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Objective: To retrospectively determine whether the use of the Prostate Imaging Reporting and Data System (PI-RADS)
version 2 (v2) helps predict long-term outcomes for prostate cancer (PCa) patients following radical prostatectomy (RP).
Materials and Methods: A total of 166 patients with localized PCa evaluated with multiparametric magnetic resonance
imaging (mpMRI) at 3T before RP were enrolled. Three groups were created based on PI-RADS v2 score used to predict clinical
outcomes: group A, > 3; group B, > 4; group C, 5. We calculated biochemical recurrence-free survival (RFS) and progression-
free survival (PFS). Cox proportion hazards models were used to identify variables predictive of biochemical recurrence and
disease progression.

Results: During a median follow-up of 9.1 years, biochemical recurrence occurred in 67 patients (40.4%) and disease
progression occurred in 55 patients (33.1%). In all groups, 10-year RFS and 10-year PFS were significantly lower for PI-RADS
scores > 3, > 4 and 5 than for score < 3, < 4 and < 5 (p < 0.05), respectively. In multivariate analysis, PI-RADS score > 3 and
score 5 were significant independent risk marker for biochemical recurrence (hazard ratio [HR] = 5.58, p = 0.018; HR = 1.75,
p = 0.033) and disease progression (HR = 3.99, p = 0.047; HR = 2.31, p = 0.040). Moderate inter-observer agreement was seen
for PI-RADS scoring.

Conclusion: PI-RADS v2 may be used to predict long-term outcomes following RP in PCa.
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INTRODUCTION associated with metastases and cancer-specific mortality (4,
5). Approximately one-third of patients with biochemical
Biochemical recurrence continues to be reported in recurrence require ancillary treatment such as radiation
up to 40% of prostate cancer (PCa) patients undergoing therapy or androgen-deprivation therapy (6). Therefore,
radical prostatectomy (RP) (1-3). Although biochemical awareness of the likelihood of biochemical recurrence

recurrence does not always progress to clinical disease, itis  following RP is important for therapy decision-making,
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patient counselling, and clinical trial design.

A few studies have reported the usefulness of
multiparametric magnetic resonance imaging (mpMRI)
in predicting biochemical recurrence following RP in PCa
(7, 8). A recent study (7) demonstrated that the degree
of visibility on mpMRI was associated with biochemical
recurrence after RP. In this study, tumor visibility on mpMRI
was found to be an independent risk factor for biochemical
recurrence; however, tumor visibility was not assessed using
a structured scoring system.

In 2015, the updated Prostate Imaging Reporting and
Data System (PI-RADS) version 2 (v2) was established,
replacing the original version that was created in 2012 to
standardize the interpretation and systematic reporting
of prostate MRI (9, 10). It includes assessment categories
that summarize the level of suspicion or risk of clinically
significant cancer (9). Only a few studies have reported the
results of PI-RADS v2 use to predict biochemical recurrence
following RP (11, 12). Their results suggest that the PI-
RADS v2 score might be a useful marker for predicting
biochemical recurrence, but the median follow-up periods
have ranged from only 25-47.9 months. Longer term follow-
up is required. No studies have reported the results of PI-
RADS v2 used to predict disease progression following RP.

In this study, we evaluated the prognostic value of PI-
RADS v2 for long-term biochemical recurrence-free survival
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(RFS) and progression-free survival (PFS) following RP in
PCa patients. The purpose of our study was to determine
whether PI-RADS v2 helps to predict long-term outcomes
following RP in PCa patients, with a median follow-up
period of 9 years.

MATERIALS AND METHODS

Patient Cohort and Clinical Characteristics

Our Institutional Review Board approved this retrospective
study and waived the requirement for informed consent.
Between February 2005 and January 2007, a total of 173
PCa patients that were treated with RP met the following
inclusion criteria: 1) 3T mpMRI at our institution before
surgery, 2) transrectal ultrasound-guided systemic 10-12
cores biopsy because of suspicious PCa at our institution
before performing mpMRI, 3) adequate imaging quality for
interpretation without artifacts, 4) < 4 months interval
between MRI and surgery, and 5) no prior any treatments.
Of the 173 patients, 7 were excluded due to: (a) missing
data on the pathology report (n = 1) and (b) lack of a full
mpMRI sequence (n = 6). Finally, 166 patients (median age,
64.0 years; interquartile range, 43-75 years) were included
in this study (Fig. 1).

