
To cite this article: Neuroendocrinol Lett 2019; 40(1):41–50

O
R

I
G

I
N

A
L

 
A

R
T

I
C

L
E

Neuroendocrinology Letters Volume 40 No. 1 2019
ISSN: 0172-780X; ISSN-L: 0172-780X; Electronic/Online ISSN: 2354-4716

Web of Knowledge / Web of Science: Neuroendocrinol Lett
Pub Med / Medline: Neuro Endocrinol Lett

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0). 
No permission to resale without signed publisher agreement.

Comparison of Prostate Imaging Reporting and 
Data System (PI-RADS) version 1 and version 
2 and combination with apparent diffusion 
coefficient as a predictor of biopsy outcome 
Zuzana Ryznarová1,2, Jiří Keller1,3, Miroslav Záleský 4,5, Roman Zachoval4,5,6, 
Václav Čapek 7, Hana Malíková 8 
1  Department of Radiology, Na Homolce Hospital, Charles University, Prague, Czech Republic. 2 
2  Second Faculty of Medicine, Charles University, Prague, Czech Republic 
3  Department of Neurology, Third Faculty of Medicine, Charles University, Prague, Czech Republic 
4  Department of Urology, Thomayer Hospital, Prague, Czech Republic
5  Department of Urology, First Faculty of Medicine, Charles University, Prague, Czech Republic
6  Department of Urology, Third Faculty of Medicine, Charles University, Prague, Czech Republic
7  National Institute of Mental Health, Prague, Czech Republic 
8  Radiology Department, Third Faculty of Medicine, Charles University, Faculty Hospital Kralovske 

Vinohrady, Prague, Czech Republic

Correspondence to: Zuzana Ryznarová
Na Homolce Hospital, Roentgenova 37/2, 150 30 Prague, Czech Republic
tel.: +420 257 273 200; fax: +420 257 272 604; 
e-mail: zuzana.ryznarova@homolka.cz 

Submitted: 2018-12-30 Accepted: 2019-03-03 Published online: 2019-04-22

Key words:   prostate cancer;  magnetic resonance;  fusion biopsy 

Neuroendocrinol Lett 2019; 40(1):41–50 PMID: 31184822  NEL400119A05 © 2019 Neuroendocrinology Letters • www.nel.edu

Abstract PURPOSE: The main aim of the study was to compare the diagnostic performance 
of Prostate Imaging Reporting and Data System (PI-RADS) versions 1 and 2 for 
detection of prostate carcinoma (PCa) and clinically significant prostate carci-
noma (CSPCa). The second aim was to evaluate the potential benefit of adding the 
apparent diffusion coefficient (ADC) and prostate specific antigen (PSA) density 
to the standard evaluation protocol. 
METHODS: A total of 167 consecutive patients with elevated PSA underwent 
magnetic resonance imaging. The images were evaluated prospectively using 
both versions of the PI-RADS and the results compared with 12-core template 
biopsy and magnetic resonance/transrectal ultrasound fusion biopsy. Receiver-
operating characteristic (ROC) curves were compared for each scoring system 
using DeLong's test. The area under the curve (AUC) was calculated for ADC and 
PSA density for lesions scored 4. 
RESULTS: PI-RADS V2 had high discriminative ability for PCa prediction with 
an AUC of 0.824 (95% CI 0.763 to 0.885), compared to an AUC of 0.724 (95% 
CI 0.654 to 0.794) for PI-RADS V1 (p = 0.0335). ADC demonstrated a higher 
discriminative ability with an AUC of 0.702 (95% CI 0.548 to 0.856) in CSPCa 
prediction. Using the obtained ADC threshold of 828x10^-6 mm^2/s improved 
specificity to 86.73% with a sensitivity of 60.38%.
CONCLUSION: PI-RADS version 2 exhibited significantly higher discriminative 
ability for PCa and CSPCa detection compared to PI-RADS version 1. Using the 
ADC can improve the tumor predictability of PI-RADS version 2 in lesions scored 4.
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Abbreaviations:
PI-RADS  - Prostate Imaging Reporting and Data System
V1, V2 - version 1, version 2
PCa - prostate carcinoma
CSPCa - clinically significant prostate carcinoma
ADC - apparent diffusion coefficient
PSA - prostate specific antigen
ROC - receiver-operating characteristic
AUC - area under the curve
Mp-MRI - multiparametric magnetic resonance imaging
T2WI - T2-weighted imaging
DCE - dynamic contrast-enhanced imaging
MRS - magnetic resonance spectroscopy
ESUR - European Society of Urogenital Radiology
BHP - benign prostate hyperplasia
MR/TRUS - magnetic resonance/transrectal ultrasound
T1WI - T1-weighted imaging
NPV - negative predictive value
PPV - positive predictive value

