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ABSTRACT
Purpose: This study aimed to examine whether preoperative Prostate Imaging Reporting and
Data System v2 (PI-RADS v2) can predict pathological extracapsular extension (EPE) after
radical prostatectomy. We also studied the preoperative factors which can predict EPE.
Materials and Methods: In our institute, 294 patients underwent robot assisted radical
prostatectomy (RARP) between December 2012 and August 2016. In this era, we performed
MRI after biopsy to determine clinical stage before surgery. PI-RADS v2 scores were
retrospectively reviewed using biparametric MRI and EPE in pathological mapping of resected
specimens for each lobe.
Results: In the excised specimen, EPE was observed in 73 lobes (12%). The percentage of EPE
by PI-RADS v2 score was score ‘1’: 6% (17/297 lobes), ‘2’: 3% (1/33 lobes), ‘3’: 12% (8/67
lobes), ‘4’: 19% (27/139 lobes), and ‘5’: 38% (20/52 lobes). The higher the PI-RADS score, the
higher the percentage of EPE (P <0.01). When classified as PI-RADS score ≥4 and <4, the
positive predictive value (PPV) was 24.6% (47/191 lobes, 95%CI: 0.187 – 0.313) and negative
predictive value (NPV) was 93.5% (371/397 lobes, 95%CI: 0.906 – 0.957). By multivariate
analysis, positive biopsy core percentage ≥60%, and PI-RADS score ≥4 were independent
factors for predicting EPE. The positive rate of EPE in lobes with zero, one and two factors (PIRADS ≥4 and positive biopsy core percentage ≥60%) was 4%, 19%, and 38%, respectively.
Conclusion: PPV and NPV of PI-RADS ≥4 for predicting pathologic EPE were 24.6% and
93.5%, respectively. PI-RADS ≥4 and positive biopsy core percentage ≥60% were independent
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risk factors for predicting EPE. The positive rate of EPE in lobes with zero, one and two factors
(PI-RADS ≥4 and positive biopsy core percentage ≥60%) was 4%, 19%, and 38%, respectively.
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INTRODUCTION
According to the Cancer Information Service, the number of incidences of prostate cancer in
Japan in 2020 was 95,6000, which has the highest incidence among types of cancer in men,
overtaking gastric cancer (1). Radical prostatectomy and radiation as radical treatment have
become increasingly important for patients with prostate cancer without metastasis. Determining
the extent of disease spread is crucial for not only choice of treatment (surgery or radiation), but
also the surgical approach of radical prostatectomy (preserving the neurovascular bundle or wide
resection). Accurate prediction of extra prostatic extension (EPE) is especially highly
anticipated.
Magnetic resonance imaging (MRI) is currently a standard examination for prostate cancer.
Establishment of multiparametric MRI (mpMRI) including diffusion-weighted imaging (DWI)
and dynamic contrast enhancement (DCE) has dramatically improved the quality of image
diagnosis compared with T2 weighted imaging (T2W) only (2). Prostate Imaging Reporting and
Data System version 2 (PI-RADS v2) assessment is also thought to be a major improvement in
reporting of prostate MRI (3). Since the superiority of MRI-targeted biopsy over standard
systematic biopsy was demonstrated (4), it is becoming standard to perform MRI before biopsy.
However, MRI was used to be performed after biopsy for determining clinical stage in the era
when we performed this study. Therefore, the initial PI-RADS was designed mainly for the
purpose of detection (5), many studies on PI-RADS v2 have demonstrated various applications
beyond that. PI-RADS v2-based scoring system has shown not only improved diagnostic
accuracy for EPE (6), it is also considered to be a good predictive factor for PSA (prostatespecific antigen) recurrence after surgery (7).
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mpMRI may therefore play central role for diagnosis of prostate cancer, although there are
potential drawbacks to performing DCE. Intravenous administration of gadolinium incurs higher
financial costs and longer scanning time. Moreover, gadolinium is a heavy metal, which causes
accumulation in multiple organs such as renal glomeruli, the brain, and bones, with possible
clinical sequelae, such as nephrogenic systemic fibrosis, when administered in patients with renal
dysfunction(8). Regarding diagnostic accuracy, the role of DCE is weakened in PI-RADS v2
compared with PI-RADS v1 (3, 5). Biparametric MRI (bpMRI) without DCE has been shown to
have similar rates of tumor detection to mpMRI (9, 10). Conversely, DCE has been shown to be
useful for detecting cancer, and predicting tumor aggressiveness (11, 12). Further evidence is
therefore required to elucidate the optimum method of detection.
