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ABSTRACT
Introduction: This research aims to evaluate accuracy and interobserver agreement on the correlation between the 
Prostate Imaging Reporting and Data System version 2.1 (PI-RADS v2.1) and the International Society of Urological 
Pathology (ISUP) scores. 
Methods: We examined patients who underwent prostate multiparametric magnetic resonance imaging (MpMRI) prior 
to transrectal ultrasound–guided cognitive fusion biopsy between April and December 2019. MpMRI examinations 
were evaluated by two radiologists according to PI-RADS v2.1. Interobserver agreement was recorded and the final 
PI-RADS category was decided by consensus. The correlation of cognitive fusion biopsy results with PI-RADS v2.1 
score was evaluated. Lesions with Gleason score ≥7 were considered to be clinically significant prostate cancer.
Results: A total of 84 patients with 106 lesions were included in the study. The rates of prostate cancer in the PI-
RADS groups 1, 2, 3, 4, and 5 were 0%, 0%, 22.2%, 56%, and 94.45%, respectively. There was a positive correlation 
with an area under the curve value of 0.814 between the PI-RADS v2.1 and the ISUP score. Using PI-RADS ≥3 as 
the cut-off value in the peripheral zone (PZ) and the whole gland, the negative predictive value for malignancy was 
100%. For PI-RADS ≥4, it was 76.47% for PZ and 80.65% for the whole gland. Without applying cut-off values, 
the interobserver agreement for PI-RADS score was κ = 0.562.
Conclusion: Our data support the notion that PI-RADS v2.1 facilitates the evaluation of MpMRI and improves 
interobserver agreement. 
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INTRODUCTION
Prostate cancer (PCa) is the most commonly observed 
cancer in men in the world and the second most common 
cause of cancer-related deaths.1 A study of 1,056 men 
who died from causes other than PCa found that 68% to 
77% of men aged 60 to 79 years had occult PCa identified 
at autopsy, indicating a high prevalence of the disease.2,3 
Advanced-stage PCa poses a high risk of morbidity and 
mortality. Recent studies have focused on distinguishing 
between lesions expressed as ‘silent disease’ with almost 
no malignant potential, such as tumours with a Gleason 
score (GS) of 6 and high-grade cancers.4 Due to limited 
sensitivity and specificity of serum prostate-specific 
antigen (PSA) screening, digital prostate examination, 
and transrectal ultrasound (TRUS)–guided biopsy, 
advanced imaging methods are needed to perform 
target-specific biopsies and to reduce the negative 
biopsy rate.5 Advanced methodology is needed to direct 
patients to treatment or active surveillance. To ensure 
standardisation and reduce differences emerging in the 
selection of parameters and interpretation of images 
in prostate magnetic resonance imaging (MRI), the 

European Society of Urogenital Radiology issued 
relevant guidelines in 2012.5,6 Rapid developments in 
this field and limitations encountered during the use of 
the Prostate Imaging Reporting and Data System version 
1 (PI-RADS v1) led to an update of the PI-RADS, and 
PI-RADS v2 was subsequently published in 2015.7 
In 2019, PI-RADS v2.1, including changes ensuring 
more accurate and reproducible interpretations, was 
published.8,9

This study aimed to investigate the correlation of the 
PI-RADS v2.1 score with the histopathological result 
and the International Society of Urological Pathology 
(ISUP) score in patients with suspected PCa undergoing 
multiparametric MRI (MpMRI) examinations scored 
with PI-RADS v2.1 and diagnosed with TRUS-guided 
cognitive fusion biopsy and to assess the compatibility 
between different experience levels of the radiologists.

