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Background: This systematic review and meta-analysis evaluated the diagnostic performance of 
biparametric magnetic resonance imaging (bpMRI) for the detection of intermediate- and high-risk prostate 
cancer (IHPC). 
Methods: Two medical databases (PubMed and Web of Science) were systematically reviewed by 2 
independent researchers. Studies published before March 15, 2022, that used bpMRI (i.e., T2-weighted 
images combined with diffusion-weighted imaging) to detect prostate cancer (PCa) were included. The 
results of prostatectomy or prostate biopsy were the reference standards for the studies. The Quality 
Assessment of Diagnosis Accuracy Studies 2 tool was used to assess the quality of the included studies. Data 
on true- and false-positive and -negative results were extracted to complete 2×2 contingency tables, and the 
sensitivity, specificity, positive predictive value, and negative predictive value were calculated for each study. 
Summary receiver operating characteristic (SROC) plots were constructed using these results.
Results: In all, 16 studies (6,174 patients) that used Prostate Imaging Reporting and Data System version 
2 or other scoring systems, such as Likert, SPL and Questionnaire were included. Sensitivity, specificity, 
positive and negative likelihood ratios, and the diagnosis odds ratio of bpMRI in the detection of IHPC were 
0.91 (95% CI: 0.87–0.93), 0.67 (95% CI: 0.58–0.76), 2.8 (95% CI: 2.2–3.6), 0.14 (95% CI: 0.11–0.18), and 
20 (95% CI: 15–27), respectively, with an area under the SROC curve of 0.90 (95% CI: 0.87–0.92). There 
was considerable heterogeneity between the studies.
Conclusions: bpMRI exhibited a high negative predictive value and accuracy in the diagnosis of IHPC, 
and may be valuable for detecting PCa with poor prognosis. However, the bpMRI protocol needs to be 
standardized further to improve its wider applicability.
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Introduction

Prostate cancer (PCa) is the second most common 
malignant cancer in men worldwide. In 2020, there were 
1.4 million new diagnoses, and the incidence of PCa has 
been increasing over the past decade due to the advent of 
prostate-specific antigen (PSA) screening (1). Advanced 
PCa is life threatening, especially in the metastatic stage. 
Compared with early-stage PCa, advanced PCa is associated 
with a significantly reduced survival rate and quality of 
life (2). Consequently, the timely detection and diagnosis 
of intermediate- and high-risk prostate cancer (IHPC) is 
crucial.

Previously, PCa screening and diagnosis were made 
on the basis of rectal examinations, PSA, and systematic 
transrectal ultrasound-guided prostate biopsy (TUPB). 
However, these approaches are controversial given the a 
high false-negative rate for clinically significant cancer (3) 
and the overtreatment of clinically insignificant lesions (4),  
which increases the risks of hemorrhage and infection. 
With improvements in technology and progress of modern 
medicine, patients now have higher expectations for their 
prognosis. Multiparametric magnetic resonance imaging 
(mpMRI) has been increasingly used for the detection, 
staging and treatment of PCa. Established parameters of 
mpMRI include T2-weighted imaging (T2WI), diffusion-
weighted imaging (DWI), dynamic contrast enhancement 
(DCE), and magnetic resonance spectroscopy, among 
others (5). mpMRI is currently the most accurate imaging 
method for the detection, localization, and staging of PCa, 
as confirmed in many studies (6). However, compared 
with mpMRI, biparametric MRI (bpMRI) requires fewer 
human and physical resources, has a shorter scanning time 
and lower costs, causes less discomfort, and carries none 
of the allergy risks associated with long-term gadolinium  
exposure (7). Thus, the role of DCE has been debated, 
with some arguing that it is unnecessary in treatment-naïve 
patients (8).

A previous systematic review found that the performance 
of bpMRI in the detection of PCa was similar to that 
of mpMRI (9). In addition, recent studies have shown 
that the performance of DWI and DCE are similar (10). 
Considering the disadvantages of DCE, increasing numbers 
of studies suggest that DCE could be omitted (11) and that 
patients should undergo bpMRI examinations.

Low-risk PCa has less of physical and mental impacts 
on patients and better prognosis, whereas IHPC is life 
threatening. Therefore, the timely detection of IHPC 

is critical to appropriate treatment in its early stages. 
However, to date, no systematic review has evaluated the 
accuracy of bpMRI for the diagnosis of IHPC. Through 
the maximal collection and extraction of the relevant 
data and subsequent meta-regression analysis, this study 
aimed to evaluate bpMRI in the diagnosis of IHPC and 
determine the impacts of the covariates on sensitivity and  
specificity (12). We present the following article in 
accordance with the PRISMA-DTA reporting checklist 
(available at https://qims.amegroups.com/article/
view/10.21037/qims-22-1024/rc) (13).

Methods

The protocol of this systematic review was registered 
on the PROSPERO (The International Prospective 
Register of Systematic Review) registry (protocol No. 
CRD42022326981).

Literature search

A systematic search of the PubMed and Web of Science 
databases was conducted up to March 15, 2022. The search 
query was as follows: “((prostate cancer OR prostatic cancer 
OR prostate neoplasm OR prostatic neoplasm OR prostate 
tumor OR prostatic tumor OR prostate carcinoma OR 
prostatic carcinoma OR PCa) AND (biparametric OR 
bp OR T2-weighted image and DWI OR T2-weighted 
imaging and DWI)) AND (magnetic resonance imaging OR 
MRI OR MR)”. 

