 (27.7%)
Middle 19 (22.9%)
Base 14 (16.9%)
Middle + Apex 11 (13.3%)
Middle + Base 5 (6.0%)
Base + Apex 2 (2.4%)
> 2 sites 9 (10.8%)

Location of the nodule in the RP sample Zone
PZ 64 (77.1%)
TZ 12 (14.5%)
Both (PZ + TZ) 7 (8.4%)

Laterality
Right 19 (22.9%)
Left 19 (22.9%)
Bilateral 45 (54.2%)

Site
Apex 17 (20.5%)
Middle 14 (16.9%)
Base 13 (15.7%)
Middle + Apex 11 (13.3%)
Middle + Base 4 (4.8%)
Base + Apex 2 (2.4%)
> 2 sites 22 (26.5%)

ISUP score from SB
1 12 (14.5%)
2 14 (16.9%)
3 13 (15.7%)
4 17 (20.5%)
5 11 (13.3%)

ISUP score from CSB
1 20 (24.1%)
2 18 (21.7%)
3 16 (19.3%)
4 22 (26.5%)
5 6 (7.2%)

Global ISUP score
1 15 (18.1%)
2 24 (28.9%)
3 19 (22.9%)
4 12 (14.5%)
5 13 (15.7%)

ISUP score from RP
1 4 (4.8%)
2 29 (34.9%)
3 27 (32.5%)
4 4 (4.8%)
5 19 (22.9%)

EPE on mpMRI
Yes 29 (34.9%)
No 54 (65.1%)

EPE on RP samples
Yes 25 (30.1%)
No 58 (69.9%)

SB PCa
None 16 (19.3%)
cisPCa 12 (14.5%)
csPCa 55 (66.3%)

CFB PCa
None 1 (1.2%)
cisPCa 20 (24.1%)
PcsPCa 62 (74.7%)

RP PCa
cisPCa 4 (4.8%)
csPCa 79 (95.2%)

For continuous variables, the results are presented as M (SD) [min-max] for normal distributions and Mdn (P25–P75) 
[min-max] for nonnormal distributions; categorical variables are presented as n (%).
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(obtained by the presence of ≥ 1 positive sample(s) in the
total number of samples collected) was 79.5%. The medi-
an of the specific rate of PCa detection, calculated by the
formula (1 -                                             ), was 100%
(P25-P75, 50.0%-100.0%). For instance, if it was collected 3
fragments and all of them were positive [1 - (3

3
-3 )] = (1-0)

= 1 or 100%. Otherwise, if it was collected 3 fragments but
none of them were positive [1 - (3

3
-0)] = (1-1) = 0 or 0.0%.

Association of PCa detection between CFB and SB
The association of cancer detection between CFB and SB
showed moderate agreement (κ = 0.36), with statistical
significance (p < 0.001), mainly for csPCa (80.6%) (Table
3). The standardized residues suggested that the number
of samples considered to not have tumor tissue according
to CFB and to have cisPCa according to SB was higher
than expected (n = 1, 100%, Ri = 2.2%). 
The proportion of cisPCa detected by both CFB and SB
was 40.0%, with a positive residue of Ri = 3.0, suggesting
a higher proportion than expected. In contrast, the pro-
portion of cisPCa from CFB classified as csPCa by SB
(25.0%) was lower than expected (ri = -2.3). Although
significant, 4.8% of csPCas detected with CFB were con-
sidered csPCa according to SB, which was lower than
expected (ri = -2.0).

Comparison of the ISUP scores obtained with CFB 
and the Global ISUP score with the ISUP score 
obtained with RP histology
Table 4 compares the ISUP scores obtained for the sam-
ples collected with CFB with those described in the RP
histology, using the formula (ISUP RP-ISUP CFB), with

total agreement observed for 35 (42.2%). The propor-
tions of -/+1 and -/+2 errors were 45.7% (38 individuals)
and 12% (10 individuals), respectively. The same analy-
sis was performed for the Global ISUP score, yielding a
total agreement for 47 patients (56.6%), and proportions
of -/+1, -/+2 and -/+3 errors of 30.1% (25 patients),
10.8% (9 patients) and 2.4% (2 patients), respectively.