METHODS
In this single-centre study, 166 consecutive patients 
who underwent MpMRI for PCa between April and 
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前列腺影像報告和數據系統第2.1版與國際泌尿病理學會評分之間相關性
的準確性和觀察者間的一致性
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簡介：本研究旨在評估前列腺影像報告和數據系統第2.1版（PI-RADS v2.1）與國際泌尿病理學會
（ISUP）評分之間相關性的準確性和觀察者間的一致性。
方法：我們檢視2019年4月至12月期間經直腸超聲引導融合活檢之前接受前列腺多參數磁共振成像
（MpMRI）的患者。MpMRI檢查由兩名放射科醫生根據PI-RADS v2.1進行評估。研究記錄了觀察者
間的一致性，最終的PI-RADS類別由協商決定，並評估融合活檢結果與PI-RADS v2.1評分的相關性。
Gleason評分≥7的病變認為是有臨床意義的前列腺癌。
結果：本研究共納入84例患者106個病灶。PI-RADS 1、2、3、4及5組前列腺癌發生率分別為0%、
0%、22.2%、56%及94.45%。PI-RADS v2.1與ISUP評分呈正相關，曲線下面積為0.814。以周邊區和
整個腺體的PI-RADS≥3為界值，惡性腫瘤的陰性預測值為100%。PI-RADS≥4時，周邊區陰性預測值
為76.47%，全腺體陰性預測值則為80.65%。在不應用閾值的情況下，PI-RADS評分的觀察者間一致
性為κ= 0.562。
結論：我們的研究數據證明PI-RADS v2.1有助促進MpMRI的評估並增加觀察者間的一致性。
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December 2019 were evaluated. Ethical approval was 
obtained from our institution, and oral and written 
consents were obtained from all patients. Twelve patients 
with unsuitable image quality for evaluation, 26 patients 
with a previous biopsy and with PCa treatment before 
testing, and 44 patients with no tissue diagnosis due 
to PI-RADS 1 or who declined biopsy were excluded 
from the study. A total of 106 lesions in 84 patients 
diagnosed with TRUS-guided cognitive fusion biopsy 
in our hospital were included in the final study group. 
Patients’ age, serum PSA value, PSA density (PSAd), 
and prostate volume were recorded. The prostate 
MpMRI was performed with a 1.5T scanner (Siemens 
MAGNETOM Aera; Siemens Inc, Erlangen, Germany) 
with an 18-channel pelvic coil according to the protocols 
shown in Table 1. All sequences were assessed on a 
syngo.via workstation (Siemens, Erlangen, Germany).

Assessment of Images and Histopathological 
Correlation
MpMRI images were evaluated before biopsy according 
to the PI-RADS v2.1 guidelines by two radiologists with 
25 years of experience (reader 1) and 2 years of experience 
(reader 2) in abdominal MRI. The appearance, location, 
and dimensions of lesions were first independently 
assessed by the two radiologists. Lesion location was 
defined according to the sector map in the PI-RADS 

v2.1 guidelines. Lesions including both the peripheral 
zone (PZ) and transitional zone (TZ) or lesions with 
extraprostatic extension were defined as diffuse cancer. 
Lesions were scored according to PI-RADS v2.1 
criteria on T2-weighted imaging (T2WI) and diffusion-
weighted imaging (DWI). Dynamic contrast-enhanced 
(DCE) imaging–MRI was defined as ‘negative’ or 
‘positive’ and each lesion was given a PI-RADS v2.1 
(category 1-5) score for later evaluation of interobserver 
agreement. Differences in PI-RADS scores between the 
readers were settled by consensus in 28 lesions (Table 
2). Interobserver agreement on these variables and 
histopathological correlation with PI-RADS v2.1 score 
were evaluated. Negative MpMRI findings were scored 
as PI-RADS 1.

The biopsy decision was based on MpMRI findings 
and clinical suspicion of PCa. MpMRI TRUS-guided 
cognitive fusion biopsy was performed with an 18-gauge 
automatic biopsy needle (Tru-Cut; Merit Medical, 
South Jordan [UT], United States). MpMRI TRUS-
guided cognitive fusion biopsy is done by determining 
suspicious areas through MpMRI, approximately 
defining this area with TRUS and then carrying out the 
biopsy procedure. The hypoechogenic-hyperechogenic 
foci of ultrasound images during MpMRI TRUS-guided 
cognitive fusion biopsy were considered, where two 

Sequence Slice 
thickness, 

mm

No. of 
slices

Voxel size, 
mm3

Field of 
view, mm

TE, ms TR, ms Gap, 
mm

b Value,  
s/mm2*

Flip 
angle

T2W coronal HASTE 5 30 1.4 × 1.4 × 5 360 × 360 92 1400 1 180°
T2W axial HASTE 6 30 1.5 × 1.5 × 6 380 × 380 91 1400 1.2 180°
T2W sagittal HASTE 5 30 1.2 × 1.2 × 5 300 × 300 92 1400 0 180°
T2W coronal TSE 3 20 0.7 × 0.7 × 3 224 × 224 96 5490 0 160°
T2W axial TSE 3 24 0.6 × 0.6 × 3 200 × 200 101 6620 0 160°
DWI 3 20 0.8 × 0.8 × 3 200 × 200 80 5000 0 50, 800, 

