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Abstract

Context: Recent studies suggested that magnetic resonance imaging (MRI) followed by targeted 

biopsy (“MRI-stratified pathway”) detects more clinically significant prostate cancers (csPCa) 
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than the systematic transrectal ultrasound–guided prostate biopsy (TRUS-Bx) pathway, but 

controversy persists. Several randomized clinical trials (RCTs) were recently published, enabling 

generation of higher-level evidence to evaluate this hypothesis.

Objective: To perform a systematic review and meta-analysis of RCTs comparing the detection 

rates of csPCa in the MRI-stratified pathway and the systematic TRUS-Bx pathway in patients 

with a suspicion of prostate cancer (PCa).

Evidence acquisition: PubMed, EMBASE, and Cochrane databases were searched up to 

March 18, 2019. RCTs reporting csPCa detection rates of both pathways in patients with a clinical 

suspicion of prostate cancer were included. Relative csPCa detection rates of the MRI-stratified 

pathway were pooled using random-effect model. Study quality was assessed using the Cochrane 

risk of bias tool for randomized trials. A comparison of detection rates of clinically insignificant 

PCa (cisPCa) and any PCa was also performed.

Evidence synthesis: Nine RCTs (2908 patients) were included. The MRI-stratified pathway 

detected more csPCa than the TRUS-Bx pathway (relative detection rate 1.45 [95% confidence 

interval {CI} 1.09–1.92] for all patients, and 1.42 [95% CI 1.02–1.97] and 1.60 [95% CI 1.01–

2.54] for biopsy-naïve and prior negative biopsy patients, respectively). Detection rates were not 

significantly different between pathways for cisPCa (0.89 [95% CI 0.49–1.62]), but higher in the 

MRI-stratified pathway for the detection of any PCa (1.39 [95% CI 1.05–1.84]).

Conclusions: The MRI-stratified pathway detected more csPCa than the systematic TRUS-

guided biopsy pathway in men with a clinical suspicion of PCa, for both biopsy-naïve patients and 

those with prior negative biopsy. The detection rate of any PCa was higher in the MRI-stratified 

pathway, but not significantly different from that of cisPCa.

Patient summary: Our meta-analysis of clinical trials shows that the magnetic resonance 

imaging–stratified pathway detects more clinically significant prostate cancers than the transrectal 

ultrasound–guided prostate biopsy pathway in men with a suspicion of prostate cancer.
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1. Introduction

Transrectal ultrasound-guided prostate biopsy (TRUS-Bx) is considered the current 

diagnostic standard for patients with suspected prostate cancer (PCa) based on raised serum 

prostatic-specific antigen (PSA) levels, abnormal digital rectal examination findings, and 

other risk factors. The extended sextant systematic strategy that samples 12 tissue cores from 

both sides of the prostate has been established as the standard procedure after a meta-

analyses showed that it was superior to the prior sextant protocol, while further increase in 

the number of cores up to 18–24 was not shown to have a significant incremental value [1]. 

Although this diagnostic pathway has led to increased detection of PCa, there is concern that 

TRUS-Bx undersamples a significant portion of clinically significant PCa (csPCa), which 

potentially can progress, metastasize, and result in cancer-related mortality. A study of 7643 

patients found that Gleason scores were upgraded in approximately a third of the patients 
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from a TRUS-Bx Gleason score of ≤6 to a higher grade on radical prostatectomy [2]. On the 

contrary, TRUS-Bx also overdetects clinically insignificant PCa (cisPCa), leading to 

overtreatment and side effects of treatment such as erectile dysfunction and urinary 

incontinence [3]. Therefore, there is an unmet need to improve upon the current diagnostic 

pathway, to better identify men who would benefit from treatment without increasing 

unnecessary treatment-related side effects.

