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Abstract
Aim: To assess the diagnostic accuracy of PI-RADS v2.1 using multi-parametric magnetic resonance imaging (mpMRI) to detect 
prostate cancer (pCa) and comparison with transrectal biopsy/radical prostatectomy results.
Material and Methods: Between June 2017 and April 2019, 124 patients who underwent mpMRI prior to transrectal biopsy/ radical 
prostatectomy were evaluated by a pathology results-blinded uroradiologist using PI-RADS v2.1 categories, retrospectively.  PIRADS 
v2.1 category results were compared with transrectal biopsy/radical prostatectomy results. All clinical data were used in statistical 
analysis.
Results: The sensitivity, specificity, positive predictive value, negative predictive value and accuracy values of mpMRI using PI-RADS 
v2.1 categorization were 96%, 44%, 73%, 88% and 75%, respectively. A significant correlation was observed between a high PI-RADS 
score and high pathological grade (p<0.001). The inter observer agreement expressed as the ICC was 0.65 (95% CI: 0.33–0.84, p < 
0.001).
Conclusions: The mpMRI, used in conjunction with PI-RADS v2.1, is a useful and promising imaging method in detection of pCa. 
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INTRODUCTION
Conventional diagnostic method of prostate cancer is 
prostate-specific antigen (PSA) test and transrectal 
ultrasound (TRUS)-guided prostate biopsy following rectal 
examination (1). However, this method can be insufficient 
in the diagnosis of prostate cancer (pCa) and also it has 
disadvantages such as not being able to detect extra-
prostatic extension of the lesion (1). There are also biopsy-
related complications such as infection and haemorrhage 
(1). At this point, multiparametric magnetic resonance 
imaging (mpMRI) has recently begun to play a significant 
role in the diagnosis, staging and risk stratification of 
prostate cancer and in guiding biopsy. mpMRI of prostate 
can be defined as a combination of T2-weighted, diffusion 
weighted and dynamic contrast enhanced MRI images (2). 
Prostate Imaging Reporting and data System (PI-RADS) 
(Table 1), which was first developed in 2012 to standardize 
this imaging method, was developed in years and it was 
last published in 2019 as PI-RADS v2.1 (2).

Table 1.  PI-RADS v2.1 categories

PI-RADS 1 Very low risk (clinically significant cancer is highly 
unlikely to be present)

PI-RADS 2 Low risk (clinically significant cancer is unlikely to be 
present)

PI-RADS 3 Intermediate  risk(the presence of clinically significant 
cancer is equivocal)

PI-RADS 4 High risk (clinically significant cancer is likely to be 
present)

PI-RADS 5 Very high risk (clinically significant cancer is highly 
likely to be present)

PIRADS: Prostate Imaging Reporting and Data System

In the present study, our purpose was to assess the 
diagnostic accuracy of mpMRI in detecting prostate 
cancer when used with PIRADS v2.1 categorization. Our 
study is the first one in literature to assess the efficiency 
of PI-RADS v2.1 in the diagnosis of prostate cancer. 
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MATERIAL and METHODS
Patients
Institutional ethics committee approved this retrospective 
study. Informed and written consents of patients obtained 
from the patients before MRI and TRUS guided transrectal 
biopsy. One hundred and twenty-four patients were 
identified who underwent mpMRI prior to TRUS guided 
prostate biopsy/radical prostatectomy between June 
2017 and April 2019 in our university hospital. Clinical 
and demographic characteristics of the patients and 
histopathological characteristics of prostate lesions were 
collected from the hospital data retrospectively in order to 
use in statistical analysis. 

