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Lesion size may affect diagnostic 
capabilities of MRI‑guided 
ultrasound fusion biopsy 
and cognitive targeted biopsy 
for clinically significant prostate 
cancer
I‑Hung Shao 1,2,3,6, Fan‑Ting Liao 1,6, Chun‑Bi Chang 4, Ying‑Hsu Chang 2,5, 
Li‑Jen Wang 4, Liang‑Kang Huang 1,2, Hung‑Cheng Kan 1,2, Po‑Hung Lin 1, Kai‑Jie Yu 1,2, 
Cheng‑Keng Chuang 1,2, Chun‑Te Wu 1,2 & See‑Tong Pang 1,2*

MRI‑guided targeted biopsy (MRGB) was recommended as part of biopsy paradigm of prostate cancers 
by current guidelines. This study aimed to analyze the diagnostic efficacy of MRGB and systemic 
biopsy (SB), and to compare diagnostic capabilities within subgroups of MRGB: MRI‑cognitive biopsy 
(MRCB) and MRI‑fusion biopsy (MRFB). We retrospectively enrolled patients who underwent MRGB 
for suspicious malignant lesion(s) identified on MRI in a single tertiary center, sample size was 74 
patients. An mpMRI was performed prior to biopsy and reviewed by an experienced radiologist 
specialized in prostate cancer. Per‑person results of MRGB and each concomitant SB were analyzed 
as independent biopsies for its positive biopsy rate and positive core percentage. Per‑lesion results 
of MRFB and MRCB were compared for the detection rate. Variables of interest were analyzed with 
t‑test, chi‑squared test, and logistic regression analysis. Statistical analyses were performed with 
IBM Statistical Product and Service Solutions (SPSS), Version 23 (IBM, Armonk, New York). Total of 
74 patients fulfilled the inclusion criteria and were enrolled. MRFB had higher PCa detection rate 
comparing to both MRCB and SB (56.1%, 30.3%, and 33.9% respectively, p value = 0.036); clinically 
significant prostate cancer (csPCa) detection rate was also significantly higher in MRFB group (43.9%, 
24.2%, and 16.9% in each group respectively, p value = 0.011). In per‑lesion analysis, MRCB and MRFB 
had no significant difference in PCa and csPCa detection rate (41.0% vs. 26.2% and 29.5% vs. 16.7% 
respectively, p value = 0.090 and 0.103). In the lesion ≦ 1.3 cm group, MRFB could achieve higher PCa 
detection rate, comparing to MRCB (36.4% vs. 14.3%, p value = 0.047); there were also higher positive 
rates for PCa and csPCa per biopsied cores (22.1% vs. 6.8% and 15.6% vs. 2.7%, p value = 0.029 and 
0.028, respectively). Further logistic regression of multi‑variate analysis in subgroup of lesion ≦ 1.3 cm 
revealed that PIRADS score and biopsy method were significant predictors of positive biopsy result for 
PCa (p value = 0.045 and 0.026, respectively) and for csPCa (p value = 0.043 and 0.025, respectively). 
In patients receiving trans‑perineal prostate biopsy, MRFB had higher cancer detection rate than 
MRCB and SB. In per lesion comparison, MRFB and MRCB had similar diagnostic accuracy. However, 
in lesions with diameter less than 1.3 cm, MRFB can provided better diagnose value for PCa and csPCa 
than MRCB.
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As the 2nd most prevalent male malignancy, prostate cancer (PCa) caused over 30,000 deaths in the United States 
in  20221. Moreover, PCa was also estimated to have a 12% increment from 2001 to  20352 and about 15% male 
would be diagnosed to have PCa throughout their  lifetimes3.

Despite the high prevalence, a considerable population of PCa is indolent and rarely symptomatic or with 
metastatic potentials; therefore, definite therapies are not routinely acquired in these  patients2. Whereas certain 
population may demonstrate highly metastatic potentials and eventually proven fatal if left untreated, being clini-
cally significant PCa. How to differentiate the former from the more life-threatening and malignant PCa, which 
warranted essential intervention, is an issue of importance in order to avoid overdiagnosis and over-treatment 
in the clinical insignificant group of PCa. Clinical significance is defined as ≥ grade group 2 according to the 
International Society of Urological Pathology (ISUP)2.