INTRODUCTION
Multiparametric magnetic resonance imaging (mp-
MRI) has become a standard technique for detecting 
prostate carcinoma and local cancer staging (Turkbey 
et al. 2011; Abd-Alazeez et al. 2014; Margolis, 2014). 
Mp-MRI combines morphologic T2-weighted imaging 
(T2WI) with at least two functional techniques, such as 
diffusion-weighted imaging (DWI) with apparent dif-
fusion coefficient (ADC), dynamic contrast-enhanced 
imaging (DCE), and magnetic resonance spectroscopy 
(MRS).

In 2012, the European Society of Urogenital Radi-
ology (ESUR) published guidelines for structured 
magnetic resonance imaging (MRI) reporting of suspi-
cious lesions, the Prostate Imaging Reporting and Data 
System (PI-RADS), defining acquisition protocols for 
both 1.5T and 3T MRI scanners and score criteria using 
a 5-point scale based on T2WI, DWI, DCE, and MRS 
(Barentsz et al. 2012). For routine clinical work, the 
total PI-RADS score is recommended, defined as the 
sum of the score of each used technique (Röthke et al. 
2013). 

In 2015, the first standard PI-RADS system (PI-
RADS V1) was modified. The new PI-RADS, version 2 
(PI-RADS V2), was developed in conjunction with the 
American College of Radiology and ESUR (Weinreb et 
al. 2015). The new scoring system was simplified for 
easier clinical use. Though DWI become decisive for 
evaluating lesions in peripheral zone, T2WI become the 
most important sequence in transition zone. DCE plays 
only a secondary role for lesions in peripheral zone, and 
MRS is not even a recommended sequence in the stan-
dard prostate mp-MRI protocol (Barentsz et al. 2016; 
Weinreb et al. 2016).

DWI is a routine technique that reflects the micro-
scopic random motion of water molecules within a 
tissue. The motion can be quantified by the ADC (Le 
Bihan et al. 1986). Calculated map images display the 
ADC values of each voxel in an image calculated based 
on two or more b-values and a monoexponential model 

of signal decay with increasing b-value (Weinreb et al. 
2016). ADC values inversely correlate with histological 
grade and are useful in differentiating between benign 
and malignant tissue (Verma et al. 2011; Hambrock et 
al. 2011).

Prostate specific antigen (PSA) is a serine protease 
produced by epithelial prostatic cells with the func-
tion of liquefying seminal coagulum (Pérez-Ibave et al. 
2018). PSA is used as a biomarker in the diagnosis and 
screening of prostate cancer. Isolated PSA has not dem-
onstrated a sufficient sensitivity and specificity to be 
useful in routine examination of the prostate (Benson et 
al. 1992). However, PSA density can be useful for distin-
guishing benign prostate hyperplasia (BHP) and pros-
tate cancer (PCa). PSA density is calculated as a ratio of 
the absolute PSA and the prostate volume (Benson et 
al. 1992) and has been described as a useful factor for 
suggesting clinically significant prostate cancer and the 
aggressiveness of prostate cancer (Corcoran et al. 2011).

We hypothesized that the diagnostic performance 
of PI-RADS V2 for the detection of both clinically sig-
nificant prostate cancer (CSPCa) and PCa would be 
better than the older classification system, PI-RADS 
V1. Therefore, the aim of our study was to compare the 
diagnostic performance of PI-RADS versions 1 and 2 
in the detection of PCa and CSPCa. The second aim 
was to evaluate the benefit of the ADC and PSA den-
sity when these parameters were added to the standard 
evaluation.

