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Abstract
Purpose  Extraprostatic extension (EPE) is an unfavorable prognostic factor and the grade of EPE is also shown to be cor-
related with the prognosis of prostate cancer. The current study assessed the value of prostate magnetic resonance imaging 
(MRI) in measuring the radial distance (RD) of EPE and the role of T2 WI signs in predicting the grade of EPE.
Materials and methods  A total of 110 patients who underwent prostate MRI before radical prostatectomy are enrolled in 
this retrospective study. Eighty-four patients have organ confined disease and the remaining twenty-six patients have EPE all 
verified by histopathology. Prostate MRI examinations were conducted with 3T MRI scanner and phased array coil with the 
following sequences: T2 WI, T1 WI, DCE, DWI with ADC mapping, and high b-value at b = 1500 s/mm2. The likelihood 
of EPE with 5-point Likert scale was assigned, several MRI features were extracted for each dominant tumor identified by 
using T2 WI. Tumors with Likert scales 4–5 were evaluated further to obtain MRI-based RD. The relationship between 
pathological and MRI-determined RD was tested. Univariate and multivariate logistic regression models were developed to 
detect the grade of pathological EPE. The inputs were among the 2 clinical parameters and 4 MRI features.
Results  There is a moderate correlation between pathological RD and MRI-determined RD (ρ = 0.45, P < 0.01). In univari-
ate and multivariate models, MRI features and clinical parameters possess varying significance levels (univariate models; 
P = 0.048–0.788, multivariate models; P = 0.173–0.769). Multivariate models perform better than the univariate models by 
offering fair to good performances (AUC = 0.69–0.85). The multivariate model that employs the MRI features offers better 
performance than the model employs clinical parameters (AUC = 0.81 versus 0.69).
Conclusion  Co-existence of T2 WI signs provide higher diagnostic value even than clinical parameters in predicting the grade 
of EPE. Combined use of clinical parameters and MRI features deliver slightly superior performance than MRI features alone.
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Introduction

Presence of extraprostatic extension (EPE) in prostate cancer 
promotes higher tumor recurrence after radical prostatec-
tomy (RP) and worse prognosis when compared to organ 
confined disease [1]. Additionally, clinical outcomes of the 
tumors with EPE show variations depending on the grade of 
EPE [2–5]. In quantification and sub-classification of EPE 
from pathologic specimens, there exist three different meth-
ods accepted commonly [3–6]. EPE has been subdivided 
into focal versus non-focal categories where focal EPE is 
defined as a few neoplastic glands beyond the prostate in 
only one or two slides [3]. A more objective approach sug-
gests to discriminate focal EPE from non-focal EPE where 
focal EPE is present in less than one high-power field on no 
more than two separate sections [4]. Another method relies 
on measuring the radial distance (RD) of EPE. The radial 
distance of EPE is defined as the perpendicular distance of 
the prostate tumor extension that protrudes beyond the outer 
margin of the prostatic stroma [5]. Recent studies show that 
this measure may also act as an independent prognostic indi-
cator for biochemical recurrence (BCR) risk after RP [6–8]. 
There is no correlation for continuous values of RD though a 
correlation is present when a threshold for RD is considered 
[7, 8]. However, there is no consensus for the optimal thresh-
old value though the median value of the RD is reported to 
demonstrate correlation at a certain degree.

In predicting pathologic EPE non-invasively, use of pros-
tate magnetic resonance images (MRI) has been reported to 
be valuable [9–11] and improved predications are attainable 
when MRI features are evaluated jointly with the clinical 
risk measures [12–15]. MRI features including the presence/
absence of capsular bulge and irregularity (CBI), presence/
absence of overt EPE (OEPE), presence/absence of neuro-
vascular infiltration (NVI), presence/absence of obliteration 
of rectoprostatic angle (ORA) are based on subjective vis-
ual assessment of these features on T2 WI and shown to be 
linked with EPE diagnosis [17]. On the other hand, for dis-
crimination of low-grade (focal) EPE from and high-grade 
(non-focal) EPE, there are no unified criteria for these MRI 
features though there are some efforts [16]. This study aims 
to find out the value of T2 WI sequence in measuring the 
RD of extraprostatic extension of prostate carcinoma and to 
investigate the value of subjective T2 WI signs in assessing 
the grade of EPE.

