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Abstract 
 
 

Purpose: to evaluate whether transperineal MRI-targeted prostate biopsy (TP-TBx) may 

improve the detection of clinically significant prostate cancer (csPCa) defined as ISUP≥2, in 

comparison to transrectal MRI-targeted prostate biopsy (TR-TBx). 

Materials & methods: A multicenter retrospective cohort study comprising patients who 

underwent MRI guided prostate biopsy was conducted. To address possible benefits of TP 

in the detection of prostate cancer (PCa) and csPCa, a cohort of patients undergoing TP-

TBx were compared to patients undergoing TR-TBx. Multivariable logistic regression 

analysis were performed to assess predictors of PCa and csPCa detection. 

Results: Overall, 1,936 and 3,305 patients who underwent TR vs.TP MRI-targeted biopsies 

at 10 referral centers were enrolled. The rate of PCa and csPCa diagnosed was higher for 

TP-TBx vs. TR-TBx (64.0% vs. 50%,p<0.01 and 49% vs. 35%,p<0.01). At multivariable 

analysis adjusted for age, biopsy naïve/repeated biopsy, cT stage, PI-RADS, prostate 

volume, PSA and number of biopsy cores targeted, TP-TBx was an independent predictor 

of PCa (odds ratio (OR) 1.37,95% CI 1.08-1.72) and csPCa (1.19,95% CI 1.12-1.50). When 

considering the approach according to the site of the index lesion, TP-TBx had a significantly 

higher likelihood than TR-TBx to detect csPCa in the apex (OR 4.81, 95% CI 1.03-6.27), 

transition/central zone (OR 2.67,95% CI 1.42-5.00) and anterior zone (OR 5.62,95% CI 

1.74-8.13).  

Conclusions: The use of TP-TBx allows a better cancer grade definition and Pca risk 

assessment. This has important implication in the decision-making process and in patients 

counseling for further therapies.  
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Introduction 

Over the last few years, the introduction of multiparametric MRI (mpMRI) altered the 

diagnostic pathway of prostate cancer (PCa), where the use of MRI-targeted biopsies (TBx) 

is now recommended by several guidelines including those of the European Association of 

Urology (EAU). Prostate biopsies can be performed by different approaches such as 

transrectal targeted biopsy (TR-TBx) or transperineal targeted biopsy (TP-TBx). In addition, 

MRI-targeted biopsies (either via TR or TP) can be performed by means of cognitive-

targeted biopsy (cognitive-TBx) or mpMRI-TRUS fusion biopsy (fusion-TBx) with an overall 

improvement in the detection rates of clinically significant prostate cancer (PCa) compared 

to conventional TRUS systematic biopsies [1]. Interestingly, there is no clear superiority of 

one approach over the other [2] and no robust randomized control trials has been completed 

to address this issue. Although clinical guidelines recently changed and currently 

recommend the use of TP-Bx over TR-Bx due to the reduced risk of side effects and 

infectious events, the debate on the superiority of one approach over the other in terms of 

deliverability in the outpatient setting, accessibility in the prostate gland and location of the 

tumor and the reproducibility of the technique is still open [3,4]. Indeed, one of the potential 

advantages of the TP approach is to allow an easier access to certain prostate zones 

including the anterior zone and the apical and dorsolateral horns, which may be under-

sampled using the TR route [5,6]. Interestingly, although there is robust evidence that 

biopsies performed with TR-TBx may reduce the risk of misclassification of PCa in men with 

MRI-visible lesions [7], the comparison of detection rates of significant cancer between TP-

TBx and TR-TBx has been poorly reported so far [8]. Only limited data available suggest 

that TP-TBx is as good as systematic template TP biopsy [9,10] and that the TP approach 

may confer an advantage for detecting anterior tumors [11], even in the MRI- targeted era. 

Furthermore discordant data have been reported regarding the optimal technique, namely 
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cognitive-TBx vs fusion-TBx [12,13]. Moreover, there are no head-to-head studies 

comparing the different MRI-targeted methods (cognitive-TBx vs fusion-TBx) within TP 

biopsies (brachytherapy grid VS freehand technique). 