1200, 1800, 
2000†

-

T1W axial (for evaluating 
lymph nodes)

TSE 4 26 0.9 × 0.9 × 4 300 × 300 20 552 0.8 167°

T1 map axial VIBE 3, 5 20 1.4 × 1.4 × 3.5 260 × 260 1, 9 4, 11 0 2°,
15°

T1W DCE-MRI‡ VIBE 3, 5 20 1.4 × 1.4 × 3.5 260 × 260 1, 58 4, 46 0 12°
Post-contrast T1W axial TSE 4 34 0.6 × 0.6 × 4 360 × 360 11 606 0.8 180°

Table 1. Multiparametric magnetic resonance imaging (MpMRI) protocols (1.5T Siemens MAGNETOM Aera).

Abbreviations: DCE = dynamic contrast-enhanced; DWI = diffusion-weighted imaging; HASTE = half-Fourier acquisition single-shot turbo 
spin echo; T1W = T1-weighted; T2W = T2-weighted; TE = time of echo; TR = time of repetition; TSE = turbo spin echo; VIBE = volumetric 
interpolated breath-hold examination.
* There is no widely accepted optimal ‘high b value’ beyond the requirement for a DWI set with a b value ≥1400 s/mm2.9

† Calculated b value.
‡ In DCE imaging, a gadolinium-based contrast agent with an automatic injector at 0.1-0.2 mmol/kg concentration and 2-4 mL/s injection 

rate via intravenous were used and T1 axial sections were obtained over 240-300 s once every 7 s before, during, and after administration 
covering the entire prostate.
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samples were taken from each lesion by correlating 
them with the foci defined in MpMRI and marked on 
the sector map.7 In addition to cognitive fusion biopsy, 
12-core systematic biopsy was performed for the safety 
of the patients. To improve the accuracy of biopsy 
localisation, one of three experienced urologists (with 
15, 18 and 22 years of experience) performed the TRUS-
biopsy procedure with assistance from both radiologists 
to pinpoint the lesion location. Biopsy specimens were 
evaluated by a urogenital pathologist. Lesions with GS 
≥7 was considered as clinically significant PCa (csPCa). 
Lesions were grouped according to the ISUP scoring 
method (ISUP 1, GS 3+3; ISUP 2, GS 3+4; ISUP 3, GS 
4+3; ISUP 4, GS 4+4; ISUP 5, GS ≥ 9).10 On MpMRI, 
lesions with a PI-RADS v2.1 score ≥3 were recorded 
as positive, while lesions scoring <3 were recorded as 
negative.

Statistical Methods
In descriptive analyses, continuous variables are 
presented as mean ± standard deviation or median 
(interquartile range) and categorical variables as a 
percentage (%). The compliance of the data to normal 
distribution was evaluated using the Shapiro–Wilk test. 
If the data had a normal distribution, a t test was used to 
compare two groups; under non-parametric conditions, 
the Mann–Whitney U test was used. Comparison of 
continuous variables between three and more categories 
was made using the one-way analysis of variance or 
the non-parametric equivalent of the Kruskal–Wallis 
test. The strength of the correlation between two 
continuous variables was assessed using the Spearman’s 
rank correlation coefficient. Accordingly, correlation 
coefficient (r) values <0.2 show very weak or no 
correlation, values from 0.2 to 0.4 show weak correlation, 
values from 0.4 to 0.6 show moderate correlation, 
values from 0.6 to 0.8 show a high correlation, and 
values >0.8 are interpreted as very high correlation. 
Interobserver agreement was evaluated using kappa 

coefficients (κ) and was assessed as follows: 0.01-0.20, 
slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, 
moderate agreement; 0.61-0.80, substantial agreement; 
and 0.81-0.99, almost perfect agreement. To evaluate 
the success of the obtained variables, to diagnose PCa, 
and to determine cut-off points, the area under the curve 
(AUC) of a receiver operating characteristic, sensitivity, 
specificity, positive predictive value (PPV), and negative 
predictive value (NPV) were computed. SPSS (Windows 
version 22.0; IBM Corp, Armonk [NY], United States) 
and MedCalc (MedCalc Software Ltd, Mariakerke, 
Belgium) were used for statistical analyses. A p value of 
< 0.05 was accepted as statistically significant.