Selection criteria

Studies were eligible for inclusion in this review if they met 
the following criteria: a particular focus on the T2WI-based 
and DWI-based detection of IHPC, defined as a Gleason 
score (GS) ≥7; pathological results of prostate biopsy or 
prostatectomy as the reference standard; adequate data to 
calculate diagnostic accuracy with at least 30 patients; and 
published in English. Conversely, studies were excluded 
if they were review articles or other literature types with 
nonoriginal data, such as letter and case report. 

Eligible studies were selected as follows. First, 2 
radiologists, Y Wang and W Wang, independently evaluated 
the titles and abstracts of all retrieved articles. Articles 
meeting the inclusion criteria were retained, whereas the 
other papers were excluded. The full text of the selected 
papers was then read by the 2 radiologists, and any papers 

https://qims.amegroups.com/article/view/10.21037/qims-22-1024/rc
https://qims.amegroups.com/article/view/10.21037/qims-22-1024/rc
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not meeting the inclusion criteria were excluded. Finally, 
the same method was used to investigate all the references 
listed in the selected articles to avoid missing any relevant 
literature. 

Data extraction and quality assessment

A consistent method was used to extract relevant 
information from articles, including journal name, 
publication date, name of first author, research design, 
total number of cases included, MRI machine model, 
scanning technology, and scoring method. The extracted 
content also included the method for calculating the total 
number of lesions (e.g., number of patients or lesions) 
and the diagnostic gold standard (e.g., biopsy or radical 
prostatectomy). The statistical results were either obtained 
directly from the articles or calculated and included true-
positive, false-positive, true-negative, and false-negative 
data. All data were collected by 1 reviewer, Y Wang and 
checked by another, N Yi; in the case of any disagreements, 
the data were discussed by the reviewers to reach a 
consensus.

Each included study was assessed by 2 reviewers, 
W Wang and L Jiang independently using the Quality 
Assessment of Diagnosis Accuracy Studies 2 (QUADAS-2) 
tool (14) and RevMan version 5.4a software (Cochrane). 
Evaluated items were categorized as yes, no, or “uncertain”, 
with “uncertain” indicating that the data in the paper 
were insufficient for a clear evaluation. If there were any 
discrepancies in this process, a third experienced observer, 
L Wang was consulted to reach a consensus. 

Statistical analysis

The data (true-positive, false-positive, true-negative, and 
false-negative data) were extracted from each included 
study to build a 2×2 contingency table, from which we 
calculated the corresponding the sensitivity, specificity, 
positive predictive value (PPV), negative predictive value 
(NPV), and diagnostic odds ratio (DOR). Corresponding 
forest maps and summary receiver operating characteristic 
curves (SROC) were generated by using the bivariate 
random effect model and the antilogic transformation of 
the predictive model parameters; the sensitivity, specificity, 
and area under the curve (AUC) of the data overall were 
calculated to evaluate diagnostic efficacy.

Publication bias was evaluated with Deeks funnel plot 
of effective sample size and related asymmetric regression 

test (12). Higgins I2 statistics was used to evaluate the 
heterogeneity among studies. When I2 was <50%, a fixed-
effect model was conducted for meta-analysis, whereas 
when I2 was >50%, a random model was used (15). 
Subgroup analysis was performed separately for studies 
that only used the Prostate Imaging and Reporting Data 
System (PI-RADS) for diagnosis. To evaluate the impact 
of covariate differences in all studies on the results of the 
analysis, we conducted a univariate meta-regression analysis. 
The covariates included reader experience (≥5 vs. <5 years), 
scoring system (PI-RADS vs. others), scoring cutoff (≥4 
vs. ≥3), T2-weighted planes (multiplanar vs. axial), b value 
(≥1,400 vs. <1,400 s/mm2), field strength (3 vs. 1.5 T), and 
study design (prospective vs. retrospective). All data were 
analyzed using Stata version 16 (StataCorp). P<0.05 (two-
tailed) was considered clinically significant.

Results

Literature selection

A flowchart of the study selection process is shown in  
Figure 1. A literature search was performed for studies 
published up to March 15, 2022. In all, 532 articles were 
retrieved from PubMed and 571 were retrieved from Web of 
Science. After removal of duplicates, the titles and abstracts 
were reviewed to identify and exclude any irrelevant studies. 
This left 87 studies that were potentially relevant. The full 
text of each of these studies was read, which identified 16 
studies (6,174 patients) for inclusion in this meta-analysis 
(16-31). To guarantee that the populations included were 
nonoverlapping, we did not include articles published by 
the same authors and determined whether the patients of 
the included studies were from different hospitals.

Study characteristics

The characteristics of the included studies are presented 
in Tables 1-3. Of the 16 studies, 13 were retrospective  
(17-24,26-28,30,31) and 3 were prospective (16,25,29). 
Nine studies included consecutive patients. The mean 
(±SD) age of patients was 66.4±4.6 years, and the mean PSA 
concentration was 9.3±7.6 ng/mL (Table 1). The sample size 
ranged from 51 to 1,020 patients, with IHPC prevalence 
ranging from 10% to 58% (mean 31%±12%).