Here, we studied the incidence of EPE according to the PI-RADS v2 score using bpMRI, which
can be more easily applied to patients than mpMRI. We also studied the factors for predicting
EPE before operation.
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PATIENTS AND METHODS
Patients
Between December 2012 and August 2016, 305 patients underwent robot assisted radical
prostatectomy (RARP) at Wakayama Medical University Hospital. Among them, 294 patients
underwent preoperative MRI and could be evaluated for pathological extra prostatic extension
(EPE) by resected specimens. This study was approved by the Wakayama Medical University
Institutional Review Board (No. 1670) in accordance with the principles of the Declaration of
Helsinki. For NCCN high risk patients, we present radical prostatectomy as well as radiation
therapy combined with androgen deprivation therapy. RARP was performed according the
standard techniques, as previously described (13).
Evaluation of preoperative MRI
Preoperative MRI were performed with a 3T MRI system without use of endorectal coils. Since
we did not adopt MRI-targeted biopsy, we performed MRI for determining clinical stage after
standard systematic biopsy. The bpMRI (T2W+ DWI) protocol used for prostate cancer imaging
is shown in Table 1. T2-weighted images and diffusion-weighted images (DWI) with b=2000
were used. Apparent diffusion coefficient (ADC) were generated from the DWI data.
Radiologists evaluated MRI according to PI-RADS v2 (3). Briefly, PI-RADS v2 uses a five-point
scale on the likelihood (probability) that a combination of multi parametric MRI (mpMRI)
findings on T2W, DWI, and ADC correlate with the presence of a clinically significant cancer
for each lesion in the prostate gland. Left and right lobes of the prostate were independently
evaluated, so 588 lobes from 294 patients were scored in this study.
Statistical analyses
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A receiver operating characteristic (ROC) curve with an area under curve (AUC) was generated
to analyze the predictive accuracy of age, preoperative PSA, biopsy Gleason score, biopsy
positive rate, and PI-RADS score for pathologic EPE. Optimal thresholds were then determined
by maximizing Youden index. Logistic regression models were conducted for univariate and
multivariate analyses. The discriminatory power of the multivariable model was quantified using
C-statistic, and the internal validity of the multivariable model was assessed using K-fold crossvalidation.
The comparison of EPE rate according to PI-RADS score and risk number was performed by chi
square test and Fisher’s exact test. Data analyses were conducted using the statistical software
JMP Pro 12 (SAS Institute, Cary, USA). All P values were two-tailed, and P<0.05 was
considered to be statistically significant.
This study was a retrospective evaluation of archival material, and the data extracted would be of
significance in the pre-operative evaluation of patients with prostate cancer.
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RESULTS
Patient demographics
Patient demographics of all 294 patients are shown in Table 2. Mean age and PSA level was 67.3
years and 9.8 ng/ml, respectively. Regarding NCCN risk groups, 56 patients (19%) were
categorized as high risk.
Distribution of PI-RADS score
In total, 588 lobes from 294 patients were evaluated according to PI-RADS scores. Distribution
of PI-RADS scores is shown in Table 3. Almost half of the overall lobes were scored as PIRADS 1, but 191 lobes (33%) were scored as PI-RADS 4 or 5.
Rate of EPE according to PI-RADS score
Fig.1 shows the percentage of EPE according to PI-RADS scores. Total percentage of EPE was
73 out of 588 lobes (12%). While 18 out of 330 lobes (5.4%) showed EPE in patients with PIRADS score 1 or 2, 27 out of 139 lobes (19%) and 20 out of 52 lobes (38%) showed EPE in
patients with PI-RADS score 4 and 5, respectively. In ROC analysis, the optimal cutoff value for
the PI-RADS score for detecting EPE was PI-RADS 4 (AUC: 0.716, 95%CI: 0.652 – 0.780).
When classified as PI-RADS score 4 or 5 group and <4 group, the positive predictive value
(PPV) and negative predictive values were 24.6% (47/191 lobes, 95%CI: 0.187 – 0.313) and
93.5% (371/397 lobes, 95%CI: 0.906 – 0.957), respectively. Sensitivity and the specificity were
64.4% (47/73 lobes, 95%CI: 0.523 – 0.753) and 72.0% (371/515 leaves, 95%CI: 0.679 – 0.759),
respectively.