Recent years have seen significant advances in magnetic resonance imaging (MRI) 

technology. Increasing evidence suggests that MRI could noninvasively improve PCa 

visualization and aid in targeting prostate biopsies to abnormal areas seen on MRI [4]. In the 

recent PROMIS trial, multiparametric MRI (mpMRI) combining T2-weighted imaging, 

diffusion-weighted imaging, and dynamic contrast-enhanced (DCE) MRI, showed good 

sensitivity (88%) and a negative predictive value (76%), and a meta-analysis on the updated 

Prostate Imaging Reporting and Data System (PI-RADS) version 2 showed sensitivity of up 

to 90% for detecting csPCa [5,6]. Based on this improved visualization of PCa by MRI, an 

approach with prebiopsy MRI followed by targeted biopsy (TBx), namely, the “MRI-

stratified pathway,” has become feasible, and studies have shown that MRI-guided TBx may 

improve the detection of csPCa while reducing that of cisPCa [7]. Nevertheless, the vast 

majority of studies along with systematic reviews and meta-analyses dealing with this topic 

may have an inherent bias as they were based on retrospective/prospective cohort studies or 

within-person paired comparative studies (where both systematic TRUS-Bx and MRI-guided 

TBx were performed for each individual) [7–9]. A meta-analysis of randomized controlled 

trials (RCTs) provides the highest level of evidence and thus a more conclusive answer on 

the value of the MRI-stratified pathway for PCa diagnosis [10]. There are several recently 

published RCTs comparing the MRI-stratified pathway and the systematic TRUS-Bx 

pathway, including the PRECISION study, which showed that the MRI-stratified pathway 

detected 12% more csPCa and 13% less cisPCa [11]. Therefore, we performed a systematic 

review and meta-analysis of RCTs comparing the detection rates of csPCa in the MRI-

stratified pathway and the systematic TRUS-Bx pathway in patients with a suspicion of PCa.

2. Evidence acquisition

This study was carried out conforming to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines [12]. The aim of this systematic review 

and meta-analysis was to compare the cancer detection rates of the MRI-stratified pathway 

and those of the systematic TRUS-guided biopsy pathway with regard to csPCa (primary 

objective) and any PCa or cisPCa (secondary objectives) in patients with a suspicion of PCa.

2.1. Literature search

A computer database search was performed using PubMed, EMBASE, and Cochrane 

Database of Systematic Reviews, which were updated until March 18, 2019. The search 

query, shown in the Supplementary material, was constructed based on the “Population/

Intervention/Comparator/Outcomes/Study design” (PICOS) criteria using keywords and 

their related terms of prostate cancer, MRI, targeted biopsy, systematic biopsy, and RCT. 
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Bibliographies of the identified articles were thoroughly checked to search for other 

potentially includable articles. No restriction regarding language was applied.

2.2. Inclusion and exclusion criteria

Studies were included based on the PICOS criteria: (1) “patients” with a clinical suspicion 

of PCa who are either biopsy naïve or have had one or more prior negative biopsy results; 

(2) MRI-stratified pathway, in which prebiopsy mpMRI is performed followed by MRI-

guided TBx, either performing TBx only without systematic biopsy (SBx) for positive scans 

and no biopsy for negative scans (“MRI-TBx only pathway”) or performing both SBx and 

TBx for positive scans and only SBx for negative scans (“combined pathway”) as 

“intervention”; (3) systematic TRUS-guided biopsy pathway as a “comparator”; (4) 

comparison of detection rates of csPCa, cisPCa, and any PCa as “outcome”; and (5) “study 

design” of prospective RCTs published as either a full paper or a conference abstract.

Exclusion criteria were as follows: (1) a small number of patients (<10); (2) other 

publication types including nonrandomized prospective/retrospective cohort studies, 

reviews, guidelines, and editorials; (3) papers dealing with other topics (ie, patients who 

have already been diagnosed with PCa undergoing active surveillance or RCTs comparing 

different types of MRI-guided biopsies [in bore vs MRI-TRUS fusion]); (4) insufficient 

information for extracting cancer detection rates; and (5) overlap in the study population 

(although this was not expected, as we exclusively included prospective RCTs).

The study selection process was performed by one reviewer (S.W.) and was confirmed by 

two additional reviewers, one of them (H.A.V.) being a faculty genitourinary radiologist with 

12 yr of experience and the other (C.H.S.) a radiologist with 5 yr of experience in meta-

analysis).