Materials and methods

Patient population and MR imaging

This retrospective study received approval from the local 
ethics and research committee. We included the patients 
with pathologically proven prostate cancer who had mp-
MRI prior to RP procedure. Patients with long time inter-
val (> 6 months) between Mp-MRI and RP, short time 
interval (< 6 weeks) between prostate biopsy and Mp-MRI 
and patients with prior hormonal or radiation treatment 
for prostate cancer were excluded from the study. Search 
on the electronic databases at our institution for the years 
between 2012 and 2017 revealed 2129 patients having 
biopsy proven prostate cancer and prostate MRI. However, 
among these patients, 121 patients underwent RP but only 
110 of them satisfied the inclusion criteria completely and 
were enrolled in the current study, consequently.

Prostate MRI was performed on a 3T MR scan-
ner (Magnetom Skyra, Siemens Medical Solutions, 
Erlangen, Germany) equipped with a sixteen-channel 
phased array surface coil. 20 mg of butylscopolamine 
(Buscopan, Boehringer) was intramuscularly injected 
to the patient prior to imaging to avoid artifacts due to 
bowel peristalsis during imaging. The imaging pro-
tocol consisted of T2 WI in axial, sagittal and coronal 
plane, axial diffusion-weighted imaging (DWI), and 
axial fat-suppressed dynamic contrast-enhanced imag-
ing (DCE) with dedicated repetition time (TR), echo 
time (TE), field of view (FOV), and slice thickness 
(ST). For T2 WI, TR/TE = 3566–3631/100 ms; matrix 
size = 512 × 352; FOV = 200  mm; ST = 3  mm. For 
DWI, TR/TE = 4000/101  ms; matrix size = 192 × 154; 
FOV = 260 × 260 mm; ST = 3.6 mm with 0.3 mm slice gap; 
b = 0, 50, 100, 200, 400 600, and 800 s/mm2; number of 
excitations = 9 with apparent diffusion coefficient (ADC) 
mapping. For DCE imaging, TR/TE = 4.86/1.76 ms; matrix 
size = 192 × 154; FOV = 260 × 260 mm; ST = 3.6 mm.

Pathological analysis and assessment 
of pathological measures

All prostate specimens were fixed in 10% buffered neu-
tral formalin and surgical margins were painted with ink. 
From apex to base, the step sectioning of entire prostate 
gland including seminal vesicles was acquired at inter-
vals of 3–4 mm in the plane perpendicular to long axis of 
prostate gland. The sections were stained with hematoxy-
lin and eosin. An experienced genitourinary pathologist 
marked an index lesion regarding to the following criteria: 
a prostate tumor showing EPE to outer margin of prostatic 
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stroma was considered as the index lesion. If none of the 
tumor foci had EPE, the tumor foci with the highest ISUP 
grading score were assumed as the index lesion. If the 
tumor foci have the same ISUP grading score, the maxi-
mum tumor size determined the index lesion.

For an index lesion identified, the uropathologist 
recorded the ISUP grading score, the presence or absence 
of EPE, the presence or absence of seminal vesicle inva-
sion (SVI), and status of surgical margins. In the presence 
of EPE, the length of tumor protrusion perpendicular to 
the outer margin of the prostatic stroma, was measured by 
using an ocular micrometer and assigned as the pathologic 
RD. In the presence of multiple foci of EPE, the focus with 
maximum extension from the RP specimens was taken into 
account, while pathologic RD was considered to be zero 
in the absence of EPE [18]. Median value of the non-zero 
pathologic RDs obtained for the study dataset was used 
as the cut-off value to distinguish high-grade EPE from 
low-grade EPE.