Imaging protocol and interpretation
Prostate mpMRI examination was made in 1.5-T MR 
system (Magnetom Symphony, Siemens Medical 
Solutions, Erlangen. Germany) by using pelvic phased-
array multicoil. Endorectal coil was not used. mpMRI 
protocol was as follows: axial, coronal, sagittal fast spin-
echo T2-weighted images(T2WI) with a small field of 
view, dynamic contrast-enhanced (DCE) images using 3D 
gradient-echo T1-weighted VIBE sequence and diffusion 
weighted imaging (DWI) using multiple b-values (50-800-
1400 s/mm2) with an apparent diffusion coefficient (ADC) 
map. mpMRI images of the patients were assessed by an 
uroradiologist who was blind to histopathological results 
of the patients under the guidance of PIRADS v2.1 scoring 
system (Figure 1 and 2). In addition, 20 patients were 
chosen randomly and they were categorized according 
to PIRADS v2.1 for interobserver agreement statistical 
assessment by a second experienced radiologist. 

Figure 1. A 68 year old man. Because of high PSA value (6.9 ng/
ml) the patient underwent mpMRI examination prior to TRUS-
guided biopsy. PI-RADS  5 lesion identified (arrowheads) on the 
left half of the prostate gland on axial T2-weighted (A), axial 
diffusion weighted (B) and axial dynamic contrast-enhanced (C) 
MRI images. Histopatological result was Gleason 4+3 prostate 
cancer

Figure 2. A 55 year old man. Because of high PSA value (5.6 ng/
ml) the patient underwent mpMRI examination prior to TRUS-
guided biopsy. PI-RADS 4 lesion identified (arrowheads) on the 
right half of the peripheral zone of prostate gland on axial T2-
weighted (A), axial diffusion weighted (B) and axial dynamic 
contrast-enhanced (C) MRI images. Histopatological result was 
Gleason 3+4 prostate cancer

Histopathological analysis
Systematic 12-core TRUS-guided prostate biopsy was 
performed by an experienced urologist. TRUS-guided 
biopsy and radical prostate surgery specimens were 
evaluated by an experienced pathologist and the results 
were categorized as pCa ( with Gleason score), atypical 
glands or no cancer (e.g., benign prostate tissue, benign 
prostatic hyperplasia and prostatitis). Postoperative 
pathology results of patients with both TRUS-guided 
biopsy and prostatectomy were determined as final 
pathology result. Following histopathological examination, 
groupings of patients diagnoses with prostate cancer 
according to Gleason scores between 1 and 5 were as 
follows: Group 1: Gleason 3+3 (least aggressive); Group 
2: Gleason 3+4; Group 3: Gleason 4+3; Group 4; Gleason 
4+4, 3+5 and 5+3; Group 5: Gleason score 9-10 (most 
aggressive).

Statistical Analysis
The Statistical Package for Social Sciences (SPSS), 
Version 22.0 (Chicago, IL, USA), was used for the 
statistical analysis. The descriptive data were presented 
as means ± standard deviation and medians (minimum-
maximum). Sensitivity, specificity, positive predictive 
value, negative predictive value and accuracy values 
were calculated. Spearman’s rank-correlation coefficient 
was used to determine an association between the PI-
RADS score and histopathological groups. The interclass 
correlation coefficient (ICC) between the two radiologists 
was also evaluated. The correlation was classified as poor 
(ICC < 0.40), fair to good (ICC = 0.40 to 0.75), or excellent 
(ICC > 0.75). A p-value of less than 0.05 was considered 
statistically significant.

RESULTS 
Average age of 124 patients who underwent mpMRI 
was 68 (ranged between 50-88 years), average PSA was 
9 ng/mL (ranged between 4 and 120). All the patients 
underwent mpMRI examination routinely before 12-core 
TRUS guided systemic biopsy. 24 of the patients received 
radical prostatectomy and final pathology results were 
considered as prostatectomy specimens. Table 2 shows 
the patients’ distribution according to PI-RADS groups 
and histopathological grade groups. mpMRI detected 
73 of 76 pCa lesions. The sensitivity, specificity, positive 
predictive value, negative predictive value and accuracy 
values of mpMRI using PI-RADS v2.1 categorization were 
96%, 44%, 73%, 88% and 75%, respectively. A significant 
correlation was observed between a high PI-RADS v2.1 
score and high pathological grade group (p<0.001). The 
interobserver agreement expressed as the ICC was 0.65 
(95% CI: 0.33–0.84, p < 0.001). Of the patients who were 
reported as PI-RADS 1-2 (n=24), Gleason 3+3 prostate 
cancer was found in 2 of the 3 false positive patients 
(%12), while Gleason 4+3 prostate cancer was found in 
1. Of the 41 patients reported as PIRADS 5, 2 (%5) were 
reported as false negative and one of these patients had 
benign pathological results, and the other had necrotizing 
prostatitis. In the patient who was pathologically 
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diagnosed as benign, the lesion was found to be localized 
at anterior fibromuscular stroma in the apex. Of the 100 
patients reported as PI_RADS ≥ 3, 27 were pathologically 
diagnosed as benign. Of these 27 patients, PI-RADS score 
was assessed as 4-5 in 9 patients and re-biopsy was 
suggested for the patients and clinician was informed. 

