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Background: Histopathological features after radical prostatectomy (RP) provide important information
for the prognosis of prostate cancer (PCa). The possible correlations between Prostate-Imaging Reporting
and Data Scoring System (PIRADS) scores in multiparametric magnetic resonance imaging (mpMRI) may
also be predictive for prognosis. In this study, we aimed to evaluate the correlation of PIRADS scores with
histopathological data.
Methods: A total of 177 patients who underwent preoperative mpMRI and RP for PCa from eight in-
stitutions were included in the study. Correlation of PIRADS score in preoperative mpMRI with adverse
histopathological factors in RP specimen was investigated using univariate and multivariate analyses.
Results: The relationship between PIRADS score and postoperative extracapsular extension, lympho-
vascular invasion, and seminal vesicle involvement was significant (P < 0.001, P ¼ 0.032, and P ¼ 0.007,
respectively). Although the PIRADS score was significantly correlated with the number of dissected
lymph nodes (p ¼ 0.026), it had no significant correlation with the number of positive nodes (P ¼ 0.611).
Total Gleason score, extracapsular extension, seminal vesicle invasion, and number of lymph nodes were
found to be independent factors, which correlated with high PIRADS scores in ordinal logistic regression
analysis.
Conclusion: PIRADS scoring system in mpMRI showed a statistically significant correlation with adverse
histopathological factors in RP specimen. A higher PIRADS score may help to predict a higher Gleason
score, indicating clinically important PCa as well as poor prognotic factors such as extracapsular
extension, lymphovascular invasion, and seminal vesicle invasion that may indicate a higher risk of
recurrence and the need for additional treatment.
© 2020 Asian Pacific Prostate Society. Publishing services 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/).
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1. Introduction

Prostate cancer (PCa) is the most common cancer diagnosed in
men.1 The diagnosis of PCa is traditionally made by transrectal
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ultrasoundeguided biopsy based on information obtained from the
combination of transrectal ultrasound, prostate-specific antigen
(PSA), and digital rectal examination.2 However, this method may
lead to overdiagnosis and overtreatment and may also miss the
diagnosis of clinically significant cancers in a significant number of
patients.3 The clinical behavior of PCa may range from low-grade
silent tumors that do not progress to lethal disease to invasive,
aggressive tumors that rapidly progress and become metastatic.4

New and effective methods and biomarkers are needed to differ-
entiate between indolent and aggressive forms of this disease.5

Accordingly, there is a need for an imaging and diagnostic
method that reduces the rates of overdiagnosis and overtreatment
and that can diagnose more clinically significant cancers. Prostate
multiparametric magnetic resonance imaging (mpMRI) may in part
confer a solution for this unmet need.6 Suspicious lesions in mpMRI
are graded using the Prostate-Imaging Reporting and Data Scoring
System (PIRADS) version 2, co-developed by the European Associ-
ation of Urogenital Radiology and the American College of Radi-
ology, providing important information for diagnosis and
treatment planning to clinicians.7

In recent years, the use of mpMRI in the diagnosis and staging of
PCa has attained wider acceptance, and it has become useful
especially for the differentiation of clinically important cancers.8

Predicting the prognosis of PCa is important in terms of individu-
alizing the treatment of the disease and the applicability of more
effective treatment methods. Histopathological features of the
disease at final pathology after radical prostatectomy (RP) provide
important information for predicting the prognosis of the disease.
Possible correlations of PIRADS scoring system with final histopa-
thology may also be predictive for prognosis. Thus, the data ob-
tained with mpMRI may also be identified as a prognostic factor
and may in fact modulate the treatment of the patients with
appropriate risk stratification.

There are a limited number of studies in the literature in which
the correlation of PIRADS scores with Gleason score was investi-
gated, and the results are conflicting.9,10 Studies, investigating the
prognostic role of mpMRI by evaluating the correlation of PIRADS
with histopathological factors, are needed. Thus, it is important to
diagnose lesions of clinical importance in disease management to
evaluate the extension of the disease at the time of diagnosis and to
determine the risk of progression. In this study, we aimed to
investigate the correlation of PIRADS scoring system of prostatic
Fig. 1. The flow-chart of the study. PIRADS, Prostat
lesions detected by mpMRI and histopathological data obtained
after RP by using the “Prostate Cancer Database (PCD)" of Uroon-
cology Association, Turkey (UOAT).