MR image evaluation and assessment of MR 
measures

Two genitourinary radiologists with 12 and 5 years of 
experience in genitourinary radiology (*, and *) evaluated 
all the images produced during prostate MRI by mutual 
agreement. The radiologists knew that all the patients had 
histopathologically proven prostate tumor but they were 
blinded to the final pathology results regarding to the loca-
tion of tumor foci and the status of extraprostatic disease. 
The radiologists identified the dominant tumor showing 
the lowest signal intensity on T2-WI and/or the lowest 
signal intensity on ADC maps from DWI and assessed 
seven MRI features for the tumor on T2-WI as follows:

(1)	 Presence or absence of CBI (i.e., regional capsular 
spiculation and/or intraprostatic dominant tumor with 
smooth, convex bulging into extraprostatic space),

(2)	 Presence or absence of OEPE (i.e., gross extension of 
prostate tumor into the periprostatic space),

(3)	 Presence or absence of ORA (i.e., loss of the fatty space 
between rectum and prostate gland),

(4)	 Presence or absence of NAI (i.e., unequal appearance 
of neurovascular bundle due to ipsilateral infiltration 
with prostate tumor),

(5)	 Presence or absence of seminal vesicle invasion (i.e., 
loss of the high signal within the seminal vesicles).

(6)	 Radial distance (i.e., MRI-determined RD). The dis-
tance was measured for a lesion with positive EPE 
assessed by a 5-point Likert scale. The 5-point Likert 
scale of EPE was evaluated by using the modified PI-
RADS criteria of ESUR [10]: 1 = EPE absent (Normal 
tissue can be visualized between intact prostate capsule 
and tumor), 2 = EPE probably not present (Tumor abuts 
prostate capsule), 3 = Equivocal for EPE (Tumor abuts 
and causes irregularity on prostate capsule), 4 = EPE 
probably present (Tumor bulges, deforms, and obscures 
the prostate capsule), 5 = EPE absolutely present (Gross 
and measurable tumor is identified). Accordingly, any 
scale of 1, 2, or 3 lesion was assumed as negative for 
EPE, while any scale 4 or 5 lesion was presumed as 
positive for EPE. The RD was the maximum distance 
of the lesion that protruded beyond the outer margin of 
prostate being perpendicular to outer margin of prostate 
on the images (see Fig. 1a, b).

An index lesion was matched with histopathological diagram 
as reference standard with consensus of the uropathologist 
and radiologist by taking into account of alterations on the 
shape and size of the prostate caused by preservation of 

Fig. 1   a–c A 62-year-old man with 4 + 3 Gleason Score tumor in 
left posteromedial peripheral zone with histologically verified EPE. 
a, b Axial and coronal T2-weighted images demonstrating a pros-
tate lesion that bulges the prostate capsule and cause capsular loss 
and having Likert scale of 4 (arrows). The maximum diameter of 
the bulging prostate tumor was measured as MRI-determined radial 
distance from axial T2 WI. Radial distance of prostate tumor (green 

arrow) has been obtained by measuring the maximum distance that 
the tumor bulged beyond the prostate capsule (red line) radially 
from whole mount step section of the radical prostatectomy c path-
ologic radial distance of the tumor is 1 mm and its length is 2 mm 
(3DHISTECH Pannoramic Desk II—Slide Scanner device, × 20 
objective)
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specimens. The subjective EPE assessment was examined 
by using the RP specimens as the reference.

Logistic regression analysis

Numerous logistic regression models were designed to pre-
dict EPE and the grade of EPE. The inputs of these models 
were among the two clinical parameters namely the loga-
rithm of the prostate-specific antigen (PSA) and D’Amico 
risk stratification (DRS) for the prostate cancer, and among 
the four MRI-determined measures CBI, OEPE, NAI, and 
ORA assessed by the radiologists. A number of models per-
forming univariate logistic regression analysis were devel-
oped to determine the detection performances of each clini-
cal parameter and each MRI-determined measure. Various 
models performing multivariate logistic regression analysis 
were developed to unveil the benefits of combined use of the 
clinical parameters or/and the MRI measures.