To date, transrectal ultrasonography-guided systemic biopsy of prostate (TRUS-SB, short as SB) remained as 
the standard diagnostic tool for patients with suspicion for PCa, either due to elevated prostate-specific antigen 
(PSA) levels or abnormal findings on digital examination (DRE). The standard procedure had been adopted for 
past decades, and there had only been minor modifications throughout the years, such as the number of biopsy 
cores, biopsy preparation, location of biopsy, and principle for re-biopsy4.

It was not until recent years with the breakthrough of high tesla (3 T) multiparametric MRI (mpMRI), had 
there been any major changes to the diagnostic process of prostate cancer. The dynamic contrast-enhancing 
(DCE) and diffusion weighted imaging (DWI) had further improved the ability to identify prostatic malignancy 
with the Prostate Imaging-Reporting and Data System (PI-RADS); it was soon incorporated into lesion-oriented 
TRUS biopsy to increase the diagnostic accuracy of  PCa5. Nowadays, MRI-guided targeted biopsy (MRGB) is 
recommended for patients with previous negative biopsy findings yet still suspicious of PCa, and some may even 
suggest for prostate biopsy candidates who are biopsy naïve6.

When using MRI image as guidance, the lesion targeting can be performed by in-bore MRI biopsy, MRI-
cognitive biopsy (MRCB) and MRI-fusion biopsy (MRFB). Among the techniques for MRGB, the use of in-bore 
MRI biopsies was limited due to the requirement of MRI expertise on real-time interpretation, and the lengthy 
occupation of MRI facility and  personnel4. Thus, MRCB and MRFB were the 2 most performed modalities of 
biopsy for MRGB.

In cognitive biopsy (MRCB), the physician conducting prostate biopsy would preview the MRI image first 
with recognition and localization of suspicious lesion, and subsequently perform precise biopsy on the cor-
responding location on ultrasound image guidance. The accuracy of MRCB varied greatly from inter-physi-
cian variability of biopsy experience and the difficulty of correlating MRI prostatic anatomical landmarks on 
 ultrasound4. In MRI and ultrasound fusion biopsy (MRFB), after fusion of MRI with ultrasound with image 
software, the suspicious lesions were marked on real-time ultrasound image as desired targets for biopsy. The 
maturation of image fusion technique had prompted the more widespread practice of MRFB instead of  MRCB4. 
However, despite the short learning curve and theoretically more precise lesion localization, the application of 
MRFB was still unavailable in resource scarce regions due to higher medical cost and requirement of specific 
device and software.

Whether MRCB and MRFB had comparable diagnostic power under different circumstances remained in 
question and yet to be validated. In this study, we aimed to compare the prostate cancer detection efficacy of 
MRGB to conventional systemic biopsy (SB), and the diagnostic capabilities between MRCB and MRFB.

Materials and methods
Patient selection
We retrospectively enrolled patients in a single tertiary center since Jan 2020 to Oct 2022. Patients who underwent 
MRI-guided targeted prostate biopsy due to suspicious lesion identified on MRI were enrolled. All clinical data 
and image files were collected by reviewing electrical medical records. The study was approved by the institutional 
review board of Chang Gung Medical Foundation (IRB number: 202300663B0) and was conducted in accord-
ance with the ethical principles of the Declaration of Helsinki (2013). The requirement for informed consent 
was waived by the IRB due to the retrospective design of the study.