Table 2.  Patient characteristics  Patient characteristics

Parameter Value

Age (year) 68 (50-88)

PSA (ng/ml) 9.1 (4-120)

Grade Group

       Grade Group 1 (Gleason score 3+3) 30

       Grade Group 2 (Gleason score 3+4) 16

       Grade Group 3 (Gleason score 4+3) 8

       Grade Group 4 (Gleason score 8) 8

       Grade Group 5 (Gleason score 9-10) 14

mpMRI findings

       Total number of patients 124

PIRADS score for each patient

       PI-RADS 1-2 24

       PI-RADS 3 33

       PI-RADS 4 26

       PI-RADS 5 41

PSA: Prostate Specific Antigen; PIRADS: Prostate Imaging Reporting 
and Data System; mpMRI: Multiparametric magnetic resonance 
imaging

DISCUSSION  
The use of mpMRI with PI-RADS scoring system has a 
significant role in the diagnosis and treatment guidance 
of prostate (3-9). PI-RADS is a continually developing 
scoring system with its continuing limitations and 
following each new version, it is improved by taking into 
consideration the observations of experts in this area 
and published articles on this topic. The most recently 
published PI-RADS v2.1 is the most up-to-date version of 
the PI-RADS scoring system and mpMRI assessment and 
PI-RADS scoring was based on PI-RADS v2.1 in our study 
(2). To the best of our knowledge, this is the first study in 
literature conducted by using PI-RADS v2.1. 

In our study, mpMRI detected prostate cancer with PI-
RADS v2.1 with a sensitivity of 96%, specificity of 43% and 
a high rate of accuracy (75%). In a meta analysis which 
included 13 studies and a total of 2049 patients, Zhang 
et al. reported that PI-RADS v2 was used in the diagnosis 
of prostate cancer with an average of 0.85 (0.78-0.91) 
sensitivity and 0.71 ( 0.60-0.80) specificity  (10). In the meta 
analysis, PPV values were reported to be between 0.54 and 
0.97, while NPV values were reported to be between 0.26 
and 0.92 (10). The results of this meta analysis showed 
that there was significant heterogeneity between studies. 
Sensitivity and specificity results in our study showed 

similar results with some previous studies in literature, 
while it showed different results with some others (10). 
However, in general it can be said that our results overlap 
with the results of the meta-analysis. Studies conducted 
in literature with 2 or more readers have reported 
interobserver agreement as good to excellent (10). In our 
study, interobserver agreement is high (ICC=0.65 (95% CI: 
0.33–0.84, p < 0.001). In our study, PI-RADS scores and 
pathological grade of prostate tumor were correlated and 
positive correlation was found between high PI-RADS 
score and high histopathological grade group. In the study 
of Lee et al. conducted for PIRADS v2 and Borkowetz et 
al. conducted for PIRADS v1, correlations similar to our 
study were reported (1,11). We think that this result can be 
associated with prostate lesions having more cellularity 
in case of having high histopathological grade. Thus, 
T2W images will have less liquid content due to increased 
cellularity and they will look more hypointense on imaging. 
Similarly, increased cellularity will decrease the diffusion 
of fluid on DWI and cause diffusion restriction; thus, lesion 
will be detected more easily. In the present study, high 
value of NPV ( 87%) when compared with values reported 
in literature and it can be considered that PI-RADS v2.1 is 
an imaging method that can be used safely in scanning 
prostate cancer. 