Statistical analysis

The relationship between pathologic RD and the corre-
sponding MRI-determined RD was assessed using Spear-
man–rho correlation. In detection of EPE and discrimina-
tion of high-grade EPE from low-grade EPE, sensitivity 
(Se), specificity (Sp), positive predictive value (PPV), and 
negative predictive value (NPV) were calculated. Logistic 
regression analyses incorporating clinical parameters and/
or MRI-determined measures were performed by randomly 
sampling participants with replacements and by using 1000 
bootstrap samples, and reported by 95% confidence intervals 
considering the 2.5th and 97.5th percentiles of the bootstrap 
resampling distribution. The t-statistics were used to assess 
the relative importance of the parameters in the logistic 
regression models. Detection performance of each model 

was determined by obtaining the receiving operating char-
acteristic (ROC) curve and by computing the area under the 
curve (AUC). The performance was considered excellent, 
good, fair, poor, and fail if AUC was 0.90–1.00, 0.80–0.89, 
0.70–0.79, 0.60–0.69, and 0.50–0.59, respectively. P value 
of < 0.05 was considered for statistical significance. The 
Se, Sp, PPV, and NPV were also calculated for detection of 
seminal vesicle invasion. All analyses, statistics and com-
putations were performed using IBM SPSS for Windows 
(v25; Armonk, NY).

Results

Table 1 shows the demographic and clinical data of the 110 
patients enrolled in the current study. The mean time interval 
between the prostate MRI and the RP procedure is 73.1 days 
(range 11–192 days). Eighty-four patients have EPE nega-
tive prostate lesion (i.e., organ confined disease) and the 
remaining 26 patients have lesions with EPE positive, all 
verified by histopathology. Five patients have seminal vesi-
cle invasion based on RP specimens. Six of 110 patients 
show positive surgical margin. Positive surgical margin is 
only identified in six patients. Among these, five patients 
have EPE and the rest patient has organ confined disease. 
The median pathologic RD calculated for the EPE positive 
lesions is 1.0 mm (range 0.2–7.0 mm; mean: 1.6 mm).

All dominant lesions suspected on MRI are matched 
with the index lesion in the RP specimens. On the other 
hand, three of the dominant lesions studied are undetect-
able on mp-MRI images, however, these lesions are all EPE 
negative. In prediction of EPE from MRI, the 5-point Lik-
ert scoring shows low sensitivity but very high specificity 
leading to low positive and high negative predictive val-
ues (Se = 0.52, Sp = 0.90, PPV = 0.63, and NPV = 0.86). In 

Table 1   Demographical and 
clinical characteristics of the 
patients

Organ confined disease EPE

Low grade High grade

Number of patients 84 15 11
Age (years), mean (range) 62.1 (40–77) 63.2 (56–69) 67.0 (63–72)
PSA(ng/mL), mean (range) 7.3 (2.1–40) 6.4 (3.2–10.5) 9.2 (4.9–21)
D’Amico risk
 Low risk 24 0 0
 Intermediate risk 44 6 5
 High risk 16 9 6

Histopathology
 ISUP 1 5 0 0
 ISUP 2 57 5 3
 ISUP 3 15 4 5
 ISUP 4 3 1 1
 ISUP 5 4 5 2
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prediction of seminal vesicle invasion, mp-MRI has high 
sensitivity and specificity (Se = 0.80, Sp = 0.99, PPV = 0.80, 
and NPV = 0.99). The median of the MRI-determined RD 
is 1.8 mm (range 1.4–4.8 mm; mean: 2.1 mm). Between 
the MRI-determined RD and the pathologic RD, there exist 
moderate correlation (ρ = 0.45, P < 0.01).

In prediction of pathologic EPE and discrimination of 
the high-grade EPE from the low-grade EPE, performances 
of the T2 WI signs, namely CBI, OEPE, NAI, and ORA, 
are as listed in Table 2. CBI offers high sensitivity but low 
specificity (Se = 0.81 and Sp = 0.40). OEPE, NAI, ORA 
features do all reveal low sensitivities (Se = 0.23–0.41) but 
high specificities (Sp = 0.83–0.97). In assessing the grade of 
EPE, CBI is not a beneficial MRI measure since all patients 
with EPE present CBI regardless of the grade of EPE. NAI 
shows high specificity but low sensitivity (Sp = 0.93 and 
Se = 0.45). OEPE and ORA provides perfect to high sensi-
tivities (Se = 1.00 and 0.80) with low- to medium specifici-
ties (Sp = 0.30 and 0.67).