2.3. Data extraction and quality assessment

The following study, patient, MRI, and biopsy characteristics were extracted using a 

standardized form: (1) study: origin (authors, year of publication, enrollment period, 

institution, and country), design (multicenter vs single center), and definition of csPCa; (2) 

patient: clinical setting (biopsy naïve or prior negative biopsy), number of patients (total, 

MRI-stratified pathway, and TRUS-guided biopsy pathway), age, serum PSA level, and 

prostate volume; (3) MRI: vendor, scanner model, magnet strength, reporting system and 

threshold used for TBx indication (ie, PI-RADS version 2 score >3), number of readers and 

their experience, and prevalence of a positive MRI scan; and (4) biopsy: whether concurrent 

SBx was performed in the MRI-stratified pathway (eg, “MRI-TBx only pathway” vs 

“combined pathway”), number of operators performing TBx and their experience, methods 

for registration (cognitive fusion, MRI-TRUS software registration, or in-bore direct TBx), 

number of cores and lesions for TB/SB, biopsy approach (transrectal vs transperineal), and 

detection rates csPCa, any PCa, and cisPCa.

The quality of evidence in the included studies was evaluated using the revised Cochrane 

risk of bias tool for randomized trials (RoB 2 tool) [13]. This tool judges the risk of bias as 

“a low risk of bias,” “some concerns,” or “a high risk of bias” for each of the following five 
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domains: (1) randomization process, (2) deviations from intended interventions, (3) missing 

outcome data, (4) measurement of the outcome, and (5) selection of the reported result.

Data extraction and quality assessment were initially performed by two reviewers (S.W. and 

C.H.S.), and a discussion with a third reviewer (H.A.V.) was held to reach a consensus if 

there was disagreement between them.

2.4. Data synthesis and analysis

The primary outcome of this meta-analysis was comparison of the detection rates of csPCa 

of the MRI-stratified pathway and the systematic TRUS-guided biopsy pathway, and their 

relative detection rate. The relative detection rate was defined as the detection rate of the 

MRI-stratified pathway divided by that of the systematic TRUS-guided biopsy pathway. The 

definition of csPCa was based on that used in each study. If not specified, Gleason score ≥7 

(3 + 4) cancer was categorized as csPCa when information regarding Gleason scores was 

provided [9,14]. A relative detection rate of >1 signifies that the MRI-stratified pathway 

detects more csPCa, while a rate of <1 indicates that it detects less csPCa than the systematic 

TRUS-guided pathway. The rationale for using this was to adjust for differences in the 

prevalence of csPCa across studies, while the crude rates themselves do not. The secondary 

outcomes were as follows: (1) comparison of the detection rate of any PCa and cisPCa 

between both pathways along with their relative detection rates and (2) subgroup analysis for 

csPCa stratified to clinically relevant variables.

Detection rates and relative detection rates were meta-analytically pooled using a random-

effect (DerSimonian and Laird) method with the “meta” package in R software (version 

3.5.1; R Foundation for Statistical Computing, Vienna, Austria) [15]. Assessment of 

publication bias was planned for outcomes with >10 included studies using Funnel plots and 

Egger’s test [16].

3. Evidence synthesis

3.1. Literature search

A total of 333 articles were initially retrieved by the systematic search. After removal of 

duplicates, screening of the titles and abstracts, and full-text reviews, nine articles (eight full 

papers and one conference abstract) were considered to be relevant for our systematic review 

and meta-analysis [11,17–24]. Figure 1 shows the PRISMA study selection process.

3.2. Characteristics of included studies

Tables 1–3 show the study, patient, MRI, and biopsy characteristics of each study. In brief, 

all but one study were single-center studies. Seven studies were based on biopsy-naïve 

patients and two on patients with prior negative biopsy results. The clinical definition of 

csPCa was Gleason score ≥7 (3 + 4) in three, ≥7 (4 + 3) in one, and ≥7 (3 + 4) with 

additional criteria involving core information in five. The number of total patients ranged 

from 85 to 1140. In five studies 3-Tesla scanners were used, and 1.5-Telsa scanners were 

used in three studies. The multicenter study used both, but was analyzed in the group using 