RESULTS
The mean age, PSA level, prostate volume, and mean 
PSAd values for the 84 cases included in the study 
were 63.5 ± 7.5 years, 11.68 ± 17.34 ng/mL, 62.4 ± 
38.08 cm3, and 0.23 ± 0.39 ng/mL2, respectively. There 
were no statistically significant differences between 
malignant and benign diseases for age and PSA values. 
Prostate volume in the malignant group was found to be 
significantly lower while PSAd was higher than that in 
the benign group (both p < 0.001) [Table 3].

Of the 106 lesions examined in this study from the 84 
patients, 26 (24.5%) were benign prostatic tissue, 36 
(34.0%) were prostatitis, 43 (40.6%) were malignant 
lesions, and one (0.9%) was high-grade prostatic 
intraepithelial neoplasia. Among malignant lesions, 
65.1% were localised in the PZ, 14% in the TZ, and 
20.9% were diffuse cancers.

These 106 lesions were identified as PI-RADS category 
1 (n = 5), 2 (n = 4), 3 (n = 54), 4 (n = 25), and 5 (n = 18). 
No malignancy was detected in PI-RADS 1 or 2 lesions. 
Systematic biopsy was performed on these patients with 
the decision of the clinician due to the increase in PSA 
level, rectal examination findings, and the age of the 

Variable PI-RADS score of the 1st reader Total

PI-RADS score of the 2nd reader 1 2 3 4 5
1 5 0 0 0 0 5
2 0 2 14 1 0 17
3 0 2 37 5 1 45
4 0 0 2 17 2 21
5 0 0 1 2 15 18
Final PI-RADS score 5 4 54 25 18 106

Table 2. Distribution of Prostate Imaging Reporting and Data System (PI-RADS) scores assigned to lesions by two readers before 
consensus.
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patient. Of the PI-RADS 3, 4, and 5 lesions, the PCa 
incidence was 22.2%, 56%, and 94.45%, respectively.

Table 4 shows the statistical parameters in PZ and TZ 
when the cut-off value was PI-RADS ≥3 positive and 
PI-RADS ≥4 positive for cancer detection on T2WI, 
DWI, and T2WI, DWI and DCE imaging combination 
(MpMRI). In TZ, there was no patient with PI-RADS 
<3, hence the diagnostic parameters for this variable 
were not calculated.

Expressed as median (interquartile range), the success of 
the PI-RADS score to predict cancer was found to have 
an AUC value of 0.764 (0.646-0.882) for PZ and 0.629 
(0.347-0.910) for TZ. Evaluation by excluding the zonal 
anatomy found successful cancer predictions had AUC 
values of 0.773 (0.683-0.864), 0.722 (0.621-0.824), 0.740 
(0.641-0.838), 0.619 (0.514-0.724), and 0.764 (0.646-
0.882) for T2WI, DWI, DCE imaging, combination 
of T2WI and DWI (biparametric), and combination of 

T2WI, DWI and DCE imaging (MpMRI), respectively.

The sensitivity, specificity, NPV, and PPV values for 
PCa detection according to PI-RADS v2.1 and regardless 
of the zone, for T2WI and DWI independently, for 
biparametric and MpMRI assessment when PI-RADS ≥3 
and ≥4 positive, are summarised in Table 5. The results 
for the cut-off values ≥3 and ≥4 are shown in Tables 4 
and 5. The differences observed between sensitivity, 
specificity, PPV, and NPV values with each cut-off 
value were separately evaluated. Accordingly, when the 
PI-RADS score cut-off value ≥4 was taken as positive, 
the sensitivity and NPV decreased moderately, while 
specificity and PPV increased.

A total of 43 lesions (40.56%) were categorised into 
PI-RADS 4 and 5. Among these, 27 lesions (25.47%) 
had ISUP score >1. When PI-RADS 3 lesions were 
evaluated, 22.2% of these lesions were diagnosed as 
PCa, whereas no lesions had ISUP score >1. There was 

Table 3. Descriptive statistics of patients included in the current study.

Abbreviations: NA = not applicable; PSA = prostate-specific antigen; PSAd = prostate-specific antigen density.

