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(PSA), biopsy International Society of Urological Pathol-
ogy (ISUP) grading and clinical T-stage on digital-rectal 
examination (DRE), does not appear to reliably predict 
extraprostatic extension (EPE, cT3a) [3, 4]. The introduc-
tion of multiparametric MRI (mpMRI) of the prostate has 

Introduction

The decision-making process of planning a radical prosta-
tectomy (RP) and estimating a patient’s prognosis in pros-

1, 2]. The traditional 
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parameters [5 -
tion of EPE.

to better stratify those men who may undergo oncological 
6, 7]. There has been a consider-

-

EPE [6–8

1, 5, 9, 10]. Therefore, 

published RM predicting the probability of EPE based on 
clinical parameters and MRI features in patients who under-
went MRI prior to RP and to compare the RM to the Euro-

for EPE [11, 12].

Materials and methods

Study population

who underwent mpMRI and subsequent radical prostatec-

=

with n = 75 and Site 2 =
n = 130), subsequent systematic and targeted biopsy and 
RP. 147 patients (54/129 from site 1, 93/223 from site 2) 
were excluded from analysis due to incomplete data. The 

database assessing RP between January 2018 and June 
2021in Essen and from January 2015 until December 2017 

-

Reporting and Data System (PI-RADS) and RP specimen 
[13

-
formed in external institutions. All MRIs were re-read by an 

them were performed in the centre.

before biopsy by the treating urologist during routine clinical 
-

Imaging

All mpMRI examinations were acquired according to inter-
national recommendations measured by PI-QUAL score at 
3-Tesla scanners with high imaging quality [13, 14]. Prostate 

and capsule contact length (CCL) and the clinical T-stage 
(cT2a to cT3b) were assessed on mpMRI, predominantly 

criteria for assessing extraprostatic tumour extension, semi-

-
-

cal and histopathological parameters (LS, JPR, LU) [13]. 

MRI/TRUS fusion protocol

All men underwent transperineal or transrectal targeted 
biopsies of MRI reported suspicious lesions and systematic 
biopsy. At both sites, MRI/TRUS-fusion biopsy was per-

-
n =
n =

Radical prostatectomy

-

-
enced surgeons, each with at least 10 year of experience, 

> 200 RPs. The surgeon was aware of 
MRI results.

Histopathology

complete embedding of the prostate. Reporting was done 
-
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adherent to national guidelines and ISUP criteria. If EPE 

prostate contour, with direct extension into the periprostatic 
-
-

lished EPE was reported, but not taken into consideration in 
this manuscript.

Statistical analysis

Patient demographics, MRI and RP results were analysed 

15]. The regression equa-
tion for the RM including clinical T-stage from DRE, ISUP 

and CCL in mm) and the ESUR score was as follows:

log

(

π i

1 − π i

)

=

− 0.4846 + 0.1933 ESURScore

+ 1.0096 I(clinical_T_stage = T2b/c)

+ 2.6804 I(clinical_T_stage = T3/4)

− 0.9928 log(MRI_V olume)

+ 0.493 log (PSA) − 0.0749 I(ISUP = 2)

+ 0.7085 I(ISUP = 3)

+ 1.19421 I(ISUP = 4) + 1.1833 I(ISUP = 5)

+ 0.1004 MRI_Capsule_contact_length

where log
(

π i

1−π i

)

 is the logit, clinical_T_stage is the T stage 
grouped into T1/2a, T2b/c and T3/4, MRI_V olume  is the 

ml and MRI_Capsule_contact_length  
is the length the tumor is in contact with the capsule in mm. 

I(clinical_T_stage = j)

which is 1 if clinical_T_stage = j  for j= T2b/c, T3/4  
(reference category T1/2a) and 0 otherwise, similarly for 
I(ISUP=j) with reference category ISUP=1.

-
12]) and 

formula was as follows:

log

(

π i

1 − π i

)

= −2.6540 + 0.4976 ESUR_Score

Discrimination performance of the RM was assessed using 
-
-

1). DeLong 

-

explored graphically using calibration plots for the entire 
cohort and for both subcohorts separately.

16–18]. 
Reporting followed Standards of Reporting of Diagnostic 
Accuracy (STARD) guidelines (S4 Table) [19].

Fig. 1 A: Site 1 (Essen); B: Site 2 
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Second, we assessed the discrimination performance 

discrimination performance was comparable to the per-

0.82–0.91) (Supplemental Table 1). Comparing the AUCs 

demonstrated (p = 0.75). This was also the case for the sub-

1A), and 0.86 at site 2 subgroup 
1

-

Essen. Despite a good calibration in general, the ESUR clas-
-

predicted EPE.