We collected preoperative clinical data including prostate-
specific antigen (PSA), Eastern Cooperative Oncology Group

(n=173)

Patients with preoperative mpMRI &
surgically confirmed PCa between
February 2005 and January 2007

y

<Exclusion>
1) Lack of full data on pathologic report (n = 1)
2) Lack of full sequence of mpMRI (n = 6)

Final study group
(n =166)

[ Biochemical recurrence (n = 67)

} [ No biochemical recurrence (n = 99) J

[ Progression (n = 55) } [

No Progression (n = 111) }

Fig. 1. Flow diagram of patient enrollment. mpMRI = multiparametric magnetic resonance imaging, PCa = prostate cancer
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performance status, digital rectal examination findings and
biopsy results of Gleason score (GS) and number of positive
cores.

Outcome Measures

The primary outcome was RFS; secondary outcomes
were PFS and cancer-specific survival (CSS). Biochemical
recurrence was defined as a final value > 0.2 ng/mL with a
subsequent confirmatory value, single PSA > 0.4 ng/mL, or
receipt of salvage therapy for the treatment of detectable
PSA > 0.1 ng/mL (13). Disease progression was defined
according to the criteria suggested by Prostate Cancer
Clinical Trials Working Group 2 (14). In summary, local
recurrence (appearance of a new lesion in the prostatectomy
bed), a new target lesion, lymph node metastasis (> 2 cm
in diameter), a bony lesion (appearance of two or more new
lesions on bone scan), and requirement for other therapies
were all used to define disease progression. To assess
(SS, PCa-related death was defined as a death that was
definitely or probably due to PCa or its treatment.

MRI Technique and Image Analyses

Magnetic resonance (MR) images were obtained before
surgery using a 3T MR scanner (Intera Achieva 3T; Philips
Healthcare System, Best, The Netherlands) with a phased-
array coil. T2-weighted turbo spin-echo images were
obtained in three orthogonal planes (axial, sagittal,
and coronal) (repetition time [TR]/echo time [TE],
2690-3800/80-90 ms; slice thickness, 3 mm; interslice
gap, 0.3-1 mm; 512 x 304 matrix; field of view [FOV], 18
cm; number of signals acquired [NSA], 3; and sensitivity
encoding [SENSE] factor, 2). Axial T1-weighted turbo field
echo sequences (3-mm slice thickness; FOV, 24 cm) were
obtained. Axial diffusion-weighted imaging (DWI) was
obtained using a single-shot echo planar imaging technique
(2300-3000/62-65 ms; slice thickness, 3 mm; interslice
gap, 1 mm; matrix, 112 x 112; FOV, 18 or 20 cm; SENSE
factor 2; and NSA, 4). Apparent diffusion coefficient (ADC)
maps were automatically constructed on a pixel-by-pixel
basis. Axial dynamic contrast-enhanced imaging (DCEI)
was obtained using a three-dimensional (3D)-fast field
echo sequence (TR/TE, 7.6/3.9 ms; flip angle, 25°; matrix,
256 x 224; slice thickness, 4 mm; interslice gap, no; FOV,
18-20 cm. The 3D volume with 11 partitions was acquired
every 5 seconds with 58 repetitions. Postcontrast series was
performed immediately after a bolus injection of gadolinium
contrast at a rate of 2-3 mL/sec with a dose of 0.1 mmol/
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kg body weight by using a power injector. To eliminate
post-biopsy hemorrhage in the prostate, subtracted DCEI
(postcontrast - precontrast) was also created.

All MR images were evaluated by two genitourinary
radiologists with 11 and 3 years of experience in prostate
MRI, respectively. They were blinded to the results of the
patients’ clinical and imaging findings, but were aware that
the patients had received RP for biopsy-proven PCa. First,
an experienced radiologist evaluated the PI-RADS v2 score
for the index lesion in each patient with a 5-point scale
(9). The index lesion was considered when the lesion was
demonstrated with the highest PI-RADS v2 score on mpMRI.
If the highest PI-RADS v2 scores were assigned to > 2
lesions, they should be the one demonstrating extracapsular
extension or greater in tumor diameter. Second, to evaluate
interobserver variability, a less-experienced radiologist
assessed independently the PI-RADS v2 score for the index
lesion in 100 patients with the same method as the first
radiologist.