Rate of match considering mpMRI locations 
relative to RP histology
With respect to the RP samples, mpMRI had total match
in tumor location in 33 patients (39.8%). Partial match
was achieved for 46 patients (55.4%), 40 (48.2%) with
false negatives and 6 (7.2%) with false positives. No
match at all was obtained for 4 patients (4.8%) (Figure 2). 

Association of laterality, tumor zone, 
site and EPE observed in RP histology 
with that observed on mpMRI
The laterality in the RP histology was statistically
significantly associated with the laterality on
mpMR (p < .001). 
The agreement for right-, left-, and bilaterally
located tumors was 73.7%, 94.7% and 28.9%,

Table 3. 
Association of PCa detection between CFB and SB.

PCa detected by CFB

PCa detected None cisPCa csPCa Fisher's Cohen's
by SB exact test κ
None 0 (0.0%) 7 (35.0%) 9 (14.5%) p < 0.001 0.36

cisPCa 1 (100%), Ri = 2.2 8 (40.0%), Ri = 3.0 3 (4.8%), Ri = -2.0

csPCa 0 (0.0%) 5 (25.0%), Ri =- 2.3 50 (80.6%)

Table 4. 
Comparison of the ISUP scores obtained with CFB 
and the Global ISUP score with the ISUP score obtained 
with RP histology.

ISUP RP–ISUP CFB ISUP RP–ISUP Global
n % n %

-3 0 0.0% 1 1.2%
-2 2 2.4% 3 3.6%
-1 9 10.8% 5 6.0%
0 35 42.2% 47 56.6%
1 29 34.9% 20 24.1%
2 8 9.6% 6 7.2%
3 0 0.0% 1 1.2%

Figure 2. 
Rate of match considering mpMRI locations relative 
to RP histology.

Table 2. 
Overall and specific rate of PCa detection.

PCa Detection

Overall 66 (79.5%)

Specific

1 - No. fragments collected – No. positive fragments 100% (50.0% - 100%) [0.0% - 100%]
No. fragments collected

0.0% 17 (20.5%)

33.0% 2 (2.4%)

40.0% 1 (1.2%)

50.0% 13 (15.7%)

75.0% 2 (2.4%)

100% 48 (57.8%)

Continuous variables are presented as M (SD) [min-max] for normal distributions and Mdn (P25–P75) [min-max]
for nonnormal distributions; categorical variables are presented as n (%).
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respectively. Cohen's κ was 0.35, indicating slight agree-
ment (Table 5). 
The zone in which the tumor was found in RP histology
was statistically significantly associated with that identi-
fied on mpMRI (p < 0.001). The agreement for the PZ,
TZ, and both was 95.3%, 100% and 71.4%, respectively.
Cohen's κ was 0.84, indicating high agreement (Table 6). 
Table 7 shows the associations of the RP histological site
with that identified on mpMRI. Statistically significant dif-
ferences were found for apical (p = 0.026), middle (p <
0.001), and basal locations (p < 0.001) and > 2 sites (p <
0.001). Cohen's k showed the highest agreement for the
basal location (κ = 0.80, high), with true negatives of
93.8% and true positives of 89.5%. This was followed by
agreement in middle locations (κ = 0.70, sub-
stantial), which had the highest proportion of
true positives (89.7%), and in > 2 sites (κ =
0.43, fair), which had the highest proportion
of true negatives (98.4%). Finally, apical sites
had an agreement of 0.20, with 62.0% true
negatives and 75.0% true positives.
The association of EPE assessed by RP his-
tology with that assessed on mpMRI was sta-
tistically significant (p = 0.002) (Table 8).
Regarding positive EPE as observed in RP
histology, 60.0% of cases were also positive
on mpMRI. When EPE was not detected in
the RP specimen, it was also not detected in
75.9% of the cases on imaging. 
The agreement between the two modalities
was fair (κ = 0.34).