MRI and fusion technique
All mpMRI examinations were performed on the 3 Tesla (T) MRI scanners with phased array body surface 
coils. The mpMRI protocols included T2-weighted imaging (T2WI) in sagittal, coronal, and axial planes, axial 
T1-weighted imaging (T1WI), diffusion-weighted imaging (DWI), and dynamic contrast-enhanced (DCE) 
sequence, complied with the Prostate Imaging-Reporting and Data System version 2.1 (PI-RADS v2.1) recom-
mendations. All MRI images were reviewed by a junior genitourinary radiologist with 9-year-experience in 
mpMRI interpretation. A senior genitourinary radiologist with 30-year-experience supervised the interpreta-
tion process and served as a consultant for ambiguous cases. Both radiologists followed the European Society 
of Urogenital Radiology/European Association of Urology Section of Urological Imaging consensus, with a 
minimum interpretation of 1000 mpMRI and an annual read of over 200 cases. However, the radiologists were 
not blinded to clinical data, in line with clinical routine. The PI-RADS v2.1 scoring system was used to score 
suspicious prostatic lesions, and in the case of multiple lesions on a mpMRI scan, the highest PI-RADS score 
was used for further analysis. All consecutive positive and negative MRGB cases were retrospectively enrolled, 
excluding patients who underwent MRGB via the transrectal approach and those with incomplete data during 
the medical chart review.
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Before undergoing MRFB, the radiologists segmented the prostate gland and delineated suspicious lesions 
using the MrDraw workstation (Koelis, Grenoble, France). The labeled MR images were then exported for use in 
MRFB. In MRFB, the urologists utilized the Trinity Image-Fusion system (Koelis, Grenoble, France) to integrate 
the labeled MR and real-time transrectal ultrasound (TRUS) images. After image fusion, the targeted biopsy was 
performed with the help of a brachytherapy grid.

In MRCB, the urologists recognized suspicious lesions on MR images based on the mpMRI reports before 
biopsies. These MRI-revealed lesions were then targeted for biopsies under TRUS guidance cognitively. In both 
MRFB and MRCB, all biopsies were performed via a trans-perineal approach, and the urologists determined 
whether to perform a simultaneous SB based on their clinical judgment.

Covariates and outcomes
Each MRGB (MRFB and MRCB) with the concomitant SB were compared as independent biopsies for its positive 
biopsy rate and positive core percentage. For each suspicious lesion identified on MRI, MRFB and MRCB were 
also compared for the positive detection rate. In addition to positive biopsy rate, we also compared the rate of 
clinically significant prostate cancer (csPCa). CsPCa was defined as International Society of Urological Pathology 
(ISUP) 2 group or higher. Logistic regression was then performed to analyze the potential factors influencing 
the cancer detection rate of PCa and csPCa.

Statistical analysis
Categorical variables were reported as frequencies, while continuous variables were reported as mean value, 
standard deviation, upper and lower limits. Chi-square test was used to assess differences between categorical 
variables. Differences between continuous variables were assessed by independent T-test or Mann–Whitney test, 
as appropriate. Logistic regression was used in multi-variate analysis for factors influencing cancer detection rate. 
Significance for all tests was set at p value < 0.05. Analyses were performed using Statistical Product and Service 
Solutions (SPSS), Version 23 (IBM, Armonk, New York).

Ethics approval and consent to participate
This study has received approval from the Chang Gung Medical Foundation Institutional Review Board that also 
waived the participants’ informed consent (IRB no.202300663B0).

Results
Among 1661 patients who received prostate biopsy with suspicious prostate lesions during Jan 2020 to October 
2022, 74 patients fulfilled the inclusion criteria and were enrolled for analysis. The flowchart of patient selection 
was illustrated in Fig. 1. Forty-one patients with MRFB and 33 patients with MRCB were reviewed respectively, 
among them 59 patients had concomitant SB and 15 patients only received MRGB target biopsies. Total 103 
lesions identified on MRI were included for per-lesion analysis. Total 33 patients (44.6%) had positive biopsy 
results as prostate adenocarcinoma, while 39 patients (52.7%) had negative biopsy results. CsPCa accounted for 
90.5% of all prostate cancer cases. The detailed general data of patients were listed in Table 1. There had been no 
severe adverse events noted in both groups and summarize of events showed only Clavien-Dindo grade 1 and 2 
adverse events with majority being hematuria (42%); and only 3 patients had clinically significant urinary tract 
infection requiring antibiotics of which 1 had urosepsis. (Fig. 2).

