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Prostate cancer is the most common noncutaneous ma-
lignancy among men in Northern America and Europe 

(1,2). For intermediate- and high-risk disease, the recom-
mended treatment is external beam radiation therapy or 
radical prostatectomy (3,4).

At the time of presentation, most patients have organ-
confined prostate cancer (OCP) (1). Patients with OCP 
can benefit from nerve-sparing surgical procedures that 
will reduce the chance of incontinence and impotence 
without increasing the risk of positive surgical margins 
(5,6). It is therefore important to distinguish patients with 
OCP from patients with non–organ-confined prostate 
cancer, which includes patients with extraprostatic exten-
sion (EPE) (7).

Not only is the presence or absence of EPE an inde-
pendent predictor of biochemical recurrence-free survival 
(BRFS), but BRFS is strongly correlated to the histologic 
severity of EPE (8–14). Epstein et al and Wheeler et al 

subdivided EPE into established versus focal EPE (8,9). 
Later, Sung et al and Danneman et al identified radial dis-
tance of EPE as the most robust histopathologic EPE mea-
sure to predict BRFS (10,12).

In a preoperative setting, multiparametric MRI can be 
used to predict EPE with a pooled sensitivity and speci-
ficity of 0.57 and 0.91, respectively (15), having superior 
diagnostic accuracy over standard MRI (16–18) and EPE 
nomograms based on clinical and biopsy information 
(19–21).

Traditionally, EPE is measured on a Likert score based 
on subjective overall assessment of a combination of multi-
parametric MRI criteria by an experienced radiologist (22). 
In the Prostate Imaging Reporting and Data System (PI-
RADS) version 2.0 guidelines, the criteria for EPE are (a) 
abutment, (b) irregularity and neurovascular bundle thick-
ening, (c) bulge, loss of capsule, and capsular enhancement, 
(d) measurable extracapsular disease, and (e) obliteration of 
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Purpose: To validate the MRI grading system proposed by Mehralivand et al in 2019 (the “extraprostatic extension [EPE] grade”) in an 
independent cohort and to compare the Mehralivand EPE grading system with EPE interpretation on the basis of a five-point Likert 
score (“EPE Likert”).

Materials and Methods: A total of 310 consecutive patients underwent multiparametric MRI according to a standardized institutional 
protocol before radical prostatectomy was performed by using the same 1.5-T MRI unit at a single institution between 2010 and 
2012. Two radiologists blinded to clinical information assessed EPE according to standardized criteria. On the basis of the readings 
performed until 2017, the diagnostic performance of EPE Likert and Mehralivand EPE score were compared using receiver operat-
ing characteristics (ROC) and decision curve methodology against histologic EPE as standard of reference. Prediction of biochemical 
recurrence-free survival (BRFS) was assessed by Kaplan-Meier analysis and log rank test.

Results: Of the 310 patients, 80 patients (26%) had EPE, including 33 with radial distance 1.1 mm or greater. Interrater reliability was 
fair (weighted k 0.47 and 0.45) for both EPE grade and EPE Likert. Sensitivity for identifying EPE using EPE grade versus EPE Likert 
was 0.83 versus 0.86 and 0.86 versus 0.91 for radiologist 1 and 2, respectively. Specificity was 0.48 versus 0.58 and 0.39 versus 0.70 (P 
, .05 for radiologist 2). There were no significant differences in the ROC area under the curve or on decision curve analysis. Both EPE 
grade and EPE Likert were significant predictors of BRFS.

Conclusion: Mehralivand EPE grade and EPE Likert have equivalent diagnostic performance for predicting EPE and BRFS with a simi-
lar degree of observer dependence.
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Figure 1:  Standards for Reporting of Diagnostic Accuracy (or STARD) flow-
chart of inclusion and exclusion. DCE = dynamic contrast-enhanced images, DWI 
= diffusion-weighted images, EPE = extraprostatic extension, RALP = robotic-assisted 
laparoscopic prostatectomy.

