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Is Cognitive MR Fusion Biopsy Superior to Standard TRUS 
Guided Prostate Biopsy? Our Clinical Experience

Abstract

Objective: To share our clinical experience with cognitive prostate biopsy and compare results of cognitive biopsies with standard biopsies.
Materials and Methods: The data of patients for whom prostate biopsy was performed at Marmara University Faculty of Medicine, Department of Urology in 
2020 were retrospectively reviewed. All biopsies, including repeat biopsies are included in the study. Basic clinical characteristics and pathological outcomes were 
compared between the groups. Clinically significant prostate cancer (PCa) was defined as gleason grade group 2 or more in biopsy pathology.
Results: The mean age of all patients included in the study was 64.9±8.16 years. Median prostate specific antigen (PSA) level was 7.7 (5.0-12.8) ng/dL. There 
were no statistically significant differences between the two groups with respect to patient age, total and free PSA values, digital rectal examination and radiologic 
prostate volume. Biopsy pathologies were also similar between the groups. Our data demonstrated that patients with advanced age and higher levels of total PSA 
value were more likely to have clinically significant PCa. The positive predictive value of digital rectal exam (DRE) was 43.5% for clinically significant cancers and 
59.0% for all PCa, which was higher than Prostate Imaging-Reporting and Data System 4 and 5 lesions.
Conclusion: Clinical experience could be the main determining factor in cognitive fusion biopsy results. Our results show that cognitive biopsy is not superior than 
standard systematic biopsy. So taking standard biopsy core should not be neglected, especially in inexperienced clinics. Our results also support the fact that DRE is 
still one of the most cost-effective diagnostic tools for clinically significant PCa.
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Introduction

Diagnosing clinically significant prostate cancer (PCa) without 
overdiagnosis is one of the main goals in the diagnostic process 
PCa. Multiparametric prostate magnetic resonance imaging 
(mpMRI) has been a promising modality for this purpose (1,2). It 
is now regarded as one of the first line imaging modalities before 
prostate biopsy in the European Association of Urology guidelines 
with a strong recommendation (3). Studies demonstrated that 
mpMRI with the help of Prostate Imaging-Reporting and Data 
System (PI-RADS) (v2.1) could improve clinically significant PCa 
diagnosis rates as well as reduce unnecessary biopsies (4,5). 
This technological advancements made targeted biopsies a 
possibility in the diagnosis of PCa diagnosis instead of standard 
transrectal ultrasound (TRUS) guided biopsies. Targeted prostate 
biopsy along with standard biopsy is a strong recommendation 
in The European Association of Urology guidelines for PI-RADS 
≥3 lesions in the biopsy naïve patient group (3).

Although targeted biopsies are recommended, there are some 
technical and economic factors limit their routine use. The 

need of special instruments and software for fusion biopsies 
comes with a significant economic burden to the health-
care and insurance systems. Although there are some studies 
demonstrating fusion biopsy as a cost-effective modality for the 
diagnosis of PCa, economic factors still limit the use of software-
enhanced fusion biopsies (6). 

Cognitive prostate biopsy, which is defined as taking extra biopsy 
cores during classical TRUS guided biopsy from the localization 
of the observed lesions in mpMRI, is an alternative to fusion 
biopsy. Since cognitive biopsy does not require any additional 
instruments, it could easily be performed in daily clinical 
practice. In this study, we shared our clinical experience on 
cognitive prostate biopsy and compare the results of cognitive 
biopsies with those of standard biopsies.