We then compared the different biopsy methods in each patient. All biopsies were divided into three groups: 
MRFB, MRCB, and paired SB. Patients in MRFB group had significant higher PSA and PSA density before 
biopsy comparing to patients in MRCB group. Patients in MRFB group also had higher PCa detection rate 
comparing to those in MRCB and SB group (56.1%, 30.3%, and 33.9% respectively, p value = 0.036). The csPCa 
detection rate was also significantly higher in MRFB group (43.9%, 24.2%, and 16.9% in each group respectively, 
p value = 0.011). In addition to significantly more total biopsy cores in SB group, patients in SB group had lowest 
PCa and csPCa positive biopsy core percentage. Detailed analysis result is listed in Table 2.

Figure 1.  Flowchart of patient enrollment.
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Per lesion analysis was further performed between targeted biopsies between MRFB and MRCB groups. 
In overall per lesion analysis, MRFB group still had significantly higher PSA and PSA density before biopsy. 
Patients in both groups had similar prostate volume, lesion size, and PIRADS score on MRI. As for PCa and 
csPCa detection rate, the two methods had no significant difference (41.0% vs. 26.2% and 29.5% vs. 16.7% 
respectively, p value = 0.090 and 0.103). Similar results were noted in the lesion > 1.3 cm group in the further 
subgroup analysis. However, in the lesion ≦ 1.3 cm group, MRFB could achieve higher PCa detection rate com-
paring to MRCB (36.4% vs. 14.3%, p value = 0.047). With MRFB, there were also higher positive rates for PCa 
and csPCa per biopsied cores (22.1% vs. 6.8% and 15.6% vs. 2.7%, p value = 0.029 and 0.028, respectively). The 
results were listed in Table 3.

Logistic regression of multi-variate analysis for positive biopsy result revealed that PIRADS score (p = 0.010), 
PSA (p = 0.022), PSA volume (p = 0.005) and PSA density (p = 0.012) were significant predictors for overall lesions 
biopsy result. The subgroup multi-variate analysis revealed that in lesions ≦ 1.3 cm, PIRADS and biopsy method 
were both significant predictors of positive biopsy result for PCa (p value = 0.045 and 0.026, respectively) and for 
csPCa (p value = 0.043 and 0.025, respectively). Detailed results were listed in Table 4.

Discussion
Conventional random biopsy had been the standard procedure for diagnosis of prostate cancer for decades, and it 
was not until recent years that MRGB was introduced into the paradigm of prostate biopsy with the advancement 
of mpMRI and fusion technique. Aside from the in-bore MRI targeted biopsy, which was less performed due 
to inconvenience, MRCB and MRFB are currently the two most performed methods for MRI-guided biopsies.

Table 1.  Clinicopathological patient characteristics. BMI body mass index, PSA prostate specific antigen, 
MRFB MRI fusion biopsy, MRCB MRI cognitive biopsy, SB systemic biopsy, HGPIN high grade prostatic 
intraepithelial neoplasia, ISUP International Society of Urological Pathology.

Age, years (SD, range) 68.5 (9.0, 45–90)

BMI, kg/m2 (SD, range) 25.2 (3.2, 15.9–36.0)

Initial PSA, ng/ml (SD, range) 15.7 (11.2, 1.1–57.7)

PSA density, ng/ml/cm3 0.51 (0.32, 0.05–1.82)

Prostate volume, gm (SD, range) 40.4 (18.3, 11.7–84.4)

Biopsy method (per patient)

 MRFB + SB 28 37.80%

 MRFB only 13 17.60%

 MRCB + SB 31 41.90%

 MRCB only 2 2.70%

Pathology (%)

 Adenocarcinoma 33 44.60%

 Atipcal gland 1 1.40%

 HGPIN 1 1.40%

 Benign 39 52.70%

ISUP group (%)

 Group 1 7 9.50%

 Group 2 9 12.20%

 Group 3 6 8.10%

 Group 4 9 12.20%

 Group 5 2 2.70%

Figure 2.  Complication distribution.
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Table 2.  Difference analysis in different biopsy methods (per method). MRFB MRI fusion biopsy, MRCB 
MRI cognitive biopsy, SB systemic biopsy, PSA prostate specific antigen, PCa prostate cancer, csPCa clinically 
significant prostate cancer. *p value < 0.05; **p value < 0.01.