2. Patients and methods

2.1. Patient selection, inclusion, and exclusion criteria

In this study, data of 177 patients from eight different centers in
PCDeUOATwere collected and analyzed. All datawere anonymized
at each participating center before recorded in the PCD in compli-
ance with the local regulations. Patients who underwent preoper-
ative 1.5 or 3 Tesla mpMRI and subsequent RP (open, laparoscopic,
or robotic) for PCa were included in the study. Patients whose data
were missing and who did not undergo mpMRI before the opera-
tion were excluded from the study. The flowchart of the study is
shown in the Fig. 1. The study protocol was approved by the insti-
tutional review board of the project planner central institution (ID:
18-10.1/7, Date: 26/10/2018.)

PCD-UOAT is an online-based professionally supported soft-
ware. The tab headers required for data entry according to the
needs of the planned study are added to the system by the system
administrators. All researchers have their own usernames and
passwords. They enter the data to the system by anonymization the
confidential information of their patients. After the data entry is
completed, statistical analysis is performed by the expert statisti-
cians. Then, the result of the analysis is transmitted to the central
institute author and shared with other co-authors.

2.2. Analysis criteria and outcome measures

The patients were classified according to the lesion detection
status in mpMRI, and the patients with lesions were graded ac-
cording to PIRADS system version 1 or 2. Gleason score, patholog-
ical tumor volume, extracapsular extension, presence of positive
surgical margins, pT stage, number of dissected lymph nodes,
number of metastatic nodes, and perineural invasion status were
recorded. Correlation of these variables with PIRADS scoring sys-
tem in the preoperative mpMRI was the primary outcome measure
of the study. The investigation of the ability of PIRADS score in
mpMRI to predict important histopathological prognostic factors
was the secondary outcome measure of the study.
e-Imaging Reporting and Data Scoring System.
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2.3. Statistical analysis

Nonparametric KruskaleWallis test was used to determine
whether therewas a statistically significant difference between two
or more groups of independent variables. Chi-square test was used
to analyze the relationship between categorical variables. Ordinal
logistic regression analysis was performed to analyze the correla-
tion between the rising PIRADS scores and prognostic factors. P
values less than 0.05 were considered statistically significant. SPSS,
version 23.0, was used for all statistical analysis.
Radical prostatectomy, type of surgery, and pathological features of radical prosta-
tectomy specimens.

Variable n (%)

Radical prostatectomy methods
Radical Retropubic Prostatectomydn (%) 59 (34.9%)
Robotic Retroperitoneal Radical Prostatectomydn (%) 1 (0.6%)
Laparoscopic Transperitoneal Radical Prostatectomydn (%) 15 (8.9%)
Robotic Transperitoneal Radical Prostatectomydn (%) 94 (55.6%)
Tumor volume (ml) mean þSD 2.75
Histological type, n (%)
Adenocarcinoma 173 (99.4%)
Ductal adenocarcinoma 1 (0.6%)
Primary Gleason grade, n (%)
3 112 (65.5%)
4 52 (30.4%)
5 7 (4.1%)
Secondary Gleason grade, n (%)
3 69 (40.6%)
4 87 (51.2%)
5 14 (8.2%)
Tertiary Gleason grade, n (%)
1 7 (12.3%)
2 26 (45.6%)
3. Results

A total of 177 patients who underwent RP with complete data
were included in the study. The mean age of the patients was
65.7 ± 6.31 (50e86). The preoperative mean total PSA value was
10.91 ng/mL (range:1.21e394 ng/mL). Total PSA value was in the
range of 4e10 ng/mL in 115 patients (59%). When the mpMRI data
were analyzed, the mean prostate volume was 39.98 ml. The size of
the tumor focus at mpMRI was in the range of 1.1e2 mm in 65
patients (53.3%). Tumor positivity at mpMRI was detected in two
foci in 22 patients (16.8%). Fifty-three patients (41.7%) had PIRADS 4
lesions, and 49 patients (38.6%) had PIRADS 5 lesions. Preoperative
clinical data and mpMRI characteristics of the patients are sum-
marized in Table 1.