METHODS
Patient selection
In this prospective study, a total of 167 consecutive 
patients with elevated PSA underwent mp-MRI before 
biopsy between February 2015 and July 2016. We 
enrolled patients with elevated PSA with or without 
previous negative biopsy. Exclusion criteria included 
contraindicated MRI, inability to have an endorectal 
coil placed, and contraindicated gadolinium-based 
contrast agents. The mean patient age was 62.92 ± 7.0 
years [range 45 – 80 years, median 63 (58 – 68) years]. 
The mean PSA level was 8.82 ± 7.9 ng/ml [range 0.53 
– 72.50 ng/ml, median 6.87 (4.69 – 9.95) ng/ml], and 
the mean PSA density 0.16 ± 0.2 ng/ml/ml [range 0.01 
– 1.20 ng/ml/ml, median 0.12 (0.07 – 0.18) ng/ml/ml]. 
Each patient underwent magnetic resonance/transrec-
tal ultrasound (MR/TRUS) for suspicious lesions and 
standard 12-core biopsy (template biopsy). The interval 
between mp-MRI and biopsy was 1 – 4 weeks. 

The study was approved by the hospital ethics com-
mittee. Informed consent for the study, including MRI 
examination and prostate biopsy, was obtained from all 
patients. 

MRI technique
The mp-MRI examinations were performed on a 1.5T 
MR scanner (Signa HDxT GE; General Electric, Mil-
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waukee, USA) with endorectal coil (Medrad, Pitts-
burgh, USA) and 8-channel body array coil (General 
Electric, Milwaukee, USA). Patients were asked to 
empty their rectum before the examination by using 
glycerin suppositories the morning before the exami-
nation. All patients were examined using the standard 
protocol, which included multiplanar T2WI sequences 
(in axial, coronal, and sagittal planes) and axial DWI of 
the prostate with b values of 0 and 1500 s/mm2 using 
the endorectal coil. ADC maps were reconstructed for 
qualitative and quantitative assessment of DWI using 
standard GE software, the AW 4.5 Workstation (Gen-
eral Electric, Milwaukee, USA). T1-weighted imaging 
(T1WI) in the axial plane covering the whole pelvis 
were performed with a body array coil for evaluation 
of pelvic lymphadenopathy. DCE images were obtained 
using a fast three-dimensional T1W spoiled gradient 
echo in the same plane as the T2WI; the 3D volume 
covered the entire prostate. DCE images were acquired 
before, during, and after fast injection of a bolus of 
paramagnetic contrast medium, gadobutrol, at a dose 
0.1 mmol/kg with a flow of 2.0 ml/s, followed by a 20 ml 
saline flush with a power injector (Medrad, Pittsburgh, 
USA). The images were acquired every 13 s for 4 min 
30 s. Perfusion curves were generated using the com-
mercial software on the GE AW 4.5 Workstation and 
evaluated using the PI-RADS V1 classification. The 
parameters of the sequences are provided in Table 1.

MRI evaluation
All MRI were evaluated prospectively by consensus by 
two radiologists with 4 and 10 years of experience with 
prostate MRI. MRI examinations were reported accord-
ing to the PI-RADS V1 and PI-RADS V2 (Figure 1). 
In PI-RADS V1, each T2WI, DWI, and DCE sequence 
was scored separately on a 5-point scale (Barentsz et al. 
2012). To obtain the overall PI-RADS score, we used 
Röthke’s algorithm using a sum of scores of sequences 
(Röthke et al. 2013). To report the localization of lesions, 
the standardized MRI reporting scheme presented by 
Dickinson with 27 areas within the prostate was used 
(Dickinson et al. 2011). The lesion with the highest PI-
RADS score was reported as a target lesion. Next, we 
evaluated the lesions according to PI-RADS V2, which 
is based on the dominant sequences. The transition and 
peripheral zones were evaluated separately according 
to PI-RADS V2 guidelines (Barentsz et al. 2016). For 
the peripheral zone, the dominant sequence is DWI, 
whereas the dominant sequence for the transition zone 
is T2WI. A 5-point assessment scale was used. The 
lesion with the highest score was reported as a target 
lesion in the same reporting scheme with 27 regions 
(Dickinson et al. 2011). Both PI-RADS versions used 
the same 5-point assessment scale (Table 2).