Statistical Analysis

For predicting clinical outcomes, visual assessments using
PI-RADS v2 scores were dichotomized and subdivided into
three groups: group A, score < 3 (absence) versus score >
3 (presence); group B, score < 4 (absence) versus score >
4 (presence); group C, score < 5 (absence) versus score 5
(presence). Regarding the three groups of PI-RADS scores,
the rates of RFS, PFS, and CSS were estimated using the
Kaplan-Meier method and survival curves among the groups
were compared using the log-rank test. Univariate and
multivariate Cox proportional hazard regression models were
performed to evaluate the association between variables
and biochemical recurrence or disease progression. Variables
with p < 0.2 in the univariate analyses were included in the
multivariate analyses. The « statistic was used to evaluate
interobserver agreement for interpretation of PI-RADS
scores (15). The relationship between PI-RADS scores and
surgical GS was evaluated using Spearman’s rank correlation.
All statistical analyses were conducted using SAS v.9.4 (SAS
Institute, Cary, NC, USA) with p values < 0.05 considered
statistically significant.

RESULTS

Baseline Characteristics
Table 1 summarizes the baseline characteristics of our
cohort. During a median follow-up time of 9.1 years, there
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Table 1. Patient Characteristics

Preoperative Variables Median IQR
Age (years) 64.0 60-68
PSA (ng/mL) 6.11 4.21-9.24
Biopsy GS 6 6-7
Number of positive cores 2 1-3
Tumor ADC (x 10°mm?/s) 1.26 1.00-1.45
Preoperative Variables n %
ECOG
0 155 93.4
1 11 6.6
Clinical T stage
c1 121 72.9
> cT2 45 27.1
PI-RADS v2 score
1-2 20 12.0
3 19 11.4
4 65 39.2
5 62 37.4
Follow-up characteristics Median IOR
Overall follow-up length (years) 9.1 5.5-9.8
Time to biochemical recurrence (mo) 18.8 6.3-46.5
Time to disease progression (mo) 21.5 9.1-49.4
T1me'to death among deceased 64.0 A7.3e88%
patients (mo)
Biochemical recurrence n %
Present 67 40.4
Absent 99 59.6
Progression n %
Present 55 33.1
Absent 111 66.9
Mortality n %
Prostate cancer-specific mortality 5 3.0
Other-cause mortality 11 6.6

ADC = apparent diffusion coefficient, ECOG = Eastern Cooperative

Oncology Group, GS = Gleason score, IQR = interquartile range, mo
= month, PI-RADS v2 = Prostate Imaging and Reporting and Data

System version 2, PSA = prostate-specific antigen

were 67 biochemical recurrences (40.4%), 55 disease
progressions (33.1%), 5 PCa deaths (3.0%). The median
time to biochemical recurrence was 18.8 months. The median
time to disease progression was 21.5 months. The median
time to death among deceased patients was 64 months.

Outcomes According to PI-RADS Score

Analysis of group A (PI-RADS v2 score < 3 versus > 3)
revealed that biochemical recurrence occurred in 10% (2/20)
of patients with PI-RADS v2 score < 3 and 44.5% (65/146)
of patients with score > 3. The RFS rates at 10 years were
estimated to be 85.5% in the PI-RADS v2 score < 3 group
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and 47.8% in the score > 3 group. Disease progression
occurred in 10% (2/20) of patients with PI-RADS v2 score
< 3 and 36.3% (53/146) of patients with score > 3. The
corresponding PFS for the two groups rates at 10 years were
85.5% in the PI-RADS v2 score < 3 group and 58.3% in the
score > 3 group. There were significant differences between
the groups in the RFS (p = 0.002) and PFS curves (p = 0.014)
(Fig. 2).

Analysis of group B (PI-RADS v2 score < 4 versus > 4)
revealed that biochemical recurrence occurred in 20.5%
(8/39) of patients with PI-RADS v2 score < 4 and 46.5%
(59/127) of patients with score > 4. The RFS rate at 10
years was estimated to be 72.6% in the PI-RADS v2 score
< 4 group and 46.7% in the score > 4 group. Disease
progression occurred in 15.4% (6/39) of patients with PI-
RADS v2 score < 4 and 38.6% (49/127) of patients with
score > 4. The corresponding PFS rates for the two groups
at 10 years were 78.4% in the PI-RADS v2 score < 4 group
and 56.7% in the score > 4 group. There were significant
differences between the groups in the RFS (p = 0.004) and
PFS curves (p = 0.008) (Fig. 2).