MRFB Group MRCB Group Paired SB Univariate analysis

(N = 41) (N = 33) (N = 59) p value

Age 69.1 ± 10.0 65.7 ± 8.0 67.4 ± 8.6 0.222

PSA before biopsy 18.5 ± 12.4 10.2 ± 4.9 14.5 ± 10.2 0.001**

PSA density 0.51 ± 0.40 0.26 ± 0.15 0.37 ± 0.29 0.003**

Positive PCa 0.036*

 PCa 23 10 20

 non-PCa 18 23 39

Positive csPCa 0.011*

 csPCa 18 8 10

 non-csPCa 23 25 49

Total biopsy cores 6.7 ± 2.6 5.9 ± 2.5 9.6 ± 3.0  < 0.001**

Positive biopsy cores 2.0 ± 2.2 0.9 ± 1.7 0.97 ± 1.7 0.059

Positive PCa percentage (%) 31.0. ± 34.6 19.2 ± 34.2 12.0 ± 23.0 0.010*

Positive csPCa percentage (%) 26.6 ± 35.1 16.1 ± 32.5 7.1 ± 20.5 0.016*

Table 3.  Per lesion analysis in targeted biopsy with MRFB and MRCB. MRFB MRI fusion biopsy, MRCB MRI 
cognitive biopsy, PSA prostate specific antigen, MRI magnetic resonance imaging, PIRADS prostate imaging 
reporting and data system, HGPIN high grade prostatic intraepithelial neoplasia, PCa prostate cancer, csPCa 
clinically significant prostate cancer. *p value < 0.05; **p value < 0.01.

Overall lesions Target lesion≦1.3 cm Target lesion > 1.3 cm

MRFB Group MRCB Group

p value

MRFB Group MRCB Group MRFB Group MRCB Group

p value(N = 61) (N = 42) (N = 33) (N = 28) p value (N = 28) (N = 14)

PSA before biopsy 17.7 ± 12.5 11.3 ± 6.9 0.001* 14.9 ± 9.8 11.1 ± 6.0 0.070 21.1 ± 14.6 11.7 ± 8.6 0.012*

Prostate volume 
(MRI) 52.4 ± 16.3 56.4 ± 25.4 0.372 51.3 ± 13.4 57.7 ± 23.5 0.213 53.6 ± 19.3 53.7 ± 30.0 0.995

PSA density 0.41 ± 0.43 0.23 ± 0.15 0.003** 0.35 ± 0.38 0.21 ± 0.12 0.051 0.50 ± 0.48 0.29 ± 0.19 0.055

Lesion size (MRI) 1.29 ± 0.74 1.12 ± 0.40 0.138 0.76 ± 0.37 0.89 ± 0.023 0.036* 1.91 ± 0.61 1.57 ± 0.25 0.014*

PIRADS

 ≦3 27 18 0.364 20 12 0.273 7 6 0.498

 4 21 19 12 11 8 3

 5 13 5 0 0 13 5

Biopsy related parameters

 Pathology

  Adenocarci-
noma 25 11 0.300 12 4 0.047* 13 7 0.829

  HGPIN 1 1 0 0 1 1

  Negative 35 30 21 24 14 6

 Total biopsy cores 4.5 ± 1.6 5.1 ± 1.9 0.107 4.5 ± 1.8 4.5 ± 1.6 0.982 4.5 ± 1.5 6.1 ± 2.0 0.012*

 Positive PCa

  Yes 25 11 0.090 12 4 0.047* 13 7 0.543

  No 36 31 21 24 15 7

 Positive csPCa

  csPCa 18 7 0.103 8 2 0.071 10 5 0.637

  Non-csPCa 43 35 25 26 18 9

 Positive biopsy 
cores 1.3 ± 1.9 0.8 ± 1.6 0.146 1.1 ± 1.8 0.3 ± 0.9 0.028* 1.5 ± 1.9 1.8 ± 2.2 0.723