ADCs were measured in each voxel of the target 
lesion with the highest PI-RADS score. The lowest 
ADC value in the lesion was used for statistical analysis.

Tab. 1. Technical parameters of used sequences

Sequence Plane TR/TE (ms)
Slice 
(mm)

Gap 
(mm)

Matrix 
(mm)

FOV 
(mm)

b-value 
(s/mm2)

T2 tse ax 3000/120 3 0 384x288 170 N/A 

 cor 3000/120 3   0.3 252x224  170 N/A 

sag  3000/120 3  0 284x288  170 N/A 

T1 tse ax 560/11.5 5 0.5 352x256 280 N/A 

DWI ax 6000/93.6 4 0 128x128 160 0, 1500

T1 gre 3D 
(lava) ax 4.4/2.1  4 0 320x192 310 N/A 

T2 3D (cube) ax 2000/92.7 2 0 256x256 270 N/A 

TSE – turbo spin echo; DWI – diffusion weighted imaging; GRE – gradient echo; TR – time to repeat; TE – time to echo; FOV – field of view; 
N/A – not applicable

Tab. 2. The 5-point assessment scale used for the final score is similar for both Prostate Imaging Reporting and Data System classifications (Röthke 
et al. 2013, Barentsz et al. 2016)

PI-RADS Definition for PI-RADS V1 Definition for PI-RADS V2

1 Most probably benign Very low - CSPCa is highly unlikely to be present

2 Probably benign Low - CSPCa is unlikely to be present

3 Indeterminate Intermediate - the presence of CSPCa is equivocal

4 Probably malignant High - CSPCa is likely to be present

5 Highly suspicious of malignancy Very high - CSPCa is highly likely to be present

CSPCa – clinically significant prostate cancer; PI-RADS – Prostate Imaging Reporting and Data System; V1 – version 1; V2 – version 2
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Prostate biopsy technique
Within 4 weeks after MRI, all patients underwent pros-
tate biopsy, which consisted of targeting MR/TRUS 
fusion biopsy to obtain one to four samples from the 
suspected lesion and a subsequent systematic template 
biopsy (12-core biopsy). The biopsy was performed by 
two experienced urologists using an ultrasound system 
(Toshiba Applio 500 with fusion unit SmartFusion). 
Tumors were identified on 2D T2WI and ADC maps, 
and then on 3D T2WI, which were used for MR/TRUS 
fusion guided biopsy. All cores were separately labeled 
according to their location and the biopsy scheme. 
Pathological biopsy evaluations were performed by an 
experienced pathologist blinded to MRI results. The 
tumor detection rate and overall sensitivity, specificity, 
negative predictive value (NPV), and positive predictive 
value (PPV) were calculated according to the results of 
the MR/TRUS fusion biopsy combined with 12-core 
template biopsy.

According to Epstein criteria, clinically insignificant 
prostate cancer is defined as the presence of cancer with 
Gleason score 6, less than three positive biopsy cores, 
and < 50% prostate cancer in a biopsy core (Epstein 
et al. 1994). This definition was used for the CSPCa, 

which was defined as a cancer with Gleason score > 6, 
more than two positive biopsy cores, and > 50% pros-
tate cancer in one biopsy core.

Statistical analysis
Statistical analysis was performed to assess the relation-
ship between PI-RADS V1 and PI-RADS V2 scores and 
the histopathological results of 12-core template biopsy, 
MR/TRUS fusion biopsy, and both biopsies together. 
For each PI-RADS score, we calculated the cancer 
detection rates for tumor and clinically significant 
carcinoma. NPV, PPV, sensitivity, and specificity were 
calculated for each score for both reporting systems. 
Receiver-operating characteristic (ROC) curves were 
compared for each PI-RADS using DeLong's test. Areas 
under the curve (AUCs) obtained in the ROC analysis 
for ADC and PSA density were calculated together for 
all scores and separately for scores of 3 and 4. A Spear-
man rank-order correlation test was utilized to evalu-
ate the association between Gleason score and overall 
PI-RADS V1 and PI-RADS V2 scores between ADC 
and Gleason scores. Analyses were performed using R 