Association of different variables with lower detection 
of PCa on CFB, adjusted for covariates
Table 9 shows the association of different variables with
no detection of PCa on CFB, adjusted for covariates.
In the univariate analysis, covariates referring to the pres-
ence of csPCa in the RP specimen (OR = 0.07 [95% CI =
0.07; 0.74], p = 0.027), a suspected tumor from DRE (OR

Table 5. 
Association of laterality observed in RP histology 
with that observed on mpMRI.

RP histology laterality
Right Left Both Fisher's Cohen's

exact test κ
Zone according to mpMRI
Right 14 (73.7%) 0 (0.0%) 14 (31.1%) p < 0.001 0.35
Left 1 (5.3%) 18 (94.7%) 18 (40.0%)
Both 4 (21.1%) 1 (5.3%) 13 (28.9%)

Table 6. 
Association of tumor zone in RP histology 
with that identified on mpMRI.

Zone according to RP histology

PZ TZ Both Fisher's Cohen's
exact test κ

Zone according to mpMRI
PZ 61 (95.3%) 0 (0%) 2 (28.6%) p < 0.001 0.84
TZ 2 (3.1%) 12 (100%) 0 (0%)
Both 1 (1.6%) 0 (0%) 5 (71.4%) Table 8. 

Association of EPE assessed by RP histology and that
assessed on mpMRI.

EPE RP histology

No Yes Χ2 test Cohen's κ
EPE mpMRI
No 44 (75.9%) 10 (40.0%) p = 0.002 0.34
Yes 14 (24.1%) 15 (60.0%)

Table 9. 
Association of different variables with lower

detection of PCa on CFB, adjusted 
for covariates.

Dependent variable: No detection of PCa on CBF

Unadjusted models (univariate) Ajusted model

Age OR = 1.04 (p = 0.440) [95% CI = (0.95; 1.14)] -

Suspected tumor on DRE OR = 0.14 (p = 0.014) [95% CI = (0.03; 0.67)] OR = 0.30 (p = 0.166) [95% CI = (0.06; 1.64)]

Total PSA OR = 0.99 (p = 0.925) [95% CI = (0.79; 1.24)] -

Free/total PSA Ratio OR = 1.02 (p = 0.477) [95% CI = (0.97; 1.06)] -

PSA density OR = 0.001 (p = 0.033) [95% CI = (0.00; 0.51)] -

Number of nodules OR = 1.39 (p = 0.393) [95% CI = (0.66; 2.94)] -

Size of the largest nodule OR = 0.96 (p = 0.459) [95% CI = (0.85; 1.08)] -

Prostate volume OR = 1.06 (p = 0.001) [95% CI = (1.02; 1.09)] OR = 1.04 (p = 0.029) [95% CI = (1.00; 1.08)]

PI-RADS category OR = 0.46 (p = 0.045) [95% CI = (0.22; 098)] OR = 0.92 (p = 0.848) [95% CI = (0.37; 2.27)]

Site: Apex OR = 0.47 (p = 0.199) [95% CI = (0.15; 1.49)] -

Site: Middle OR = 0.95 (p = 0.926) [95% CI = (0.32; 2.80)] -

Site: Base OR = 1.86 (p = 0.292) [95% CI = (0.59; 5.85)] -

> 2 sites OR = 2.14 (p = 0.320) [95% CI = (0.48; 9.63)] -

Zone: PZ OR = 0.25 (p = 0.017) [95% CI = (0.08-0.78)] OR = 0.46 (p = 0.524) [95% CI = (0.03; 4.98)]

Zone: TZ OR = 3.96 (p = 0.030) [95% CI = (1.15; 13,66)] OR = 1.11 (p = 0.936) [95% CI = (0.09; 14.61)]

Both (PZ + TZ) OR = 2.07 (p = 0.426) [(95% CI = 0.35; 12,36)] -

csPCa on RP OR = 0.07 (p = 0.027) [95% CI = (0.07; 0.74)] OR = 0.12 (p = 0.111) [95% CI = (0.009; 1.63)]

Table 7. 
Association of tumor zone in RP histology 
with that identified on mpMRI.