The MRI machines used in each study were from 
different manufacturers: 14 studies used a 3.0-T MRI (DWI 
b=750–2,000 mm2/s) (16-25,28-31), and 2 studies used 
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Records identified from (n=1,127):

•	PubMed (n=532)

•	Web of Science (n=571)

•	Citation searching (n=24)

Records screened (title and abstract)

(n=644)

Reports sought for retrieval (n=87)

Reports assessed for eligibility (n=87)

Studies included in review (n=16)

Reports of included studies (n=16)

Records removed before screening:

•	Duplicate records removed (n=483)

Records excluded (n=557):

•	Review article (n=59)

•	Case report (n=4)

•	Letter (n=22)

•	No correlation analysis (n=460)

•	Non-English language (n=12)

Reports not retrieved (n=0)

Reports excluded (n=71):

•	No diagnosis test accuracy analysis (n=15)

•	Detection of PCa regardless of IHPC (n=38)

•	Focused on specific glandular zones (n=6)

•	Insufficient data for contingency table (n=10)

•	Overlapping populations (n=2)

Figure 1 Flowchart of the study selection process for the meta-analysis. IHPC, intermediate- and high-risk prostate cancer; PCa, prostate 
cancer.

1.5-T MRI (DWI b=1,400 mm2/s (26,27). Only 2 studies 
mentioned the use of intrarectal coils during examinations 
(19,27), and 7 articles did not report specific coil types 
(21,24-26,28,30,31). Readers’ experience in the studies 
ranged from 3 to 25 years, with 6 studies not specifying the 
radiologists’ experience (19,23,24,26,28,30). With regard 
to scoring systems, 10 studies (16,20-22,24-27,29,30) used 
the PI-RADS score (32), 3 studies (17,18,31) used a Likert 
scale (33), and the remaining 3 studies (19,23,28) used 
other methods, such as a screen-positive vision or a custom 
questionnaire.

The pathological methods of the gold standard for 

diagnosis also differed across studies. Radical prostatectomy 
(RP) was the gold standard in only 1 study (18). The 
pathological results of the other 15 studies (16,17,19-31) 
were from needle biopsies with different technologies, 
including transrectal ultrasound-guided prostate biopsy 
(TUPB), MRI-guided biopsy, MRI/ultrasound fusion-
guided targeted biopsy (Table 2).

Assessment of study quality

The methodological quality of all included studies was 
evaluated by 2 independent reviewers using the QUADAS-2 
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Table 1 Characteristics of individual studies included in the meta-analysis

First author 
(reference)

Publication 
year

Country Study design
Presentation of data Age (years), mean 

[range] or [IQR]
PSA (ng/mL), mean 

[range] or [IQR]By patients* By lesions*

Boesen (16) 2018 Denmark Prospective Yes [655] No 68# [62–72] 9.2# [6.1–19.9]

Cuocolo (17) 2018 Italy Retrospective Yes [61] No 65.75 [44–85] 7.76 [1.5–63]

Doo (18) 2012 Korea Retrospective No Yes [93] 63# [50–72] 11.5 [4.23–43.83]

Fascelli (19) 2015 USA Retrospective Yes [44] No 65 [45–85] 6.6 [0.9–43.3]

Han (20) 2020 China Retrospective Yes [37] No 71.2 [55–83] 7.39 [5.26–9.70]

Kim (21) 2021 Korea Retrospective Yes [72] No 68.4 [61–76] NA

Kuhl (22) 2017 Germany Retrospective Yes [180] No 64.8 [42–80] 8.5 [3.2–67.5]

Lee (23) 2017 Korea Retrospective Yes [21] No 64.6 [57–72] 6.6 [4.9–8.3]

Noh (24) 2020 Korea Retrospective Yes [158] No 66.6 [58–76] 11.3 [4.0–32.8]

Obmann (25) 2018 USA Prospective No Yes [62] 61.8 [44–77] 8.04 [0.45–64.08]

Pan (26) 2021 China Retrospective Yes [223] No 69.64 [62–78] 13.59 [0.73–41.12]

Pesapane (27) 2021 Italy Retrospective Yes [195] No 61.5 [49–84] 12.0 [4.4–90]

Thestrup (28) 2016 Denmark Retrospective Yes [68] No 65 [45–75] 14 [2.2–120]

Van der Leest (29) 2019 Netherlands Prospective Yes [334] No 65# [59–68] 6.4# [5.0–8.6]

Wei (30) 2020 China Retrospective Yes [97] No 69 [52–78] 6.8 [4.97–8.74]

Zawaideh (31) 2020 UK Retrospective Yes [129] No 68 [47–84] 6.15# [3.35–12.72]

*, the number in parentheses is the number of positive cases; #, median [IQR]. NA, not applicable; PSA, prostate-specific antigen; IQR, 
interquartile range. 

tool (14), W Wang and L Jiang, with the summary results 
shown in Figure 2. The potential reasons for quality bias 
included sample size and differences in the ethnicity of the 
participants, the reliability of pathological techniques, the 
research design type, and the parameter settings of the MRI 
machines.

Regarding the patient selection domain, 4 studies 
(18,19,28,29) had an unclear risk of bias because consecutive 
or random enrollment was not specified, whereas the 
remaining 12 studies had a low risk of bias. Risk of bias 
due to the index test was unclear in 1 study because of 
insufficient information regarding image interpretation (19), 
but the risk of bias was low in the remaining 15 studies. Five 
papers had high risk of bias related to the reference standard 
because the results were interpreted without blinding 
(23,26-28,31). Regarding the flow and timing, 2 studies 
(27,28) had a high risk of bias because they used various 
reference standards (i.e., biopsies or prostatectomy results), 
1 study (19) had an unclear risk of bias because it did not 
specify the type of biopsy used as a reference standard, and 

the remaining 13 studies had a low risk of bias.
As for applicability concerns, 1 study exclusively assessed 

patients who received RP, possibly leading to sampling error 
with a high proportion of IHPC (18). In addition, 7 studies 
were problematic on its applicability due to the lack of MRI 
acquisition parameters (18-22,27,30).