Fig. 1. Mp-MRI performed in a 68-year-old patient with elevated prostate specific 
antigen. A focal hypointense area in the peripheral zone of the left prostate 
lobe was present on T2-weighted images in axial (A) and sagittal (B) planes; 
corresponding diffusion-weighted axial images (C) demonstrated focal 
restriction of diffusion; dynamic contrast enhancement (D) showed early focal 
enhancement. The lesion was scored differently in both classifications, score 4 in 
PI-RADS V1 and score 5 in PI-RADS V2. Clinically significant prostate cancer was 
confirmed histologically.
PI-RADS V1 and V2 - Prostate Imaging Reporting and Data System version 1 and 
2; Mp-MRI – multiparametric magnetic resonance imaging
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statistical package, version 3.4.2 (R Core Team, 2017). 
P-value < 0.05 was considered as significant. 

RESULTS
Results of biopsy
Among a total 167 patients who underwent MR/
TRUS fusion biopsy combined with 12-core template 
biopsy, PCa was histologically proven in 65 (38.92%) 
and CSPCa histologically detected in 52 (31.13%). The 
cancer detection rate was 34.73% (58/167) for PCa and 
26.95% (45/167) for CSPCa diagnosed by MR/TRUS 
fusion biopsy, and 26.95% (45/167) for PCa and 23.35% 
(39/167) for CSPCa diagnosed by 12-core template 
biopsy. The cancer detection rates are given in Figure 2. 

Results of MRI evaluation
Using PI-RADS V1, a total of 103 patients were scored 
as category 4 or 5 with high suspicion of cancer. Among 
these patients, PCa was histologically proven in 58 (56%) 
and CSPCa in 47 (46%). Using PI-RADS V2, 97 patients 
were scored as category 4 or 5, with PCa histologically 
confirmed in 63 (65%) and CSPCa in 51 (53%).

PI-RADS V2 demonstrated high discriminative 
ability in prostate cancer detection (prediction) with 
an AUC of 0.824 (95% CI 0.763 to 0.885), which was 
significantly higher (p = 0.0335) than the AUC of PI-
RADS V1 0.724 (95% CI 0.654 to 0.794) in the ROC 
analysis (Figure 3). Similar results were obtained for 
CSPCa, with an AUC of 0.819 (95% CI 0.754 to 0.886) 
with PI-RADS V2. 

Results of the ROC analysis for PCa and CSPCa 
prediction when the reference standard was 12-core 
template biopsy, MR/TRUS fusion biopsy, and both 
biopsies together are given in Table 3.

Details on the sensitivity, specificity, NPV, and PPV 
are given in Table 4.

The NPV for a score of 1 and 2 (considered probably 
benign) was high for both scoring systems. An overall 
assessment score of 5 (higher suspicion of malignancy) 
had a high specificity and PPV for the presence of pros-
tate carcinoma for both PI-RADS V1 and V2. Compar-
ing both scoring systems revealed a high NPV for both 

Fig. 2. Prostate cancer and clinically significant prostate cancer detection rates in Prostate Imaging Reporting 
and Data System versions 1 and 2 
PI-RADS – Prostate Imaging Reporting and Data System; PCa V1 – prostate cancer evaluated in PI-RADS 
version 1; CSPCa V1 – clinically significant prostate cancer evaluated in PI-RADS version 1; PCa V2 – 
prostate cancer evaluated in PI-RADS version 2; CSPCa V2 – clinically significant prostate cancer evaluated 
in PI-RADS version 2

Fig. 3. Receiver-operating characteristic curve demonstrates that 
Prostate Imaging Reporting and Data System version 2 has 
better discriminative ability for prostate cancer detection than 
version 1 
The gray line is the reference line. PI-RADS V1 – Prostate Imaging 
Reporting and Data System version 1; PI-RADS V2 – Prostate 
Imaging Reporting and Data System version 2 



46 Copyright © 2019 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Ryznarova et al: Comparison of PI-RADS version 1 and 2

scoring systems, though PI-RADS V2 had better NPV 
for CSPCa detection with a score of 5. PI-RADS V1 
had a better PPV for CSPCa detection for each score 
(Figure 4). Nevertheless, in ROC analysis, for both PCa 
and CSPCa, prediction was better using PI-RADS V2 
than PI-RADS V1 (p = 0.0335 and p = 0.0150). 