In the face of such a paucity of data, our aim was to evaluate whether TP-TBx may improve 

the detection of csPCa in comparison to TR-TBx, to assess whether the detection rates of 

the two approaches vary according to the index lesion and to evaluate which is the best 

target approach (fusion vs. cognitive). 

 

Materials & methods:  

A total of 5241 patients from 10 tertiary referral centers were included. Internal Review Board 

approval for the present study and for retrospective data collection was obtained according 

to each institution’s policy. Written informed consent from the study participants was 

obtained in each centers. A multiparametric MRI was performed according to each institution 

protocol. MRI were scored in most centers by the PIRADSv2 scoring 

system[NO_PRINTED_FORM]All MRIs were reviewed in each center by expert 

genitourinary radiologists according to ESUR/ESUI consensus for the quality requirements 

for image acquisition, interpretation and radiologists' training. All consecutive positive and 

negative TBx performed by experienced urologists with more than 100 cases [14] with their 

preferred biopsy approach (TR or TP) were retrospectively collected. TP-TBx was performed 

with brachytherapy grid or freehand technique, including a fusion (TP-fusion-TBx) or 

cognitive technique (TP-cognitive-TBx) under general or local anesthesia. A median number 

of 3 (Q1-Q3: 2-4, IQR:2) target biopsy samples were taken from each suspicious lesion. 

Patients with previous treatment for PCa were excluded. If patients had undergone previous 

prostate biopsies or in active surveillance, only the last biopsy was considered in this study. 
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A computerized databank was gathered for data transfer of anonymized patients. After 

combining the data sets, reports were generated for each variable to identify data 

inconsistencies and other data integrity problems.  

 

 

Covariates and outcomes 

Clinically significant PCa (csPCa) was defined as ISUP ≥2 group. The detection of PCa and 

of csPCa were evaluated considering exclusively the results of MRI-targeted biopsy and 

concomitant systematic cores were not evaluated. 

 

Statistical analysis 

Categorical variables were reported as frequencies, while continuous variables were 

reported as median, quartiles and interquartile range (IQR). Differences between categorical 

variables were assessed by using chi-square test. Differences between continuous 

variables were assessed by T-test or Mann-Whitney test, as appropriate. Multivariable 

logistic regression analysis for predictors of PCa and csPCa were performed to evaluate the 

odds ratio (OR) for TP-TBx and TR-TBx. The model was adjusted for pre-selected variables 

as: age, biopsy set (biopsy naïve/repeated biopsy), cT stage (cT2 vs cT<2), PI-RADS, 

prostate volume, PSA and number of biopsy cores targeted. Sensitivity analyses were 

performed after stratifying patients according to the index lesion tumor location (mid/base, 

apex, peripheral zone, transition/central zone) and different TP biopsy approach 

(brachytherapy grid vs. freehand technique) and MRI-targeted methods (cognitive-TBx vs. 

fusion-TBx). Significance for all tests was set at p< 0.05. Analyses were performed using 

SPSS version 23 (IBM, Armonk, NY, USA). 

 

Results: 
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From December 2014 to November 2020, 10 centers (7 from Europe, 2 from China and 1 

from Australia) participated to the study. A total of 1,936 TR-TBx and 3,307 TP-TBx were 

included. Table 1 lists the general demographics and patients’ characteristics of the two 

prostate biopsies groups. All TR-TBx biopsies used a dedicated biopsy fusion software while 

TP-TBx were performed with a fusion software or with a cognitive technique respectively in 

69.2% and 30.8%. TP biopsies with a brachytherapy grid and with a freehand technique 

were performed respectively in 42% and 58%. Baseline characteristics differ between 

groups for PI-RADS distribution, prostate volume and tumor location. 

Overall, PCa and csPCa were more frequent in the TP-TBx in comparison to TR-TBx 

(respectively 64% vs 50% for PCa and 49% vs 35% for csPCa; p<0.01). At multivariable 

analysis, TP-TBx was associated with higher risk of PCa compared to TR-TBx (OR 1.37, 

95% CI 1.1-1.7, p<0.01) and csPCa (1.2, 95% CI 1.1-1.5, p=0.04), once adjusted for 

covariates (table 2). Similar results were obtained in a sub-analysis including only fusion 

software TP-TBx and TR-TBx (supp table 1). 