Diagnostic accuracy

The sensitivity of bpMRI ranged from 54% to 100%, 
with specificity ranging from 15% to 92%. The pooled 
sensitivity of all studies (n=16) was 0.91 (95% CI: 0.87–0.93), 
specificity 0.67 (95% CI: 0.58–0.76), positive likelihood 
ratio (LR) 2.8 (95% CI: 2.2–3.6), negative LR 0.14 (95% 
CI: 0.11–0.18), DOR 20 (95% CI: 15–27). It is well known 
that using different cutoff values for diagnosis will result 
in variations in the sensitivity and specificity among the 
studies, so we created separate forest plots. When the cutoff 
PI-RADS score was ≥3, the sensitivity, specificity, positive 
LR, negative LR, and DOR of bpMRI for the detection 
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Table 2 Index and reference test characteristics of the included studies

First author 
(reference)

Reference standard Cutoff scale Scanner
Field 

strength 
(T)

DWI High b 
Value  

(mm2/s)

No. 
readers

Endorectal 
coil

Boesen (16) Systematic TRUS bx and MRI/TRUS fusion 
targeted

5-point PI-RADS scale Philips 3 2,000 2 No

Cuocolo (17) Systematic and cognitive targeted TRUS bx Likert Siemens 3 1,500 2 No

Doo (18) RP Likert Siemens 3 1,000 2 No

Fascelli (19) Systematic bx and MRI/TRUS fusion 
targeted bx

SPL Philips 3 750 NA Yes

Han (20) TRUS bx 5-point PI-RADS scale GE 3 1,400 2 No

Kim (21) TRUS bx 5-point PI-RADS scale Philips 3 1,500 1 NA

Kuhl (22) MRI-guided (in-bore or fusion) bx 5-point PI-RADS scale Philips 3 1,400 1 No

Lee (23) TRUS bx or MRI/TRUS fusion targeted bx 
or RP

Modified 3-grade 
scoring system

Philips 3 1,000 2 No

Noh (24) MRI/US FTB and FSB 5-point PI-RADS scale Siemens 3 NA 3 NA

Obmann (25) Systematic and targeted TRUS bx 5-point PI-RADS scale Siemens 3 1,400 1 NA

Pan (26) TRUS bx 5-point PI-RADS scale Siemens 1.5 NA 2 NA

Pesapane (27) MRI-targeted biopsies or RP 5-point PI-RADS scale Siemens 1.5 1,400 2 Yes

Thestrup (28) TRUS bx or MRI/TRUS fusion targeted bx 
or RP

Questionnaire Philips 3 2,000 2 NA

van der Leest 
(29)

MRI-guided biopsy 5-point PI-RADS scale Siemens 3 1,400 2 No

Wei (30) Systematic TRUS bx 5-point PI-RADS scale Philips 3 2,000 2 NA

Zawaideh (31) MRI/US fusion targeted bx Likert GE 3 2,000 4 NA

bx, biopsy; DWI, diffusion-weighted imaging; FSB, fusion template systematic biopsy; FTB, fusion transperineal targeted biopsy; MRI, 
magnetic resonance imaging; NA, not applicable; PI-RADS, Prostate Imaging Reporting and Data System; RP, radical prostatectomy; SPL, 
screen-positive lesions; TRUS, transrectal ultrasound; US, ultrasound.

of IHPC were 0.93 (95% CI: 0.90–0.96; I2=93.8%), 0.59 
(95% CI: 0.46–0.71; I2=97.5%), 2.3 (95% CI: 1.7–3.1), 0.11 
(95% CI: 0.08–0.16), and 21 (95% CI: 13–23), respectively. 
With a PI-RADS score cutoff of ≥4, the sensitivity, 
specificity, positive LR, negative LR, and DOR of bpMRI 
for the detection of IHPC were 0.85 (95% CI: 0.80–0.89; 
I2=79.9%), 0.79 (95% CI: 0.74–0.84; I2=90.3%), 4.1 (95% 
CI: 3.3–5.1), 0.19 (95% CI: 0.15–0.25), and 21 (95% CI: 
16–28), respectively (34). Forest plots of the sensitivity and 
specificity of bpMRI for the diagnosis of IHPC using cutoff 
values of ≥3 and ≥4 are shown in Figure 3.

The SROC and summary cutoff point of the included 
studies for cutoff values of ≥3 and ≥4 are shown in Figure 4.  
The AUC with a cutoff of ≥3 (0.90; 95% CI: 0.87–0.92) 
was slightly higher than the AUC with a cutoff of ≥4 (0.89; 

95% CI: 0.86–0.92), but the values indicate that both cutoff 
values have high diagnostic accuracy. 