While reliable results for PCa detection were 
obtained for scores 1, 2 and 5, we received less reliable 
results for scores 3 and 4. To increase the low specificity 
obtained for scores of 3 and 4, two additional factors 
were tested that may help increase the specificity: PSA 
density and minimum ADC in the prostate. The ROC 
curve had an AUC of 0.567 (95% CI 0.415 to 0.719) 
for PSA density as a predictor of CSPCa detection. The 

ADC had a greater ability to discriminate, with an AUC 
of 0.702 (95% CI 0.548 to 0.856) for CSPCa detection, 
but the difference was not significant with p = 0.241, 
(Figure 5). Using the ROC analysis of ADC as a predic-
tor of CSPCa, the ADC threshold for a specificity of 
80% was calculated. For lesions scored 4 and a specific-
ity of 80%, the ADC threshold was 828 x 10-6 mm2/s 
for both PI-RADS V1 and V2. Because the same value 
was obtained for both scoring systems, this ADC was 
used as a threshold for all patients, which improved 
the overall specificity to 86.73% with a sensitivity of 
60.38%. The reference standard for lesions scored 3 and 
4 was MR/TRUS fusion guided biopsy histopathology 
results. 

Tab. 3. Areas under the curve of the receiver-operating characteristic analysis for prostate cancer and clinically significant prostate cancer 
when the histopathological results were compared to 12-core template biopsy, magnetic resonance/transrectal ultrasound fusion biopsy, 
and both biopsies together

PCa MR/TRUS fusion biopsy 12-core template biopsy
MR/TRUS fusion biopsy 

and 12-core biopsy

AUC for PI-RADS V1
(95% CI)

0.722
(0.649 – 0.795)

0.721
(0.649 – 0.792)

0.724
(0.654 - 0.794)

AUC for PI-RADS V2
(95% CI)

0.831
(0.774 – 0.887)

0.793
(0.727 – 0.859)

0.824
(0.763 - 0.885)

p- value 0.0109 0.2121 0.0335

CSPCA

AUC for PI-RADS V1
(95% CI)

0.721
 (0.646 – 0.796)

0.705
 (0.627 – 0.784)

0.725
(0.654 – 0.797)

AUC for PI-RADS V2
(95% CI)

0.832
(0.776 – 0.888)

0.777
(0.704 – 0.852)

0.820
 (0.754 – 0.885)

p- value 0.0128 0.1130 0.0150

AUC – area under the curve; PCa – prostate cancer; CSPCa – clinically significant prostate cancer; PI-RADS – Prostate Imaging Reporting and 
Data System; V1 – version 1; V2 – version 2; CI – contingent interval

Tab. 4. Diagnostic performance of Prostate Imaging Reporting and Data System versions 1 and 2 for prostate cancer and clinically 
significant prostate cancer 

PCa CSPCa

Scores
Sensitivity

%
Specifi city

%
NPV

%
PPV

%
Sensitivity

%
Specifi city

%
NPV

%
PPV

%

PI-RADS V1  

1+2 2.94 72.34 50.75 7.14 3.70 75.93 61.19 7.14

3 11.76 68.09 51.61 21.05 9.63 69.44 60.48 13.16

4 64.71 59.57 70.00 53.66 62.96 55.56 75.00 41.46

5 20.59 100.00 63.51 100.00 24.07 99.07 72.30 92.86

PI-RADS V2  

1+2 4.48 68.69 51.52 8.82 5.66 72.57 62.12 8.82

3 2.30 65.66 50.00 5.56 0.00 68.14 59.23 0.00

4 56.72 70.71 70.71 56.72 50.94 64.60 73.74 40.30

5 35.82 94.95 68.61 82.76 43.40 94.69 78.10 79.31

NPV – negative predictive value; PPV ¬– positive predictive value; PCa – prostate cancer; CSPCa – clinically significant prostate cancer; PI-
RADS – Prostate Imaging Reporting and Data System; V1 – version 1; V2 – version 2
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Spearman´s rank-order correlation revealed an inverse 
correlation between ADC and Gleason score (Spearman´s 
correlation coefficient ρ = -0.254, p = 0.043).