In analysis of group C (PI-RADS v2 score < 5 versus 5),
biochemical recurrence occurred in 31.7% (33/104) of
patients with PI-RADS v2 score < 5 and 54.8% (34/62)
of patients with score 5. The RFS rate at 10 years was
estimated to be 58.6% in the PI-RADS v2 score < 5 and
43.0% in the score 5 group. Disease progression occurred in
24.0% (25/104) of patients with PI-RADS v2 score < 5 and
48.4% (30/62) of patients with score 5. The corresponding
PFS rates for the two groups at 10 years were 70.2% in the
PI-RADS v2 score < 5 group and 46.3% in the score 5 group.
There were significant differences between the groups in
the RFS (p < 0.001) and PFS curves (p < 0.001) (Fig. 2).

Regarding the CSS, there were no significant differences
in all groups (group A, p = 0.864; group B, p = 0.844; group
C, p=0.282).

Risk Factors for Biochemical Recurrence and Disease
Progression

Tables 2-4 present the results of univariate and
multivariate analyses for biochemical recurrence or
disease progression. In three groups, univariate analysis
demonstrated preoperative PSA, biopsy GS, number
of positive core at biopsy, and PI-RADS v2 score were
significantly associated with the occurrence of biochemical
recurrence (group A, p = 0.007; group B, p = 0.005; group C,
p = 0.007). In multivariate analysis, PI-RADS v2 score was
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Fig. 2. Kaplan-Meier and log-rank test estimates of probability of RFS (A-C) and PFS (D-F) for PCa following radical
prostatectomy, according to PI-RADS v2 score with < 3 versus > 3 (A, D), < 4 versus > 4 (B, E), and < 5 versus 5 (C, F). mo =
month, PFS = progression-free survival, RFS = biochemical recurrence-free survival, PI-RADS v2 = Prostate Imaging and Reporting and Data
System version 2, yrs = years
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Table 2. Cox Proportional Hazard Regression Models of Variables Including PI-RADS v2 Score (< 3 vs. > 3) for Biochemical
Recurrence and Disease Progression

Prediction of Postoperative Outcomes Using PI-RADS v2

Biochemical Recurrence Disease Progression

Variables Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
HR 95% CI P HR  95% CI P HR  95% CI P HR 95% CI P
PI-RADSv2 <3vs.>3  7.08 1.71-29.33 0.007 5.58 1.34-23.2 0.018 4.96 1.21-20.4 0.026 3.99 0.96-16.59 0.047
Age 1.03 0.98-1.07 0.242 1.02 0.97-1.06 0.448
Preoperative PSA 1.07 1.04-1.10 <0.001 1.04 1.01-1.08 0.025 1.06 1.03-1.09 <0.001 1.03 0.99-1.06 0.144
ECOG 1.74 0.80-3.81  0.166 1.69 0.76-3.77 0.200 1.30 0.52-3.27 0.574
Clinical stage 1.23 0.73-2.08  0.445 1.39 0.49-2.46 0.830
Biopsy GS 1.76 1.40-2.21 <0.001 1.46 1.12-1.90 0.005 1.80 1.40-2.32 <0.001 1.46 1.09-1.96 0.012
Number of positive cores 1.34 1.17-1.53 <0.001 1.21 1.02-1.43 0.026 1.40 1.22-1.60 <0.001 1.32 1.12-1.55 0.001

CI = confidence interval, HR = hazard ratio

Table 3. Cox Proportional Hazard Regression Models of Variables Including PI-RADS v2 Score (< 4 vs. > 4) for Biochemical
Recurrence and Disease Progression

Biochemical Recurrence

Disease Progression

Variables

Univariate Analysis

Multivariate Analysis

Univariate Analysis

Multivariate Analysis

HR  95% CI P HR  95% CI P HR  95% CI P HR  95% CI P
PI-RADSv2 <4 vs. >4  2.88 1.37-6.06 0.005 2.03 0.95-4.36 0.069 3.00 1.28-7.00 0.011 2.02 0.85-4.82 0.113
Age 1.03 0.98-1.07 0.242 1.02 0.97-1.06  0.448
Preoperative PSA 1.07 1.04-1.10 <0.001 1.04 1.01-1.08 0.016 1.06 1.03-1.09 <0.001 1.03 0.99-1.07 0.111
ECOG 1.74 0.80-3.81 0.166 1.65 0.74-3.67 0.219 1.30 0.52-3.27 0.574
Clinical stage 1.23 0.73-2.08 0.445 1.39 0.79-2.44 0.256
Biopsy GS 1.76 1.40-2.21 <0.001 1.45 1.12-1.90 0.006 1.80 1.40-2.32 <0.001 1.44 1.07-1.94 0.016
Number of positive cores 1.34 1.17-1.53 <0.001 1.19 1.01-1.40 0.040 1.40 1.22-1.60 <0.001 1.30 1.10-1.52 0.001

