
Original Research Articles

Prostate Cancer

JU Insight

Detection of Clinically Significant Prostate Cancer Using Micro-
Ultrasound vs Magnetic Resonance Imaging/Ultrasound Fusion 
Biopsy: A Propensity-Weighted Comparative Study

Rafael Castilho Borges , Rafael Rocha Tourinho-Barbosa, Nuno Dias, et al.

Correspondence: Rafael Castilho Borges (rafa_cborges@hotmail.com). 

Full-length article available at https://doi.org/10.1097/JU.0000000000004793.

Study Need and Importance: Multiparametric MRI
and MRI/ultrasound fusion–guided biopsy (PFB) are 
widely used for prostate cancer (PCa) diagnosis but 
remain limited by cost, access, and procedural 
complexity. Micro-ultrasound–guided biopsy (MB) has 
recently emerged as a real-time, urologist-operated 
alternative with lower infrastructure requirements. 
Whether MB achieves comparable or superior detec-
tion of clinically significant PCa (csPCa) relative to 
PFB remains a critical question for guiding practice, 
particularly in resource-limited settings.
What We Found: We retrospectively analyzed 1119 
men with MRI-visible lesions undergoing MB 
(n [ 767) or PFB (n [ 352). After inverse probability 
of treatment weighting, MB showed higher csPCa 
detection than PFB in combined and systematic bi-
opsies (45% vs 34% and 39% vs 24%, respectively), 
while targeted cores alone yielded no significant dif-
ference (Figure). In the multivariable model, MB and 
Prostate Imaging–Reporting and Data System 5 le-
sions were independent predictors of csPCa. Among 
biopsy-na€ıve patients, MB also achieved higher over-
all csPCa detection (49% vs 36%). Furthermore, 
Gleason upgrading at prostatectomy was significantly 
less frequent in men diagnosed with MB (17% vs 
38%).
Limitations: This was a single-center retrospective 
study, and micro-ultrasound was performed with 
knowledge of multiparametric MRI results, which 
may have introduced bias in lesion targeting. Our 
cohort also included both biopsy-na€ıve and previ-

ously negative patients, potentially affecting base-
line risk profiles. Finally, all MB procedures were 
performed by highly experienced urologists, which 
may not reflect outcomes in less specialized settings.
Interpretation for Patient Care: Our findings sug-
gest that MB is a feasible and accurate alternative 
to PFB, particularly where MRI access is limited. 
By providing higher csPCa yield in systematic and 
combined strategies, and lower rates of Gleason 
upgrading, MB may help improve diagnostic ac-
curacy and streamline PCa care. Broader adoption 
of micro-ultrasound could reduce dependence on 
costly fusion platforms, increase accessibility, and 
maintain oncologic safety in diverse clinical 
environments.

Figure. Detection of clinically significant prostate cancer (Cs PCa) 

with micro-ultrasound (MB) and MRI/ultrasound fusion biopsy 

(PFB). MB achieved higher Cs PCa detection in systematic and 
combined biopsies, while targeted cores alone showed no 

significant difference. Insign PCa indicates clinically insignificant 

prostate cancer; No PCa, absence of cancer.
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Purpose: We compare the detection rates of clinically significant prostate 
cancer (csPCa) between cognitively targeted micro-ultrasound–guided biopsy 
(MB) and MRI/ultrasound fusion–guided biopsy (PFB) in men with MRI-visible 
lesions.

Materials and Methods: We retrospectively analyzed 1119 men who underwent 
MB (n [ 767) or PFB (n [ 352) between 2019 and 2022. Inverse probability of 
treatment weighting based on a logistic regression propensity score was applied 
to balance baseline characteristics between groups. Weighted logistic regression 
models were used to compare csPCa detection in the overall cohort and in sub-
groups of biopsy-na€ıve men and those with anterior lesions. A separate multi-
variable logistic regression was performed in the full cohort to identify 
independent predictors of csPCa. Concordance between biopsy and radical 
prostatectomy Gleason scores was also evaluated.

Results: After inverse probability of treatment weighting adjustment, csPCa 
detection with MB was higher than with PFB in combined sampling (45% vs 
34%; odds ratio, 1.61; 95% CI: 1.23-2.11; P < .01). However, no significant dif-
ference was observed between techniques for targeted biopsies alone, both in the
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overall cohort and among biopsy-na€ıve men. In patients with anterior lesions, csPCa detection rates were also 
similar. In the full cohort multivariable model, MB and Prostate Imaging–Reporting and Data System 5 le-
sions were independently associated with csPCa. Gleason upgrading at prostatectomy was more frequent in 
the PFB group (38% vs 17%; P [ .01).

Conclusions: While MB demonstrated higher csPCa detection in adjusted analyses, the benefit was not 
consistent across all settings. Further studies are warranted to determine whether this reflects a methodo-
logical advantage or context-dependent factors.