3-Tesla scanners as these were used predominantly (184/246) [11]. MRI was interpreted 
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using either PI-RADS (version 1 in three, version 2 in two, and unknown version in one) or 

an institutional scale (n = 3) mostly by experienced radiologists. The prevalence of a positive 

MRI scan in the MRI-stratified pathway ranged from 50% to 100%. TBx was done by 

cognitive fusion in five studies and by MRI-TRUS software registration in two studies. The 

multicenter study used either of these methods, but was analyzed as part of the latter method 

as this was used in the majority of patients (219/252) [11]. In-bore direct TBx was not used 

in any study. Concurrent SBx was performed in the MRI-stratified pathway in all but two 

studies [11,21]. Systematic biopsies were performed using a median of 10–13 cores via the 

transrectal route.

3.3. Detection rate of csPCa

The pooled estimates for the detection rates of csPCa in the MRI-stratified pathway and the 

systematic TRUS-guided biopsy pathway were 0.36 (95% confidence interval [CI] 0.23–

0.53) and 0.25 (95% CI 0.18–0.33), respectively (Table 4). There was substantial 

heterogeneity for both pathways based on the Q test (p < 0.01 for both) and I2 statistics (I2 = 

97% and 90%, respectively). The relative detection rate of csPCa ranged from 0.89 to 5.13, 

and the pooled estimated was 1.45 (95% CI 1.09–1.92), indicating that the MRI-stratified 

pathway detected significantly more csPCa than the systematic TRUS-guided biopsy 

pathway (Fig. 2). There was substantial heterogeneity (p < 0.01 for Q test and I2 = 82%).

3.4. Detection rate of cisPCa

The pooled estimates for the detection rate of cisPCa in the MRI-stratified pathway and the 

systematic TRUS-guided biopsy pathway were 0.10 (95% CI 0.04–0.19) and 0.10 (95% CI 

0.05–0.17), respectively (Table 4). There was substantial heterogeneity for the systematic 

TRUS-guided biopsy pathway but not the MRI-stratified pathway based on the Q test (p 
<0.01 and 0.09, respectively) and I2 statistics (I2 = 94% and 91%, respectively). The relative 

detection rate of cisPCa ranged from 0.41 to 3.36 and the pooled estimated was 0.99 (95% 

CI 0.61–1.60), meaning that there was no significant difference in the detection rate of 

cisPCa between the MRI-stratified pathway and the systematic TRUS-guided biopsy 

pathway (Fig. 2). There was substantial heterogeneity (p < 0.01 for Q test and I2 = 72%).

3.5. Detection rate of any PCa

Pooled estimates for the detection rate of any PCa in the MRI-stratified pathway and the 

systematic TRUS-guided biopsy pathway were 0.50 (95% CI 0.40–0.62) and 0.38 (95% CI 

0.30–0.46), respectively (Table 4). There was substantial heterogeneity for both pathways 

based on the Q test (p <0.01 for both) and I2 statistics (I2 = 94% and 87%, respectively). The 

relative detection rate of any PCa ranged from 0.92 to 3.03 and the pooled estimated was 

1.35 (95% CI 1.05–1.73), implying that the MRI-stratified pathway detected significantly 

more any PCa than the systematic TRUS-guided biopsy pathway (Fig. 2). There was 

substantial heterogeneity (p < 0.01 for Q test and I2 = 88%).

3.6. Multiple subgroup analyses for csPCa

Table 5 shows the relative detection rate of csPCa in multiple subgroup analyses. The MRI-

stratified pathway detected significantly more csPCa than the systematic TRUS-guided 
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biopsy pathway in both biopsy-naïve patients and those with prior negative biopsy (pooled 

relative detection rates of 1.42 [95% CI 1.02–1.98] and 1.60 [95% CI 1.01–2.54], 

respectively). Significantly better detection rates were also seen in both single- and 

multicenter studies, csPCa definition of Gleason score ≥7 (4 + 3), 3-Tesla scanners, 

endorectal coils, PI-RADS version 2, prevalence of MRI-positive scans <0.71, and TBx only 

(without concurrent SBx). There were no significant differences between the subgroups 

except for the use of endorectal coils—studies using them showed significantly greater 

relative detection rates than those that did not (1.95 [95% CI 1.75–2.19] vs 1.27 [95% CI 

0.88–1.83], p = 0.03).