Table 4. Cox Proportional Hazard Regression Models of Variables Including PI-RADS v2 Score (< 5 vs. 5) for Biochemical
Recurrence and Disease Progression

Biochemical Recurrence Disease Progression

Variables Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
HR  95% CI P HR  95% CL P HR  95% CI P HR  95% CI P
PI-RADS v2 < 5 vs. 5 2.29 1.42-3.71 0.007 1.75 1.05-2.93 0.033 2.61 1.53-4.46 <0.001 2.31 1.30-4.09 0.040
Age 1.03 0.98-1.07 0.242 1.02 0.97-1.06 0.448
Preoperative PSA 1.07 1.04-1.10 <0.001 1.03 0.99-1.07 0.109 1.06 1.03-1.09 <0.001 1.01 0.98-1.05 0.534
ECOG 1.74 0.80-3.81 0.166 1.62 0.71-3.68 0.252 1.30 0.52-3.27 0.574
Clinical stage 1.23 0.73-2.08 0.445 1.39 0.79-2.44 0.256
Biopsy GS 1.76 1.40-2.21 <0.001 2.16 1.56-2.99 <0.001 1.80 1.40-2.32 <0.001 2.19 1.51-3.18 < 0.001
Number of positive cores 1.34 1.17-1.53 <0.001 1.23 1.05-1.43 0.010 1.40 1.22-1.60 <0.001 1.35 1.16-1.56 < 0.001

an independent predictor of biochemical recurrence in group
A (hazard ratio [HR] = 5.58; p = 0.018) and group C (HR =
1.75; p = 0.033), while it was not an independent predictor
of biochemical recurrence in group B (HR = 2.03; p = 0.069).
Biopsy GS, number of positive cores and preoperative PSA

groups (p < 0.05). In multivariate analysis, PI-RADS v2
score was an independent predictor in group A (HR = 3.99;
p = 0.047) and group C (HR = 2.31; p = 0.040), while it
was not an independent predictor of disease progression
in group B (HR = 2.02; p = 0.113). Biopsy GS and number
of positive cores were independent predictors of disease
progression in three groups (p < 0.05).

were independent predictors of biochemical recurrence in
three groups (p < 0.05).

For disease progression, preoperative PSA, biopsy GS,
number of positive cores and PI-RADS v2 score were
significantly associated in univariate analysis for three

Association between PI-RADS v2 Score and GS
The distributions of surgical GS according to PI-RADS v2
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score were as follows: score 2 (GS 6, n=17; GS 7, n = 3),
score 3 (GS 6, n=13; GS 7, n = 6), score 4 (GS 6, n = 25; GS
7,n=33;G58,n=3;G59, n=3) and score 5 (GS 6, n =
12;GS7,n=43;GS 8, n=3;GS9, n=4). Thus, there was
a moderate positive correlation between PI-RADS v2 scores
and surgical GS (rho = 0.430, p < 0.001).

Interobserver Agreement

There were moderate interobserver agreements for PI-
RADS v2 score 5 or not (k = 0.47: 95% confidence interval
[CI] = 0.34-0.60), score > 4 or not (k = 0.49: (I = 0.37-
0.61), and score > 3 or not (k = 0.41: 95% CI = 0.31-0.57).

DISCUSSION

Establishment of the updated PI-RADS v2 shows promise
for predicting such clinical outcomes as RFS following RP
in PCa patients with a relatively short follow-up period of
4 years or less (11, 12). However, no studies have reported
long-term outcomes with follow-up periods of 5 years or
more. In this cohort, we evaluated 10-year RFS and 10-
year PFS using PI-RADS v2, with a median follow-up period
of 9 years. Regarding 10-year RFS and 10-year PFS, the
three groups with PI-RADS v2 scores > 3, > 4 and 5 were
significantly lower value than those with PI-RADS v2
scores < 3, < 4 and < 5, respectively. Furthermore, PI-RADS
v2 score with a cutoff value of 3 and 5 was independent
factors for predicting biochemical recurrence and disease
progression. These findings suggest that PI-RADS v2
scores as a prognostic marker may be used to predict
long-term outcomes following RP in PCa patients, which
can help clinicians offer patient counselling, preform risk
stratification or design clinical study.