Key Words: biopsy, detection, MRI, prostate cancer, ultrasound

OVER the last few years, multiparametric MRI 
(mpMRI) has emerged as a key modality for 
detecting and localizing prostate cancer (PCa). Ad-
vances in this modality, as well as in MRI/ 
ultrasound prostate fusion–guided biopsy (PFB) 
platforms, have greatly improved the ability to 
visualize and target suspicious lesions with high 
diagnostic accuracy. 1

Nevertheless, PFB has several limitations that 
preclude its broad adoption. Fusion devices are 
expensive, and biopsy procedures often require 
considerable time. 2,3 In addition, a second visit for 
the biopsy requires hospitalization and a general 
anesthesia procedure. There is also a significant 
learning curve involved in reliably performing the 
procedure. 4

In this scenario, micro-ultrasound–guided biopsy 
(MB) has the potential to bridge acceptable PCa 
detection rates with the convenience and accessi-
bility of ultrasound apparatus, thus becoming a 
promising cost-effective alternative to PFB as an 
upfront diagnostic tool. Recent reports show similar 
rates of clinically significant PCa (csPCa) detec-
tion. 5,6 However, many involve multicenter designs 
or small cohorts, with variability in biopsy tech-
nique and data collection. 6

This study aims to compare the detection rates of 
csPCa between MB performed with cognitive tar-
geting and PFB in patients who had a suspicious 
prostate lesion on a previous MRI.

MATERIALS AND METHODS

Study Population
This was a retrospective study of prospectively collected 
data from men who underwent biopsy from January 2019 
to February 2022 at L’Institut Mutualiste Montsouris. 
The Institutional Review Board approved the study, and 
patients provided informed consent.

Biopsies were offered to men at clinical risk for PCa 
based on PSA and/or abnormal rectal exam. Patients un-
derwent MB or PFB depending on operating room avail-
ability, preference for anesthesia technique (local in MB, 
sedation for PFB), and history of biopsy-related infections. 
Histopathological evaluation was conducted by 3 inde-
pendent pathologists unaware of the biopsy technique, 
minimizing bias in Gleason grading.

Patient demographic, clinical, and pathological data 
were recorded. CsPCa was defined as a Gleason score (GS) 
� 7. Prebiopsy cancer risk was estimated using the vali-
dated Prostate Biopsy Collaborative Group (PBCG) risk 
calculator. 7

Exclusion criteria included absence of MRI-visible 
lesion, men with prior positive biopsy under active sur-
veillance, and absence of targeted biopsy. Of the 2042 men 
evaluated during the study period, 1119 met the inclusion 
criteria and were included in the final analysis.

MRI Assessment and Biopsy Modalities

All patients had biopsies performed after mpMRI. An 
experienced radiologist localized target lesions through 
1.5 and 3.0T prostate mpMRI, incorporating T2-weighted 
images, dynamic contrast enhancement, and diffusion-
weighted imaging. MpMRI findings were classified 
according to Prostate Imaging–Reporting and Data System 
(PI-RADS) v2.

Transperineal PFB
Transperineal PFB was performed with the Artemis device 
in the surgical setting. For each modality, targeted biopsies 
followed by systematic sampling were performed by the 
same urologist in a single session. Typically, 4 targeted 
samples were taken from each target for PI-RADS � 3 or 
prostate risk identification using micro-ultrasound (PRI-
MUS) � 3 lesions in PFB and MB, respectively, and 12 
cores in systematic biopsies. Slight technique variations 
were permitted in cases involving large prostates and large 
target lesions. All biopsies were performed by 4 staff 
urologists using a conventional spring-loaded gun and 18-
gauge needle.

Transrectal MB
Transrectal MB was performed on an outpatient basis 
under local anesthesia using the high-resolution ExactVu 
system. Urologists were aware of prior mpMRI imaging, 
and mpMRI lesions were cognitively targeted through 
micro-ultrasound (MUS) guidance. Additional biopsies 
were taken from lesions identified by MUS. The 
operator sampled each target under real-time visu-
alization based on the PRI-MUS protocol. 8 After the 
targeted biopsies were completed, all patients 
received 12-core systematic biopsies.

Outcomes
The primary end point of this study was to compare the 
detection rates of csPCa (CS CDR) in men who under-
went MB or PFB. Secondary outcomes included the 
detection of PCa of any grade, the cancer detection 
rates in targeted and systematic biopsies between 
both approaches, the identification of potential

MICRO-ULTRASOUND VS FUSION BIOPSY FOR PCA DETECTION 155

Copyright © 2025 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.

https://www.auajournals.org/servlet/linkout?type=rightslink&url=startPage%3D153%26pageCount%3D11%26copyright%3D%26author%3DRafael%2BCastilho%2BBorges%252C%2BRafael%2BRocha%2BTourinho-Barbosa%252C%2BNuno%2BDias%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DWoltersKluwer%26volumeNum%3D215%26issueNum%3D2%26contentID%3D10.1097%252FJU.0000000000004793%26title%3DDetection%2Bof%2BClinically%2BSignificant%2BProstate%2BCancer%2BUsing%2BMicro-Ultrasound%2Bvs%2BMagnetic%2BResonance%2BImaging%252FUltrasound%2BFusion%2BBiopsy%253A%2BA%2BPropensity-Weighted%2BComparative%2BStudy%26numPages%3D11%26pa%3D%26oa%3D%26issn%3D0022-5347%26publisherName%3DWoltersKluwer%26publication%3Djuro%26rpt%3Dn%26endPage%3D163%26publicationDate%3D09%252F26%252F2025


clinical and demographic confounders that could influ-
ence detection, and the evaluation of CS CDRs in key 
clinical subgroupsdnamely, biopsy-na€ıve patients and 
those with lesions located exclusively in the anterior 
zone. Finally, we assessed the correlation between 
biopsy and final pathological GS in men who under-
went radical prostatectomy.

