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Purpose: In this study, we aimed to validate and compare three scoring systems based on biparametric
magnetic resonance imaging (bpMRI) for the detection of clinically significant prostate cancer (csPCa) in
biopsy-naïve patients.
Method: In this study, we included patients who underwent MRI examinations between January 2018
and December 2022, with MRI-targeted fusion biopsy (MRGB) as the reference standard. The MRI
findings were categorized using three bpMRI-based scorings, in all of them the diffusion-weighted im-
aging (DWI) was the dominant sequence for peripheral zone (PZ) and T2-weighed imaging (T2WI) was
the dominant sequence for transition zone (TZ). We also used the Prostate Imaging Reporting and Data
System version (PI-RADS) v2.1 to evaluate each lesion. For each scoring, we calculated the sensitivity,
specificity, negative predictive value (NPV), positive predictive value (PPV), and area under the receiver
operating characteristic (ROC) curves (AUC).
Results: The calculated AUC for three bpMRI-based scorings were 83.2% (95% CI 78.8%e87.6%), 85.0%
(95% CI 80.8%e89.3%), 82.9% (95% CI 78.4%e87.5%), and 86.0% (95% CI 81.8%e90.1%), respectively. Scoring
2 exhibited significantly superior performance than scoring 1 (P ¼ 0.01) and scoring 3 (P < 0.001).
Moreover, the accuracy of scoring 2 was not decreased significantly as compared to PI-RADS v2.1
(P ¼ 0.05). There was no significant difference between 3 bpMRI-based scorings and with PI-RADS in TZ.
However, although scoring 2 yielded the highest AUC, it was still notably inferior to PI-RADS (P ¼ 0.02).
Conclusion: All three bpMRI-based scorings demonstrated favorite diagnostic accuracy, and scoring 2
performed significantly better than the other two bpMRI-based scorings. Notably, scoring 2 was not
significantly inferior to the full-sequence PI-RADS v2.1 in terms of sensitivity and specificity.
© 2024 The Asian Pacific Prostate Society. Published by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

MRI has become a pivotal imaging technique in the localization,
diagnosis, and staging of PCa.1,2 In addition, MRGB has been
demonstrated to outperform systematic biopsy, substantially
reducing the risk of unnecessary diagnosis of insignificant tumors.3

In 2019, the American College of Radiology and the European So-
ciety of Urogenital Radiology released the PI-RADS 2.1, with the
primary aim of improving the inter-reader agreement on TZ le-
sions.4 According to PI-RADS, theMRI examinations compromise all
multiparametric protocols, including T1-weighed imaging (T1WI),
Imaging, Jiangsu Vocational

, 11368@jsmc.edu.cn (H. Xu),
ong).
study.

Prostate Society. Published by Els
T2WI, dynamic contrast-enhanced (DCE) images, and diffusion-
weighted imaging (DWI).5,6 Nevertheless, a number of published
studies have demonstrated that DCE plays a subordinate role in the
TZ and can be ignored for PZ lesions.7e9 Consequently, the concept
of bpMRI, which excludes DCE, has garnered substantial attention.
This approach offers the advantage of significantly reducing image
acquisition time and examination costs while maintaining suffi-
cient diagnostic accuracy compared to mpMRI.10e13

Nevertheless, some studies have reported a significant decrease
in sensitivity with bpMRI compared to mpMRI, despite higher
specificity.10,14 Moreover, the scoring using bpMRI without DCE is
varied among studies and lacks standardization. In some studies,
the final score of a lesion was determined by a single sequence
(T2WI is dominant for TZ whereas DWI is dominant for PZ), while
in other studies the score was determined by the combination of
two sequences.7,9,14e16 Several simplified or revised scorings
derived from PI-RADS have been proposed up to date. However,
these bpMRI-based scorings have not been compared with each
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other directly, or have not been validated externally. Therefore, in
this study we aimed to compare the diagnostic performance of 3
scorings based on bpMRI with each other; moreover, we would
compare these scorings with the PI-RADS v2.1.