Histopathological diagnosis

Malignant (n = 43) Benign (n = 63) p Value

Mean ± standard 
deviation

Median (interquartile 
range)

Mean ± standard 
deviation

Median (interquartile 
range)

Age, y 65.24 ± 7.90 65.0 (59.75-70.0) 62.07 ± 6.90 62.50 (57.0-66.0) 0.053
PSA level, ng/mL 15.24 ± 24.12 7.56 (5.28-11.19) 8.75 ± 7.52 6.94 (4.00-9.71) 0.259
Prostate volume, cm3 46.11 ± 29.21 39.37 (30.74-50.53) 75.94 ± 39.51 72.50 (44.87-100.75) <0.001
Lesion volume, cm3 0.71 ± 0.94 NA 0.34 ± 0.34 NA 0.031
PSAd value, ng/mL2 0.37 ± 0.55 0.20 (0.11-0.33) 0.13 ± 0.121 0.11 (0.07-0.147) <0.001

Zone Sequence Cut-off value Sensitivity Specificity PPV NPV Accuracy

PZ
T2WI PI-RADS ≥3 +ve 100% 27.78% 51.85% 100% 59.38%

PI-RADS ≥4 +ve 32.14% 97.22% 90% 64.81% 68.75%
DWI PI-RADS ≥3 +ve 92.86% 13.89% 45.61% 71.43% 48.44%

PI-RADS ≥4 +ve 46.43% 91.67% 81.25% 68.75% 71.88%
MpMRI (T2WI, DWI and DCEI) PI-RADS ≥3 +ve 100% 11.11% 46.67% 100% 52.98%

PI-RADS ≥4 +ve 71.43% 72.22% 66.67% 76.47% 71.87%
TZ

T2WI PI-RADS ≥4 +ve 33.33% 90.91% 50% 83.33% 78.57%
DWI PI-RADS ≥4 +ve 33.33% 59.09% 18.18% 76.47% 53.57%
MpMRI (T2WI, DWI and DCEI) PI-RADS ≥4 +ve 33.33% 90.91% 50% 83.33% 78.57%

Table 4. Statistical parameters for cancer detection in peripheral zone (PZ) and transitional zone (TZ).

Abbreviations: +ve = positive; DCEI = dynamic contrast-enhanced imaging; DWI = diffusion-weighted imaging; MpMRI = multiparametric 
magnetic resonance imaging; NPV = negative predictive value; PI-RADS = Prostate Imaging Reporting and Data System; PPV = positive 
predictive value; T2WI = T2-weighted imaging.
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a positive correlation between PI-RADS v2.1 score with 
ISUP score and the correlation value was 0.814 (p < 
0.001) [Table 6].

In PZ, for ISUP grades 1, 2, 3, 4, and 5, there were four 
(57.1%), two (28.6%), 0, 0, and one (14.3%) lesions 
upgraded to PI-RADS 4 with DWI score 3 and DCE 
positivity identified, respectively (Table 7). For lesions 
with DWI score 4 and PI-RADS 4, 0, two (33.3%), two 
(33.3%), two (33.3%), and 0 lesions were in ISUP grades 
1, 2, 3, 4, and 5, respectively. We divided the PI-RADS 
4 lesions into two groups according to the DWI score 
(DWI 3 and DWI 4). When we compared the lesions in 

these groups according to ISUP grades (ISUP 1 and >1 
in Figures 1 and 2, respectively), we found that the DWI 
4 group had higher ISUP grades (p = 0.03).

The interobserver agreement kappa value (κ) for the 
PI-RADS score without applying the cut-off value was 
0.562, which represents moderate agreement. When 
stratified PI-RADS as <3 and ≥3, the κ for agreement 
between the two observers was 0.320, indicating a fair 
level of agreement. When stratified PI-RADS as <4 and 
≥4, the κ was 0.770, which corresponds to a substantial 
agreement. When stratified PI-RADS as <3 and ≥3, the 
interobserver agreement for T2WI was moderate with 

Benign (n=63) ISUP score 1 
(n = 16)

ISUP score 2 
(n = 6)

ISUP score 3 
(n = 6)

ISUP score 4 
(n = 6)

ISUP score 5 
(n = 9)

PI-RADS 1 5 0 0 0 0 0
PI-RADS 2 4 0 0 0 0 0
PI-RADS 3 42 12 0 0 0 0
PI-RADS 4 11 4 4 3 2 1
PI-RADS 5 1 0 2 3 4 8
Total 63 16 6 6 6 9

Table 6. Assessment of lesions’ International Society of Urological Pathology (ISUP) scores according to their Prostate Imaging Reporting 
and Data System (PI-RADS) version 2.1 score (p < 0.001).

Abbreviations: DCE = dynamic contrast-enhanced; NA = not applicable.