Statistical Analysis
Collected data were reported as medians (IQR) or fre-
quencies and proportions for continuous and categorical 
variables, respectively. All tests were 2-sided, with a signif-
icance level set at P value < .05. To address potential con-
founding and better account for baseline differences between 
the MB and PFB groups, we applied inverse probability of 
treatment weighting (IPTW) based on the propensity score. 

Propensity scores were estimated using a logistic 
regression model in which the probability of undergoing 
MB (vs PFB) was regressed on the following baseline 
covariates: age, PSA, prostate volume, PI-RADS score, 
MRI lesion size, PBCG cancer risk, and biopsy-na€ıve 
status. Stabilized inverse probability weights were 
calculated to reduce variance and improve covariate bal-
ance between groups. 9 Before weighting, unadjusted 
comparisons of PCa detection rates were performed in the 
full cohort using Pearson’s c 2 test.

Covariate balance before and after weighting was 
assessed using standardized mean differences (SMDs), 
with values < 0.1 considered indicative of adequate bal-
ance. The SMDs were calculated for all covariates included 
in the IPTW model, both before and after weighting.

A survey-weighted logistic regression was applied to 
compare oncologic outcomesdincluding csPCa and any-
grade PCa detectiondacross targeted, systematic, and 
combined biopsy strategies. For each outcome, weighted 
proportions, odds ratios (ORs), 95% CIs, and P values 
were reported. No truncation was applied to the IPTW 
weights because the distribution showed no extreme 
values that would warrant trimming.

In parallel, we conducted a multivariable logistic regres-
sion in the full cohort to explore independent predictors of 
csPCa, with CS CDR as the response variable. Covariates 
were selected a priori based on clinical relevance and exist-
ing literature. The following variables were included in the 
model: PBCG cancer risk score, prostate volume, previous 
negative biopsy, biopsy approach, total number of biopsied 
cores, total biopsy core length, PI-RADS category, and 
MRI lesion size. Multicollinearity was assessed using 
variance inflation factors, and all values were below 2, 
indicating low correlation among predictors. To improve 
clinical interpretability, continuous predictors were 
rescaled: PBCG-estimated cancer risk was modeled per 
10% increase and prostate volume per 10 mL increase. 
Results were reported as ORs with 95% CIs.

In addition, an exploratory analysis was conducted to 
evaluate overall and csPCa detection rates across PRI-
MUS categories within each PI-RADS stratum. The 
Cochran-Armitage test was applied to assess trends 
across ordered PRI-MUS groups.

The highest GS found in biopsy (targeted or system-
atic) was compared with the corresponding radical pros-
tatectomy specimen to assess agreement between biopsy

and surgical pathology. Concordance, upgrading, and 
downgrading rates were compared between groups using 
Pearson’s c 2 test, separately for the highest GS overall, in 
targeted biopsy, and in systematic biopsy.

All statistical analyses were performed using R 
(version 4.2.2; R Foundation for Statistical Computing).

RESULTS
A total of 1119 men were consecutively enrolled in 
the study (MB: n [ 767; PFB: n [ 352). Table 1 
presents baseline characteristics before and after 
IPTW. Before weighting, moderate imbalances were 
observed in prostate volume and biopsy-na€ıve sta-
tus. After IPTW, covariates included in the pro-
pensity score model achieved adequate balance, 
with all SMDs below 0.1. Variables not used in the 
weighting model, such as the number of biopsy cores 
and core lengths, are reported for descriptive pur-
poses only, without implications for confounding 
adjustment or causal inference. Covariate balance is 
visually depicted in the Love plot (Figure 1).

Overall, PCa was detected in 64% of patients. 
After IPTW, the detection of csPCa remained higher 
in the MB group compared with the PFB group for 
the combined targeted plus systematic approach 
(45% vs 34%; OR, 1.61; 95% CI: 1.23-2.11; P < .01). 
A similar difference was observed in systematic bi-
opsies (39% vs 24%; OR, 2.09; 95% CI: 1.55-2.81; P < 
.01). By contrast, csPCa detection rates in targeted 
cores did not differ significantly between the MB 
and PFB groups (36% vs 30%; OR, 1.31; 95% CI: 
0.99-1.73; P [ .06; Table 2 and Figure 2).

Among patients with anterior lesions (n [ 216), 
the detection rates of csPCa were lower than in the 
overall cohort, with no significant difference be-
tween biopsy methods. After IPTW adjustment, 
csPCa was detected in 34% of patients in the MB 
group vs 30% in the PFB group (OR, 1.18; 95% CI: 
0.64-2.18; P [ .6), with similar findings in targeted 
and systematic cores (Table 3).