Robotic transperitoneal RP was performed in 55.6% (94 patients)
and radical retropubic prostatectomy in 34.9% (59 patients) of the
patients. Pathological evaluation of the specimens revealed a
Gleason score of 7 in 106 patients (62.4%). Surgical margin
Table 1
Preoperative clinical features and multiparametric magnetic resonance imaging
characteristics of patients.

Variable n ¼ 177

Age, mean ± SD 65.7 ± 6.31
Total PSA (ng/mL) 10.91
Free PSA (ng/mL) 1.4
Total PSA (ng/mL) group, n (%)
0e4 20 (11.7%)
4e10 101 (59%)
10e20 42 (24.6%)
20 and above 8 (4.7%)
Prostate volume (ml) mean ± SD 39.98 ± 10.21
Lesion size (mm), n (%)
0-1 29 (23.7%)
1.1-2 65 (53.3%)
2.1-3 24 (19.7%)
3.1 and above 4 (3.3%)
Lesion side on MRI, n (%)
Right 49 (36.6%)
Left 63 (47%)
Bilateral 22 (16.4%)
Lesion location on MRI, n (%)
Anterior 31 (43.7%)
Posterior 35 (49.3%)
Bilateral 5 (7%)
Lesion number and region on MRI, n (%)
Double foci 22 (16.8%)
Single focus 109 (83.2%)
Apex 54 (41.2%)
Mid 84 (64.1%)
Base 15 (11.5%)
PIRADS score, n (%)
2 5 (3.9%)
3 20 (15.8%)
4 53 (41.7%)
5 49 (38.6%)

SD, standard deviation; PSA, prostate-specific antigen; MRI, magnetic resonance
imaging; PIRADS, Prostate-Imaging Reporting and Data Scoring System.
positivity was detected in 60 patients (34.5%), extracapsular
extension in 55 patients (32.4%), perineural invasion in 129 patients
(74.6%), lymphovascular invasion in 10 patients (5.8%), and seminal
vesicle involvement in 22 patients (12.8%). Of 79 patients who
underwent lymph node dissection, 15 (18.9%) had tumor involve-
ment. The perioperative details and histopathological features of RP
specimens are as shown in Table 2.
3 10 (17.5%)
4 2 (3.5%)
5 12 (21.1%)
Total Gleason score, n (%)
6 37 (21.7%)
7 106 (62.4%)
8 7 (4.1%)
9 19 (11.2%)
10 1 (0.6%)
Positive surgical margin, n (%) 60 (34.5%)
Apex 13 (7.5%)
Anterior 11 (6.3%)
Posterolateral 22 (12.6%)
Bladder neck 13 (7.5%)
Surgical margin Gleason grade, n (%)
1 4 (9.8%)
2 6 (14.6%)
3 16 (39%)
4 8 (19.5%)
5 7 (17.1%)
Tumor size at positive surgical margin, n (%)
Microscopic (<1 mm) 21 (38.9%)
Macroscopic (>1 mm) 33 (61.1%)
Extracapsular extension, n (%) 55 (32.4%)
Extracapsular extension side, n (%)
Right 15 (34.9%)
Left 16 (37.2%)
Bilateral 12 (27.9%)
Perineural invasion, n (%) 129 (74.6%)
Lymphovascular invasion, n (%) 10 (5.8%)
Seminal vesicle invasion, n (%) 22 (12.8%)
Seminal vesicle invasion side, n (%)
Right 5 (25%)
Left 6 (30%)
Bilateral 9 (45%)
Lymph node dissection, n(%) 79 (45.4%)
Number of Lymph Nodes
Tumor positive lymph node side, n (%)
Right 3 (20%)
Left 4 (26.7%)
Bilateral 8 (53.3%)

SD, standard deviation.
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Tumor volumes at final pathology showed a statistically signif-
icant difference between PIRADS 4 and 5 lesions (P < 0.001) and
between PIRADS 3 and 5 lesions (P ¼ 0.034). Postoperative Gleason
scores were also statistically significantly differed between PIRADS
3 and 5 lesions (P ¼ 0.001) and PIRADS 4 and 5 lesions (P < 0.001).
There was a significant correlation between the PIRADS scores and
extracapsular extension, lymphovascular invasion, and seminal
vesicle involvement (P < 0.001, P ¼ 0.032, and P ¼ 0.007, respec-
tively). Although the PIRADS score was significantly correlated with
the number of dissected lymph nodes (P ¼ 0.026), it was not
significantly correlated with the number of positive lymph nodes
(P ¼ 0.611). The relationship between PIRADS scores and post-
operative histopathological data is summarized in Table 3.