In our study, we analyzed 3 pCa patients reported 
as PI-RADS 1-2. Two were found to be in Group 1 
histopathological group. This can be explained with that, 
the lesions cannot be differentiated from the background 
parenchyma in T2W and DWI images due to low tumoral 
cellularity in patients with Gleason score 3+3. In our study, 
the presence of tumor was not shown histopathologically 
only in 2 of the patients scored as PI-RADS 5. When the 
literature is reviewed, accuracy rates reaching 100% can 
be seen in PI-RADS 5 cases (4). In our study, the rate 
of detecting prostate cancer was quite high in patients 
scored as PI-RADS 5 (95%). When these two patients were 
analyzed, one patient was found to have lesion localized 
at apical anterior fibromuscular stroma. This lesion area 
is known to be a difficult localization in which biopsy 
can give negative results and MRI can fail to notice the 
lesions and it has been emphasized by PI-RADS Steering 
committee in PI-RADS versions and redefined in PI-
RADS v2.1. In our study, while lesion was detected in 
this area with mpMRI, it was missed with TRUS guided 
biopsy. Interestingly, another patient was diagnosed 
with necrotizing prostatitis with TRUS guided biopsy. In 
our literature review, we came across studies which have 
reported that necrotizing prostatitis can be mistaken for 
prostate adenocancer and we found that such a challenge 
was not mentioned in previous PI-RADS studies (12). 
In necrotizing prostatitis, cytotoxic edema forming in 
necrotizing areas of prostate parenchyma cause diffusion 
restriction and the patient is presented with low ADC 
values in ADC images. These imaging characteristics are 
also seen in cases which are found to have a tumor and 
this situation is a real diagnostic challenge. PSA values 
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also increase in cases with necrotizing prostatitis and at 
this point clinical characteristics and symptoms of the 
patient come to the forefront. For this reason, especially 
in patients who are thought to have infectious process 
in the prostate, it should be kept in mind that necrotizing 
prostatitis can also have similar imaging characteristics 
with pCa and the clinician should inform the radiologist. 
This way, false interpretations in PI-RADS scoring system 
can be prevented. In our study, lesion was not found 
histopathologically in 27 of the patients who were scored 
as PI-RADS ≥3 (n=100) (27%). This can be explained 
with high false positive rates of mpMRI; however, there 
can also be cases missed by 12-core systematic TRUS-
guided biopsy. This problem can be solved by performing 
cognitive fusion TRUS-guided biopsy.

Our study has disadvantages such as being retrospective 
and most of the cases not having radical prostatectomy 
specimens because it is known that in radical 
prostatectomy specimens, Gleason scores in TRUS-
guided transrectal biopsy can be upgraded or downgraded 
(10). However, this limitation was ignored since there are 
sufficient numbers of studies comparing TRUS guided 
biopsy and PI-RADS scoring. Another limitation of our 
study is the use of 1.5 T MR system. However, PI-RADS 
Steering committee report that multiparametric prostate 
examinations can also be made in 1.5 T MR devices 
when sufficient technical parameters are applied. For 
this reason, this limitation was also ignored since we had 
sufficient parameters. Another limitation was not using 
endorectal coil. However, image quality was optimized 
with suitable parameters and reliable assessment was 
ensured. 

CONCLUSION
In conclusion, the mpMRI, used in conjunction with PI-
RADS v2.1, is a useful and promising imaging method 
in detection of pCa. PI-RADS v 2.1 promises to be a 
categorization system that can increase the clinical utility 
of PI-RADS scoring with high interobserver agreement 
and high sensitivity rates. In the development of PI-
RADS scoring system, it is important for radiologists and 
urologists to cooperate and the radiologists should be 
aware of the possible pitfalls in PI-RADS scoring system.
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