3.7. Quality of evidence and publication bias

The quality of evidence of the included studies based on the revised Cochrane risk of bias 

tool for randomized trials (RoB 2 tool) are shown in Figure 3. All but two of the studies had 

some concerns for bias mainly (1) due to nonreporting of whether randomized allocation 

was concealed or not, and (2) because it was not clear whether pathologic assessment of 

biopsy specimens was done blinded to allocation. The study by Bello et al [18] was 

considered to be at a high risk of overall bias, as it was a conference abstract and therefore 

had some concerns for bias in multiple domains. The study by Porpiglia et al [21] was 

considered to have a low risk of bias. Publication bias was not assessed as the number of 

included studies was <10.

3.8. Discussion

In this meta-analysis, we compared the detection rate of csPCa in the MRI-stratified 

pathway and the systematic TRUS-Bx pathway in patients with a suspicion of PCa in RCTs. 

The relative detection rate of the MRI-stratified pathway was 1.45 (95% CI 1.09–1.92), 

meaning that it detected approximately 50% more csPCa than the systematic TRUS-Bx 

pathway. Based on this, prebiopsy MRI followed by MRI-guided TBx is anticipated to 

improve detection and risk stratification of PCa. Our meta-analysis is in agreement with 

prior meta-analyses addressing the comparison between MRI-guided TBx and systematic 

TRUS-Bx, which have consistently shown the benefit of the MRI-stratified pathway [7–

9,25]. However, this meta-analysis further substantiates the incremental value of the MRI-

stratified pathway due to several of its unique characteristics. First, it was exclusively based 

on RCTs and therefore provides the highest level of evidence, while previous studies were 

predominantly or completely based on nonrandomized cohorts or within-person paired 

comparative studies. Second, prior studies aimed to directly compare the “sensitivity” of 

MRI-guided TBx and systematic TRUS-Bx, introducing an inherent bias in the prevalence 

of csPCa and positive MRI scans. For instance, in the meta-analysis by Schoots et al [7], 

which compared MRI-guided TBx and systematic TRUS-Bx, all patients had a positive MRI 

result. Given that our meta-analysis included only RCTs with patients having a clinical 

suspicion of PCa, the prevalence could be considered to more closely reflect the target 

population. Third, we took into consideration the whole MRI-stratified clinical pathway, 

which consists of the diagnostic performance of mpMRI for detecting csPCa followed by 

accurate TBx aimed at MRI-detected suspicious lesion. Prior meta-analyses primarily 

focused on only the TBx component. Fourth, all but two of our included studies were 

published after 2015, while most of the previous meta-analyses were based on studies 
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published in 2014 or earlier [7,8,25]. There have been remarkable improvements in MRI 

technology during the recent years, and our meta-analysis possibly better reflects 

contemporary MRI and biopsy performance.

The detection rates of cisPCa in the MRI-stratified pathway and the systematic TRUS-Bx 

pathway were not significantly different with a pooled relative detection rate of 0.89 (95% 

CI 0.49–1.62). We speculate that this may have been primarily because the majority of the 

included studies performed concurrent SBx in the MRI-stratified pathway. The overall 

detection rate of any PCa was higher in the MRI-stratified pathway with a relative detection 

rate of 1.39 (95% CI 1.05–1.84), possibly attributed to the enhanced detection of csPCa and 

nonsignificantly different detection of cisPCa. Previous studies have shown that MRI-guided 

TBx without concurrent SBx shows almost twofold better performance in avoiding 

unwanted detection of cisPCa [7]. In keeping with this, two of the included studies in this 

meta-analysis that did not perform concurrent SBx for the MRI-stratified pathway (“MRI-

TBx only pathway”) showed lower detection rates of cisPCa (relative rates of 0.41 and 0.57) 

[11,21].