Factors contributing EPE
Table 4 shows univariate and multivariate analysis of the association between various parameters
and EPE. According to univariate analysis, preoperative PSA level, positive biopsy core
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percentage ≥60%, digital rectal examination (DRE) positivity, and PI-RADS score ≥4 were
factors influencing EPE. Among these factors, positive biopsy core percentage ≥60%, and PIRADS score 4 or 5 were independent factors influencing EPE by multivariate analysis.
EPE positive rate according to the number of risk factors
We defined two factors (positive biopsy core percentage ≥60%, and PI-RADS score 4 or 5) as
risk factors predicting EPE according to multivariate analysis (Table 4). Fig. 2 shows the EPE
rate according to the number of risk factors. While only 12 out of 332 lobes without risk factors
showed EPE (4%), 34 out of 183 (19%) lobes with one factor, and 27 out of 71 (38%) lobes with
two factors showed EPE, respectively (P<0.01). The discriminatory power of the multivariable
model was quantified using C-statistic and AUC was 0.784 (95%CI: 0.729 – 0.840). The internal
validity of the multivariable model was assessed using K-fold cross-validation, and AUC was
0.749 (95%CI: 0.689 – 0.809). Table 5 shows sensitivity, specificity, PPV and NPV of each
factor (positive biopsy core percentage ≥60%, PI-RADS score 4 or 5) and combined these 2
factors for predicting EPE.
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DISCUSSION
Imaging diagnosis including endoscopy is the mainstay for not only cancer detection, but also for
tumor staging in most kinds of cancers. In prostate cancer, PSA and systematic biopsy have been
key for detection, with imaging tools such as MRI and CT in an auxiliary role. However, the
introduction of mpMRI caused dramatic changes in detection of prostate cancer. MRI targeted
biopsy was shown to be better at detecting clinically significant cancer than the traditional
systematic biopsy by systematic review and meta-analysis (14). Another improvement regarding
prostate MRI was establishment of a scoring system, PI-RADS. Although the most recent
version of PI-RADS is v2.1 (15), PI-RADS v2 is still relevant in daily clinical settings (3).
Surgery and radiation therapy are the gold standard treatment for clinically significant cancer
without metastasis. Some studies showed better oncological outcome of radical prostatectomy
for locally advanced prostate cancer comparing with radiation therapy (16, 17). Accurate
preoperative diagnosis of EPE and complete resection are crucial for surgery in locally advanced
prostate cancer treatment. Consequently, many people have sought to further develop MRI
imaging for EPE prediction. In PI-RADS v1, irregularity (score 3), NVB thickening (score 4),
bulge or loss of capsule (score 4), and measurable extra-capsular disease (score 5) were defined
as criteria for EPE extension. Schieda et al. demonstrated that AUC of ROC for EPE using PIRADS v1 was 0.62 and optimal sensitivity/specificity was achieved with PI-RADS ≥3 (18).
Compared with the previous staging method, sensitivity for EPE improved with PI-RADS
v1(59.5% [49.1 – 68.2] vs 24.5% [16.7 – 31.2], P=0.01), but there was no difference in
specificity (62.7% [49.6 – 73.6] vs 42.0% [31.7 – 50.7], P=0.06). Conversely, Lim et al. reported
that the tumor volume calculated from MRI and percentage of positive core biopsies were good
predictive factors for EPE. They also suggested that qualitative assessment of T2W-MRI
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according to PI-RADS v1was limited for the diagnosis of EPE. The AUC of two radiologists for
detecting EPE of PI-RADS v1 was 0.51 and 0.46 (19). The scoring system for EPE was changed
in PI-RADS v2 to improve diagnostic accuracy (3). In PI-RADS v2, the prediction of EPE was
dichotomized into either organ-confined disease or EPE disease. Morphologic features such as
asymmetry or invasion of the NVB, bulging prostatic contour, obliteration of the rectoprostatic
angle, and breach of the capsule with evidence of direct tumor extension or bladder wall
invasion, are thought to be EPE findings. These features correspond to risk score of ≥3 in PIRADS v1. In addition to these morphologic features, tumor-capsule contact length >10 mm was
newly added to EPE criteria. Matsuoka et al. verified the usefulness of newly added criteria in
PI-RADS v2 (20); PI-RADS v2 had higher negative predictive values than from PI-RADS v1
(96.3 – 97.1% vs 84.9 – 89.1%, p=0.003 and 0.021, for each reader). PI-RADS v1 and PI-RADS
v2 had positive predictive values of 56.9 – 70.5%, 49.1 – 50.5%, respectively (p=0.025 and
0.300, for each reader). PI-RADS v2 was concluded to reduce under-staging, but over-staging
remained a concern because PPV was around 50%. They also demonstrated that between 73.3
and 74.1% of the patients with a biopsy Gleason score of ≤7 and between 35.7 and 44.4% of the
patients with a biopsy Gleason score of ≥8 were overstaged in the patients judged to be EPE
positive by PI-RADS v2, but not by PI-RADS v1. Accurate prediction of microscopic EPE on
MRI images seems to be difficult, but attempting to increase the correctness of EPE by
combining some complementary factors similarly to Matsuoka et al. seems to be logical.