2. Materials and methods

2.1. Patient selection

This retrospective, single-center study was approved by the
Institutional Review Board (IRB), and the requirement of written
informed consent was waived. All data were collected in accor-
dance with the Health Insurance Portability and Accountability Act
(HIPAA). Within 4 weeks of mpMRI examination, suspicious index
lesions underwent MRI-transrectal ultrasonography (TRUS) fusion-
guided prostate-targeted biopsy (MRGB). Between January 2018
and December 2022, 401 consecutive males suspected of PCa were
identified from electronic databases at our institution. After
excluding 77 patients for 1) diagnosed as PCa or treatment prior to
MRI examination (n ¼ 29); 2) systematic biopsy only (n ¼ 14); and
3) severe artifacts on MRI images (n ¼ 34), a total of 324 patients
(mean age 68.75± 8.68 years; mean PSA 19.58± 22.69 ng/mL) were
included in the final study population.

2.2. MRI acquisition and interpretation

All examinations were conducted using a 3.0 T MRI system, with
a pelvic 32-channel phased array coil (Ingenia 3.0 T CXQuasar Dual;
Philips Medical Systems, Best, The Netherlands). The mpMRI se-
quences included axial T1-weighted imaging; axial and sagittal
turbo spin echo (TSE) T2-weighted imaging, single-shot echoplanar
diffusion-weighted imaging, and dynamic contrast enhancement
imaging. The apparent diffusion coefficient (ADC) maps were
generated from DWI with b values of 0, 100, 1000, and 2000 s/mm2.
DCE was conducted immediately after patients were injected with
contrast agent of gadobutrol (Gadovist, Bayer Schering Pharma) or
gadopentetate dimeglumine (Magnevist, Bayer Schering Pharma),
at a dose of 0.1 mL/kg (2e3 mL/s) with a power injector, and fol-
lowed by a 20 mL saline flush. Detailed MRI protocols used for
imaging acquisition are provided in Table 1. All MRI images were
independently interpreted by two genitourinary radiologists (both
with at least five years of experience) according to three bpMRI-
based scorings (scoring 1, scoring 2, and scoring 3), who were
blinded to the final histopathology results and other clinical in-
formation. To minimize memory effect, after at least 4 weeks these
lesions were assessed again according to the PI-RADS v2.1 criteria.
With scoring 1, the final scorewas determined as follows: for PZ the
final score is decided by the DWI sequence while for TZ T2WI is the
dominant sequence, regardless of the DWI score. Regarding scoring
2, T2 replaces the DCE sequence to determine the final score for PZ
lesions; however, when DWI ¼ 3 and T2WI � 4 the final score is
upgraded to 4. For TZ lesions, the final score is determined using the
Table 1
MRI parameters.

Parameter T1WI (axial) T2WI (axial)

Field of view (mm) 240 � 240 220 � 220
Acquisition matrix 276 � 406 276 � 240
Repetition time (ms) 566 3000
Echo time (ms) 8 100
Section thickness, no gaps (mm) 3.0 3.0
Acquisition time 1 min 10 sec 4 min 6 sec

Abbreviations: DCE, dynamic contrast enhanced imaging; DWI, diffusion weighted ima
a) DWI performed with b values of 0, 100, 1000, 2000 s/mm2.
T2WI sequence, and lesions with T2WI¼ 3 are upgraded to 4 only if
DWI ¼ 5. With respect to scoring 3, the dominant sequences were
DWI for PZ and T2WI for TZ; however, the final score was deter-
mined by combining these two sequences. Details on these 3
scorings are summarized in Table 2. All assessments were per-
formed using a PACSworkstation, and the final bpMRI score and the
PI-RADS was assigned through discussion in case there were
discrepancies.