Materials and Methods

The data of patients for whom prostate biopsy was performed at 
Marmara University Faculty of Medicine, Department of Urology 
in 2020 were reviewed retrospectively. Cognitive biopsies which 
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were performed in 63 patients were included as the study group 
and the most recent consecutive standard biopsies matching 
the number of cognitive ones were included as the control 
group. Patients with missing critical data (total PSA, pathology 
result etc.) were excluded from the study. All biopsies, including 
repeat biopsies are included. At least 12 cores were taken in each 
biopsy and in some patients core numbers are adjusted based 
on the clinical characteristics of the patient. Preoperatively, all 
patients were informed about the procedure and gave informed 
consent. Given the retrospective case control nature of this study 
ethics board approval was not applicable. In standard prostate 
biopsy, cores were obtained under periprostatic block (10 mL of 
1% lidocaine) from the peripheral zone of the prostate at the 
apex, mid, gland and base (7). For cognitive biopsies, standard 
TRUS biopsy with at least 12 cores was performed. According 
to the mpMRI, extra cores were obtained. Core numbers of 
targeted biopsies are decided per patient, based on factors like 
lesion size and lesion PI-RADS score. The final patient cohort 
consisted of 125 patients (59 cognitive vs. 66 standard biopsies). 
Basic clinical characteristics and pathological outcomes were 
compared between the groups. Clinically significant PCa was 
defined as gleason grade group 2 or more in biopsy pathology.

Statistical Analysis

Statistical analyses were performed in the python programming 
language with the help of pandas, numpy and scipy libraries 
(8,9,10). JupyterLab was used as the coding interface (11). The 
scaler variables were investigated using visual (Histograms, QQ 
Plots) and analytical methods (Kolmogorov-Smirnov, Shapiro-
Wilk, D’Agostino’s 𝐾2 tests) to determine whether they are 
normally distributed. Independent samples t-test was used 
for the comparison of two groups if the variable is normally 
distributed in each group, otherwise Mann-Whitney U test 
was used. Categorical variables were compared with the chi-
square test if the assumptions of the test were met. When the 
assumptions of the chi-square do not hold, for two groups Fisher 
Exact test and for more than two groups likelihood ratio was 
used to compare categorical variables. Numbers are given as the 
mean and standard deviation for normally distributed variables 
and median and interquartile range for non-normally distributed 
variables. For categorical variables, case number and pe percent 
were given for each category. For all statistical analyses p values 
less than 0.05 were statistically significant.

Results

The mean age of all patients included in the study was 64.9±8.16 
years. Median PSA level was 7.7 (5.0-12.8) ng/dL. There were 
no statistically significant differences between the two groups 
with respect to patient age, total and free PSA values, digital 
rectal examination and radiologic prostate volume (Table 1). 
Since it must take more cores from the lesions total core count 
was higher in the cognitive biopsy group, as expected. 

Biopsy pathologies were also similar between the groups. 
The median-targeted core number was 3 (2-3) cores per 
lesion. In the cognitive biopsy group, there were 18 (30.5%) 
patients whose targeted biopsy specimens were diagnosis with 
adenocarcinoma. This ratio was lower than the general cancer 

diagnosis ratio of the cognitive biopsy group (40.7%). There 
was only one (1.7%) patient who was diagnosed with gleason 
grade group 1 PCa  with targeted biopsy while his all-standard 
biopsy cores resulted benign. Whereas 6 (10.2%) patients had 
tumor-positive cores in classical biopsy although their targeted 
biopsy cores were benign and 2 (3.3%) of these patients had 
clinically significant PCa.

Our data demonstrated that patients with advanced age and 
higher levels of total PSA value were more likely to have clinically 
significant PCa. Also, 58.7% of patients with International 
Society of Urological Pathology (ISUP) grade 2 or more cancer 
had positive signs on the digital rectal examination (DRE) 
(Table 2). Positive predictive value (PPV) of DRE was 43.5% for 
clinically significant cancers and 59.0% for all PCa. DRE had 
a higher PPV than PI-RADS 4 or 5 lesions for both clinically 
significant and all PCa groups. (PPV for PI-RADS 4-5 lesions: 
31.6% and 50.0%, respectively)

Discussion

The diagnosis of clinically significant PCa without over diagnosing 
and overeating patients has been the focus of many studies 
recently. With the technological advancements, mpMRI has 
been highlighted as the technique of choice for discriminating 
clinically significant PCa (12). PI-RADS has high PPV for clinically 
significant PCa (13). Recently the PROstate MRI Imaging Study 
(PROMIS) trial demonstrated that using mpMRI in the first line 
evaluation of patients could decrease unnecessary biopsies up 
to 27% and could reduce the diagnosis of clinically insignificant 
PCa by 5% (5). The negative predictive value (NPV) of mpMRI 
was 89% in the PROMIS trial. In our study, NPV of PI-RADS 4 
and 5 lesions combined was 69.4% that was lower than that of 
the PROMIS trial. This difference could be explained by factors 
like regional variability of PCa and the effect of the experience 
of both radiologists and urologists on the diagnostic value of 
mpMRI, as some previous studies demonstrated (14). 