Apex RP histology Statistical test
Apex mpMRI No Yes Χ2 test Cohen's κ
No 44 (62.0%) 3 (25.0%) p = 0.026 0.20
Yes 27 (38.0%) 9 (75.0%)

Middle RP histology
Middle mpMRI No Yes Χ2 test
No 45 (83.3%) 3 (10.3%) p < 0.001 0.70
Yes 9 (16.7%) 26 (89.7%)

Base RP histology
Base mpMRI No Yes Χ2 test
No 60 (93.8%) 2 (10.5%) p < 0.001 0.80
Yes 4 (6.3%) 17 (89.5%)

> 2 sites RP histology
> 2 sites mpMRI No Yes Χ2 test
No 60 (98.4%) 14 (63.6%) p < 0.001 0.43
Yes 1 (1.6%) 8 (36.4%)
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= 0.14 [95% CI = 0.03; 0.67], p = 0.014) and PSA densi-
ty (OR = 0.001 [95% CI = (0.00; 0.51)], p = 0.033) were
significantly associated with detection of PCa on CFB. A
higher PI-RADS classification (OR = 0.46 [95% CI = 0.22;
098], p = 0.045) and tumor location in the PZ (OR = 0.25
[95% CI = (0.08-0.78)], p = 0.017) were also associated
with detection of PCa on CFB. 
However, the volume of the prostate (OR = 1.06 [95% CI
= 1.02; 1.09], p = 0.001) and nodule location in the TZ
(OR = 3.96 [95% CI = 1.15; 13.66)], p = 0.030) were
associated with no detection of PCa on CFB. 
When adjusting for all statistically significant variables
from the univariate analysis, only prostate volume
remained significant in the multivariate analysis (OR =
1.04 [95% CI = 1.01; 1.08)], p = 0.029); that is, for every
1 cm3 increase in the volume of the prostate, the odds of
the CFB not hitting the mpMRI site increased by 4%. The
variable related to PSA density was not taken into account
in the multivariate model, despite having a statistically
significant result in the unadjusted model, as there was a
loss of statistical power due to a wide confidence interval
without statistical significance.

DISCUSSION
The main objective of this study was to evaluate the effec-
tiveness of CFB in the detection of PCa. We observed an
overall rate of PCa detection of 79.5%, consistent with
previous investigations. The median specific PCa detec-
tion rate in our investigation was 100%, i.e., in 57.8% of
the patients, all the biopsied samples were positive for the
tumor. A possible explanation for this high value may be
the selection of patients with imaging results suggestive of
PCa (PI-RADS ≥ 3) and elevated PSA values. Dekalo et al.
showed that CFB had a PCa detection rate of 52% and
78% in individuals suspected only due to imaging and in
men with changes in both analytical and mpMRI results,
respectively (29). In the study published by Wang et al.,
there was a 67% detection rate of PCa through CFB (30).
A Portuguese study published in the Ata Urologica
Portuguesa revealed an effectiveness of CFB of 73% in the
detection of PCa (15). Recently, Kulis et al. revealed a
52% success rate of CFB in patients with high PSA levels
and persistent changes on imaging despite a previous
negative SB (31). 
Additionally, it was performed SB and CFB in the same
patients which allow the association of these two routes
of sample collection regarding the ability to identify pro-
static lesions, and statistically significant differences were
found with a moderate association between the two. The
two methods agreed in the detection of csPCa and cisPCa
in 80.6% and 40.0% of cases, respectively.
Based on the analysis of these data, CFB detected 62 cases
(74.7%) of csPCa, while SB only detected 55 cases
(66.3%). Nevertheless, we found that 9 and 3 patients
classified as having no tumor and cisPCa, respectively,
according to SB were identified as having csPCa with CFB,
i.e., approximately 19.3% of the patients with csPCa in
our sample who underwent SB only would not have been
correctly identified. According to the available literature,
the false-negative rate of SB is between 15.7-17%, espe-
cially for csPCa, corroborating the conclusions of several