Spearman´s rank-order correlation revealed a better 
positive correlation between PI-RADS V1 and Gleason 
score (Spearman´ s correlation coefficient ρ = 0.331, 
p = 0.009) than between PI-RADS V2 and Gleason 
score (Spearman´s correlation coefficient ρ = 0.263, 
p = 0.036).

DISCUSSION 
The main aim of our study was to compare the diagnos-
tic performance of PI-RADS V1 and PI-RADS V2 for 
the detection of PCa and CSPCa. We found that both 
scoring systems have high discriminative ability for 
predicting PCa and CSPCa, but PI-RADS V2 had sig-
nificantly higher discriminative ability for both. Similar 
results were reported by Kasel-Siebert and Feng (Kasel-
Seibert et al. 2016; Feng et al. 2016). In addition, some 
studies comparing PI-RADS V1 and 2 have shown that 
PI-RADS V2 is more effective for tumor detection in 
the transition zone (Feng et al., 2016; Polanec et al. 
2016). However, some studies have reported better 
diagnostic performance of PI-RADS V1. Visschere and 
Auer reported a large discriminative ability in tumor 
prediction in two retrospective studies (De Visschere et 
al. 2016; Auer et al. 2016).

Both PI-RADS V1 and V2 demonstrated a high 
NPV for scores of 1 and 2 for PCa and CSPCa detection 
and a high PPV with specificity for a score of 5 for both 
PCa and CSPCa detection, which is in agreement with 
previous studies (De Visschere et al. 2016; Rastinehad 
et al. 2015). 

We found a better PPV for each score for CSPCa 
detection when PI-RADS V1 was used. In contrast, 
a higher NPV of CSPCa prediction was obtained 
when scored with the PI-RADS V2 for scores 5. One 
reason for this discrepancy could be in the different 
approaches of the two systems. In PI-RADS V1, multi-

Fig. 4. Comparison of the positive predictive values and negative predictive values in Prostate Imaging 
Reporting and Data System versions 1 and 2 
PI-RADS V1 – Prostate Imaging Reporting and Data System version 1; PI-RADS V2 – Prostate Imaging 
Reporting and Data System version 2; PCa – prostate cancer; PPV – positive predictive values; NPV – 
negative predictive values

Fig. 5. Receiver-operating characteristic curve demonstrating 
different diagnostic performance of the apparent diffusion 
coefficient and prostate specific antigen density in lesions 
scored 4 by Prostate Imaging Reporting and Data System 
version 2  
Dotted lines indicate the 80% specificity thresholds. The gray 
line is the reference line. ADC – apparent diffusion coefficient; 
PSA density – prostate specific antigen density
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ple parameters are used together, such as T2WI, DWI, 
ADC maps, and DCE (sum of scores is used to prove 
the presence of the tumor), whereas PI-RADS V2 uses 
only one dominant sequence capable of excluding the 
presence of the tumor. 

Both scoring systems had the highest PCa and 
CSPCa detection rates for scores of 5 (80% – 93%), 
whereas for scores of 3 and 4 the cancer detection rates 
were low. Our results are similar to those reported 
by Mertan and Mathur in smaller groups of patients 
(Mertan et al. 2016; Mathur et al. 2016).