MRI using the same 1.5-T MR machine by a standardized 
protocol read by the same two dedicated radiologists, and had 
complete clinical and follow-up data for analysis (Fig 1). A 
subset of 63 patients who underwent surgery in 2010 from 
the same cohort has been published previously regarding lo-
calization of the index tumor in preoperative multiparametric 
MRI using PI-RADS version 1 (32). The present cohort was 
included in a larger study of 591 patients that examined multi-
parametric MRI criteria for optimizing risk stratification after 
RALP with BRFS but not EPE as endpoint (33). The study 
had been approved by the institutional review board, and all 
patients had given informed written consent.

Imaging Technique
All patients were examined using the same 1.5-T MR machine 
(Avanto; Siemens Medical Systems, Erlangen, Germany), using 
an integrated endorectal and pelvic phased-array coil (MR In-
nerva; Medrad, Pittsburgh, Pa) for signal reception. The scanning 
protocol included T2-weighted series, diffusion-weighted images, 
and dynamic contrast material–enhanced images (Table 1).

the rectoprostatic angle (23). Concerning measurable EPE, both 
curvilinear contact length (24–26) and apparent diffusion coef-
ficient (ADC) (27–30) have been identified as reliable predictors 
of EPE. The relative weighting of these criteria, however, is not 
explicit and confined to the realm of expert opinion.

In a recent study, Mehralivand et al proposed a new grading 
system for EPE (“EPE grade”), based on a set of potentially less 
observer-dependent criteria: curvilinear contact length, irregular-
ity, and bulging. Against histologic findings as a standard of refer-
ence, the system achieved 75% sensitivity and 68% specificity for 
EPE grade 1 or greater in a retrospective cohort. The Mehralivand 
EPE grading system is based on a measurement of curvilinear con-
tact length and the binary EPE criteria of bulging, irregularity, and 
“visible” EPE. EPE grade 1 is defined as either curvilinear contact 
length of 1.5 cm or greater or capsular bulge or irregularity. EPE 
grade 2 is defined as curvilinear contact length of 1.5 cm or greater 
in combination with capsular bulge or irregularity. Finally, EPE 
grade 3 is defined as visible EPE at MRI (31).

The aim of our study was to evaluate the diagnostic perfor-
mance of Mehralivand EPE grade in an independent prospec-
tive cohort from another institution against histopathology and 
BRFS as reference standards and compare it against Likert scor-
ing of EPE by two radiologists.

Materials and Methods

Patient Population
Of 362 consecutive patients with prostate cancer who un-
derwent robotic-assisted laparoscopic radical prostatectomy 
(RALP) between January 1, 2010, and December 31, 2012, 
310 patients had undergone preoperative multiparametric 

Abbreviations
ADC = apparent diffusion coefficient, AUC = area under the curve, 
BRFS = biochemical recurrence-free survival, EPE = extraprostatic 
extension, IQR = interquartile range, PI-RADS = Prostate Imaging 
Reporting and Data System, RALP = robotic-assisted laparoscopic 
prostatectomy, ROC = receiver operating characteristics 

Summary
The Mehralivand grading system has reliable performance applied in 
a different cohort and performs just as well as subjective extraprostat-
ic extension Likert scores; both systems rely on experience-dependent 
criteria (eg, bulging and irregularity), thus subjectivity is not ruled 
out.

Key Points
 n Mehralivand extraprostatic extension grading is a valid grad-

ing system of extraprostatic extension and has similar diagnostic 
performance as a five-point Likert assessment of extraprostatic 
extension.

 n Using both systems for assessing extraprostatic extension, higher 
scores reflected a higher likelihood of extraprostatic extension, 
but did not correlate well with extraprostatic extension severity 
expressed as radial distance of extraprostatic extension in the histo-
pathologic specimen.

 n A large prospective multicentric trial of multiparametric MRI cri-
teria for extraprostatic extension is needed under the auspices of a 
major uroradiologic society.

radiology-ic.rsna.org


Radiology: Imaging Cancer Volume 2: Number 1—2020 n radiology-ic.rsna.org 3

Reisæter et al

Histopathologic findings of the preoperative biopsies were 
recorded in the study database, as previously published (32,33). 
Following the 2014 International Society of Urological Pathol-
ogy consensus meeting, Gleason grades and scores were aggre-
gated into five grade groups (35).