At subgroup analysis, improved detection of csPCa in the MRI-stratified pathway was 

demonstrated in both biopsy-naïve patients and those with prior negative biopsy (1.42 [95% 

CI 1.02, 1.97] and 1.60 [95% CI 1.01, 2.54], respectively). In a previous meta-analysis 

predominantly based on nonrandomized cohorts, it was reported that systematic TRUS-Bx 

might be sufficient for biopsy-naïve patients due to only minimal increased sensitivity of 

MRI-guided TBx (pooled relative sensitivity of 1.10 [95% CI 1.00–1.22]) compared with the 

more evident benefit in those who had prior negative biopsy (pooled relative sensitivity of 

1.54 [95% CI 1.05–2.26]) [7]. Another meta-analysis also predominantly based on more 

recent nonrandomized studies reported that the relative sensitivities were 1.15 [95% CI 

1.07–1.31] and 1.45 [95% CI 1.08–1.69] for biopsy-naïve and prior negative biopsy 

populations, respectively [9]. In addition, in a recent Cochrane review dealing with the MRI-

TBx only pathway in paired agreement studies, this pathway was superior only in the prior 

negative biopsy (1.44 [95% CI 1.19–1.75]) and not in the biopsy-naïve patients (1.05 [95% 

CI 0.95–1.16]) [26]. Based on these results, there seems to be a trend for a greater benefit of 

the MRI-stratified pathway in patients who had prior negative biopsy results. This may be 

due to the fact that in these patients, PCa may be located in areas such as the anterior or 

apical tumors where routinely performed systematic TRUS-Bx may miss these tumors, 

whereas prebiopsy MRI can depict lesions in these locations, potentially leading to enhanced 

cancer detection and more accurate Gleason scoring [27–29]. Regardless of the differences 

in the degree of benefit, our meta-analysis of RCTs along with prior meta-analyses of 

nonrandomized studies consistently demonstrate improved detection of csPCa using the 

MRI-stratified pathway in both clinical settings.

Studies using endorectal coils were shown to have significantly higher relative detection 

rates than the studies that did not. It is unclear whether this could relate to theoretical 

technical benefits such as potential higher spatial resolution images [30]. However, the use 

of endorectal coils can also cause artifacts, anatomical distortion, and patient discomfort, 

and therefore their use should be carefully decided based on physician, scanner, and patient-

related variables. Other subgroup analyses did not show significant differences. Although 
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not overtly manifested in our meta-analysis, possibly due to a small number of included 

studies, it has been shown that definitions of positive prostate MRI (including MRI 

protocols, interpretation schemes, and cutoff values) can affect the diagnostic performance 

of mpMRI for detecting csPCa [31]. For instance, the revised PI-RADS version 2 has been 

shown to yield higher sensitivity (0.95 vs 0.88) than, albeit similar specificity (0.73 vs 0.75) 

to, the original PI-RADS version 1 [6]. In addition, that one of the included studies used 

DCE MRI and MR spectroscopy warrants mention, as there is debate over the incremental 

value of DCE in mpMRI and MR spectroscopy is not currently considered necessary due to 

low spatial resolution and long acquisition times [4,32]. With regard to registration methods 

(cognitive, software registration, or in bore), there is also controversy regarding the optimal 

strategy. In this meta-analysis, no significant differences were found between cognitive and 

fusion, but no study performed direct in-bore TBx. In line with our results, a recent 

multicenter RCT comparing the three TBx techniques did not observe significant benefit of 

any technique over the other [33]. Nevertheless, there is concern that this multicenter study 

was underpowered, and our meta-analysis does not specifically deal with the comparison of 

TBx techniques; therefore, further studies will be needed to elucidate this issue.