2.3. Prostate biopsy procedure

Lesions suspicious of PCa identified by MRI underwent targeted
biopsy within 4 weeks, which was performed by a urologist (with
7 years of experience in prostate biopsy), utilizing an ESAOTEMylab
Twice color Doppler ultrasound device (with a 7.5-MHz transrectal
end-fire probe). Identified lesions were annotated on the MRI T2WI
by the radiologists, and an arrow was placed pointing to the
approximate center of the target, assigning the lesion to the PZ or
TZ in viewof distinct PI-RADS criteria for PZ and TZ. Targeted biopsy
was performed in a transperineal approach while taking at least
two cores (axial and sagittal planes) for individual lesion. The bi-
opsy cores were paraffin embedded, which were cut at 2-mm in-
tervals and stained with hematoxylineeosin for microscopic
evaluation. An expert genitourinary pathologist (with more than
15 years of experience) evaluated the biopsy specimens and
assigned each lesion a Gleason score (GS), who was blinded to the
MRI findings. Gleason score is composed of a primary grade plus a
secondary grade, with higher scores indicating a more aggressive
form of prostate cancer. For lesions proven to be PCa with fusion-
targeted biopsy, the corresponding International Society of Uro-
logical Pathology (ISUP) grade group was assigned: ISUP 1 ¼ GS
3þ 3; ISUP 2¼ GS 3þ 4; ISUP 3¼ GS 4þ 3; ISUP 4¼ GS 4þ 4; ISUP
5¼ GS 9e10.17 In this study, csPCawas defined as GS� 7 (ISUP� 2)
and/or extraprostatic extension. The prostate volume was calcu-
lated according to the ellipsoid volume formula (transverse
width� transverse length� longitudinal height� 0.52), the tumor
size was calculated on the basis of T2WI.

2.4. Statistical analysis

The sensitivity, specificity, NPV, PPV, and AUC with their 95% CI
were calculated for each of three bpMRI-based scorings and PI-
RADS. For scoring 1 and scoring 2, a score of �4 was defined as
positive, while for scoring 3 positive was defined as a score of �7.
TheMcNemar test was used to compare the difference in sensitivity
and specificity between scoring systems. The overall diagnostic
performance of balance between sensitivity and specificity was
evaluated using the AUC, and differences between scorings were
compared with DeLong's test, with the best being defined as the
largest one.18 The inter-reader agreements for each bpMRI-based
scoring and PI-RADS were assessed using Cohen's kappa (k) value
which was interpreted as follows: <0.20, slight; between 0.21 and
T2WI (sagittal) DWIa) DCE

220 � 220 260 � 260 220 � 220
240 � 161 104 � 125 124 � 121
4978 6000 3
100 77 1.45
3.0 3.0 3.0
3 min 42 sec 3 min 54 sec 6 min 7 sec

ging; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging.



Table 2
Three scorings based on bpMRI.

Anatomy zone PZ TZ

DWI (Dominant) T2WI Final score T2WI (Dominant) DWI Final score

Scoring 1 1 Any 1 1 Any 1
2 Any 2 2 �3 2
3 Any 3 �4 3
4 Any 4 3 �4 3

5 4
5 Any 5 4 Any 4

5 Any 5
Scoring 2 1 Any 1 1 Any 1

2 Any 2 2 �3 2
3 �3 3 �4 3

�4 4 3 �4 3
4 Any 4 5 4
5 Any 5 4 Any 4

5 Any 5
Scoring 3 1 Any 1＋Any 1 Any 1＋ any

2 Any 2＋Any 2 Any 2＋ any
3 Any 3＋Any 3 Any 3＋ any
4 Any 4＋Any 4 Any 4＋ any
5 Any 5＋Any 5 Any 5＋ any

Abbreviations: bpMRI, biparametric magnetic resonance imaging; DWI, diffusion-weighted images; PZ, peripheral zone; T2WI, T2 weighted image; TZ, transition zone.

Table 4
Gleason score distribution.