Discussion

approaches combining mpMRI and clinical parameters, 
including histopathological results from MRI/TRUS 

Results

Patient characteristics, MRI and histopathological data are 
1

2
assessed the discrimination performance of the RM pub-

1, Supple-
mental Table 1) [11, 13, 20]. The AUC of the RM in the 

Table 1). In subgroup analyses, the RM`s AUC in Site 1 was 
1A), whereas discrimination 

1

Table 1 Patients’ baseline characteristics of the total cohort and in 

clinical parameters, biopsy and prostatectomy results
all Site 1 Site 2

Number 205 75 130
Clinical parameter
Median Age, years (IQR) 67 (61–71) 67 (61–70) 67 

(62–72)

ng/ml
8.9 
(6.5–13.4)

8.3 
(5.6–12.0)

9.0 (7.0-
13.9)

(≥
22 (10.7) 18 (24) 4 (2.0)

(IQR), ml
40 (30–57) 40 (33–60) 37 

(30–50)
Median PSA density (IQR) 0.23 

(0.14–0.36)
0.18 
(0.12–0.27)

0.25 
(0.17–
0.38)

Histopathology biopsy
15 (7) 3 (4) 12 (9.2)
84 (41) 33 (44) 51 (39)
38 (19) 13 (17) 25 (19)
39 (19) 14 (19) 25 (19)
29 (14) 12 (16) 17 (13)

Histopathology RP
16 (7) 6 (8) 10 (8)
100 (49) 35 (47) 65 (50)
47 (23) 21 (28) 26 (20)
42 (20) 13 (17) 29 (22)
5 (3) 2 (2.7) 3 (2)
99 (48) 37 (49) 62 (47)
54 (26) 26 (35) 28 (22)
17 (8) 3 (4) 14 (11)
30 (15) 7 (9.3) 23 (18)

PI-RADS, highest Score
6 (3.9) 3 (4) 3 (2)
77 (37) 25 (33) 52 (40)
122 (60) 47 (63) 75 (58)

IQR = Interquartile range, iPSA =
ng = nanogram, ml = milliliter, DRE = Digital rectal examination; 
ISUP = International Society of Urological Pathology, RP = Radical 
prostatectomy

Table 2

pT ≤ 2c pT ≥ 3a = EPE
41 (55) 34 (45)
75 (58) 55 (42)

EPE (IQR)
3(2–4) 7(4–9)

(IQR), ml
40(30.8–54.1) 40(30–60)

Median iPSA (IQR), ng/ml 8.3(6-11.1) 9.8(7.3–16.3)
Median CCL on MRI (IQR), mm 10(6–14) 20(14–28)

111(61) 72(39)
5(39) 8(61.5)
0(0) 9(100)
13(87) 2(13)
58(69) 26(31)
23(61) 15(40)
18(46) 21(54)
4(14) 25(86)

n = Number, IQR = Interquartile range, iPSA = Initial prostate spe-
ng = nanogram, ml = milliliter, DRE = Digital rectal 

examination; ISUP = International Society of Urological Pathology, 
RP = Radical prostatectomy

1 3

530 Page 4 of 7



World Journal of Urology (2024) 42:530

risk assessment of EPE. This may be important when plan-

-
-

tion is performed in cases with an increased risk in order to 
29, 30].

in our subgroups [7, 8]. If the EPE-RM is applied to popu-

-

-
-

of being referred to an academic tertiary referral center. In 

-
tion to predict EPE, rather than calculating the EPE-RM. 

-

fact that the mpMRIs were (re-)read by highly experienced 

-

population.

Conclusions

EPE-RM had good discrimination and calibration to predict 

making process for patient-tailored radical prostatectomy. 

expert radiologists is performed, the discrimination was 
comparable.
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-
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Study concept, Manuscript editing. L Schimmöller Study concept, 
Data management, Manuscript editing. C Kesch Study concept, Data 

specimens [11
clinical routine.

The quality of MRI for EPE prediction depends on the 
experience and specialisation of the radiologist, and hence 

-
mented guidelines lead to comparability (with time) [21–
23

alone [24

-
sured parameter, histopathological data and the standardised 

-
ducibility and decrease reader-dependency [11].

When discussing the broad usability of the RM and 
ESUR, the technical limitations of MRI itself should also 
be considered. Microscopic EPE is hard to detect on MRI. 
The detection probability is higher in a 3 Tesla MRI like it 

25].
The main result of our analysis is that the RM performs 

-

reading is reliable within a RM combining MRI and clinical 
parameters. This is in line with recent results demonstrating 

-
eters [26 27] demonstrated that the CCL on 
MRI can predict EPE accurately.

-

26, 28]. In the original study of 

with 0.81, but inferior to the EPE-RM [11
cohorts, the discrimination of ESUR alone was comparable 
with AUCs of 0.86–0.87. As a consequence, the RM com-

parameters did not enhance the accuracy of EPE prediction 

0.85–0.88, with similar performance as other nomograms 
-

comparisons.
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