Total Gleason score, extracapsular extension, seminal vesicle
invasion, and number of dissected lymph nodes were found to have
significant correlations with elevated PIRADS scores in ordinal lo-
gistic regression analysis. The correlation between prognostic fac-
tors and elevated PIRADS scores is given in Table 4.

4. Discussion

The use of mpMRI in the evaluation of prostate cancer is
attaining a wider acceptance. However, the contribution of mpMRI
to clinical practice is still not entirely clear and deserves a detailed
assessment. In a retrospective analysis of MRI-guided biopsy per-
formed on 343 men, it was shown that the PIRADS score correlated
with the clinically significant disease defined as Gleason score
�3 þ 4 disease.9 On the other hand, in the study of Wang et al, it
was shown that the lesion diameter, area, and proximity of the
capsule were also correlated with MRI visibility in low-grade PCa,
which is defined as GS 3 þ 3 and 3 þ 4.11 In another retrospective
analysis, PIRADS score and Gleason score of RP specimens after MRI
fusion targeted biopsy of 74 patients were compared, and the
relationship between PIRADS score and Gleason score was not
statistically significant. Moreover, concordance of Gleason score in
both MRI-targeted and classical biopsies with RP specimens’
Gleason scores of the target areas was weak.10 In contrast, analysis
of our data indicates an important correlation of the PIRADS scoring
systemwith the histopathology of the RP specimens. In our study, a
clinically significant prostate cancer (csPCa), defined as the pres-
ence of Gleason grade group � 2 disease, was found in 30% of pa-
tients with PIRADS 3 score. This observation clearly emphasizes the
Table 3
The relationship between postoperative histopathological data and Prostate-Imaging Rep

Variable

2 3

Age 65 (64-69) 65.5 (57
Tumor volume (ml) 0.58 (0.50-6.25) 1.00 (0.1
Primary Gleason grade 3 (3-4) 3 (3-4)
Secondary Gleason grade 3 (3-4) 4 (3-5)
Tertiary Gleason grade Ø 2.5 (2-5)
Total Gleason score
6 4 (80%) 14 (70%)
7 1 (20%) 6 (30%)
8 - -
9 - -
10 - -
Surgical margin 2.4% 14.6%
Extracapsular extension 0% 4.9%
Perineural invasion 60% 65%
Lymphovascular invasion Ø Ø
Seminal vesicle invasion Ø Ø
Number of dissected lymph nodes Ø 11.5%
Number of tumor positive lymph nodes Ø 100%

PIRADS, Prostate-Imaging Reporting and Data Scoring System. Significant p values are g
importance of PIRADS 3 lesions and is higher than previously re-
ported both by Osses et al (10%) and Felker et al (10%) and Vend-
erink et al (17%).12-14 A possible explanation may be evaluation of
MRI reports and scoring by different radiologists. As a result of this
finding, it is possible to speculate that PIRADS 3 lesions may be
subdivided and evaluated in two categories as PIRADS 3a and 3b.
PIRADS 3a may indicate clinically less important cancers, whereas
3b may indicate clinically more important cancers, similar to the
definition reflected by Gleason 3 þ 4 and 4 þ 3. Schlenker et al also
tried to answer this important question and evaluated the rates of
significant PCa marking of lesions appearing as PIRADS 3 in mpMRI
with a real world-based and different radiologist reports. In their
series, PIRADS 3 lesions correlated with overall and csPCa at 26.8%
and 14.6%, respectively. This finding questions the surveilliability of
PIRADS 3 lesions and needs to be confirmed in large series.15 On the
other hand, the csPCa rates for PIRADS 4 and 5 was 43% and 67% in
our study. Those were similar to previously reported by three
different studies, 34%e45% in PIRADS 4 and 67e84% in PIRADS 5,
respectively.12-14