The estimated LRs were used to reproduce the 3 clinical 
decision settings in order to predict different pretest 
probabilities for the diagnosis of IHPC. The corresponding 
posttest probability was calculated on a Fagan nomogram 
(Figure 5). When the bpMRI was negative, the posttest 
probability of IHPC was 4%, which was a relatively reliable 
negative prediction when the clinical suspicion of IHPC was 
low (pretest probability 25%; Figure 5A). When the clinical 
suspicion of IHPC was high (pretest probability 75%) and 
bpMRI was positive, the posttest probability of IHPC was 
89%, indicating high positive predictive value (Figure 5C). 
When the readers were uncertain whether it was IHPC 
(pretest probability 50%), the posttest probability was 73% 
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Table 3 Diagnostic performance of biparametric magnetic resonance imaging and a 2×2 contingency table of the included studies

First author 
(reference) reading

Reader experience 
(years)

TP FP FN TN
Sensitivity 

(%)
Specificity 

(%)
PPV (%) NPV (%)

Accuracy 
(%)

Boesen (16)

Reading 1* >5 396 319 8 297 98 49 55 97 68

Reading 2# >5 379 206 25 410 94 67 65 94 77

Cuocolo (17)

Reading 1* 16 28 21 0 55 100 72 57 100 80

Reading 2# 16 35 15 3 61 92 80 70 95 84

Doo (18)

Reading 1 11 75 9 18 90 81 92 89 83 86

Reading 2 4 50 12 43 87 54 88 81 67 71

Fascelli (19) NR 33 19 1 6 97 24 63 86 66

Han (20)

Reading 1* 5 34 24 3 62 92 72 59 95 78

Reading 2# 5 30 10 7 76 81 88 75 92 86

Kim (21)

Reading 1* 7 67 69 5 85 93 55 49 94 67

Reading 2# 7 57 42 15 112 79 73 58 88 75

Kuhl (22) 9 138 49 9 346 94 88 74 97 89

Lee (23) NR 7 23 0 38 100 62 23 100 66

Noh (24)

Reading 1* NR 99 157 3 41 97 21 39 93 47

Reading 2# NR 87 67 15 131 85 66 56 90 73

Obmann (25)

Reading 1* 14 59 52 3 70 95 57 53 96 70

Reading 2# 14 48 14 14 108 77 89 77 89 85

Pan (26)

Reading 1* NR 172 202 3 153 98 43 46 98 61

Reading 2# NR 148 75 27 280 85 79 66 91 81

Pesapane (27)

Reading 1 5 164 54 31 182 84 77 39 96 78

Reading 2 3 156 61 39 175 80 74 35 95 75

Thestrup (28)

Reading 1 NR 64 116 4 20 94 15 36 83 41

Reading 2 NR 65 116 3 20 96 15 36 87 42

Table 3 (continued)
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Figure 2 Risk of bias and applicability concerns for each included study. –, high risk; ?, unclear risk; +, low risk.
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Table 3 (continued)

First author 
(reference) reading

Reader experience 
(years)

TP FP FN TN
Sensitivity 

(%)
Specificity 

(%)
PPV (%) NPV (%)

Accuracy 
(%)

van der Leest (29) 5 180 137 10 299 95 69 57 97 77

Wei (30)

Reading 1* NR 44 121 7 192 86 61 27 96 65

Reading 2# NR 41 55 10 258 80 82 43 96 82

Zawaideh (31)

Reading 1* 10 87 56 6 115 94 67 61 95 77

Reading 2# 10 74 24 19 147 80 86 76 89 84

*, MRI cutoff score ≥3; #, MRI cutoff score ≥4. FN, false negative; FP, false positive; NPV, negative predictive value; NR, not reported; PPV, 
positive predictive value; TN, true negative; TP, true positive; MRI, magnetic resonance imaging. 

if bpMRI was positive and 12% if bpMRI was negative. 
These results prove that bpMRI has a high diagnostic 
accuracy for IHPC (Figure 5B).

Higgins I2 statistical results indicated high heterogeneity 

in sensitivity (I2=90%) and specificity (I2=97%) among all 
studies. Subgroup analysis was implemented for studies 
that interpreted bpMRI only with PI-RADS. The total 
sensitivity, specificity, positive LR, negative LR, and DOR 
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Figure 3 Forest plots showing the sensitivity and specificity of biparametric resonance imaging for the diagnosis of intermediate- and high-
risk prostate cancer using a score of ≥3 (A) or ≥4 (B) as the cutoff. Multiple entries for individual studies represent separate readers. CI, 
confidence interval.

0.4	 1.0
Sensitivity

0.4	 1.0
Sensitivity

0.6	 1.0
Specificity

0.1	 1.0
Specificity

Study ID

Study ID Study ID

Study IDSensitivity (95% CI)

Sensitivity (95% CI) Specificity (95% CI)

Specificity (95% CI)

Combined

Combined Combined

Combined0.93 [0.90–0.96] 

Q =291.77, df =18.00, P=0.00 

I2 =93.83 [91.98–95.68]

0.85 [0.80–0.89] 

Q =39.87, df =8.00, P=0.00 

I2 =79.94 [67.45–92.43]

0.79 [0.74–0.84] 

Q =82.21, df =8.00, P=0.00 

I2 =90.27 [85.30–95.23]

0.59 [0.46–0.71] 

Q =715.75, df =18.00, P=0.00 

I2 = 97.49 [96.92–98.05]