In biopsy-na€ıve men, MB resulted in higher 
overall csPCa detection after IPTW (49% vs 36%; 
OR, 1.70; 95% CI: 1.26-2.31; P < .01; Table 4), with a 
significantly greater yield in systematic cores (44% 
vs 26%; OR, 2.17; 95% CI: 1.56-3.01; P < .01). In 
targeted biopsies, detection rates were 38% for MB 
and 32% for PFB, although this difference was not 
statistically significant (P [ .07). Baseline charac-
teristics of biopsy-na€ıve men are presented in Sup-
plementary Table 1 (https://www.jurology.com).

In the multivariable logistic regression modeld 
adjusted for relevant clinical, imaging, and proce-
dural variablesdboth MB (OR, 2.11; 95% CI: 1.51-
2.97; P < .01) and a PI-RADS 5 score (OR, 3.31; 95% 
CI: 2.23-4.97; P < .01) emerged as the strongest 
independent predictors of csPCa detection, alongside 
other significant covariates (Table 5 and Figure 3).
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If systematic biopsies had been omitted, 4.0% of 
csPCa cases in the MB group and 3.0% in the PFB 
group would have been missed.

Cancer Rates According to PRI-MUS

Most MUS-detected lesions overlapped with those 
identified by MRI, with only 24 (3.1%) additional

targets found. Among the lesions identified through 
MUS, 44% were classified as PRI-MUS 3. The CS 
CDR increased across the PRI-MUS categories: 36% 
(PRI-MUS 3), 50% (PRI-MUS 4), and 71% (PRI-
MUS 5; Figure 4). Targeted detection rates for 
csPCa were 32%, 47%, and 66%.

Trend analysis showed a statistically significant 
increase in csPCa detection across PRI-MUS 3 to 5 
within PI-RADS 5 lesions (P < .01), but not in PI-
RADS 3 (P [ .8) or 4 (P [ .3; Supplementary 
Table 2, https://www.jurology.com).

Biopsy–Surgical Pathology Concordance
Among 156 patients who underwent radical pros-
tatectomy, Gleason upgrading at final pathology 
was significantly more frequent in the PFB group 
than in the MB group (38% vs 17%; P [ .01). When 
considering targeted biopsies only, concordance 
rates were similar between groups (MB: 52%; PFB: 
52%; P [ .9), as were upgrading rates (MB: 38%; 
PFB: 45%; P [ .5). In contrast, for systematic bi-
opsies, MB demonstrated higher concordance (54% 
vs 31%; P [ .02) and lower upgrading rates (35% vs 
66%; P < .01) compared with PFB (Table 6).

DISCUSSION
The advent of mpMRI has redefined PCa evalua-
tion, making it a key triage tool for men with sus-
pected disease. Despite guideline inclusion, 10 its 
widespread use is limited by cost, access, and

Table 1. Baseline Characteristics Before and After Inverse Probability of Treatment Weighting

Variable

Full cohort (n [ 1119) Weighted cohort

MB (n [ 767) PFB (n [ 352) Unweighted SMD MB PFB SMD after IPTW

Age, median (IQR), y 68 (63-72) 67 (63-71) 0.007 a 68 (63-72) 67 (63-71) 0.002 a

Serum PSA, median (IQR), ng/mL 7.6 (5.7-10.9) 7.9 (5.7-11) 0.086 a 7.7 (5.8-11) 7.6 (5.6-10.5) 0.001 a

PSAd, median (IQR) 0.15 (0.1-0.22) 0.14 (0.09-0.21) 0.101 0.15 (0.1-0.21) 0.14 (0.1-0.22) 0.030
Biopsy-naïve status (%) 666 (86.8) 265 (75.3) 0.298 a 83 82 0.002 a

Prostate volume, median (IQR), mL 50 (38-69.5) 56.5 (40-80) 0.231 a 51 (40-72) 52 (40-71) 0.009 a

% Prostate Biopsy Collaborative
Group risk score (IQR) 

43 (30-55) 41 (28-56) 0.015 a 43 (30-55) 42 (29-56) 0.005 a

No. PI-RADSv2 (%) 0.039 a 0.006 a

3 80 (10.4) 35 (9) 10 11
4 478 (62.3) 226 (64.2) 63 63
5 209 (27.2) 91 (25.9) 27 26

MRI lesion size, median (IQR), mm 11 (8.5-14) 11 (8-14) 0.060 a 11 (8-14) 11 (8-15) 0.008 a

No. of biopsied cores, median (IQR) 16 (16-18) 15 (14-16) 0.836 16 (16-18) 15 (14-16) 0.812
No. of target cores, median (IQR) 4 (4-5) 4 (3-4) 0.405 4 (4-5) 4 (3-4) 0.385
No. of systematic cores, median (IQR) 12 (12-12) 12 (12-13) 0.640 12 (12-12) 12 (12-12) 0.633
Target biopsy length, mm (IQR) 43 (34-54) 39 (29-50) 0.251 42 (34-53) 39 (30-50) 0.220
Systematic biopsy length, mm (IQR) 116 (93-135.5) 118 (96-137) 0.130 116 (94-136) 118 (96-137) 0.118