studies that performing a prebiopsy mpMRI allows the
detection of more cases of csPCa than with only SB (15,
18, 30-35). However, the 5 patients diagnosed with csPCa
by SB but cisPCa according to CFB was greater than
expected. These results are in agreement with previous
studies, where Kulis et al. revealed that if only 5 patients
(13.16%) had undergone CFB, the diagnosis would have
failed; one of these patients had a Gleason scale score of 8
in the anatomopathological evaluation after RP (31). Thus,
the data of the present study suggest that CFB could not
detect all cases of csPCa, which is in agreement with pre-
vious studies; therefore, we do not advise completely
replacing SB with CFB, but instead, they should be used
in complementarity to reduce errors in the diagnosis of
csPCa (10, 18, 30, 31, 35-38). 
Based on the histology of the samples collected with CFB,
the greatest Gleason score in the specimen was classified
according to the ISUP score; a similar analysis was con-
ducted for tumor tissue present in the prostate specimen
collected by RP. When comparing the differences between
the ISUP values from RP and CFB for each patient, a total
agreement of 42.2% (35 patients) was obtained. Baco et al.
showed that the agreement in the Gleason score between
SB and RP samples was 90% (20). This finding contrasts
with the retrospective study by Diamand et al., which
showed an agreement of 51.2%; however, the combina-
tion of SB and CFB increased the agreement with the final
RP histology to 63.2% (39). This conclusion was observed
in our study, showing that the combination of CFB and SB
increased the agreement to 56.6%, a finding that is also
corroborated by multicenter studies that confirmed the
benefit of concomitant SB (39, 40). 
Another objective of this study was to evaluate the accu-
racy of data provided from mpMRI in terms of tumor
location with respect to the histology of the specimen
obtained with RP. A total match between the two was
obtained in 39.8% (33 cases), a partial match was
achieved in 55.4% (46 cases) and no match at all was
found in 4.8% (4 cases). To date, no studies have been
conducted comparing the 3 location parameters between
mpMRI and RP specimens. When analyzing each of the
specific location parameters, we found high agreement
with respect to laterality (73.7% on the right and 94.7%
on the left) and zone (95.3% in the PZ and 100% in the
TZ). With regard to site, Cohen's κ value showed a
stronger agreement when the tumor was at the base (pos-
itive predictive value (PPV), 89.5%; negative predictive
value (NPV), 93.8%), followed by the middle area (PPV
89.7%; NPV 83.3%). Therefore, there are high values in
all parameters of the location; however, the total nona-
greement can be explained because radiologists and
pathologists do not use the same templates to correlate
the locations, in addition to the fact that the in vivo and
in vitro anatomical positions of the prostate also influence
the interpretation of the affected site. 
Another way to assess the accuracy of mpMRI is through
EPE, comparing it with that reported by the histology of
the RP samples. In the present study, agreements of 75.9%
and 60% were obtained in detecting the absence and pres-
ence of EPE, respectively. These data allow us to infer that
in the present study, mpMRI had a specificity of 53% and
a sensitivity of 18%. In the study by Martins et al., a sensi-
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tivity of 56% (CI, 39%-72%) and a specificity of 84% (CI,
75%-91%) were found. Similar values were found in arti-
cles that evaluated the accuracy of mpMRI regarding EPE
(41-44). Possible explanations for this wide variation in
the accuracy of mpMRI in detecting mpMRI include the
fact that there are several classification systems with dif-
ferent criteria for predicting the risk of EPE; however, in
validation cohorts, none showed definitive superiority
over others (12, 44), and therefore, different criteria can
lead to different results. Additionally, differences in the
study design and in EPE prevalences among the popula-
tions, as well as differences in the experience of the radi-
ologists and the center where the findings are interpreted,