Our study evaluated the incidence of EPE according to PI-RADS v2 category. At first, we tried
to investigate the relationship between the description of EPE in PI-RADS v2 and EPE
pathology. Many vague descriptions about EPE were found, however, and interpretation was
often difficult. In comparison, the scoring for categories was clearly stated and easy for
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urologists to understand. A score of 5 in PI-RADS v2 was defined as lesion ≥1.5 cm or definite
EPE behavior, so a certain percentage of EPE tumors are expected to be judged as score 5. EPE
was diagnosed in 38% of the lesions with a score of 5 in our study. The probability of EPE
increased as the PI-RADS score increased. When we set the cut off value of score ≥4 for
prediction of EPE, the percentage of EPE was 24.6% (47/191). To improve diagnostic accuracy,
we tried to find other factors influencing EPE. We picked five factors including age, preoperative
PSA, biopsy Gleason score ≥ 8, biopsy positive rate ≥60%, and DRE positivity. Among them,
only biopsy positive rate ≥60% remained as an independent predictive factor by multivariable
analysis (Table 4). Finally, PI-RADS ≥4 and biopsy positive rate ≥60% were chosen as risk
factors for predicting EPE. EPE was shown in 27 out of 71 lobes (38%) with these two factors.
Complementary factors of PI-RADS v2 to predict EPE have been investigated in several studies,
and tumor volumes have been reported to be representative factors (6, 19, 21). Lim et al. reported
that tumor diameter was an excellent marker to predict EPE and cut off value was 15 mm (6),
which coincidentally corresponded to the size of score 5 in PI-RADS v2. Lim et al. also
demonstrated that tumor volume and biopsy positive rate were significant predictive markers for
EPE (19). In our study, biopsy positive rate was a good predictive marker for EPE. Positive biopsy
rate is associated with tumor volume and it could be a surrogate tumor volume marker which
cannot be detected by MRI. Another concern is biopsy Gleason grade, which was pointed out by
Matsuoka et al (20). Although biopsy Gleason score was marginally associated with EPE by
univariable analysis, it could not be considered as prognostic factor in multivariable analysis in
our study (Table 4).
This study has several limitations. First, MRI and PI-RADS v2 are used to detect clinically
significant cancer before prostate biopsy these days, but MRI was performed for determining
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clinical staging after biopsy in this study. Therefore, not target biopsy but only systematic biopsy
has been performed. Since it is very important to determine whether NVB is sacrificed or
preserved in radical prostatectomy, we studied whether PI-RADS v2 could predict EPE, which
was different from original purpose. In fact, there are some papers similar to our study. I believe
that the PI-RADS v2 score is significant in EPE prediction. However, analysis of the
pathological findings of targeted biopsies will be conducted in future.
Second, bpMRI, not mpMRI, was used in our study, and it remains controversial whether bpMRI
can completely replace mpMRI (9-12). DCE is becoming less important in PI-RADS v2 and owing
to patient convenience, bpMRI was adopted in this study.
Third, this study was a retrospective evaluation of archival material, and the data extracted would
be of significance in the pre-operative evaluation of patients with prostate cancer.
Lastly, the sample number (294 patients, 588 lobes) was relatively low. We will continue to
evaluate more patients by this method.

CONCLUSION
PPV and NPV of PI-RADS ≥4 for predicting pathologic EPE were 24.6% and 93.5%,
respectively. PI-RADS ≥4 and positive biopsy core percentage ≥60% were independent risk
factors for predicting EPE. The positive rate of EPE in lobes with zero, one and two factors (PIRADS ≥4 and positive biopsy core percentage ≥60%) was 4%, 19%, and 38%, respectively.
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Fig. 1 Distribution of PI-RADS score of 588 lobes in 294 patients.
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Fig. 2 Positive extra prostatic extension (EPE) rate according to the number of risk factors.
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