In the present study, tumor volume, total Gleason score,
extracapsular extension, seminal vesicle invasion, and the number
of dissected lymph nodes were statistically correlated with
elevated PIRADS scores. The clinical significance of adverse path-
ological factors was evaluated by Jung et al, and perineural invasion
and lymphovascular invasion were associated with a higher path-
ological stage, a higher Gleason score, a higher tumor volume in the
robotic-assisted prostatectomy specimen, a higher frequency of
positive surgical margin, and a higher frequency of seminal vesicle
invasion.16 Another study by Koca et al showed that PSA level at the
time of diagnosis, Gleason score, prostatic capsule invasion,
extracapsular extension, seminal vesical invasion, and surgical
margin positivity were important factors predicting recurrence in
their 238 case series, with PSA level and Gleason score at the time
of diagnosis as independent factors predicting biochemical recur-
rence after RP.17 Consequently, the significant correlation between
PIRADS scores and adverse histopathological factors observed in
our study indicates the possibility of MRI use as a surrogate for
outcomes after definitive treatment. However, there is no clear
consensus in the literature. In a single-center study of 100
consecutive patients undergoing RP after mpMRI, it was shown that
21% of the pathological lesions could be missed or underestimated
in size by MRI. Therefore, the authors cautioned about the need for
orting and Data Scoring System scores.

PIRADS score P

4 5

-74) 66 (50-76) 66 (53-86) 0.999
0-8.42) 1.32 (0.10-23.50) 4.3 (0.20-19.97) <0.001

3 (3-5) 4 (3-5) <0.001
4 (3-5) 4 (3-5) 0.083
3 (1-5) 3 (1-5) 0.801

22 (42%) 14 (28%) <0.001
21 (39%) 22 (45%)
7 (14%) 6 (12%)
3 (5%) 5 (10%)
- 2 (5%)
31.7% 51.2% 0.234
26.8% 68.3% <0.001
64.7% 79.2% 0.379
Ø 100% 0.032
15.4% 84.6% 0.007
36.5% 51.9% 0.026
89.5% 81.5% 0.611

iven in bold.



Table 4
Correlation of prognostic factors and elevated Prostate-Imaging Reporting and Data Scoring System.

Variables Estimate Std. Error Wald df P 95% Confidence interval

Lower limit Upper limit

Prognostic factors Total Gleason score 1.047 0.243 18.504 1 <0.001 0.821 1.179
Surgical margin positivity 0.648 0.363 3.188 1 0.074 0.359 1.244
Extracapsular extension 1.933 0.410 22.220 1 <0.001 1.737 2.016
Seminal vesicle invasion 2.436 0.801 9.254 1 0.002 2.121 2.735
Number of dissected lymph nodes 0.999 0.352 8.046 1 0.005 0.690 1.123

Significant p values are given in bold.
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new approaches to reduce this false-negative rate.8 Tumor size and
grade appears important factors for proper detection of cancers by
mpMRI when the results were verified by prostatectomy. Appar-
ently, mpMRI is often capable of detecting the worst cancer focus in
multifocal cancers.18 In our study, multifocality data were not
available, but there was a significant correlation between
increasing PIRADS scores, tumor volume, and Gleason score.

An interesting finding that stands out in our study was that
although the PIRADS score was significantly correlated with the
number of dissected lymph nodes, it was not correlated with the
number of positive nodes. Certainly, multiple pathologist in-
terpretations from different centersmay affect this result. However,
it is also possible that some of the negative lymph nodes are false-
negative. Recently, Brembilla et al concluded that mpMRI could
identify suitable candidates for extended pelvic node dissection by
predicting nodal metastasis in PCa patients in a retrospective
analysis evaluating the role of preoperative mpMRI in the estima-
tion of nodal metastasis in patients undergoing extended dissec-
tion.19 However, as in the aforementioned studies, it should be kept
in mind that mpMRI can produce false-negative results in prostate
tumor foci as well as similar results in lymph nodes, and this is the
subject of further research.