The diagnostic value of mpMRI is supported with level 1 
evidence and clearly recommended in most guidelines. With 
the advancement in mpMRI techniques and concatenation of 
mpMRI images with biopsy procedures made targeted biopsies 
are a possibility for the prostate. Although some reports on 
these fusion biopsy procedures combined with standard biopsy 
demonstrated a possible advantage of these techniques in PCa 
diagnosis, the need of special enhancements and equipment 
limit the widespread use of software-enhanced fusion biopsies 
(15,16). The question of whether or not it is possible to achieve 
the favorable results with cognitive biopsies without any special 
instrumentation in biopsy has also been studied by some studies.

Results on the effectiveness of cognitive prostate biopsies are 
conflicting. Although some studies suggested a clear benefit 
of cognitive biopsies over routine biopsies in the diagnosis 
of clinically important PCa, there are also some reports with 
no clear benefit shown of cognitive biopsy. A recent study 
showed that cognitive prostate biopsy could increase cancer 
detection rates in patients with previous cancer negative 
biopsies (17). Another study with 510 patients showed that no 
clinically significant difference on biopsy outcomes between 
cognitive and fusion biopsies whereas both these techniques 
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were superior than standard biopsy (18). In a meta-analysis 
conducted by Schoots et al. (19), although cognitive fusion 
biopsies did not have a statistically significant advantage over 
standard biopsies, their success rate on the diagnosis of all and 
significant PCa was comparable with software enhanced fusion 
biopsies. Furthermore a prospective designed study showed 
that although pre-biopsy mpMRI increased diagnostic accuracy 

of prostate biopsy, no difference had been detected between 
cognitive and software enhanced biopsies (20). Wysock et al. 
(21) demonstrated that although software enhanced fusion 
biopsies were more informative histologically than visual 
targeting there were statistically significant difference in cancer 
detection rates.

Table 1. General characteristics of patients in two groups

 
Standard Bx (n=66) (3rd 
comment of reviewer 
2)

Cognitive Bx (n=59) (3rd 
comment of reviewer 2) p-value

Patient age Median (IQR) 64.0 (60.0-70.0) 64.0 (59.0-71.0) 0.5381

Total PSA value Median (IQR) 8.72 (4.74-17.98) 7.14 (5.66-11.44) 0.4231

Free PSA value Median (IQR) 1.46 (1.02-3.63) 1.36 (1.03-1.98) 0.2991

Radiologic prostate diameter Median (IQR) 70.0 (48.25-97.5) 58.5 (41.5-83.0) 0.0981

t-PSA/f-PSA ratio Median (IQR) 4.34 (3.85-5.79) 4.8 (3.99-7.41) 0.3061

Digital rectal examination n (%)
Normal 43 (65.15) 43 (72.88)

0.3522

Abnormal 23 (34.85) 16 (27.12)

Biopsy pathology n (%)
Benign 36 (54.55) 35 (59.32)

0.5902

Malign 30 (45.45) 24 (40.68)

ISUP grades n (%)

1 12 (41.38) 12 (50.0)

0.8742

2 8 (27.59) 4 (16.67)

3 2 (6.9) 2 (8.33)

4 2 (6.9) 1 (4.17)

5 5 (17.24) 5 (20.83)

Clinically significant cancer n (%)
No 49 (74.24) 47 (79.66)

0.4742

Yes 17 (25.76) 12 (20.34)

Post-op complication n (%)
0 59 (89.39) 56 (94.92)

0.3322

1 7 (10.61) 3 (5.08)
1Mann-Whitney U, 2Chi-square, Bx: Biopsy, IQR: Interquartile range, t-PSA: Total PSA, f-PSA: Free PSA, ISUP: International society of urological pathology, PSA: Prostate 
specific antigen