Tables 3 shows the six univariate logistic regression 
models developed to detect pathologic EPE. First two mod-
els employ the clinical parameters D’Amico risk stratifica-
tion (DRS) or the prostate-specific antigen (PSA). Each of 
the remaining four models uses a single MRI-determined 
measure. In all models, the MRI measures and the clinical 
parameters are significant predictors (P < 0.05), however, 
all the models suffer from poor detection performances 
(AUC = 0.46–0.61). Multivariate logistic regression mod-
els developed to detect EPE using the clinical parameters, 
the MRI measures, and the combination of the clinical 
parameters and the MRI measures are as seen in Table 4. 
The models perform better than the univariate models and 

achieve fair to good performances (AUC = 0.69–0.84). The 
model that employs both the clinical parameters and the 
MRI measures accomplish the highest performance among 
the models (AUC = 0.84, 95% CI 0.76–0.92).

Table 5 lists the six univariate logistic regression mod-
els developed to distinguish low-grade EPE from high-
grade EPE. In these models, both the MRI-determined 
measures and the clinical parameters possess vary-
ing significance levels (P = 0.048–0.670). The models 
using the MRI measures show poor to fair performances 
(AUC = 0.60–0.72). The model employing the clinical 
parameter DRS fails (AUC = 0.55), but the other model 
employing the clinical parameter PSA, offers a fair perfor-
mance (AUC = 0.73, 95% CI 0.53–0.94) which is the best 
one among the performances revealed by all the models 
developed to detect the grade of EPE. Multivariate logis-
tic regression models developed to predict the EPE grade 
based on the clinical parameters, the MRI-determined 
measures, and the combination of the parameters and the 
measures are seen in Table 6. In these models, both the 
MRI measures and the clinical parameters retains varying 
significance levels (P = 0.058–0.693). Multivariate models 
perform better than the univariate models by offering fair 
to good performances (AUC = 0.72–0.85). The model that 
employs both the clinical parameters and the MRI-deter-
mined measures offers the best performance (AUC = 0.85, 
95% CI 0.70–0.99). Overall, logistic regression models 
incorporating clinical parameters and MRI-determined 
measures provide higher performances than the models 
employing clinical parameters or MRI-determined meas-
ures alone.

Table 2   Performances of the 
MRI-determined measures

In predicting EPE In assessing the EPE grade

Se Sp PPV NPV Se Sp PPV NPV

CBI 0.81 0.40 0.30 0.87 – – – –
OEPE 0.23 0.97 0.75 0.80 1.00 0.30 0.48 1.00
NAI 0.41 0.83 0.41 0.83 0.45 0.93 0.83 0.70
ORA 0.27 0.91 0.47 0.80 0.80 0.67 0.36 0.93

Table 3   Univariate logistic 
regression models to predict 
EPE

Origin Parameter Β OR CI for OR P-value AUC​ CI for AUC​

Clinic PSA − 1.41 0.24 0.14, 0.42 < 0.001 0.50 0.37, 0.63
Clinic DSRLow Ref. – – – 0.46 0.35, 0.57

DSRIntermediate − 1.39 0.25 0.13, 0.48 < 0.001
DSRHigh − 0.19 0.82 0.41, 1.67 0.591

MRI CBI − 0.93 0.39 0.24, 0.64 < 0.001 0.61 0.49, 0.73
MRI ORA − 1.39 0.25 0.15, 0.41 < 0.001 0.57 0.43, 0.70
MRI NAI − 1.53 0.22 0.12, 0.38 < 0.001 0.61 0.47, 0.74
MRI OEPE − 1.46 0.23 0.14, 0.38 < 0.001 0.60 0.47, 0.74
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Discussion