 When stratifying patients according to the index lesion location, TP-TBx was associated 

with higher risk of PCa compared to TR-TBx to detect PCa at the peripheral zone (OR: 1.4, 

95% CI: 1.1-1.9, p=0.02), transition/central zone (OR 2.1, 95% CI 1.3-3.3; p<0.01), and 

anterior zone (OR 2.4, 95% CI 1.0-6.5, p=0.045). Of note, TP-TBx was associated with 

higher risk of PCa compared to TR-TBx of csPCa at the apex (OR 4.8, 95% CI 1.0-6.3, 

p=0.04), transition/central zone (OR 2.7, 95% CI 1.4-5.0, p<0.01) and anterior zone (OR 

5.6, 95% CI 1.7-8.1, p=0.04) (supp. table 2-6). 

In a sub-analysis of only TP biopsies (table 3), fusion-TBx compared to cognitive TBx was 

not found to be an independent predictor of PCa (OR 0.9, 95%CI: 0.8-1.0; p=0.1) and csPCa 

(OR 0.9, 95%CI: 0.8-1.0; p=0.1). Finally, TP-TBx with brachytherapy grid vs freehand TP-

TBx technique were found to be independent predictors of PCa (OR 1.5, 95%CI: 1.2-2.0, 

p<0.01 but not of csPCa(OR 1.2, 95%CI: 0.9-1.5; p=0.1) when adjusted for covariates .
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Discussion 

The interest towards the TP approach remains high not only in terms of complications but 

also in terms of ability to define the exact cancer localization especially those who are 

clinically significant. No differences between TP and TR routes for PCa detection were 

shown on random biopsies [15]; however, these findings may not be transferable to a TBx 

context. In the present paper we report a multi-institutional experience in the detection of 

PCa and csPCa with TR or TP TBx.  

Our results are several-fold. First, our analyses in a large cohort from referral centers 

demonstrated that TP-TBx might be characterized by a higher detection of PCa and, more 

importantly, of csPCa than fusion TR-TBx. This is in line with small retrospective single 

institutional experiences. For example, in a non-inferiority study by Ber et al. the accuracy 

of TP-fusion-TBx was compared to TR-fusion-TBx in 77 patients [16]. Participants were 

randomized to TP-fusion followed by a TR-fusion, or vice-versa. TP-fusion biopsies were 

not inferior and superior in detecting csPCa within MRI-visible index lesion. Absolute 

difference for csPCa diagnosis was 15.6 (CI 95% 3.2-27.9%) in favor of TP-fusion (p=0.029). 

Pepe et al. compared TR-TBx to TP-TBx in the re-biopsy setting [17]. Men who had a 

suspicious lesion on mpMRI (PI-RADS 4 or 5) underwent both TR-TBx using fusion software 

and TP-TBx using cognitive fusion followed by saturation TP biopsy during the same 

procedure. Using saturation biopsy as the reference standard, csPCa was found in 60 cases 

(30%) among all of them were detected on mpMRI. In particular, PCa detection rates within 

all the prostate gland and disease located in the anterior zone was higher for the TP-TBx in 

comparison to the TR-TBx. A higher cancer detection of TP-TBx than TR-TBx has been 

suggested, especially for cancers involving the anterior zone of the gland [17-20]. The added 

value of the TP-TBx in comparison to the TR-TBx has also been reported by a recent 

systematic review. This study showed that the detection rates of csPCa with TP-TBx for 

anterior tumors were statistically significantly higher (relative risk 2.46 95% CI 1.22–4.98], 
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p=0.01) on a per-lesion analysis (defined as the proportion of MRI significant lesions that 

are also biopsy-positive clinically significant lesions). However, as a major limitation of the 

review, all outcomes measured in each included study has a "very low" certainty of evidence 

according to the GRADE evaluation [18].  

Second, no large multicenter series assessed whether the TP route may improve csPCa 

detection in the MRI era with special attention to the location of the tumor. In particular, TP-

TBx showed some advantages in certain aspects of the gland, namely the apex, the 

transition/central zone and the anterior zone. These results significantly add some points in 

favor to MRI diagnostic pathway which has been critically analyzed by some authors [19,20]. 