Our data show a high false-positive rate for PCa 
and CSPCa of category 3 and 4 in both scoring sys-
tems. Therefore, we tested additional tumor predicting 
factors, such as the ADC and PSA density. The calcu-
lated ADC and PSA density were used for categories 3 
and 4 in a separate, retrospective statistical evaluation. 
When PSA density was used as an additional factor in 
lesions scored 4, this parameter had a smaller effect 
on tumor predictability. In contrast, Jordan et al. dem-
onstrated an improved performance of PI-RADS V2 
when it was combined with PSA density (Jordan et al. 
2017). One reason for our results could be the greater 
number of higher Gleason scores for lesions scored 
4 in our study. A strong correlation exists between 
Gleason score and PSA density in well/intermediate-
differentiated tumors; they produce high amounts of 
PSA per unit volume of cancer, whereas high grade 
tumors produce less PSA per unit volume (Corcoran 
et al. 2011). ADCs in the same settings improved the 
CSPCa specificity of both scoring systems in lesions 
scored 4. However, the difference in tumor predict-
ability when the ADC and PSA density were used as 
additional parameters in lesions scored 4 was not sig-
nificant. The potential benefit of incorporating ADCs 
in PI-RADS V2 was described recently (Jordan et al. 
2018). 

Our data demonstrated a negative correlation 
between the ADC and Gleason score in PCa, which is 
consistent with other studies reported that the ADC 
is a useful factor in differentiation between high risk, 
intermediate risk, and low risk tumors (Verma et al. 
2011; Vargas et al. 2011; Dias et al. 2016; Kim et al. 
2016). The decrease in ADC in high grade tumors 
was explained by the increased cellularity in high risk 
tumors (Chen et al. 2013; Surov et al. 2017). The best 
cutoff value for the ADC obtained in our study was 828 
x 10-6 mm2/s, which is similar to the cutoff reported 
by Kim, who found the best ADC cutoff for identify-
ing prostate cancer to be 830 x 10-6 mm2/s (Kim et 
al. 2016). Using this ADC threshold in lesions scored 
4 could lead to a decreased number of false positive 
lesions. Our results are in line with the recommenda-
tion of PI-RADS V2 to use a threshold of 750 x 10-6 
– 900 x 10-6 mm2/s (Weinreb et al. 2016). Calculating 
the same parameters for lesions scored 3 was incon-
clusive due to a small number of such patients with 
PCa in our study. 

While comparing the PI-RADS classifications, our 
experience was consistent with results in the literature. 
We found the PI-RADS V2 classification to be easier 
and faster for daily radiology practice. The inter-
observer agreement for malignant lesions has been 
reported to be better with PI-RADS V2 than PI-RADS 
V1, and the time needed for PI-RADS V2 scoring is sig-
nificantly shorter (Tewes et al. 2016). Becker reported 
similar inter-reader agreement in PI-RADS V2 and 
V1 at comparable diagnostic performance (Becker et 
al. 2017). Thus, DCE in PI-RADS V2 became a second 
sequence in the evaluation of lesions in peripheral 
zone, it may lead to decreasing of the number of con-
trast media injections. 

This study has some limitations. First, we used 
TRUS biopsy as the standard instead of the whole-
mount pathology section. However, all MRI results 
were compared with both MR/TRUS fusion biopsy 
and systematic template biopsy to minimize the poten-
tial to miss the cancer. Another limiting factor is the 
small number of positive lesions scored 3 in both PI-
RADS versions. Another limitation could be the use 
of absolute ADC values, given their high variability 
when acquired from different MRI scanners. Several 
studies have reported significant variability in ADCs 
described in different body tissues depending on coil 
system, vendors, field inhomogeneity, field strengths, 
and differences in the design of the DWI sequences 
(Sasaki et al. 2008; Kivrak et al. 2013). Finally, we did 
not compare the inter-reader variability of PI-RADS 
V1 and PI-RADS V2 in this study. All MR images were 
evaluated by the consensus of two experienced radiolo-
gists. However, several studies have shown very good 
inter-reader reliability of PI-RADS V2 (Kasel-Seibert 
et al. 2016; Tewes et al. 2016). An advantage of this 
study is the prospective design. Other advantages are 
the sufficient number of included patients and the use 
of both MR/TRUS fusion biopsy and systematic tem-
plate biopsy for histological analysis.

CONCLUSION
PI-RADS V2 demonstrated significantly higher dis-
criminative ability for PCa and CSPCa detection com-
pared to the previous scoring system, PI-RADS V1. 
Detecting the minimum ADC in the lesion < 828 x 10-6 
mm2/s increases the probability of detecting prostate 
carcinoma. Using the ADC as an additional parameter 
in lesions scored 4 with PI-RADS V2 could improve 
tumor predictability.
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