In predicting pathologic EPE of the prostate lesions, 
the role of MRI and MRI-determined measures have 
been studied recently [19]. MR imaging has limited 

applicability in indirect detection of pathologic EPE of 
the prostate lesions due to its low sensitivity in local stag-
ing of the prostate cancer though it is quite valuable in 
assessing the invasion depth of lesions in many aggres-
sive abdominal cancers. A recent meta-analysis shows 
that the sensitivity and the specificity of pooled data are, 

Table 4   Multivariate logistic 
regression models to predict 
EPE

Origin Parameters Β OR CI for OR P-value AUC​ CI for AUC​

Clinic PSA − 2.94 0.05 0.01, 0.23 < 0.001 0.77 0.68, 0.86
DSRLow Ref. – – –
DSRIntermediate 0.87 2.39 0.65, 8.75 0.189
DSRHigh 2.52 12.37 2.79, 54.8 0.001

MRI CBI − 1.20 0.30 0.08, 1.15 0.080 0.69 0.57, 0.80
ORA 1.15 3.16 0.34, 29.4 0.312
NAI − 0.15 0.86 0.22, 3.29 0.823
OEPE − 2.06 0.13 0.01, 1.12 0.063

Clinic and MRI PSA − 1.97 0.14 0.01, 1.38 0.092 0.84 0.76, 0.92
DSRLow Ref – – –
DSRIntermediate 2.44 11.4 1.12, 117 0.040
DSRHigh 4.21 67.6 5.15, 888 0.001
CBI − 0.84 0.43 0.10, 1.87 0.261
ORA 1.45 4.24 0.35, 51.8 0.257
NAI 0.17 1.18 0.24, 5.69 0.836
OEPE − 4.03 0.02 0.00, 0.27 0.004

Table 5   Univariate logistic 
regression models to assess the 
EPE grade

Origin Parameter Β OR CI for OR P-value AUC​ CI for AUC​

Clinic PSA − 0.23 0.90 0.32, 1.99 0.624 0.73 0.53, 0.94
Clinic DSRLow Ref. – – – 0.32, 0.79

DSRHigh − 0.59 0.56 0.19, 1.66 0.292 0.55
MRI CBI − 0.18 0.83 0.36, 1.93 0.670 0.60 0.38, 0.82
MRI ORA − 1.03 0.36 0.13, 0.99 0.048 0.72 0.50, 0.94
MRI NAI − 1.01 0.36 0.12, 1.14 0.083 0.67 0.44, 0.89
MRI OEPE − 1.03 0.36 0.13, 0.99 0.048 0.72 0.50, 0.94

Table 6   Multivariate logistic 
regression models to assess the 
EPE grade

Origin Parameters Β OR CI for OR P-value AUC​ CI for AUC​

Clinic PSA 0.44 1.55 0.34, 7.03 0.567 0.72 0.53, 0.92
DSRIntermediate Ref. – – –
DSRHigh − 0.99 0.37 0.06, 2.16 0.271

MRI ORA − 0.64 0.53 0.02, 12.54 0.693 0.81 0.64, 0.98
NAI 0.81 2.24 0.15, 34.0 0.561
OEPE − 0.64 0.53 0.02, 12.5 0.693
PSA 3.86 47.5 0.88, 2571 0.058 0.85 0.70, 0.99
DSRIntermediate Ref. – – –
DSRHigh − 1.76 0.17 0.01, 2.21 0.177
ORA − 2.57 0.08 0.00, 3.22 0.178
NAI 0.68 1.98 0.09, 43.3 0.663
OEPE − 0.89 0.41 0.01, 14.8 0.627
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respectively, 0.61 and 0.88 [16]. A similar performance is 
achieved in the current study by the 5-point Likert scale 
of EPE assessed by using the modified PI-RADS criteria 
of ESUR that leads a sensitivity and specificity pair of 
0.52 and 0.90. In prediction of pathologic EPE, the MRI-
determined measures EPE, OEPE, NAI, and ORA offer 
poor sensitivity but CBI provides better sensitivity [20]. 
The results of the current study are in accordance with 
these findings.