Indeed, several significant cancers mostly located in the anterior portion of the gland were 

missed by TR-TBx. In a study by Schouten et al., TR-TBx did miss a non-negligible number 

of significant cancers (approx. 7% at patient-level and 35% at segment-level analysis) that 

were mainly located at the apex and in dorsolateral regions [6]. The diagnostic advantages 

of TP biopsies compared to TR can be explained by the largest diameter of most prostate 

tumors along the longitudinal axis (apex to base) [21]. The TP needle is inserted along the 

same axis. Contrarily, in TR biopsies the needle penetrates through anterior–posterior axis 

and thus even targeted biopsies are centered on a narrower axis. Sampling larger tumor 

volume may also improve detection of higher grade tumors, reducing sampling errors 

associated with tumor heterogeneity [22]. As a consequence, a higher detection of tumors 

in the apex results in a better surgical and radiotherapy pretreatment assessment with 

possible implications in the functional and oncological outcomes. 

Third, multiple studies report no clear differences in cancer detection rates between visual 

estimation and image-fusion, despite differences in biopsy protocol and image fusion 

platform between studies [2,23]. The diagnostic ability of fusion biopsy and visually directed 

targeted biopsy seem almost comparable in the literature [13,24]. A major limitation of these 

studies was the need to perform first the fusion-TBx to achieve acceptable matching 
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between MRI and ultrasound in the same patient [24]. Furthermore, if only larger lesions 

were biopsied, this may have negatively affected the potential of MRI-TBx. Thus, a possible 

bias in favor of cognitive-TBx cannot be excluded. However, also in our study the diagnostic 

ability of TP-fusion-TBx and TP-cognitive TBx seems to be equivalent of the software-based 

strategy. 

Finally, when different targeted biopsy techniques were compared within TP biopsies, the 

use of a brachytherapy grid is not a predictor of the detection of csPCa. These results could 

have important implications in further diffusion of TP biopsies as a procedure easily 

performed with reduced anesthesia needs, minimal risk of sepsis, reduced risk of urinary 

retention [25] and more freedom of movements [26].  

We recognize the limitations to make meaningful comparisons of diagnostic accuracy 

between biopsy techniques in a study of this size that is conducted retrospectively. Indeed, 

there is a wide array of biopsy options available to compare (different biopsy techniques, 

software used for the fusion biopsies, number of targeted biopsies) as well as the different 

clinical settings in which they were used. Specifically, it comprised both biopsy-naïve and 

prior negative-biopsy patients submitted to different techniques without any randomization, 

and thus there is a risk of selection bias.  

Different baseline characteristics between groups may have irrelevant clinical impact 

however a selection bias could not be excluded. For instance, the significantly small size of 

prostates in TP Vs TR biopsies could have contributed to the higher PCa detection rate in 

the TP approach, although the PSA density is comparable between the two groups. More 

needle deployments are invoked in the TP approach, resulting in a possible lower sampling 

efficiency and higher detection rates, although analyses were adjusted for the n. of cores 

taken. Number of targeted cores has slight variation between the two groups. As also 

showed by other authors [27] an increasing number of targeted cores increases detection 

of cancers, however the addition of only one core in a multiple set of fusion biopsies have 
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limited impact. We recognize that ideally targeted cores should have been constant 

however, there is a linear correlation between the number of cores and the prostate volume 

for the two groups. This can be the expression of common clinical practice between centers 

and similar internal protocols since the optimal number of prostate biopsy cores for each 

MRI index lesion remains controversial. This may be partly a result of various MRI targeted 

biopsy techniques (MRI US software fusion, cognitive fusion), the indication for the biopsy 

(biopsy-naïve, prior negative biopsy, prior cancer diagnosis), and the tumor characteristics 

(homogeneity and heterogeneity) [27,28]. It would seem that transperineal approach might 

be associated with more mature use of MRI due to its increasing use. However, in the 

present series the majority of data are from biopsies performed in the last 2 years for both 

groups. 

The advent of targeted prostate biopsies to suspicious lesions based on imaging confers to 

an improved detection of clinically significant prostate cancer with a possible inflation of the 

ISUP grade. In the present series, patients may be upgraded by focusing the sampling at 

areas of high-grade cancer found at mpMRI in particular, for those regions better biopsied 

with TP approach [29]. The oversampling of these lesions is likely to better represent the 

cancer grade. However, such grade increase might lead to the Will Rogers phenomenon. 