In PI-RADS v2, scores of both > 3 and > 4 have been
used as cutoff values to determine the presence of PCa
and clinically significant cancer. In a recent meta-analysis
(16), there was no significant difference between using
scores of > 3 or > 4 to detect clinically significant cancer.
For predicting RFS following RP, a few recent studies have
reported the utility for PI-RADS v2 (11, 12). Park et al. (11)
reported 2-year RFS was significantly lower for PI-RADS v2
score > 4 (84.7-85.5%) than for score < 4 (100%). Zhang
et al. (12) constructed a MR-based prediction nomogram
for biochemical recurrence. In their study, there was
significantly lower cumulative 3-year RFS for low tumor
ADC, PI-RADS v2 score 5 and T3b MR staging. However,
no studies have reported on the usefulness of PI-RADS v2
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scores > 3 or > 4 in predicting long-term outcomes after
surgery. In this study, both PI-RADS v2 scores > 3 and >
4 were useful in predicting 10-year RFS and 10-year PFS.
Furthermore, PI-RADS v2 score 5 was useful in predicting
10-year RFS and 10-year PFS. However, in multivariate
analysis, scores > 3 and score 5 were significant
independent predictors of biochemical recurrence and
disease progression, while scores > 4 were not independent
predictors. Given all of these findings, the cutoff value of
PI-RADS v2 score > 3 or score 5 as an independent marker
could potentially be used to predict long-term outcomes
following RP. Interestingly, compared with a previous study,
our results demonstrated that a cutoff value of PI-RADS v2
score 4 was not an independent predictor of biochemical
recurrence or disease progression. This could be explained
as that clinical variables are significantly associated with
systemic progression and death from PCa after biochemical
recurrence (4), as relatively small study population in a
single institution or interobserver variability for PI-RADS
v2 scoring may potentially influence the results of model
performance.

The Gleason grading system has consistently
demonstrated a prognostic value in PCa patients (17).
The mpMRI including T2-weighted imaging, DWI and DCEI
is associated with tumor GS (18, 19). Although PI-RADS
v2 does not provide quantitative information, it reflects
tumor aggressiveness because a higher score indicated
the prostate demonstrates hypointense on ADC map with
markedly hyperintense on DWI. A recent study reported PI-
RADS v2 score 5 lesions were associated with higher GS and
extracapsular extension as compared with score 4 lesions
(20). Interestingly, our results demonstrated PI-RADS v2
score 5 lesions with > 1.5 c¢m in greatest dimension or
extracapsular extension were significantly associated with
10-year RFS and PFS and accordingly, we believed tumor
volume or size may be a useful predictor for predicting
postoperative long-term clinical outcomes. Regarding the
association between PI-RADS v2 score and surgical GS, our
study demonstrated a moderate positive correlation, which
was concordant with a previous study (rho = 0.495-0.596)
(12).

Regarding the PI-RADS v2 score, a few studies have
reported a moderate to good interobserver agreement
(11, 12, 21-23). Park et al. (11) found good agreement
(k = 0.758) on patient-based analysis, very similar
to that observed (k = 0.79) in a study of Zhang et al.
(12). However, our study demonstrated only moderate
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interobserver agreement (k = 0.41-0.47) for PI-RADS v2
score on patient-based analysis, which was in line with

the previous studies (k = 0.42-0.45) (22, 23). A six-
observer study by Rosenkrantz et al. (21) demonstrated
moderate agreement in the peripheral zone (x = 0.593) and
in the transition zone (x = 0.509) for lesions. These might
be explained by the differences in image quality caused

by different MR scanners and acquisition parameters or
different levels of experience in interpreting images.

Regarding the CSS, a recent study has reported that
preoperative MRI may be used to predict CSS. In their study,
positive MRI findings based on Likert scale was independent
predictor of CSS, but DWI and DCEI were not included in
MRI protocols (24). In our study, PI-RADS v2 score was
not associated with CSS as compared with RFS or PFS. This
might be explained by small study population including
only 5 cancer-specific death patients or that better RFS or
PFS does not suggest better CSS in PCa (25).