 Gleason Score 7.1 ± 0.9 6.9 ± 0.7 0.409 7.2 ± 1.1 6.5 ± 0.6 0.152 7.0 ± 0.7 7.0 ± 0.8 1.000

 Positive PCa 
percentage (%) 25.8 ± 34.9 16.3 ± 31.6 0.160 22.1 ± 33.2 6.8 ± 18.7 0.029* 30.2 ± 36.8 35.2 ± 43.0 0.713

 Positive csPCa 
percentage (%) 20.6 ± 34.1 11.1 ± 28.3 0.127 15.6 ± 30.3 2.7 ± 0.1 0.028* 26.4 ± 37.8 27.9 ± 42.3 0.912
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Reviewing previous literatures, few studies had performed comparison between the different methods of 
MRGB. The FUTURE trial had compared the 3 methods by multi-center randomized controlled  trial7 and 
revealed that in-bore MRI biopsy had slightly higher PCa overall detection rate, while MRFB had higher csPCa 
detection rate. However, all the three biopsy methods showed no significantly difference among both PCa and 
csPCa detection rate. Another trial, the SmartTarget biopsy trial, which was a blinded, within-person randomized 
paired trial that compared the biopsy efficacy of MRCB and MRFB. The results from SmartTarget showed no dif-
ference between the two biopsy strategies and each of the biopsy method would miss 14% of total detected clini-
cally significant cancers. Combining of the two biopsy methods could provide the highest diagnostic  efficacy8. The 
PICTURE trial also compared the MRGB with transperineal template prostate mapping biopsies. The PICTURE 
trial concluded that MRGB can detect more csPCa with nearly tenfold less biopsy cores. Simmons et al. also 
compared the MRCB and MRFB methods and found that although MRFB diagnosed slightly more csPCa than 
MRCB, there was no statistically  difference9. Although similar diagnostic accuracy of MRCB and MRFB were 
reported in among the three trials, there were absence of any subgroup analysis investigating further possibilities.

In our study, we performed per-lesion analysis of MRCB and MRFB instead of within person comparison 
due to study design. In resemblance with the previous studies comparing the two methods, we also found no 
significant difference between MRCB and MRFB in PCa and csPCa diagnostic rate, biopsy Gleason score, and 
positive cores percentage in overall study population. Furthermore, in the subgroup analysis allocated by lesion 
size, we discovered that in the subgroup with lesion size less than 1.3 cm, MRFB diagnosed significantly more 
PCa than MRCB with significant higher positive biopsy rates for PCa and csPCa. The same difference was not 
observed in subgroup with larger lesion size and in overall population.

After searching through previous publications, we found no study discussing the impact of lesion size on 
the diagnostic accuracy of MRGB. Barrett et al. had compared the histological outcomes in patients undergoing 
MRFB and background systemic  biopsy10 and found that the incremental benefit of MRFB was limited in patients 
with larger lesion size (short axis diameter > 1.0 cm). Although this study only examined the diagnostic value 
of MRGB in contrast with background SB and concluded that in larger sized lesions the efficacy of additional 
MRGB was limited, and implied that lesion size may also impact the diagnostic accuracy of MRGB, including 
MRCB and MRFB. The theorem was to some extent endorsed by our study which demonstrated MRCB would 
diagnose less lesions comparing to MRFB when target lesion size was less than 1.3 cm and had lesser biopsy 
positive rates. Since MRCB is relied on both the visual cognition and mental correlation of the location, it is 
considered to be more operator dependent and would task individual surgeon’s experience. On the other hand, 
MRFB is a software-based fusion approach which, according to studies, may improve cancer detection and 

Table 4.  Logistic regression analysis for positive biopsy result. MRFB MRI fusion biopsy, MRCB MRI 
cognitive biopsy, PSA prostate specific antigen, MRI magnetic resonance imaging, PIRADS prostate imaging 
reporting and data system, PCa prostate cancer, csPCa clinically significant prostate cancer. *p value < 0.05; **p 
value < 0.01.