Gleason score Location

PZ TZ

�3 þ 3 93 127
3 þ 4 38 11
4 þ 3 17 5
4 þ 4 5 1
>4 þ 4 22 5

Abbreviations: PZ, peripheral zone; TZ, transition zone.
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0.40, fair; between 0.41 and 0.60, moderate; between 0.61 and 0.80,
substantial; and �0.81, almost perfect. All analysis was performed
using R statistical software (version 3.6.1).

3. Results

3.1. Patient characteristics

Of the 324 lesions, 175 were located in the PZ and 149 were in
the TZ. At targeted biopsy, 104 were diagnosed with csPCa (32.1%)
and the remaining 220 were non-csPCa or benign prostatic hy-
perplasia (67.9%), Tables 3 and 4 summarize the demographic
characteristics of included patients.

3.2. Diagnostic performance

The comprehensive diagnostic performance for 4 scoring sys-
tems is detailed in Table 5. We performed comparisons of three
bpMRI-based scorings with each other in terms of AUC and found
that scoring 2 exhibited significantly superior performance
compared to scoring 1 (P ¼ 0.01) and scoring 3 (P < 0.001). More-
over, the diagnostic performance of scoring 2 was not decreased
significantly as compared to PI-RADS v2.1 (P ¼ 0.05), even though
the DCE sequence was omitted (Fig. 1). When analyzing lesions
according to anatomy zone, no significant differences were
observed within 3 bpMRI-based scorings and with PI-RADS in TZ.
For lesions in PZ, however, although scoring 2 yielded a higher AUC
than two others, it was still notably inferior to PI-RADS (P ¼ 0.02,
Table 3
Characteristics of patients.

Variable

csPCa (n ¼ 104)

Age (years, mean ± SD) 71.2 ± 9.0
tPSA (ng/mL, median [IQR]) 17.55 (11.00e43.25)
fPSA (ng/mL, median [IQR]) 2.10 (1.14e6.22)
PV (mL, median [IQR]) 39.03 (29.83e61.25)
PSAD (ng/mL/mL, median [IQR]) 0.48 (0.27e-1.06)

Abbreviations: csPCa, clinically significant prostate cancer; fPSA, free prostate-specifi
prostate volume; SD, standard deviation; tPSA, total prostate-specific antigen.
a) Including Non-csPCa and benign lesions.
Table S1). Fig. 2 shows an example of one lesion categorized by 3
bpMRI scorings. The inter-reader agreement with Cohen's k value
for 3 bpMRI-based scorings were 0.69 (95% CI 0.62e0.69), 0.70 (95%
CI 0.67e0.73), and 0.55 (95% CI 0.52e0.60), respectively. None of
these 3 scorings differed significantly from PI-RADS, although the
latter demonstrated higher inter-reader agreement (k ¼ 0.72, 95%
CI 0.69e0.77).

In addition to AUC, we compared the sensitivity and specificity
among different scorings. Overall, scoring 2 exhibited significantly
higher sensitivity than scoring 1 (P < 0.001) but was comparable to
scoring 3. Nevertheless, the increase in sensitivity was at the cost of
reduced specificity, which was significantly lower than scoring 1
(P ¼ 0.001) but still substantially higher than scoring 3 (P ¼ 0.001).
While comparing scoring 2 with PI-RADS, no significant difference
was noted either for sensitivity (P ¼ 0.18) or specificity (P ¼ 0.13).

Regarding the PZ, scoring 2 at cutoff �4 exhibited identical
sensitivity and specificity to scoring 3 at cutoff �7. Comparison
n ¼ 324

Non-csPCa (n ¼ 220)a) P

67.6 ± 8.3 <0.01
9.00 (6.22e16.00) <0.01
1.41 (0.96e2.25) <0.01
54.00 (36.37e73.25) <0.01
0.17 (0.12e0.29) 0.02

c antigen; IQR, interquartile range; PSAD, prostate-specific antigen density; PV,



Table 5
Diagnostic performance for whole gland.