Our study has several limitations. First, this retrospective
study was performed at a single institution with a
relatively small number of patients. Also, several urologists
with different level of experience had performed RP in
our study, which might affect positive surgical margin
resulting in biochemical recurrence. However, in our study,
biochemical recurrence was found in 40.4% of patients,
disease progression in 33.1% and PCa deaths in 3.0%,
at 10 years following RP. These results were in line with
those of previous studies on biochemical recurrence (1-3),
progression (5, 6), and PCa death (26). A multi-institutional
study with larger population of patients is needed.

Second, we did not evaluate predictive values of PI-RADS
v2 score according to tumor location of peripheral zone
versus transition zone. Owing to relatively small number

of patients, we could not perform it. Finally, regarding PI-
RADS v2 scoring, we did not use higher b values of > 1400
s/mm? on DWI. However, a recent study has reported that
the PI-RADS v2 scoring at 3T has excellent agreement
between b = 1000 and b = 1500 s/mm? on DWI in assessing
PCa (27). However, a multi-institutional study is needed for
validation.

In conclusion, our results demonstrated that the use of
PI-RADS v2 scoring on preoperative mpMRI may help predict
RFS and PFS after RP in patients with PCa. Our results
warrant further prospective studies with larger patients’
population for validation.

kjronline.org https://doi.org/10.3348/kjr.2018.0613

Korean Journal of Radiology

Conflicts of Interest

The authors have no financial conflicts of interest.

ORCID

Chan Kyo Kim
https://orcid.org/0000-0003-0482-1140

Ran Kim
https://orcid.org/0000-0002-0241-2071

REFERENCES

1. Stephenson AJ, Scardino PT, Eastham JA, Bianco FJ Jr, Dotan
ZA, Fearn PA, et al. Preoperative nomogram predicting the
10-year probability of prostate cancer recurrence after radical
prostatectomy. J Natl Cancer Inst 2006;98:715-717

2. Han M, Partin AW, Pound CR, Epstein JI, Walsh PC. Long-
term biochemical disease-free and cancer-specific survival
following anatomic radical retropubic prostatectomy. The
15-year Johns Hopkins experience. Urol Clin North Am
2001;28:555-565

3. Ward JF, Moul JW. Rising prostate-specific antigen after
primary prostate cancer therapy. Nat Clin Pract Urol
2005;2:174-182

4. Boorjian SA, Thompson RH, Tollefson MK, Rangel L3,
Bergstralh EJ, Blute ML, et al. Long-term risk of clinical
progression after biochemical recurrence following radical
prostatectomy: the impact of time from surgery to recurrence.
Eur Urol 2011;59:893-899

5. Pound CR, Partin AW, Eisenberger MA, Chan DW, Pearson JD,
Walsh PC. Natural history of progression after PSA elevation
following radical prostatectomy. JAMA 1999;281:1591-1597

6. Mehta SS, Lubeck DP, Sadetsky N, Pasta DJ, Carroll PR.
Patterns of secondary cancer treatment for biochemical failure
following radical prostatectomy: data from CaPSURE. J Urol
2004;171:215-219

7. Park JJ, Kim CK, Park SY, Park BK, Lee HM, Cho SW. Prostate
cancer: role of pretreatment multiparametric 3-T MRI in
predicting biochemical recurrence after radical prostatectomy.
AJR Am J Roentgenol 2014;202:W459-W465

8. Park SY, Kim CK, Park BK, Lee HM, Lee KS. Prediction of
biochemical recurrence following radical prostatectomy in men
with prostate cancer by diffusion-weighted magnetic resonance
imaging: initial results. Eur Radiol 2011;21:1111-1118

9. Weinreb JC, Barentsz JO, Choyke PL, Cornud F, Haider MA,
Macura KJ, et al. PI-RADS Prostate Imaging - Reporting and
Data System: 2015, version 2. Eur Urol 2016;69:16-40

10. Barentsz JO, Richenberg J, Clements R, Choyke P, Verma S,
Villeirs G, et al.; European Society of Urogenital Radiology.
ESUR prostate MR guidelines 2012. Eur Radiol 2012;22:746-
757

11. Park SY, Oh YT, Jung DC, Cho NH, Choi YD, Rha KH, et
al. Prediction of biochemical recurrence after radical

263



Korean Journal of Radiology

KJR

12.