For this reason, this higher rate should be interpreted with care. Some detected cancers 

may correspond to small cancers as a result of stage/grade migration, while others may be 

aggressive tumors that would otherwise have been missed. In addition, targeted biopsy 

cores through the MRI-visible parts of lesions may lead to more over- grading when 

compared to standard biopsy approaches [30]. 

With all these limitations, the results from this study still represent real clinical practice and 

therefore must be considered generalizable. 

Although images and the final pathologies were not centrally reviewed, our results apply to 

experienced centers where both TP-TBx and TR-TBx are performed routinely. 
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Conclusion 

In the current standard practice of MRI-targeted biopsies, TP-TBx improve csPCa detection 

compared to TR-TBx, especially in the apex, transition/central zone and anterior zones. This 

has potential implications in the Pca risk assessment, patients counseling and planning for 

further therapies. The outpatient setting for TP-TBx is an excellent option since: 1) software 

based TP-TBx does not offer a clear advantages compared to cognitive fusion biopsies; 2) 

freehand TP-TBx allows similar results for csPCa compared to grid-guided TP-TBx. 

 

 
Bibliography: 

[1] Drost F-JH, Osses DF, Nieboer D, Steyerberg EW, Bangma CH, Roobol MJ, et al. Prostate 

MRI, with or without MRI-targeted biopsy, and systematic biopsy for detecting prostate 

cancer. Cochrane Database of Systematic Reviews 2019. 

https://doi.org/10.1002/14651858.cd012663.pub2. 

[2] Hamid S, Donaldson IA, Hu Y, Rodell R, Villarini B, Bonmati E, et al. The SmartTarget 

Biopsy Trial: A Prospective, Within-person Randomised, Blinded Trial Comparing the 

Accuracy of Visual-registration and Magnetic Resonance Imaging/Ultrasound Image-fusion 

Targeted Biopsies for Prostate Cancer Risk Stratification. European Urology 2019. 

https://doi.org/10.1016/j.eururo.2018.08.007. 

[3] Marra G, Zhuang J, Beltrami M, Calleris G, Zhao X, Marquis A, et al. Transperineal 

freehand multiparametric MRI fusion targeted biopsies under local anaesthesia for prostate 

cancer diagnosis: a multicentre prospective study of 1014 cases. BJU International 

2021;127:122–30. https://doi.org/10.1111/BJU.15121. 

[4] Marra G, Zhuang J, Marquis A, Zhao X, Calleris G, Kan Y, et al. Pain in Men Undergoing 

Transperineal Free-Hand Multiparametric Magnetic Resonance Imaging Fusion Targeted 

Biopsies under Local Anesthesia: Outcomes and Predictors from a Multicenter Study of 

1,008 Patients. J Urol 2020;204:1209–15. https://doi.org/10.1097/JU.0000000000001234. 

[5] Giannarini G, Crestani A, Rossanese M, Ficarra V. Multiparametric Magnetic Resonance 

Imaging Targeted Biopsy for Early Detection of Prostate Cancer: All That Glitters Is Not 

Gold! European Urology 2017;71:904–6. https://doi.org/10.1016/J.EURURO.2017.01.010. 

[6] Schouten MG, van der Leest M, Pokorny M, Hoogenboom M, Barentsz JO, Thompson LC, 

et al. Why and Where do We Miss Significant Prostate Cancer with Multi-parametric 

Magnetic Resonance Imaging followed by Magnetic Resonance-guided and Transrectal 

Ultrasound-guided Biopsy in Biopsy-naïve Men? European Urology 2017;71:896–903. 

https://doi.org/10.1016/j.eururo.2016.12.006. 



 13 

[7] Kasivisvanathan V, Rannikko AS, Borghi M, Panebianco V, Mynderse LA, Vaarala MH, et 

al. MRI-Targeted or Standard Biopsy for Prostate-Cancer Diagnosis. New England Journal 

of Medicine 2018. https://doi.org/10.1056/nejmoa1801993. 