Indicator Scoring 1 (Cutoff �4) Scoring 2 (Cutoff �4) Scoring 3 (Cutoff �7) PI-RADS 2.1 (Cutoff �4)

Sensitivity (95% CI) 66.3% (57.3%e75.4%) 85.6% (78.8%e92.3%) 86.5% (80.0%e93.1%) 88.5% (82.3%e94.6%)
Specificity (95% CI) 83.2% (78.2%e88.1%) 77.7% (72.2%e83.2%) 71.8% (65.9%e77.8%) 80.0% (74.7%e85.3%)
PPV (95% CI) 65.1% (56.0%e74.2%) 64.5% (56.5%e72.5%) 59.2% (51.4%e67.0%) 67.6% (59.8%e75.5%)
NPV (95% CI) 83.9% (79.1%e88.8%) 91.9% (88.0%e95.8%) 91.9% (87.8%e95.9%) 93.6% (90.1%e97.1%)
AUC (95% CI) 83.2% (78.8%e87.6%) 85.0% (80.8%e89.3%) 82.9% (78.4%e87.5%) 86.0% (81.8%e90.1%)
True positive 69/104 89/104 90/104 92/104
True negative 183/220 171/220 158/220 176/220

Abbreviations: AUC, area under the receiver operating characteristic curve; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.

Figure 1. Area under the receiver operating characteristic curve for 4 scoring systems.
PI-RADS, Prostate Imaging Reporting and Data System.
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between scoring 2 and scoring 1 (cutoff �4) yielded similar results
with the whole gland, that the former generated significantly
higher sensitivity (P < 0.001) but lower specificity (P ¼ 0.001). In
comparison with PI-RADS, scoring 2 generated significantly lower
specificity (P ¼ 0.02) but comparable sensitivity (P ¼ 0.56). For the
TZ, comparisons indicated minor differences between scorings as
compared to PZ. Specifically, scoring 2 had identical sensitivity and
specificity with scoring 1, and there was no significant difference
compared to PI-RADS (P ¼ 0.16 for both sensitivity and specificity).
However, scoring 2 showed substantially higher specificity than
scoring 3 (P < 0.001).
4. Discussion

In this study, we assessed three bpMRI-based scorings and PI-
RADS for the prediction of csPCa. Our findings indicated that all
of these scoring systems generated favorite diagnostic perfor-
mance, with AUC of 0.83, 0.85, 0.83, and 0.86, respectively.
Furthermore, scoring 1 and scoring 2 showed substantial inter-
reader agreement between radiologists (k ¼ 0.69 and k ¼ 0.70,
respectively). However, comparative analyses among these four
scorings revealed that scoring 2 significantly outperformed scoring
1 and scoring 3. Moreover, our analysis demonstrated that scoring 2
was not statistically inferior to the PI-RADS v2.1, which utilized a
full sequence of mpMRI. While analyzed according to the anatomy
zone, no significant difference was found among these scorings for
TZ. Regarding PZ, however, although scoring 2 exhibited a higher
AUC than the other two bpMRI-based scorings, it was still notably
inferior to PI-RADS. We further analyzed the differences in terms of
sensitivity and specificity, and the results demonstrated that no
significant difference between scoring 2 and PI-RADS for the whole
gland. Nevertheless, a significant reduction in specificity was noted
in PZ lesions.