Zawaideh/2020 

Wei/2020 

Van der leest/2019 

Thestrup/2016 

Thestrup/2016 

Pesapane/2021 

Pesapane/2021 

Pan/2021 

Obmann/2018 

Noh/2020 

Lee/2017 

Kuhl/2017 

Kim/2021 

Han/2020 

Fascelli/2015 

Doo/2012 

Doo/2012 

Cuocolo/2018 

Bosen/2018

Zawaideh/2020 

Wei/2020 

Pan/2021 

Obmann/2018 

Noh/2020 

Kim/2021 

Han/2020 

Cuocolo/2018 

Boesen/2018

Zawaideh/2020 

Wei/2020 

Pan/2021 

Obmann/2018 

Noh/2020 

Kim/2021 

Han/2020 

Cuocolo/2018 

Boesen/2018

0.80 [0.70–0.87] 

0.80 [0.67–0.90] 

0.85 [0.78–0.90] 

0.77 [0.65–0.87] 

0.85 [0.77–0.92] 

0.79 [0.68–0.88] 

0.81 [0.65–0.92] 

0.92 [0.79–0.98] 

0.94 [0.91–0.96]

0.86 [0.80–0.91] 

0.82 [0.78–0.86] 

0.79 [0.74–0.83] 

0.89 [0.81–0.94] 

0.66 [0.59–0.73] 

0.73 [0.65–0.80] 

0.88 [0.80–0.94] 

0.80 [0.70–0.89] 

0.67 [0.63–0.70]

Zawaideh/2020 

Wei/2020 

Van der leest/2019 

Thestrup/2016 

Thestrup/2016 

Pesapane/2021 

Pesapane/2021 

Pan/2021 

Obmann/2018 

Noh/2020 

Lee/2017 

Kuhl/2017 

Kim/2021 

Han/2020 

Fascelli/2015 

Doo/2012 

Doo/2012 

Cuocolo/2018 

Bosen/2018

0.94 [0.86–0.98] 

0.86 [0.74–0.94]

0.95 [0.91–0.97]

0.96 [0.88–0.99]

0.94 [0.86–0.98]

0.80 [0.74–0.85]

0.84 [0.78–0.89]

0.98 [0.95–1.00]

0.95 [0.87–0.99]

0.97 [0.92–0.99]

1.00 [0.59–1.00]

0.94 [0.89–0.97]

0.93 [0.85–0.98]

0.92 [0.78–0.98]

0.97 [0.85–1.00]

0.54 [0.43–0.64]

0.81 [0.71–0.88]

1.00 [0.88–1.00]

0.98 [0.96–0.99]

0.67 [0.60–0.74]

0.61 [0.56–0.67]

0.69 [0.64–0.73]

0.15 [0.09–0.22]

0.15 [0.09–0.22]

0.74 [0.68–0.80]

0.77 [0.71–0.82]

0.43 [0.38–0.48]

0.57 [0.48–0.66]

0.21 [0.15–0.27]

0.62 [0.49–0.74]

0.88 [0.84–0.91]

0.55 [0.47–0.63]

0.72 [0.61–0.81]

0.24 [0.09–0.45]

0.88 [0.80–0.94]

0.91 [0.83–0.96]

0.72 [0.61–0.82]

0.48 [0.44–0.52]

A

B



Wang et al. bpMRI in the diagnosis of IHPC: a meta-analysis2800

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(5):2791-2806 | https://dx.doi.org/10.21037/qims-22-1024

Figure 5 Fagan nomograms of 3 clinical decision settings to diagnose intermediate- and high-risk prostate cancer assuming different pretest 
probabilities that show their respective posttest probabilities: (A) pretest probability 25%, (B) pretest probability 50%, and (C) pretest 
probability 75%. LR, likelihood ratio; Neg, negative; Pos, positive; Prob, probability.
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Figure 4 SROC curves for biparametric magnetic resonance imaging in the diagnosis of intermediate- and high-risk prostate cancer using a 
score of ≥3 (A) or ≥4 (B) as the cutoff. Circles indicate observed data, and numbers inside circles indicate numbers assigned to given articles 
in bivariate model. SENS, sensitivity; SPEC, specificity; SROC, summary receiver operating characteristic; AUC, area under the curve.

1.0	 0.5	 0.0
Specificity

Observed data Observed data
Summary operating point
SENS =0.93 [0.90–0.96]
SPEC =0.59 [0.46–0.71]

Summary operating point
SENS =0.85 [0.80–0.89]
SPEC =0.79 [0.74–0.84]

SROC curve 
AUC =0.90 [0.87–0.92]

SROC curve 
AUC =0.89 [0.86–0.92]

95% confidence contour 

95% prediction contour

95% confidence contour 

95% prediction contour

1.0	 0.5	 0.0
Specificity

S
en

si
tiv

ity

S
en

si
tiv

ity

1.0

0.5

0.0

1.0

0.5

0.0

BA

of these studies for diagnosing IHPC were 0.91 (95% 
CI: 0.87–0.94), 0.69 (95% CI: 0.60–0.77), 2.9 (95% CI: 
2.3–3.7), 0.13 (95% CI: 0.09–0.18), and 23 (95% CI: 
17–31), respectively. The SROC had an AUC of 0.89 
(95% CI: 0.86–0.92). The results of Deeks funnel plot 
and asymmetric test showed that there was no significant 

publication bias (P=0.52; Figure 6).