Although the MRI-TBx only pathway showed significantly higher csPCa than the systematic 

TRUS-guided SBx pathway, there is concern that some csPCa could still be missed. This 

may stem from the fact that mpMRI can detect neither all PCa nor all csPCa cases. Based on 

a previous study of 169 tumors (≥0.5 ml in volume or Gleason score ≥7 [4 + 3]) in 150 

patients comparing mpMRI and whole mount radical prostatectomy specimens, while PI-

RADS version 2 detected 94% and 95% of PCa cases with a tumor volume of ≥0.5 ml in the 

peripheral and transition zones, respectively, only 20% and 26% of PCa cases with Gleason 

score ≥7 (4 + 3) and a tumor volume of ≤0.5 ml were detected [4]. Another important reason 

could be the imperfect biopsy targeting of MRI-visible lesions. Studies have shown that 

when MRI-guided TBx does not yield csPCa, SBx cores in adjacent or “perilesional” 

sextants yield csPCa [34]. Furthermore, increasing the number of cores directed at the MRI-

visible area [35] or just performing concurrent SBx in the ipsilateral hemiprostate could 

increase the detection rate of csPCa [36]. Therefore, no inferences from this meta-analysis 

can be made with regard to adding or omitting SBx; the most appropriate strategy should be 

determined individually, and tailored according to the clinician and patient’s characteristics 

and preferences regarding the acceptable rates of missed csPCa and cisPCa overdetection.

Our meta-analysis had some limitations. First, since it was restricted to RCTs, only a small 

number of studies were included. Nevertheless, a total of 2908 patients were analyzed, and 

even with the possibility of underpowering, we were able to derive statistically significant 

conclusions. Second, substantial heterogeneity was observed between the included studies. 

Although we observed a significant difference only between studies using endorectal coils 

and those that did not in the subgroup analysis, variability in MRI protocol and 

interpretation, threshold for TBx, registration methods for TBx, number of targets and cores 

for TBx, and experience of radiologists and urologists could potentially be associated with 

heterogeneity among the studies. Third, as with all meta-analyses, this one is subject to 

publication bias as studies with negative results are less likely to be published. Owing to the 

small number of included studies, we were unable to formally assess publication bias using 

funnel and Egger tests. However, we included not only full papers but also conference 
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abstracts that were relevant to the research question in order to minimize the possibility of 

publication bias, as it has been recognized that even for RCTs, negative trials have a lower 

cumulative publication rate than those with positive results [37]. Fourth, our meta-analysis 

was restricted to patients with a clinical suspicion of PCa, and therefore the results of our 

study cannot be directly applied to those with histologically diagnosed PCa (ie, active 

surveillance). Although a prior meta-analysis predominantly including retrospective studies 

reported median relative sensitivity of 1.25 for upgrading to Gleason score ≥7 (3 + 4) on a 

confirmatory biopsy, a recent prospective RCT of 273 patients did not see a significant 

difference between the MRI-stratified pathway and the systematic TRUS-Bx pathway [9,38]. 

Fifth, there was heterogeneity regarding the specific type of MRI-stratified clinical pathways 

and the definition of csPCa among the studies. Although meta-regression analysis did not 

reveal significant difference between groups, caution is needed for interpretation of results.

4. Conclusions

In this meta-analysis of RCTs, the MRI-stratified pathway was shown to detect more csPCa 

than the systematic TRUS-guided biopsy pathway in men with a clinical suspicion of PCa. A 

subgroup analysis showed consistent results for both biopsy-naïve patients and those with 

prior negative biopsy. The detection rate of any PCa was also higher in the MRI-stratified 

pathway, but not significantly different from that of cisPCa. However, caution may be 

needed for interpretation of these results due to heterogeneity among the studies.
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Fig. 1 −. 
Flow diagram showing the study selection process. MRI = magnetic resonance imaging.
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Fig. 2 −. 
Forest plots of relative detection rate of clinically significant, clinically insignificant, and 

any prostate cancer in the MRI-stratified pathway and the systematic TRUS-guided biopsy 

pathway. A relative detection rate of >1 indicates that the MRI-stratified pathway detects 

more cancers, while a rate of <1 means that the MRI-stratified pathway detects fewer 

cancers than the systematic TRUS-guided biopsy pathway. Bx = biopsy; CI = confidence 

interval; MRI = magnetic resonance imaging; RR = risk ratio; TRUS = transrectal 

ultrasound.
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Fig. 3 −. 
Summary chart of risk of bias assessment for included studies using the revised Cochrane 

risk of bias tool for randomized trials (RoB 2 tool).
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