Abbreviations: IPTW, inverse probability of treatment weighting; MB, micro-ultrasound–guided biopsy; PFB, MRI/ultrasound fusion–guided biopsy; PSAd, PSA density; PI-RADS, 
Prostate Imaging Reporting and Data System; SMD, standardized mean differences.
Continuous variables are presented as median (IQR). Categorical variables are shown as absolute numbers and percentages in the full cohort and as weighted estimates only after 
inverse probability of treatment weighting. After inverse probability of treatment weighting, values represent weighted estimates derived from a pseudo-population; the effective 
sample size does not correspond to the original number of patients. The effective sample size of the weighted pseudo-population was approximately 1119 for the micro-
ultrasound–guided biopsy group and 1117 for the PFB group.
a Variable included in the inverse probability of treatment weighting model used to estimate propensity scores (age, PSA, prior biopsy, MRI lesion size, prostate volume, Prostate 
Imaging Reporting and Data System score, and cancer risk). Other variables are reported for descriptive purposes only. Standardized mean differences are shown to evaluate 
balance before and after weighting, with values < 0.1 indicating adequate balance.

Figure 1. Covariate balance before and after inverse probability 

of treatment weighting. Standardized mean differences for 

baseline covariates included in the propensity score model are 
shown before (red) and after (blue) the application of inverse 

probability of treatment weighting. The model included age, 

PSA, prostate volume, Prostate Imaging–Reporting and Data 

System (PIRADS) score, MRI lesion size, biopsy-na€ıve status, 
and Prostate Biopsy Collaborative Group–calculated cancer 

risk. The vertical dashed line at 0.1 denotes the commonly 

accepted threshold for acceptable covariate balance. Inverse 

probability of treatment weighting markedly improved balance 
across all variables.
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Table 2. Prostate Cancer Detection Rate Regardless of Prostate Lesion Location

Variable

Full cohort (n [ 1119) Weighted cohort

MB group (n [ 767, 68.5%), 
No. (%)

PFB group (n [ 352, 31.5%),
No. (%) P value

MB 
group (%)

PFB 
group (%)

OR
(95% CI) P value

Target þ systematic 
Any PCa 516 (67) 203 (58) < .01 66 61 1.22 (0.94-1.59) .1 
CsPCa 361 (47) 114 (32) < .01 45 34 1.61 (1.23-2.11) < .01

Target 
Any PCa 431 (56) 145 (41) < .01 55 43 1.57 (1.21-2.04) < .01
CsPCa 286 (37) 101 (29) < .01 36 30 1.31 (0.99-1.73) .06

Systematic 
Any PCa 474 (62) 173 (49) < .01 60 53 1.34 (1.03-1.73) .03 
CsPCa 315 (41) 77 (22) < .01 39 24 2.09 (1.55-2.81) < .01

Abbreviations: CsPCa, clinically significant prostate cancer; MB, micro-ultrasound–guided biopsy; OR, odds ratios; PCa, prostate cancer; PFB, prostate fusion biopsy. 
Detection rates for any and clinically significant prostate cancer across each biopsy modality, comparing groups before (unadjusted full cohort) and after inverse probability of 
treatment weighting.
Proportions after inverse probability of treatment weighting represent weighted estimates derived from a reweighted pseudo-population and do not correspond to actual patient 
counts. The effective sample size of the weighted pseudo-population was approximately 1119 for the MB group and 1117 for the PFB group. Odds ratios, 95% CIs, and P values 
were calculated using survey-weighted logistic regression models.
For the full (unadjusted) cohort, P values were calculated using Pearson's c 2 test, and comparisons reflect the original unadjusted dataset.
End points were assessed separately for overall prostate cancer (Any PCa) and clinically significant prostate cancer, defined as Gleason � 7 (International Society of Urological 
Pathology grade � 2).

Figure 2. Prostate cancer detection rates across biopsy modalities before (A) and after (B) inverse probability of treatment weighting. Stacked 

bar plots show the distribution of clinically significant prostate cancer (Cs PCa, in blue), clinically insignificant PCa (Insign PCa, in green), and 

absence of cancer (No PCa, in red). Comparisons are stratified by sampling strategy: Target D Systematic (left), Target only (middle), and 
Systematic only (right). Panel A presents unadjusted rates from the raw cohort. Panel B presents weighted proportions in the inverse 

probability of treatment weighting pseudo-population. MB indicates micro-ultrasound–guided biopsy; PFB, prostate fusion biopsy.
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technical complexity. 2 Recently, prostate-specific 
membrane antigen positron emission tomography/ 
CT has demonstrated promising accuracy in high-
risk cases but faces similar adoption barriers. 11

In this context, MUS has emerged as a more 
accessible, real-time alternative that urologists can 
fully operate without the complexity of MRI fusion 
or nuclear medicine. In our study, following IPTW 
adjustment, MB demonstrated higher CS CDRs 
than PFB in systematic and combined biopsies, 
whereas no significant difference was observed for 
targeted cores alone. In addition, combined biopsy 
yielded similar detection rates of any-grade PCa 
between groups.