Meta-regression analysis

We speculated that the heterogeneity in diagnostic 
performance could be attributed to the variabilities of 
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studies with regard to pathologies, study design, and MRI 
parameters. Therefore, we performed a meta-regression 
analysis stratified to 7 relevant covariates. In these analyses, 
scoring system (PI-RADS vs. others), score cutoff (≥3 vs. 
≥4), T2-weighted planes (multiplanar vs. axial), and study 
design (prospective vs. retrospective) were significantly 
associated with sensitivity (all P values<0.05 for all). 
Reader experience (≥5 vs. <5 years), score cutoff (≥3 vs. 
≥4), T2-weighted planes (multiplanar vs. axial), and a high 
b value (≥1,400 vs. <1,400 s/mm2) resulted in significant 
heterogeneities in the joint model (all P values <0.05).  
Table 4 provides details of the meta-regression analysis; 
Figure 7 shows forest plots of the sensitivity and specificity 
for the detection of IHPC using bpMRI.

Discussion

In this meta-analysis and review we evaluated the accuracy 
of bpMRI in the diagnosis of IHPC (16 studies, 6,174 
patients) and found that the overall sensitivity and specificity 
were 0.91 and 0.67, respectively. In subgroup analysis, we 
found that the overall sensitivity and specificity was 0.91 and 
0.69, respectively, for studies based only on the PI-RADS 
scoring system. By examining the use of different scoring 
cutoffs values (3 and 4), it is obvious that the sensitivity 
and specificity vary among studies. It is well known that a 

higher cutoff (≥4) will always have a higher specificity and 
lower sensitivity than a lower cutoff (≥3). However, we did 
not want to remove or ignore any studies and analyze them 
separately because, in this field, opinions are not currently 
consistent, and the purpose of our review was to present 
this situation. From our perspective, a scoring cutoff of 3 
may be more appropriate in order to reduce the ratio of 
missed diagnoses to malignant patients so that they can be 
treated in a timely manner; this position was consistent with 
the majority of studies, with approximately two-thirds of 
the included literature (19/28) using 3 as the cutoff value. 
However, in the future, more robust studies and a larger 
number of patients are needed to provide more convincing 
data. 

For all of the included studies, their separate accuracy 
ranged from 41% to 89%, which is similar to the result 
recently published by Zhen et al. (35). We also believe 
there to be a degree of heterogeneity in the sensitivity and 
specificity of the included studies, which is worth further 
discussion and improvement. 

First, the emergence of heterogeneity may be related 
to the number of sequences in the bpMRI protocol. All 
the included studies used both axial DWI and apparent 
diffusion coefficient images, but the number of T2WI used 
differed. Most studies (17-21,23-27,30,31) included at least 
2 orientations of T2WI (axial, coronal, or sagittal), but some 
studies (16,22,28,29) only used transverse T2WI, which 
might have led to a deviation in the qualitative diagnosis of 
lesions.

Another reason for the heterogeneity may be the scoring 
system used in MRI diagnosis. In 10 (16,20-22,24-27,29,30) 
of the 16 articles in this review, PI-RADS v.2 was used to 
interpret bpMRI images (32), the Likert scale (33) was 
used in 3 studies (17,18,31), and special diagnostic scoring 
criteria were used in another 3 studies (19,23,28). Because 
the scoring criteria of individual studies were inconsistent, 
the heterogeneity among studies was further amplified. 
Although PI-RADS was used to evaluate the possibility of 
PCa in most studies, the diagnostic thresholds used in these 
studies were not uniform. Most of the included studies 
used a threshold of PI-RADS ≥3, but several studies used 
PI-RADS ≥4. According to PI-RADS v.2 (36), a score of 3 
means that PCa is suspected, whereas a score of 4 means 
that cancer is more likely. In addition, we showed that the 
diagnostic sensitivity of PI-RADS ≥3 (93%; 95% CI: 90–
96%) was higher than that of PI-RADS ≥4 (85%; 95% CI: 
77–93%). Therefore, we suggest that standardized operating 
schemes, including image acquisition and interpretation 

Figure 6 Funnel plot of the included studies. Numbers in circles 
are numbers assigned to given articles in bivariate model. ESS, 
effective sample size.
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Table 4 Estimates of overall sensitivity and specificity in the meta-regression analysis of detection of intermediate-and high-risk prostate cancer 
using biparametric magnetic resonance imaging

Subgroup (covariate) No. of studies
Sensitivity Specificity Chi-squared  

(LRT)
P value  

(joint model)Value (95% CI) P value Value (95% CI) P value

Reader experience (years) 0.35 0.06 174.45 <0.05

≥5 16 0.91 (0.88–0.94) 0.75 (0.69–0.82)

<5 2 0.69 (0.46–0.91) 0.82 (0.68–0.96)

Scoring system <0.05 0.71 0.81 0.67

PI-RADS 18 0.91 (0.87–0.95) 0.69 (0.58–0.80)

Other 10 0.91 (0.86–0.97) 0.63 (0.47–0.79)

Scoring cutoff <0.05 0.63 53.37 <0.05

≥4 9 0.85 (0.77–0.93) 0.80 (0.71–0.89)

≥3 16 0.93 (0.90–0.96) 0.66 (0.56–0.75)

T2-weighted planes <0.05 0.37 7.80 <0.05

Multiplanar 22 0.88 (0.85–0.92) 0.71 (0.62–0.80)

Axial 6 0.96 (0.94–0.99)  0.50 (0.30–0.71)

b values (s/mm2)  0.41 0.44 69.53 <0.05

≥1,400 20 0.91 (0.88–0.94) 0.69 (0.58–0.79)

<1,400 4 0.85 (0.72–0.98) 0.72 (0.50–0.94)

Field strength (T) 0.10 0.47 0.31 0.86

3 24 0.91 (0.88–0.95) 0.67 (0.57–0.76)

1.5 4 0.89 (0.80–0.98) 0.70 (0.47–0.92)

Study design <0.05 0.48 3.55 0.17

Retrospective 23 0.90 (0.86–0.94) 0.67 (0.57–0.77)

Prospective 5 0.94 (0.90–0.99) 0.68 (0.47–0.89)

CI, confidence interval; LRT, likelihood ratio test; PI-RADS, Prostate Imaging Reporting and Data System.