13.

14.

15.

16.

17.

18.

19.

20.

prostatectomy with PI-RADS version 2 in prostate cancers:
initial results. Eur Radiol 2016;26:2502-2509

Zhang YD, Wu CJ, Bao ML, Li H, Wang XN, Liu XS, et al. MR-
based prognostic nomogram for prostate cancer after radical
prostatectomy. J Magn Reson Imaging 2017;45:586-596
Brockman JA, Alanee S, Vickers AJ, Scardino PT, Wood DP,
Kibel AS, et al. Nomogram predicting prostate cancer-specific
mortality for men with biochemical recurrence after radical
prostatectomy. Eur Urol 2015;67:1160-1167

Scher HI, Halabi S, Tannock I, Morris M, Sternberg CN,
Carducci MA, et al. Design and end points of clinical trials for
patients with progressive prostate cancer and castrate levels
of testosterone: recommendations of the Prostate Cancer
Clinical Trials Working Group. J Clin Oncol 2008;26:1148-1159
Landis JR, Koch GG. The measurement of observer agreement
for categorical data. Biometrics 1977;33:159-174

Woo S, Suh CH, Kim SY, Cho JY, Kim SH. Diagnostic
Performance of Prostate Imaging Reporting and Data System
version 2 for detection of prostate cancer: a systematic review
and diagnostic meta-analysis. Eur Urol 2017;72:177-188
Egevad L, Granfors T, Karlberg L, Bergh A, Stattin P.
Prognostic value of the Gleason score in prostate cancer. BJU
Int 2002;89:538-542

Nketiah G, Elschot M, Kim E, Teruel JR, Scheenen TW, Bathen
TF, et al. T2-weighted MRI-derived textural features reflect
prostate cancer aggressiveness: preliminary results. Eur Radiol
2017;27:3050-3059

Kim W, Kim CK, Park 33, Kim M, Kim JH. Evaluation of
extracapsular extension in prostate cancer using qualitative
and quantitative multiparametric MRI. J Magn Reson Imaging
2017;45:1760-1770

Lim CS, McInnes MDF, Lim RS, Breau RH, Flood TA, Krishna

264

21.

22.

23.

24.

25.

26.

27.

Kim et al.

S, et al. Prognostic value of Prostate Imaging and Data
Reporting System (PI-RADS) v. 2 assessment categories 4
and 5 compared to histopathological outcomes after radical
prostatectomy. J Magn Reson Imaging 2017;46:257-266
Rosenkrantz AB, Ginocchio LA, Cornfeld D, Froemming AT,
Gupta RT, Turkbey B, et al. Interobserver reproducibility of
the PI-RADS version 2 Lexicon: a multicenter study of six
experienced prostate radiologists. Radiology 2016;280:793-
804

Muller BG, Shih JH, Sankineni S, Marko J, Rais-Bahrami S,
George AK, et al. Prostate cancer: interobserver agreement
and accuracy with the Revised Prostate Imaging Reporting
and Data System at multiparametric MR imaging. Radiology
2015;277:741-750

Glazer DI, Mayo-Smith WW, Sainani NI, Sadow CA, Vangel MG,
Tempany CM, et al. Interreader agreement of Prostate Imaging
Reporting and Data System version 2 using an in-bore MRI-
guided prostate biopsy cohort: a single institution’s initial
experience. AJR Am J Roentgenol 2017;209:W145-W151

Woo S, Cho JY, Ku JH, Kim SY, Kim SH. Prostate cancer-
specific mortality after radical prostatectomy: value of
preoperative MRI. Acta Radiol 2016;57:1006-1013

Hamdy FC, Donovan JL, Lane JA, Mason M, Metcalfe C,
Holding P, et al.; ProtecT Study Group. 10-year outcomes after
monitoring, surgery, or radiotherapy for localized prostate
cancer. N Engl J Med 2016;375:1415-1424

Diaz M, Peabody JO, Kapoor V, Sammon J, Rogers CG, Stricker
H, et al. Oncologic outcomes at 10 years following robotic
radical prostatectomy. Eur Urol 2015;67:1168-1176

Kwon MR, Kim CK, Kim JH. PI-RADS version 2: evaluation of
diffusion-weighted imaging interpretation between b = 1000
and b = 1500 s mm™. Br J Radiol 2017;90:20170438

https://doi.org/10.3348/kjr.2018.0613 kjronline.org