PI-RADS 4 ISUP score

DWI score DCE imaging status 1 2 3 4 5 Total
3 Upgraded to Group 4 

with DCE positivity
4 (57.1%) 2 (28.6%) 0 0 1 (14.3%) 7

4 NA 0 2 (33.3%) 2 (33.3%) 2 (33.3%) 0 6
Total 4 4 2 2 1 13

Table 7. Correlation between International Society of Urological Pathology (ISUP) scores and diffusion-weighted imaging (DWI) scores of 
Prostate Imaging Reporting and Data System (PI-RADS) 4 lesions in the peripheral zone.

Cut-off value Sensitivity Specificity PPV NPV Accuracy

T2WI PI-RADS ≥3 +ve 100% 22.58% 47.25% 100% 53.77%
PI-RADS ≥4 +ve 46.51% 93.75% 45.26% 94.04% 71.43%

DWI PI-RADS ≥3 +ve 95.35% 14.52% 43.62% 81.82% 47.62%
PI-RADS ≥4 +ve 54.55% 80.65% 23.84% 94.10% 69.81%

DCEI PI-RADS ≥3 +ve 79.07% 68.85% 64.15% 82.35% 80.21%
T2WI-DWI (biparametric) PI-RADS ≥3 +ve 100% 23.81% 47.25% 100% 54.85%
MpMRI (T2WI, DWI and DCEI) PI-RADS ≥3 +ve 100% 12.90% 44.33% 100% 49.06%

PI-RADS ≥4 +ve 72.09% 80.65% 72.09% 80.65% 77.36%

Table 5. Statistical parameters for prostate cancer detection in the whole gland.*

Abbreviations: +ve = positive; DCEI = dynamic contrast-enhanced imaging; DWI = diffusion-weighted imaging; MpMRI= multiparametric 
magnetic resonance imaging; NPV = negative predictive value; PI-RADS = Prostate Imaging Reporting and Data System; PPV = positive 
predictive value; T2WI = T2-weighted imaging.
* Sensitivity, specificity, NPVs, and PPVs for prostate cancer detection are shown for T2WI and DWI independently and MpMRI (T2WI, DWI 

and DCEI), when PI-RADS ≥3 and ≥4 scores are taken as positive according to PI-RADS version 2.1.
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κ = 0.575 and reached the substantial agreement with 
κ = 0.814 when PI-RADS was stratified as <4 and ≥4. 
Interobserver agreement for DWI was fair with κ = 0.321 
when PI-RADS was stratified as <3 and ≥3 but reached 
the substantial level when PI-RADS was stratified as <4 
and ≥4 (κ = 0.757). For DCE investigation with positive 
and negative scores evaluation, interobserver agreement 
was at substantial levels with κ = 0.721. 

DISCUSSION
Our study revealed that serum PSA level did not 
correlate significantly with malignant or benign disease, 
and PSAd was significantly elevated in the malignant 
group. Jue et al11 reported a sensitivity of 90% to 95% 
for PSAd and, considering the 0.15 ng/mL/cm3 threshold 
value, they suggested that a high NPV may prevent 

unnecessary biopsy in patients with proportional PSA 
increase compared to prostate volume. There was a 
negative correlation found between prostate volume and 
malignancy diagnosis. This result is similar to the results 
of studies by Al-Khalil et al12 and Tang et al,13 suggesting 
that the aetiologies for increasing prostate volume may be 
interpreted as due to benign causes such as hyperplasia 
and prostatitis. The study of Haas et al14 presented that 
patients with PCa were of advanced age. Droz et al15 
showed high mean age in the cancer group. In our study, 
the mean age in the cancer group was consistent with the 
literature and was higher compared to benign diseases 
of the prostate gland; however, the difference was not 
statistically significant (p = 0.053).

PI-RADS v2 is a scoring system widely used for 

Figure 1. A 56-year-old man with prostate-specific antigen level of 5.6 ng/mL. Arrows indicated a Prostate Imaging Reporting and Data 
and System (PI-RADS) version 2.1 category 4 lesion visible in the peripheral zone. (a) Axial T2-weighted magnetic resonance (MR) image 
showing the lesion in the left-mid peripheral zone. The dimension of the lesion is 1.0 cm, which is consistent with a PI-RADS score of 3 on 
T2-weighted imaging. (b and c) show that the lesion is hypointense on diffusion-weighted imaging (DWI) [b = 50 s/mm2] and hyperintense 
on DWI (b = 1800 s/mm2). (d) Apparent diffusion coefficient map indicates that the lesion is mildly hypointense, giving it a PI-RADS score of 
3 on DWI. (e) Pre-contrast T1-weighted and (f) dynamic contrast-enhanced MR images show early enhancement within the same location 
as the lesion in (a-d) with early enhancement for overall PI-RADS version 2.1 score of 4. Transrectal ultrasound–guided cognitive imaging 
fusion biopsy was defined as International Society of Urological Pathology score of 1.