Figure 7 Univariate meta-regression analysis results of biparametric magnetic resonance imaging in the diagnosis of intermediate- and 
high-risk prostate cancer. (A) Sensitivity and (B) specificity. *P<0.001. CI, confidence interval.
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protocols, be customized in the implementation of bpMRI 
to reduce heterogeneity.

Heterogeneity was also evident in the standard reference 
among the included studies. However, it is worth noting 
that the diagnosis, treatment, and pathology acquisition 
processes of PCa are different from those of other organs. 
In the present meta-analysis, only 1 study’s patients 
only received RP; in the remaining 15 studies, biopsies 
were used. After all, it is impossible to conduct RP in all 
patients in whom PCa is suspected. While in prostate 
biopsy, clinicians usually take 12 punctures, so there is a 
risk that the tumor will not be in the sampling area, thus 
increasing false negatives. Although biopsy may cause poor 
positioning, it has advantages in terms of the number of 
studies and sample size. Prostate diseases (hyperplasia of the 
prostate or PCa) tend to have multiple lesions. Therefore, 
regardless of whether a biopsy or RP is performed, the most 
reliable comparison is a head-to-head or lesion-to-lesion 
comparison between MRI and pathology. We believe more 
comparative studies of this kind should be conducted in the 
future to increase diagnostic accuracy.

Our study shows that the sensitivity of bpMRI in 
diagnosing IHPC is higher with a high b value (≥1, 
400 s/mm2) than with a low b value (<1,400 s/mm2), with 
the difference in the model evaluating b values reaching 
statistical significance. There is some evidence suggesting 
that high (≥1,400 s/mm2) b values are better at detecting 
IHPC than are standard (<1,400 s/mm2) b values (37). 
However, with increasing b, there is a decrease in the 
signal-to-noise ratio of DWI, and the parameters need 
to be adjusted to improve image quality (38). The best 
b value for each MRI needs to be set according to the 
magnetic field strength, quality control, and other factors. 

Among the included studies, only 2 were performed 
based on the lesions (not the patients), representing the 
current situation of the bpMRI in diagnosing IHPC. Most 
studies chose to analyze on a patient basis rather than 
by lesion, and this decision was affected by the research 
methods. There is thus far no evidence from studies 
confirming that evaluations by lesions are more exact, and 
these studies may be needed in the future.

In 2018, Kang et al. (9) compared the performance 
between bpMRI and mpMRI for diagnosing PCa and 
reported sensitivity and specificity values of 0.79 and 0.88 
for bpMRI, respectively, and 0.79 and 0.89 for mpMRI, 
respectively. However, by using different selection criteria, 
we managed to focus on IHPC specifically. Tumors with 

a GS <7 are considered to be inert and not significant in 
clinical practice, and can be treated conservatively. However, 
IHPC has a higher malignancy and worse prognosis, so 
more radical treatment methods, including RP, are needed. 
Therefore, we believe that this paper is important for 
guiding clinical practice and will help improve urologists 
and radiologists’ understanding of the MRI manifestations 
of IHPC. In 2019, Woo et al. (39) performed a head-to-
head comparison of bpMRI and mpMRI for the diagnosis 
of clinically significant PCa and found similar sensitivities 
(0.74 and 0.76, respectively) and specificities (0.90 and 0.89, 
respectively) values. However, their study design limited 
their analysis to studies that directly compared bpMRI and 
mpMRI (39).

In the present study, we found that bpMRI is a simple 
and effective imaging protocol. Its accuracy is no less 
than that of mpMRI, but it is faster, cheaper, and safer. It 
is worth popularizing bpMRI, which could even replace 
mpMRI in the future. Although our findings indicate that 
DCE is dispensable, it still has a role in other areas (e.g., 
posttreatment imaging). We believe that it is necessary and 
worthwhile biopsying lesions with PI-RADS score ≥3. This 
study also found that radiologists with >5 years of reading 
experience had a higher diagnostic accuracy. Compared 
with the previous meta-analysis (8), our slightly lower 
sensitivity and specificity may be due to the inclusion of an 
analysis of reader experience. 

There are some limitations of our meta-analysis that 
need to be addressed. First, the included studies were 
heterogeneous in terms of the methods used, which affected 
the general applicability of the summary estimates. Second, 
it was impossible to ensure uniformity in terms of patient 
selection because both retrospective and prospective 
studies were included in the meta-analysis. In the future, 
determining the diagnostic accuracy of bpMRI could 
be improved by only including prospective randomized 
controlled trials in the analysis.

Conclusions

This study shows that bpMRI has a high negative 
predictive value and diagnostic accuracy in the diagnosis 
of IHPC, which is helpful for urologists to screen PCa 
with higher risk and worse prognosis so that the most 
appropriate treatment can be implemented in a timely 
manner. Meanwhile, standardization and normalization of 
the bpMRI protocol for PCa will help improve its wider 
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applicability and reliability.
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