may influence the results (43). 
We also intended to evaluate which factors (demograph-
ic, analytical, physical examination, mpMRI, and histo-
logical data of RP) were associated with a lower PCa
detection on CFB. 
In the present study, age was not found to be a statisti-
cally significant predictor of PCa detection on CFB. This
can be explained by the findings of Bura et al., who
showed that younger men exhibit lower signal intensity
on T2W imaging, lower values on DWI, and diffuse
enhancement on DCE-MRI, making the interpretation of
PCa on mpMRI more difficult. Although we are not aware
of the existence of studies that associated DRE findings
and the effectiveness of CFB, it is understood that there is
a positive association between these two variables; there-
fore, when the DRE suggests a mass, CFB is more likely
to hit the target tumor site.
We also concluded that the PSA value did not affect the
PCa detection of the CFB, a result that is corroborated by
the study by Guang Xu (45). Possible explanations for
this finding are due to the fact that larger prostates are
also associated with a higher PSA level and as shown
below, prostate volume is associated with a lower PCa
detection on CFB. However, PSA density was found to be
a significant independent predictor of the correctness of
CFB in the detection of PCa in the multivariate regression
analysis, as Pang et al. and Dekalo et al. presented in their
studies (10, 29).
Regarding factors related to mpMRI, in previous studies,
it was demonstrated that for larger suspected nodules and
higher values on the PI-RADS scale, the lesions were
more frequently detected with CFB (10, 21, 36, 38, 45).
However, in our study, only higher values on the PI-
RADS scale were associated with higher PCa detection on
CFB. In addition, there was no preferential nodule loca-
tion of the prostate with statistically significant in the uni-
variate logistic regression model; however, it was demon-
strated that malignant lesions in the anterior apical region
of the prostate can be more frequently missed (46).
With regard to prostate volume and the presence of can-
cer in the TZ, they were statistically significantly associat-
ed with less PCa detection on CFB. These facts are cor-
roborated by the current literature, since for larger
prostates, there is greater difficulty in performing the
biopsy (36). The association of TZ lesions with an inac-
curate CFB may be due to the difficulty in distinguishing
PCa from benign hyperplasia nodules (47). In contrast to
TZ lesions, lesions located in the PZ were an independent
predictor of PCa detection with CFB (36).

We also concluded that the existence of csPCa in the his-
tology of RP samples was associated with a higher proba-
bility of correct PCa detection on CFB, which can be
explained by the fact that higher Gleason scores are asso-
ciated with greater tumor aggressiveness, allowing greater
visibility on mpMRI (21, 47, 48) and, therefore, a higher
probability of CFB PCa detection. 
This study demonstrated several limitations, including
those related to its retrospective and nonrandomized
nature, such as the potential bias in patient selection. In
addition, the small sample size could have implications
regarding the inference of the statistical results.
Furthermore, factors associated with the performance of
the biopsy, the lack of unified criteria in imaging and his-
tology reports, and inconsistent experience by all profes-
sionals involved could have influenced these results. 

CONCLUSION
The present study concludes that mpMRI is highly accu-
rate in characterizing the presence of suspicious nodules
and reasonably in guiding cognitive biopsy. However, the
use of both targeted biopsy through cognitive guidance
and systematic biopsy increases the diagnostic accuracy
for PCa. Although there is no recommendation in the cur-
rent literature for one guiding technique over another, we
believe that CFB should only be reserved for centers with
no access to ultrasound or magnetic resonance fusion
software. Finally, more prospective, and randomized
studies are needed to validate the results obtained.
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