(a) (d)

(b) (e)

(c) (f)
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Figure 2. A 67-year-old man with prostate-specific antigen level of 8.31 ng/mL. Arrows indicate a Prostate Imaging Reporting and Data 
and System (PI-RADS) category 5 lesion visible in the peripheral zone. (a) Axial T2-weighted magnetic resonance (MR) image showing the 
lesion in the right apex/peripheral zone. The diameter of the lesion is 2.0 cm, which is consistent with a PI-RADS score of 5 on T2-weighted 
imaging. (b and c) show that the lesion is hypointense on diffusion-weighted imaging (DWI) [b = 50 s/mm2] and hyperintense on DWI (b = 
1800 s/mm2). (d) Apparent diffusion coefficient map indicates that the lesion is significantly hypointense, giving it a PI-RADS score of 5 on 
DWI. (e) Pre-contrast T1-weighted and (f) dynamic contrast-enhanced MR images show early enhancement within the same location as the 
lesion in (a-d) with early enhancement for overall PI-RADS version 2.1 score of 5. Transrectal ultrasound–guided cognitive imaging fusion 
biopsy detected prostate cancer with International Society of Urological Pathology score of 5.

(a) (d)

(b) (e)

(c) (f)

the detection of PCa and its reliability has been 
demonstrated by numerous studies.16-24 When we 
examined these studies in the literature, the cut-off 
value for detection of csPCa on MpMRI of PI-RADS 3 
or 4 ranged from 85.7% to 94.5% for sensitivity, 23% 
to 71% for specificity, 34% to 97% for PPV, and 50% 
to 92% for NPV.16-21 Venderink et al22 determined the 
csPCa rates (GS ≥ 3+4) for PI-RADS 3, 4, and 5 lesions 
were 17%, 34%, and 67%, respectively. Mathur et al23 
found the detection rates for csPCa were 6.1%, 33.3%, 
and 64.4% for PI-RADS 3, 4, and 5, respectively, and 
increased in proportion to the score. A study assessing 
737 lesions with MpMRI-targeted TRUS-biopsy found 
the PCa rates for PI-RADS 1, 2, 3, 4 and 5 lesions were 
0%, 10%, 12%, 22% and 72%, respectively.24 In our 
study, the rates of PCa in PI-RADS 3, 4, and 5 groups 

were 22.2%, 56%, and 94.45%, respectively. None 
of the malignant lesions in the PI-RADS 3 group had 
ISUP score >1 pathology results (Table 6). As in all 
PI-RADS versions, disease management after scoring is 
not specified for patients in PI-RADS v2.1, in which it is 
stated that ‘Category 3 lesions are of intermediate status 
with an equivocal risk of presenting csPCa’. There are 
limited studies in the literature regarding the selection of 
cases for follow-up biopsy.9,25 Therefore, all PI-RADS 
3 lesions were biopsied according to the clinician’s 
preference.

There was a positive correlation between the PI-RADS 
v2.1 score and the ISUP score (p < 0.001) [Table 6]. 
A study by Walker et al26 found a positive correlation 
between PI-RADS v2.1 scores and ISUP scores with a 
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correlation value of 0.5 and with increase in malignancies 
found with increasing PI-RADS score. Additionally, 
consistent with the study findings by Walker et al,26 we 
also found that in the PZ when lesions with DWI score 
3 were upgraded to the PI-RADS 4 group with DCE 
positivity and PI-RADS 4 lesions with DWI score 4 are 
compared, the PI-RADS 4 lesions with DWI score 4 
were observed to have higher ISUP scores. These results 
clearly show that as the PI-RADS v2.1 score increases, 
the csPCa detection rate increases and can be interpreted 
as the tumours having more aggressive histopathology. 
This indicates that PI-RADS v2.1 is a valid and reliable 
scoring system as PI-RADS v2 does. However, in our 
study, the histopathological evaluation showed that 
25.47% of lesions had ISUP score >1, while 40.56% of 
lesions had PI-RADS scores of 4 or 5. Therefore, it is 
clear that PI-RADS v2.1 also needs improvements and 
more objective recommendations, and further research 
may contribute to achieving this aim.