To the best of our knowledge, there has been no pub-
lished study on measuring RD of EPE with prostate MRI 
and assessing the grade of EPE using T2 WI signs. The 
current study shows that a moderate correlation is present 
between the MRI-determined RD and the pathologic RD, 
while MRI-determined RD is usually higher than the patho-
logic RD. MRI visible EPE should be identified to measure 
the RD; however, presence of MRI visible EPE might be a 
late finding that indicates an advanced disease. Furthermore, 
measurement of the RD may be very difficult even in the 
presence of easily identifiable MRI visible EPE since the 
prostate gland has no real prostate capsule. On the other 
hand, MRI may overestimate the pathological RD in the 
presence of periprostatic venous plexus and neurovascu-
lar bundle at the posterolateral portion of the gland [21]. It 
seems prostate MRI is able to measure the pathologic RD 
only with a limited accuracy. In prediction of the EPE grade, 
the assessment of the T2 WI signs which linked with EPE 
diagnosis might provide better results.

The T2 WI signs studied show slightly different per-
formances in assessing the EPE grade, OEPE, and ORA 
provide fair accuracies with high sensitivities despite their 
poor specificities. NAI shows fair diagnostic accuracy with 
poor sensitivity and high specificity and CBI delivers poor 
diagnostic accuracy. For all the lesions with EPE, CBI is 
present regardless of the risk of EPE and therefore thought 
to be an early indicator of EPE. The good performances 
of T2 WI signs of OEPE and ORA in assessing the EPE 
grade imply that these measures may be late indicators for 
EPE. The current study is in accordance with a previous 
study that suggested, while ‘CBI’ was an earlier indicator of 
EPE, ‘OEPE’ and ‘ORA’ were relatively late indicators [22]. 
Besides, none of these features alone achieves good perfor-
mance in predicting the EPE grade. But remarkably better 
performances are achievable when all the MRI features are 
evaluated jointly with the clinical parameters using logistic 
regression modeling.

The median value of pathologic RD calculated for use 
as an optimal cut-off in distinguishing the low-grade EPE 
from the high-grade EPE is 1.0 mm for the current study, 
while reported values range from 0.6 to 2.4 mm. The median 
pathological RD of the current study is in accordance with 
several previous studies, one of which had the largest study 
cohort of EPE positive patients. In this previous study, it was 

also reported that utilization of the median value (1 mm) 
as the optimal cut-off was significantly associated with the 
increase in BCR risk [8, 23]. Hence, the cut-off value of 
1 mm was taken for sub-classifying the patients. Unfortu-
nately, there is no common consensus in the most optimal 
cut-off value of pathological RD. As pathological criterion 
for sub-classifying patients with EPE improve, more precise 
radiological parameters may be achieved.

There are some limitations of the current study. Firstly, 
there is a possible selection bias due to its retrospective 
design. Secondly, T design of the current study considers 
only the patients who underwent surgery. This might bring 
some bias to the radiologists during their evaluations and 
some additional work on patients from a control group might 
minimize the bias. Thirdly, sample size of patients with EPE 
is relatively small for performing subgroup analysis. Finally, 
use of median pathologic radial distance as the optimal 
cut-off value to determine low-grade and high-grade EPE 
is questionable. Prospective multi-center study on a larger 
study population is needed to clarify these issues.

In conclusion, prostate MRI holds a potential not only 
in detecting EPE but also in predicting the grade of EPE in 
prostate cancer. In discrimination of high-grade and low-
grade EPE, it would be very beneficial to assess T2 WI by 
the radiologist for the MRI features namely OEPE, ORA, 
and NAI that linked with EPE diagnosis. It seems that if 
these T2 WI signs are seen together, the probability of high-
grade EPE increases. Although MRI-determined measures 
may provide better performances than the clinical param-
eters, improved performances are obtained when the clinical 
parameters and the MRI-determined measures are evaluated 
jointly in predicting the degree of EPE. Further prospec-
tive studies with a larger patient population and with multi-
center data from different MRI setups are needed to figure 
out the potential benefits and further improvements that can 
be achieved by using prostate MRI in non-invasive predic-
tion of the EPE grade in prostate cancer.
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