The relationship between preoperative PIRADS scores and
adverse pathological features of 206 patients undergoing RP was
evaluated, and differential transcriptomic analysis was performed
with PIRADS scores. Similar to our study, the authors concluded
that the PIRADS scores were associated with adverse pathological
features, increased metastatic risk, and differential genomic
pathway activation.20 Recently, radiomic properties measured by
mpMRI have been shown to predict PCa aggressiveness.21 The re-
cords of 64 patients who underwent mpMRI before prostatectomy
were reviewed, and a total of 14 radiomic features correlated with
the Gleason score. The authors concluded that MRI radiomic fea-
tures were promising markers of PCa aggressiveness at histopath-
ological and genomic levels. By adding mpMRI information to
established nomograms such as Partin and Memorial Sloan Ket-
tering Cancer Center pre-RP nomograms, useful information could
be obtained in the prediction of poor pathological factors in PCa.
With the addition of mpMRI findings to systematic biopsy-based
Memorial Sloan Kettering Cancer Center and Partin nomograms,
AUC for extraprostatic invasion and seminal vesicle invasion was
significantly increased.22 This information can help the urologists
to make preoperative planning and inform their patients about the
risk of future treatment although there are contradictory reports in
the literature.23 In a recent study, the authors could predict side-
specific extracapsular extension in 353 patients by adding mpMRI
to the nomogram. They claimed a better evaluation of extracapsular
extension could be done by this combined nomogram and could aid
urologists to decide whether preserve or resect the neurovascular
bundles.24 The majority of our patients consisted of patients with a
PSA value of 4e10 ng/mL, which is described as the gray zone. It is
emphasized that mpMRI can provide more favorable information
and more csPCa diagnosis in this population. Ross et al highlighted
the importance of the use of mpMRI to enhance the diagnosis of
clinically important PCa with fewer unnecessary investigations
during imaging and biopsy. The authors reported that a cut-off
value of 1.5 ng/mL should be used in conjunction with digital
rectal examination, risk calculation, and PSA adjuncts.25 However,
in the study of Petrillo et al, it was emphasized that MRI has a high
negative predictive value in patients with PSA �10 ng/mL and can
predict significant PCa.26

In a review analyzing three different studies evaluating the role
of mpMRI in the diagnosis and staging of PCa, it was found that
mpMRI could provide valuable information about the histopatho-
logical aggressiveness and tumor stage of a PCa lesion and to
determine a possible extracapsular extension in the pretreatment
stage for optimal patient-tailored treatment planning.27 On the
other hand, Almeida et al have underlined that a lesion seen in the
mpMRI of patients eligible for active surveillance according to
Prostate Cancer Research International: Active Surveillance crite-
rion may indicate significant clinical significant cancer and mpMRI
should be used as the clinical selection criterion for active
surveillance.28

In a retrospective analysis comparing the diagnostic accuracy of
mpMRI and 68Ga-PSMA-11 PET/MRI for extracapsular extension
and seminal vesicle invasion, data from 40 patients undergoing
both imaging modalities were evaluated, and local staging capacity
of both modalities in intermediate-risk to high-risk PCa patients
was found similar.29 This result seems to be important in favor of
mpMRI, especially considering the high cost of PET/MRI.

Two different mpMRI T techniques were used in our study (1.5 T
and 3 T). However, the majority of patients underwent 1.5 mpMRI
(159/177). Therefore, no statistical comparison was made between
these two techniques. On the other hand, there are reports in the
literature that 1.5 T MRI can save time and contrast material,
indicating cancer location, extraprostatic extension, and seminal
vesicle invasion similar rates to 3 T MRI.30,31

Limitations of our study include its retrospective analysis and
absence of a centralized radiological review. However, it is valuable
in terms of establishing its role in real life clinical practice. Effect of
evaluation of MRI reports by different radiologists may be consid-
erable as there may be a certain degree of interobserver variability.
However, in most of the current studies, MRI reports have been
evaluated by multiple radiologists, and no data are available to
compare single and multiple radiologist evaluations. Another point
is that the reports were evaluated with a mixture of PIRADS version
1 and 2. This bias has become inevitable with data presented by
different radiologists from many centers. However, the available
data in the literature suggest that the effect of this will be minimal
to the outcomes.32

5. Conclusion

The results of our study showed that PIRADS scoring system in
mpMRI has statistically significant correlation with RP histopath-
ological adverse prognostic features. PIRADS 3-5 lesions are also
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likely to indicate clinically significant cancer. The high PIRADS
scores may help to predict poor prognotic factors indicative of
csPCa as well as disease recurrence and need for additional
treatment.
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