[8] Tu X, Liu Z, Chang T, Qiu S, Xu H, Bao Y, et al. Transperineal Magnetic Resonance 

Imaging–Targeted Biopsy May Perform Better Than Transrectal Route in the Detection of 

Clinically Significant Prostate Cancer: Systematic Review and Meta-analysis. Clinical 

Genitourinary Cancer 2019;17:e860–70. https://doi.org/10.1016/j.clgc.2019.05.006. 

[9] Kasivisvanathan V, Dufour R, Moore CM, Ahmed HU, Abd-Alazeez M, Charman SC, et al. 

Transperineal magnetic resonance image targeted prostate biopsy versus transperineal 

template prostate biopsy in the detection of clinically significant prostate cancer. Journal of 

Urology 2013;189:860–6. https://doi.org/10.1016/j.juro.2012.10.009. 

[10] Loy LM, Lim GH, Leow JJ, Lee CH, Tan TW, Tan CH. A systematic review and meta-

analysis of magnetic resonance imaging and ultrasound guided fusion biopsy of prostate for 

cancer detection—Comparing transrectal with transperineal approaches. Urologic Oncology: 

Seminars and Original Investigations 2020;38:650–60. 

https://doi.org/10.1016/j.urolonc.2020.04.005. 

[11] Pepe P, Garufi A, Priolo GD, Pennisi M. Multiparametric MRI/TRUS fusion prostate biopsy: 

Advantages of a transperineal approach. Anticancer Research 2017;37:3291–4. 

https://doi.org/10.21873/anticanres.11695. 

[12] Oberlin DT, Casalino DD, Miller FH, Matulewicz RS, Perry KT, Nadler RB, et al. 

Diagnostic Value of Guided Biopsies: Fusion and Cognitive-registration Magnetic 

Resonance Imaging Versus Conventional Ultrasound Biopsy of the Prostate. Urology 

2016;92:75–9. https://doi.org/10.1016/j.urology.2016.02.041. 

[13] Wegelin O, van Melick HHE, Hooft L, Bosch JLHR, Reitsma HB, Barentsz JO, et al. 

Comparing Three Different Techniques for Magnetic Resonance Imaging-targeted Prostate 

Biopsies: A Systematic Review of In-bore versus Magnetic Resonance Imaging-transrectal 

Ultrasound fusion versus Cognitive Registration. Is There a Preferred Technique? European 

Urology 2017;71:517–31. 

[14] Halstuch D, Baniel J, Lifshitz D, Sela S, Ber Y, Margel D. Characterizing the learning curve 

of MRI-US fusion prostate biopsies. Prostate Cancer Prostatic Dis 2019;22:546–51. 

https://doi.org/10.1038/S41391-019-0137-2. 

[15] Huang GL, Kang CH, Lee WC, Chiang PH. Comparisons of cancer detection rate and 

complications between transrectal and transperineal prostate biopsy approaches - a single 

center preliminary study. BMC Urol 2019;19. https://doi.org/10.1186/S12894-019-0539-4. 

[16] Ber Y, Segal N, Tamir S, Benjaminov O, Yakimov M, Sela S, et al. A noninferiority within-

person study comparing the accuracy of transperineal to transrectal MRI–US fusion biopsy 

for prostate-cancer detection. Prostate Cancer and Prostatic Diseases 2020. 

https://doi.org/10.1038/s41391-020-0205-7. 

[17] Pepe P, Garufi A, Priolo G, Pennisi M. Transperineal Versus Transrectal MRI/TRUS Fusion 

Targeted Biopsy: Detection Rate of Clinically Significant Prostate Cancer. Clinical 

Genitourinary Cancer 2017;15:e33–6. 

[18] Rai BP, Mayerhofer C, Somani BK, Kallidonis P, Nagele U, Tokas T. Magnetic Resonance 

Imaging/Ultrasound Fusion-guided Transperineal Versus Magnetic Resonance 

Imaging/Ultrasound Fusion-guided Transrectal Prostate Biopsy—A Systematic Review. 

European Urology Oncology 2021. https://doi.org/10.1016/j.euo.2020.12.012. 