Our findings are consistent with prior reports 
showing comparable diagnostic performance be-
tween MUS and MRI-guided techniques. 12-15 Claros

et al 14 compared the detection rates of MUS 
cognitive-guided biopsies and PFB in 269 patients. 
The MB showed higher CS CDR than PFB (38% vs 
23%; P [ .02). Similar to our results, when 
considering overall PCa detection, regardless of GS 
or random/targeted differentiation, no significant 
difference was found between groups. 14

This is further supported by results from the 
recent OPTIMUM randomized trial, which demon-
strated that MB was noninferior to PFB in detecting 
csPCa. The study reported similar CS CDRs be-
tween groupsd47.1% for MUS, 42.6% for PFB, and 
46.9% for combined MUS/MRI guidancedsupporting 
the diagnostic accuracy of MUS as a viable alternative 
to MRI-based targeting. 15

While targeted biopsy enhances lesion-specific 
detection, systematic samplingdparticularly in

Table 3. Detection Rate of Prostate Cancer in Anteriorly Located Lesions

Variable

Full cohort (n [ 216) Weighted cohort

MB group (n [ 135, 63.4%), 
No. (%)

PFB group (n [ 81, 36.6%),
No. (%) P value

MB group 
(%)

PFB group
(%) OR (95% CI) P value

Target þ systematic 
Any PCa 89 (66) 51 (63) .7 64 66 0.91 (0.50-1.64) .7 
CsPCa 53 (39) 25 (31) .2 34 30 1.18 (0.64-2.18) .6

Target 
Any PCa 71 (53) 33 (41) .09 50 44 1.31 (0.74-2.32) .4
CsPCa 43 (32) 23 (28) .6 31 30 1.05 (0.56-1.95) .9

Systematic 
Any PCa 75 (56) 44 (54) .8 54 57 0.88 (0.51-1.55) .7 
CsPCa 41 (30) 16 (20) .08 30 21 1.62 (0.82-3.20) .2

Abbreviations: CsPCa, clinically significant prostate cancer; MB, micro-ultrasound–guided biopsy; PCa, prostate cancer; PFB, prostate fusion biopsy; OR, odds ratios. 
Detection rates for any and clinically significant prostate cancer across each biopsy modality, comparing groups before (unadjusted full cohort) and after inverse probability of 
treatment weighting.
Proportions after inverse probability of treatment weighting represent weighted estimates derived from a reweighted pseudo-population and do not correspond to actual patient 
counts. The effective sample size of the weighted pseudo-population was approximately 217 for the MB group and 214 for the PFB group. Odds ratios, 95% CIs, and P values were 
calculated using survey-weighted logistic regression models.
For the full (unadjusted) cohort, P values were calculated using Pearson's c 2 test, and comparisons reflect the original unadjusted dataset.
End points were assessed separately for overall prostate cancer (Any PCa) and clinically significant prostate cancer, defined as Gleason � 7 (International Society of Urological 
Pathology grade � 2).

Table 4. Prostate Cancer Detection Rates Among Biopsy-Na€ıve Men

Variable

Full cohort (n [ 931) Weighted cohort

MB group (n [ 666, 71.5%), 
No. (%)

PFB group (n [ 265, 28.5%),
No. (%) P value

MB group 
(%)

PFB group
(%) OR (95% CI) P value

Target þ systematic 
Any PCa 467 (70) 160 (60) < .01 69 65 1.28 (0.94-1.73) .1 
CsPCa 332 (50) 87 (33) < .01 49 36 1.70 (1.26-2.31) < .01

Target 
Any PCa 389 (58) 112 (42) < .01 57 46 1.62 (1.21-2.18) < .01
CsPCa 260 (39) 76 (29) < .01 38 32 1.34 (0.98-1.83) .07

Systematic 
Any PCa 435 (65) 139 (53) < .01 64 57 1.40 (1.04-1.88) .03 
CsPCa 297 (45) 63 (24) < .01 44 26 2.17 (1.56-3.01) < .01

Abbreviations: CsPCa, clinically significant prostate cancer; MB, micro-ultrasound–guided biopsy; OR, odds ratios; PCa, prostate cancer; PFB, prostate fusion biopsy. 
Detection rates for any and clinically significant prostate cancer across each biopsy modality, comparing groups before (unadjusted full cohort) and after inverse probability of 
treatment weighting.
Proportions after inverse probability of treatment weighting represent weighted estimates derived from a reweighted pseudo-population and do not correspond to actual patient 
counts. The effective sample size of the weighted pseudo-population was approximately 931 for the MB group and 930 for the PFB group. Odds ratios, 95% CIs, and P values were 
calculated using survey-weighted logistic regression models.
For the full (unadjusted) cohort, P values were calculated using Pearson's c 2 test, and comparisons reflect the original unadjusted dataset.
End points were assessed separately for overall prostate cancer (Any PCa) and clinically significant prostate cancer, defined as Gleason � 7 (International Society of Urological 
Pathology grade � 2).
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cognitively guided approachesdmay increase over-
all csPCa yield through partial overlap with 
imaging-suspicious areas. 16-19 Studies have shown 
that many csPCa detected by systematic cores are 
located near MRI-visible lesions, suggesting sam-
pling redundancy. 18,19 This overlap may be more 
common in cognitive approaches, which lack the 
spatial constraints of software-based fusion. 16,17 In 
addition, the multifocal nature of PCa and limita-
tions of image-guided targeting may result in 
missed csPCa outside MRI-visible regions. 20-22 In 
this context, our higher combined csPCa detection

with MB under IPTW may reflect the complemen-
tary contributions of systematic and targeted 
sampling.