Overall Lesions (N = 103) Target Lesion≦1.3 cm (N = 61) Target Lesion > 1.3 cm (N = 42)

Odds Ratio
95% C.I. for 
Exp(B) p value Odds Ratio

95% C.I. for 
Exp(B) p value Odds Ratio

95% C.I. for 
Exp(B) p value

Positive PCa

 Age 0.990 0.941–1.043 0.715 1.013 0.942–1.090 0.732 0.901 0.789–1.029 0.123

 PSA before 
biopsy 1.119 1.017–1.233 0.022* 1.094 0.899–1.332 0.371 1.192 1.010–1.406 0.037*

 Prostate vol-
ume (MRI) 0.940 0.901–0.982 0.005** 0.972 0.915–1.033 0.362 0.893 0.810–0.984 0.023*

 PSA density 0.014 0.000–0.395 0.012* 0.076 0.000–76.579 0.465 0.001 0.000–0.435 0.026*

 Lesion size 
(MRI) 2.014 0.756–5.364 0.161 4.840 0.315–74.358 0.258 5.159 0.609–43.694 0.132

 PIRADS 2.745 1.274–5.915 0.010* 4.662 1.038–20.937 0.045* 3.009 0.911–9.934 0.071

 Biopsy 
method 0.492 0.168–1.441 0.196 0.161 0.032–0.803 0.026* 1.924 0.211–17.508 0.561

Positive csPCa

 Age 0.976 0.922–1.033 0.399 0.958 0.883–1.040 0.305 0.962 0.856–1.081 0.515

 PSA before 
biopsy 1.041 0.947–1.144 0.403 1.099 0.885–1.364 0.393 1.011 0.870–1.175 0.885

 Prostate vol-
ume (MRI) 0.960 0.918–1.004 0.075 0.991 0.921–1.066 0.799 0.954 0.880–1.033 0.247

 PSA density 0.136 0.005–3.553 0.231 0.214 0.000–
248.831 0.669 0.130 0.000–36.743 0.478

 Lesion size 
(MRI) 3.493 1.291–9.451 0.014* 11.456 0.382–

343.423 0.160 17.437 2.046–
148.646 0.009**

 PIRADS 1.653 0.766–3.567 0.200 7.806 1.070–56.930 0.043* 1.611 0.545–4.757 0.388

 Biopsy 
method 0.493 0.148–1.645 0.250 0.105 0.014–0.758 0.025* 1.978 0.227–17.196 0.537
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reduce the learning curve necessary for visual cognition. In sum, the benefit of MRFB is more prominent when 
targeting small lesions and/or conducting biopsy of a larger prostate, while MRCB can be adopted for those 
larger lesions as a comparable  alternative11.

Although the correlation of lesion size and diagnostic capabilities of MRGB had not been clearly established, 
the relationship of csPCa and lesion volume has been described. Suspicious PIRADS 3 lesions are subclassified 
according to volume threshold of 0.5 ml; lesions < 0.5 ml are classified as PIRADS 3a (indolent or low-risk) and 
those ≥ 0.5 ml as PIRADS 3b (significant or high-risk)12. Rico et al. revealed in a retrospective study encompassing 
99 patients that no csPCa cases were observed in the 3a group, while 17.8% of the 3b group presented  csPCa13. 
When incorporating volume size for detecting csPCa, 3b lesions demonstrated sensitivity and specificity of 
100% and 48.3%, respectively, with negative predicting value (NPV) of 17.8% andmpositive predicting value 
(PPV) of 100%13. The effect of volume on diagnosing csPCa aligns with our study, as the effect size of volume 
would theoretically proportionally magnify the effect of lesion diameter on diagnosing csPCa. Another param-
eter associating with lesion volume is PSA density (PSAd). Rico et al. also disclosed 62.5% of 3b lesions with 
PSAd > 0.15 showed csPCa, whereas those with PSAd ≤ 0.15 did not. Integrating PSAd with 3b lesions would 
increase specificity and NPV to 86.9% and 62.5%,  respectively13. However, we did not investigate the effect of 
PSAd and further investigations may be warranted.