[19] Cash H, Günzel K, Maxeiner A, Stephan C, Fischer T, Durmus T, et al. Prostate cancer 

detection on transrectal ultrasonography-guided random biopsy despite negative real-time 

magnetic resonance imaging/ultrasonography fusion-guided targeted biopsy: reasons for 

targeted biopsy failure. BJU Int 2016;118:35–43. https://doi.org/10.1111/BJU.13327. 

[20] Muthigi A, George AK, Sidana A, Kongnyuy M, Simon R, Moreno V, et al. Missing the 

Mark: Prostate Cancer Upgrading by Systematic Biopsy over Magnetic Resonance 



 14 

Imaging/Transrectal Ultrasound Fusion Biopsy. J Urol 2017;197:327–34. 

https://doi.org/10.1016/J.JURO.2016.08.097. 

[21] Mai Z, Zhou Z, Yan W, Xiao Y, Zhou Y, Liang Z, et al. The transverse and vertical 

distribution of prostate cancer in biopsy and radical prostatectomy specimens. BMC Cancer 

2018. https://doi.org/10.1186/s12885-018-5124-9. 

[22] Cyll K, Ersvær E, Vlatkovic L, Pradhan M, Kildal W, Avranden Kjær M, et al. Tumour 

heterogeneity poses a significant challenge to cancer biomarker research. British Journal of 

Cancer 2017. https://doi.org/10.1038/bjc.2017.171. 

[23] Pepe P, Garufi A, Priolo GD, Pennisi M. Multiparametric MRI/TRUS fusion prostate biopsy: 

Advantages of a transperineal approach. Anticancer Research 2017. 

https://doi.org/10.21873/anticanres.11695. 

[24] Valerio M, McCartan N, Freeman A, Punwani S, Emberton M, Ahmed HU. Visually directed 

vs. software-based targeted biopsy compared to transperineal template mapping biopsy in the 

detection of clinically significant prostate cancer. Urologic Oncology: Seminars and Original 

Investigations 2015. https://doi.org/10.1016/j.urolonc.2015.06.012. 

[25] Urkmez A, Demirel C, Altok M, Bathala TK, Shapiro DD, Davis JW. Freehand versus Grid-

Based Transperineal Prostate Biopsy: A Comparison of Anatomical Region Yield and 

Complications. J Urol 2021;206:894–902. https://doi.org/10.1097/JU.0000000000001902. 

[26] Immerzeel J, Israël B, Bomers J, Schoots IG, van Basten J-P, Kurth K-H, et al. 

Multiparametric Magnetic Resonance Imaging for the Detection of Clinically Significant 

Prostate Cancer: What Urologists Need to Know. Part 4: Transperineal Magnetic Resonance–

Ultrasound Fusion Guided Biopsy Using Local Anesthesia. European Urology 2021. 

https://doi.org/10.1016/J.EURURO.2021.10.032. 

[27] Song G, Ruan M, Wang H, Fan Y, He Q, Lin Z, et al. How Many Targeted Biopsy Cores are 

Needed for Clinically Significant Prostate Cancer Detection during Transperineal Magnetic 

Resonance Imaging Ultrasound Fusion Biopsy? J Urol 2020;204:1202–8. 

https://doi.org/10.1097/JU.0000000000001302. 

[28] Kenigsberg AP, Renson A, Rosenkrantz AB, Huang R, Wysock JS, Taneja SS, et al. 

Optimizing the Number of Cores Targeted During Prostate Magnetic Resonance Imaging 

Fusion Target Biopsy. Eur Urol Oncol 2018;1:418–25. 

https://doi.org/10.1016/J.EUO.2018.09.006. 

[29] Bass EJ, Orczyk C, Grey A, Freeman A, Jameson C, Punwani S, et al. Targeted biopsy of the 

prostate: does this result in improvement in detection of high-grade cancer or the occurrence 

of the Will Rogers phenomenon? BJU Int 2019;124:643–8. 

https://doi.org/10.1111/BJU.14806. 

[30] Vickers A, Carlsson S v., Cooperberg M. Routine Use of Magnetic Resonance Imaging for 

Early Detection of Prostate Cancer Is Not Justified by the Clinical Trial Evidence. Eur Urol 

2020;78:304–6. https://doi.org/10.1016/J.EURURO.2020.04.016. 

  

 

 
 