Some previous results have indicated an even 
higher sensitivity for MB. A multicenter analysis by 
Klotz et al 5 compared the sensitivity, specificity, 
positive predictive value, and negative predictive 
value (NPV) of MB with PFB in 1040 men from 11 
sites. Significant PCa was identified in 39% of sub-
jects; MB was noninferior for all 4 metrics and su-
perior in sensitivity (94% vs 90%, P [ .03) and NPV 
(85% vs 77%, P [ .04). The study, however, has 
some drawbacks, especially methodological differ-
ences between sites.

Lughezzani et al 23 compared the diagnostic ac-
curacy of MB and PFB in detecting csPCa in 104 
subjects with at least 1 PI-RADS � 3 lesion. In total, 
54% of patients were diagnosed with PCa, with 34% 
having csPCa. The sensitivity and NPV were 94% 
and 90% for MB, respectively. Unlike our selection 
criteria, the authors included patients with prior 
positive biopsies, possibly inflating PCa rates.

Indeed, we found broad eligibility criteria across 
studies, often enrolling men with PCa suspicion, 
under surveillance, biopsy na€ıve, or with prior 
negative biopsies. Similarly, our cohort comprised 
both biopsy-na€ıve men and those with a previous 
negative biopsy, which may introduce selection bias, 
as biopsy-na€ıve patients have higher PCa risk. 24 

Despite a higher proportion of biopsy-na€ıve in-
dividuals in the MB group, PBCG risk was similar 
between groups. Moreover, biopsy-na€ıve status was

Table 5. Multivariable Logistic Regression Model for Clinically 
Significant Prostate Cancer Detection

Covariate Odds ratio 95% CI P value

PBCG cancer risk 1.49 1.37-1.63 < .01
Prostate volume 0.79 0.75-0.83 < .01 
Previous negative biopsy 0.89 0.59-1.32 .6
MB 2.11 1.51-2.97 < .01 
Total No. of biopsied cores 1.07 0.98-1.16 .09 
Total biopsy core length 1.01 0.99-1.01 .3 
PI-RADS score

4 1.30 0.98-1.71 .06
5 3.31 2.23-4.97 < .01 

MRI lesion size 1.04 1.01-1.07 .02

Abbreviations: MB, micro-ultrasound–guided biopsy; PBCG, Prostate Biopsy 
Collaborative Group risk calculator; PI-RADS, Prostate Imaging Reporting and Data 
System.
Odds ratios, 95% CIs, and P values are presented for covariates included in the 
multivariable logistic regression model. Variables were selected a priori based on 
clinical relevance and prior evidence. The model was performed using the full, 
unweighted cohort. Continuous variables were rescaled to reflect clinically mean-
ingful changes: Prostate Biopsy Collaborative Group risk per 10% increase and 
prostate volume per 10 mL increase.

Figure 3. Odds ratio plot of multivariate analysis results. Forest plot displaying odds ratios and 95% CIs for predictors of clinically 

significant prostate cancer detection. Micro-ultrasound–guided biopsy (MB) and Prostate Imaging–Reporting and Data System (PI-

RADS) 5 were the covariates most prominently associated with clinically significant prostate cancer detection, based on the 

magnitude of their odds ratios. The Prostate Biopsy Collaborative Group (PBCG) cancer risk refers to the clinical stratification based 
on prebiopsy risk factors.
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not a significant predictor of csPCa in multivariable 
analysis. MB and PI-RADS remained the strongest 
predictors of csPCa detection (Table 5).

Nevertheless, to further explore potential sources 
of bias and technique-related differences, we con-
ducted a subgroup analysis of biopsy-na€ıve men and 
patients with anterior lesions. Among biopsy-na€ıve 
men, although targeted csPCa detection was higher 
in the MB group (38% vs 32%), this difference was 
not significant (P [ .07), possibly reflecting sub-
group variability.

Similarly, CS CDRs did not differ significantly 
between groups across targeted, systematic, or 
combined biopsy strategies in patients with ante-
rior lesions (Table 3). This may reflect a balance 
of technical factors: while the transperineal approach 
offers direct access to anterior regions, its longer

needle path can reduce targeting precision. Conversely, 
transrectal MUS provides real-time, high-resolution 
imaging, enabling real-time needle adjustment. 8,25 

In addition, PFBs are prone to registration errors, 
particularly in anterior zones. 26 All MB proced-
ures in this study were performed by experienced 
urologists, likely supporting consistent targeting 
accuracy.