Another issue for prostate biopsy is the route for biopsy, including the trans-rectal approach (TR) and the 
trans-perineal approach (TP). Generally, TP approach is correlated with less complications, especially infectious 
events and are recommended by many clinical guidelines over TR approach recently. However, it is still debatable 
to date whether one approach is superior to the other with various clinical factors including: diagnostic accuracy 
in certain tumor location, deliverability in the outpatient clinic setting, and steepness of learning curve to be 
taken into  consideration6. In a recent multicenter retrospective cohort study, Zattoni et, al suggested that TP 
approach could improve csPCa detection comparing to TR approach, especially in the transition zone, anterior 
zone, central zone, and  apex6. In our study, we selected only patients with TP approach for analysis, thus we 
could exclude the potential bias from different biopsy routes.

Retrospective study design is the main limitation of this study, and this caused the selection bias of patients 
who received MRCB and MRFB with heterogenous baseline characteristics. Per lesion analysis for overall lesions 
disclosed significant difference of PSA prior to biopsy and subsequently significant difference in PSA density 
between Fusion biopsy (MRFB) and cognitive biopsy (MRCB) groups. Potential selection bias may be accounted 
for this phenomenon as MRFB may be offered specifically for patients who had persistent abnormal high PSA 
despite previously negative systemic biopsy or even multiple negative biopsies in real world setting. This group 
may encompass prostate cancer patients with failed systemic biopsies who would benefit from utilization of 
MRFB or other MRGB. In real world setting, economical barrier of MRFB may also contribute to potential 
selection bias which was not analyzed in our study. The small sample size is also an important limitation due 
to relative late introduction of MRI Fusion biopsy into our institution and preliminary results would serve as 
steppingstone and guidance for designing future studies to validate and investigate the effect of lesion size on 
MRI-pathway diagnosis of clinically significant prostate cancer. Furthermore, another limitation was from the 
paired study method, by which a portion of the patients would receive both MRGB and SB at the same time. 
Paired biopsies would be prone to bias as the surgeon had already identified the location of suspicion on MRI 
image and the selection of SB location may no longer be systemically randomized.

To date, current guideline from European Association of Urology (EAU) stated no obvious superiority of 
one MRI-pathway biopsy from another, including MRFB, MRCB and direct in-bore guidance (Strength of Rec-
ommendation: Weak), from current literature review of systemic reviews and meta-analysis14. However, recent 
guideline statement (July 2023) from American Urology Association (AUA) suggested otherwise that clinicians 
may use software registration of MRI and ultrasound images during fusion biopsy, when available (Expert 
Opinion), especially for small MRI  lesions15. Results from our study would agree with the latter, and with further 
recommendation of lesion size at cut-off of 1.3 cm with utilization of MRFB for smaller lesions. However, further 
investigations are warranted for confirmation of our study findings of superiority of MRFB over MRCB in lesions 
with diameter less than 1.3 cm. Multiple factors may contribute to variability and difficult reproductivity of our 
study; including higher requirement of clinical experience for optimal MRCB performance, cost barrier of MRFB 
and patient’s preference. In our daily practices, only systemic biopsy is reimbursed by national health insurance; 
however, patients would likely choose MRFB over MRCB when personal insurances provide coverage. The size 
effect of economical barrier may vary across different healthcare systems. We aim to verify and also investigate 
how lesion size affects the diagnostic capabilities of MRI-pathway prostate biopsy.

Conclusion
MRGB with TP approach is becoming the standard diagnostic procedure for prostate cancer. Comparing to 
MRFB, MRCB can be performed without specific software and device but may require longer learning curve and 
experienced hands. MRCB and MRFB had similar diagnostic accuracy in overall patients and were superior to 
SB only. However, in patients with lesion diameter less than 1.3 cm, MRFB can provided better cancer detection 
rate for PCa and superior positive biopsy rates for PCa and csPCa than MRCB. MRCB could be an alternative 
in those with larger lesions (greater than 1.3 cm) and when MRFB was not available. Large prospective trial is 
required to validate this finding.

Data availability
All research data are derived from the Chang Gung Hospital medical record system. Due to the inclusion of 
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