Table 2. Comparison of patients who were diagnosed as clinically significant PCa and not

Clinically significant PCa

 No Yes p-value

Patient age Median (IQR) 63.0 (58.0-68.0) 72.0 (65.0-75.0) <0.0011

Total PSA value Median (IQR) 6.72 (4.76-11.39) 12.71 (9.26-33.24) <0.0011

Free PSA value Median (IQR) 1.41 (1.02-2.56) 1.54 (1.04-4.84) 0.5531

Radiologic prostate diameter Median (IQR) 68.0 (49.0-94.0) 50.0 (37.0-59.5) 0.0181

t-PSA/f-PSA ratio Median (IQR) 4.39 (3.75-5.9) 7.65 (4.23-9.01) 0.0511

Lesion diameter (mm) Median (IQR) 10.0 (8.0-15.0) 14.0 (8.0-18.0) 0.2691

PI-RADS category
n (%)

≤3 34 (56.67) 2 (14.29)
0.0042

>3 26 (43.33) 12 (85.71)

Digital rectal examination
n (%)

Benign 74 (77.08) 12 (41.38)
<0.0012

Malign 22 (22.92) 17 (58.62)

Biopsy type
n (%)

Standard 49 (51.04) 17 (58.62)
0.4742

Cognitive 47 (48.96) 12 (41.38)
1Mann-Whitney U, 2Chi-square, PCa: Prostate Ca, IQR: Interquartile range, t-PSA: Total PSA, f-PSA: Free PSA, PI-RADS: Prostate Imaging-reporting and data system, PSA: 
Prostate specific antigen
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On contrary to these results Yamada et al. (22) showed that 
software enhanced fusion biopsies can yield higher cancer 
detection rates compared to cognitive biopsies. Aslan et al. (23) 
showed that combined mpMRI targeted and systematic biopsy 
is superior to detect high-grade disease, than either systematic 
or MPMR-targeted biopsy alone. A recent prospective trial 
showed that the cancer detection rate by cognitive biopsy 
alone was lower than the standard biopsy combined with 
cognitive biopsy (24). Our results did not show the net benefit 
of cognitive biopsy. In our study, targeted biopsy was detected 
cancer in only one patient, whose standard biopsy was benign, 
and this patient had a gleason grade group 1 tumor. No patient 
was diagnosed with clinically significant PCa  only with targeted 
biopsy in our study; on the other hand, two patients were 
diagnosed significant PCa  with standard biopsy while targeted 
biopsy cores of these patients were benign.

Although technological advancements have revolutionized the 
diagnostic process of PCa recently, the importance of DRE has 
not change. Abnormal DRE is associated with an increased rate 
of higher ISUP grade PCa (25,26). Gosselaar et al. (25) showed 
that an abnormal DRE along with elevated PSA value has a PPV 
of 48.6% for the diagnosis of PCa. Our results were also quite 
close to these findings. We found that the PPV of DRE 43.5% for 
clinically significant cancers and 59.0% for all PCa.

Study Limitations

Our study does not without its limitations. As stated before, it 
is known that operator experience could affect the success rate 
of cognitive biopsies. Since our clinic is an education clinic, it 
was impossible to maintain the same standard for the operator 
experience for all biopsies. Biopsies were not taken by the same 
physician. This was also the case for standard biopsies, so we 
believe this factor could have a minimal effect on our results. 
Also, mpMRI was not performed in every patient who underwent 
standard biopsy procedure and this was a limiting factor in 
our study to make comments on the success rate of mpMRI. 
Furthermore, interobserver variability of mpMRI could affect our 
results since this study was conducted as a retrospective series, 
it was impossible to ensure that all mpMRI was evaluated by the 
same radiologist.

Conclusion

Our study shows that although cognitive biopsy seems as a 
tempting alternative because no additional funds, education or 
tools needed to perform it, the net benefit of this procedure 
is still debatable. Clinical experience could be the main 
determining factor of cognitive fusion biopsy results and taking 
a standard biopsy core should not be neglected, especially in 
inexperienced clinics. Our results also support the fact that DRE 
is still one of the most cost-effective diagnostic tools for clinically 
significant PCa.
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