In a supplementary analysis, we assessed the 
detection of csPCa across PRI-MUS categories 
within PI-RADS groups. A significant upward trend 
appeared only in PI-RADS 5, suggesting a possible 
role for PRI-MUS in risk stratification among high-
risk lesions. However, as PI-RADS 5 lesions are 
routinely biopsied, its clinical utility remains un-
certain. The absence of significance in lower PI-
RADS groups may reflect smaller sample sizes,

Figure 4. Prostate cancer detection rates according to prostate risk identification using micro-ultrasound (PRIMUS) scoring. Stacked bar 
plot illustrating the distribution of clinically significant prostate cancer (Cs PCa, in blue), clinically insignificant prostate cancer (Insign 

PCa, in green), and absence of cancer (No PCa, in red) across PRIMUS categories (1-5). A progressive increase in Cs PCa detection is 

observed with higher PRIMUS scores.

Table 6. Concordance, Upgrading, and Downgrading of Biopsy Gleason Score

Highest GS regardless of
SB or TB, No. (%) P value

Highest GS in
TB, No. (%) P value

Highest GS in
SB, No. (%) P value

Concordance .2 .9 .02
MB 85 (67) 66 (52) 69 (54)
PFB 16 (55) 15 (52) 9 (31)

Upgrading .01 .5 < .01 
MB 22 (17) 48 (38) 45 (35)
PFB 11 (38) 13 (45) 19 (66)

Downgrading .3 .2 .2
MB 20 (16) 13 (10) 13 (10)
PFB 2 (6.9) 1 (3.4) 1 (3.4)

Abbreviations: GS, Gleason score; MB, micro-ultrasound–guided biopsy; PFB, prostate fusion biopsy; SB, systematic biopsy; TB, targeted biopsy.
Comparison of concordance, upgrading, and downgrading rates between micro-ultrasound–guided biopsy and MRI/ultrasound fusion–guided biopsy, according to (1) the highest 
Gleason score detected in either systematic biopsy or targeted biopsy; (2) the highest Gleason score in targeted biopsy; and (3) the highest Gleason score in systematic biopsy. Data 
are reported as numbers (%), and P values were calculated using Pearson's c 2 test without continuity correction (Yates), comparing micro-ultrasound–guided biopsy and prostate 
fusion biopsy groups for each classification.
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particularly for PI-RADS 3, which is likely a result 
of our center’s referral pattern, where patients with 
higher clinical suspicion are more commonly eval-
uated. Further prospective studies are needed to 
confirm these findings.

To the best of our knowledge, this is the first 
study comparing biopsy results with the gold stan-
dard of surgical pathology. Despite the limited 
number of specimens available, our report indicates 
a significantly lower upgrading rate in men who 
underwent MB compared with PFB (17% vs 38%; 
P < .01; Table 6).

Our study has several limitations. First, MUS 
images were not interpreted without the knowledge 
of at least 1 PI-RADS � 3 lesion on mpMRI. This 
could introduce a high risk of bias, as the operator 
might expect a lesion on the ultrasound while tar-
geting the same condition. However, we aimed to 
compare PCa detection rates in men with suspicious 
mpMRI results, demonstrating the additional 
benefit of MB in the well-established diagnostic 
pathway involving mpMRI.

Although the PBCG risk scores were similar be-
tween the groups, the significant differences in the 
rates of biopsy-na€ıve men raised concerns about 
potential selection bias. A subgroup analysis of 
these patients showed a still significantly higher CS 
CDR for overall and systematic biopsies, but not for 
targeted biopsies. Because the professionals were 
not blinded to the mpMRI images, they were natu-
rally inclined to conduct systematic biopsies close to 
these areas. This likely contributed to the signifi- 
cant differences observed in CS CDR for these bi-
opsies. To more accurately determine the independent 
value of MUS images in detecting suspicious lesions, 
further randomized trials that include blinding to 
mpMRI are needed.

Finally, another important consideration relates 
to the professionals performing the procedures. In

our study, both biopsy modalities were carried out 
by urologists with substantial experience in inter-
ventional ultrasonography. This may have contrib-
uted to the performance of MB, which relies entirely 
on real-time image acquisition and interpretation 
by the operator. By contrast, PFB requires prior 
MRI segmentation and image registration, often 
involving radiologists in many institutions. The 
need for expertise in MRI interpretation and the 
ability to manage fusion-related technical challenges 
can introduce variability in diagnostic accuracy, 
particularly among less experienced practitioners. 
Indeed, prior studies have shown that operator 
skill can significantly impact CS CDRs. 27-29 Therefore, 
our findings reflect not only the intrinsic diagnostic 
capabilities of each imaging modality but also prac-
tical and procedural factors that directly influence 
their clinical effectiveness. These findings underscore 
the value of adopting a practical and feasible biopsy 
strategy for the urological community, especially in 
settings without access to specialized radiological 
infrastructure.

CONCLUSIONS
Although MB was associated with higher overall 
detection of csPCa, it remains uncertain whether 
this finding reflects an intrinsic diagnostic advan-
tage or is influenced by contextual factors, such as 
operator expertise. For targeted biopsies, csPCa 
detection rates were comparable between tech-
niques in the overall population and across key 
subgroups, including biopsy-na€ıve men and those 
with anterior lesions. Moreover, MB was associated 
with a lower rate of Gleason upgrading at radical 
prostatectomy. These results support MB as a viable 
alternative to PFB, especially in resource-limited 
settings. Further randomized trials are warranted 
to validate these results.
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