In our study, when cut-off values for PZ and whole gland 
are accepted as PI-RADS ≥3, the NPV for malignancy 
on MpMRI was 100%. For cut-off value of PI-RADS ≥4 
lesions, the values were 76.47% for PZ, 83.33% for TZ, 
and 80.65% for the whole gland, which were compatible 
with the literature.27-29 The high NPV is very important 
in terms of excluding cancer for patients without 
performing a biopsy. The sensitivity, specificity, PPV, 
and NPV analysis in terms of PI-RADS v2.1 sequences 
and zones are summarised in Tables 4 and 5. However, 
no study in the literature separately evaluated the 
sequences in PI-RADS v2.1. When we compared with 
meta-analyses performed for PI-RADS v2 in general, 
the sensitivity, specificity, PPV, and NPV values for 
the sequences were compatible with a meta-analysis by 
Chen et al.30 In a study comparing PI-RADS v2 and v2.1, 
the diagnostic sensitivity, specificity, PPV and NPV for 
PI-RADS v2.1 were 94.3%, 24.2%, 46.1% and 86.1% 
for PZ and 93.8%, 42.1%, 45% and 93% for TZ when 
PI-RADS ≥3 was positive for the detection of GS ≥7 
tumours by site, respectively.31 In our study, taking the 
PI-RADS score cut-off value as ≥3 positive for PZ, the 
sensitivity for PCa was 100%, specificity was 11.11%, 
PPV was 46.67%, and NPV was 100%, similar to levels 
in the literature for PZ.

Although the PI-RADS v2 is well standardised and 
expanded for MpMRI use, studies have reported that 
interobserver agreement can be highly variable.32-34 
A study with three observers by Popita et al35 found 
the interobserver κ were 0.643, 0.664, and 0.568. A 

study in which two radiologists examined 170 patients 
determined that the interobserver agreement for  
PI-RADS ≥3 was substantial (all zones κ = 0.63, PZ  
κ = 0.62, TZ κ = 0.53) and for PI-RADS ≥4 was almost 
perfect (all zones κ = 0.91, PZ κ = 0.91, TZ κ = 0.87).36 
Smith et al37 found the interobserver agreement was fair 
with κ = 0.24. Experienced observers demonstrated a 
higher level of compatibility in detecting both the whole 
gland and PZ lesions than observers with moderate levels 
of experience. When the sequence-specific interobserver 
agreement is assessed, values were κ = 0.24, 0.24, and 
0.23 for T2WI, DWI, and DCE imaging, respectively.37 
When comparing two radiologists with different levels 
of experience, we observed moderate compatibility for 
the use of PI-RADS v2.1 without the cut-off value (all 
zones κ = 0.562) and the cut-off value of PI-RADS 
≥4 (all zones κ = 0.77). Our data show that the use 
of PI-RADS v2.1 increases interobserver agreement 
with more specific definitions. Increasing observers’ 
experience and future PI-RADS updates may increase 
the agreement between inexperienced observers or 
observers with similar experiences.

Limitations
There are two major limitations of this study. Firstly, since 
the study was prospectively designed, there was no equal 
number of lesions according to pathological diagnosis 
and zones. Increasing the number of patients in the study 
may provide better results and beneficial statistical data 
for the literature. Secondly, the TRUS-guided cognitive 
fusion biopsy is limited by the operator’s experience and 
lack of standardisation, which can impact its success 
rate.38

CONCLUSION
Our study revealed that PI-RADS v2.1 was highly 
effective in detecting lesions, determining patient 
selection for biopsy, and identifying risk level for patients 
with suspected PCa. Our data support the notion that 
PI-RADS v2.1 has improved interobserver agreement 
within the framework of PI-RADS, despite the presence 
of weak points that need to be addressed. When the cut-
off value for cancer detection is increased to PI-RADS 
≥4 from PI-RADS ≥3, the significant increase in the 
specificity, PPV, and interobserver agreement suggests 
that the PI-RADS 3 criteria should be revised in new 
versions of the PI-RADS. When lesions with DCE 
positivity and DWI score 3 upgraded from PI-RADS 
3 to 4 and PI-RADS 4 lesions with DWI score 4 are 
compared, we identified significant differences between 
ISUP scores. For this reason, we suggest there should be 
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differences in the scoring of these groups. We believe 
that, as more data are to be obtained with further studies, 
PI-RADS guidelines will be more accurate.
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