The study highlights the significance of considering the diag-
nostic performance of bpMRI, which excludes the DCE sequence.
This omission is often motivated by eliminating the need for
intravenous contrast media and reducing examination time (up to
15 minute).19 Several meta-analyses demonstrated that bpMRI has
similar diagnostic accuracy as compared to mpMRI and the DCE
was not necessary or secondary, especially for PZ lesions.10,12,13 In
an earlier meta-analysis including 10 head-to-head studies, the
pooled results showed that mpMRI had significantly higher sensi-
tivity (0.85) than did bpMRI (0.80, P ¼ 0.01), while no significant
difference was found in specificity.10 Nevertheless, Greer
et al demonstrated that although DCE could improve the cancer
detection rate of PI-RADS 2, 3, and 4 lesions in PZ, a high rate of DCE
positivity may lead to higher false-positive rate.8 In a recent meta-
analysis, the pooled sensitivity and specificity from 17 bpMRI
studies for csPCawere 0.83 and 0.71, respectively.12 By contrast, our
study yielded higher sensitivity and specificity, which could avoid
more unnecessary biopsies. However, the head-to-head compari-
son between bpMRI and PI-RADS in our study showed that without
DCE, more lesions (8/175) with GS � 3＋3 were referred to biopsy,
all of which were located in PZ and were scored 3 with PI-RADS
criteria. Previous studies also showed score 3 in the PZ is less
likely to be upgraded with bpMRI due to lack of DCE.20e22 None-
theless, some studies reported that results from experienced radi-
ologists were more accurate than those with less experience.12 In
the current study, all MRI images were interpreted by two radiol-
ogists with experience of more than 5 years, this may be why we
did not observe a significant decrease in sensitivity while omitting
the DCE sequence.

Despite that bpMRI is emerging strongly as an alternative tool to
mpMRI in the detection, localization, and management of PCa, the
application of bpMRI in clinical practice is limited by the lack of a
standardized scoring system. Some studies have replaced the DCE
with T2WI,16,23,24 while others suggested completely disregarding
the DCE sequence.9,15 In the absence of consensus, there have been
diverse approaches to assigning final scores to lesions. In the study
of Boesen et al, the final score of PZ lesions was merely dependent
on DWI findings, and indeterminate lesions (score 3) were not be
upgraded to score 4 even without positive DCE findings.9,15 How-
ever, De Visschere et al, recommended using T2WI as a comple-
ment (�3 or �4) for DWI score 3 lesions in PZ, and DWI score �4
or ¼ 5 were used to help determine the final score for T2WI score 3



Figure 2. A 63-year-old man with elevated PSA of 11.1 ng/mL and PSAD of 0.27 ng/mLmL. (A). A marked focal lesion (white arrow) of 11 mm in the right of the PZ with low signal
intensity on T2WI; (B) high signal intensity on high b-value image of the DWI; (C) on the ADC map, which showed hypointense; (D) histopathologic image, Gleason score of 4 þ 4 at
biopsy. This lesion was assigned as score 3, 4, and 7 according to Scoring 1, Scoring 2, and Scoring 3, respectively.
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lesions in TZ.7 In another study, Scialpi et. al. suggested using a
volume of 0.5 cm3 as the cutoff value to manage score 3 lesions, in
which category 3a includes lesions with a volume �0.5 cm3 then
are referred to clinical surveillance, whereas category 3b includes
lesions with a volume �0.5 cm3 then are referred to targeted bi-
opsy.16 In daily clinical practice, the adoption of simplified scoring
should facilitate multidisciplinary cooperation and improve the
management of suspected PCa.

There are some limitations to the present study. First, this was a
single-center retrospective study which may introduced patient
selection bias. Therefore, the results and conclusions need to be
validated in prospective multi-center studies with a larger number
of patients. Second, the use of MRI-TRUS fusion targeted biopsy as
the reference standardmaymiss some undetected PCa lesions, thus
the true rate of false-negative readings cannot be assessed. How-
ever, all study participants underwent standard biopsies, including
those with low-suspicion bpMRI findings. Third, the definition of
clinically significant PCa has varied among studies and there has
been no consensus currently, which may have led to unreliable
conclusions in our study. Finally, the results of our study were from
experienced readers, and further validation may be necessary for
radiologists with less experience.
5. Conclusion

In this study, we compared three standardized bpMRI-based
scorings with each other and with PI-RADS v2.1. The findings
indicate that all scorings achieved favorite diagnostic accuracy, and
scoring 2 performed significantly better than the other two bpMRI-
based scorings. Notably, scoring 2 was not significantly inferior to
the full-sequence PI-RADS v2.1 in terms of sensitivity and speci-
ficity. Further research, including prospective multicenter studies,
is warranted to validate these findings and establish standardized
scoring systems for bpMRI.
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