Data Storage
A custom-developed MDCake database was used to collect all 
data since 2010 using dedicated data entry forms with drop-
down lists for all categorical data (32,33,36). All data used were 
collected in the database before October 2017 and then frozen.

Generation of Mehralivand EPE Grades
Likert scores for the separate EPE criteria (bulging, irregularity, 
and asymmetry of the neurovascular bundle) and curvilinear 
contact length, which had been recorded individually by the 
two blinded observers, were transformed into Mehralivand 
EPE grades 0–3 independently for each patient and each ob-
server in April 2019 according to Mehralivand criteria pub-
lished in January 2019 (31) by a Structured Query Language 
script at the level of the relational database.

Statistical Analysis
All statistics were calculated in R (37) using packages {epiR}, 
{irr}, {pROC}, {survival}, {MASS}, and {rmda} as previously 
published (32,33,36). Data were summarized using descrip-
tive statistics by tabulating the median, means, and inter-
quartile ranges (IQRs) for continuous variables. To assess 
the interrater reliability of multiparametric MRI criteria, we 
used weighted k values. To assess agreement of the curvilin-
ear contact-length, we used Bland-Altman analysis (38). The 
diagnostic performance of multiparametric MRI was evalu-
ated by calculating sensitivity, specificity, positive predictive 
value, and negative predictive value, with confidence intervals 
estimated by bootstrapping with 2000 samples. Receiver op-
erating characteristics (ROC) were used to visualize diagnos-
tic performance, and the DeLong test was used to check for 

MRI Evaluation and Reporting
All multiparametric MRI examinations were read in random 
order in single contiguous sessions by each of two dedicated 
radiologists (J. Rørvik and L.A.R.R.), who were blinded 
to each other and the result of the histopathologic exami-
nation of the surgical specimens, in a time period between 
2011 and 2015 for a previously published study (33). The 
EPE criteria—asymmetry of the neurovascular bundle, cap-
sular irregularity, and capsular bulging—were assessed in the 
course of the same reading session with separate scores for 
each criterion by each radiologist using a five-point Likert 
score (1 = criterion not present, 2 = probably not present, 3 
= uncertain if present, 4 = probably present, 5 = definitely 
present) including an overall score. The overall EPE score was 
based on the overall subjective assessment of presence of EPE 
by each of the observers at the time of reading the multipa-
rametric MRI, using a five-point Likert score. In addition, 
both radiologists measured tumor curvilinear contact length 
and tumor size on axial T2-weighted images using a standard 
PACS system with diagnostic screens (Agfa Impax v.6.5; Agfa 
Health Care, Mortsel, Belgium) and recorded the PI-RADS 
version 1 scores of the leading lesions.

Histopathologic Evaluation
Two uropathologists (O.J.H. and K.G.) independently out-
lined the presence of tumor involvement on drawings of whole-
mount step sections of the entire prostate taken at 5-mm in-
tervals. For each specimen, the pathologists determined the 
presence of a pathologic index tumor, and volume of the tu-
mors was estimated using routine pathologic measurements, as 
previously described (32).

In addition, the pathologists determined the number of 
sections with EPE, location, maximum radial distance, and 
circumferential length. Each instance of EPE in a given speci-
men was subclassified into focal and nonfocal EPE (34). Exten-
sive EPE was defined as EPE with radial extension 1.1 mm or 
greater based on Danneman et al (12).

Table 1: Imaging Protocol for 1.5-T MRI with an Endorectal Coil

Sequence Plane
Repetition Time/
Echo Time (msec)

Intersection 
Gap (mm) Matrix

Field of View 
(mm)

Acquisition 
Time (min)

T2 weighted Sagittal 3030/98 0.8 320 × 256 200 × 200 3:06
T2 weighted Coronal 3000/98 0.4 320 × 256 200 × 200 4:05
T2 weighted Axial 4840/84 0.8 320 × 256 200 × 200 4:18
VIBE Axial 7.23/2.55 0.8 192 × 192 250 × 250 0:20
DWI (b = 50, 400, 

800 sec/mm2)
Axial 3000/72 0.8 128 × 128 128 × 128 5:33

DWI (b = 1200 sec/
mm2)

Axial 2800/83 0.6 128 × 128 250 × 250 2:23

DCE-TWIST + C Axial 4.24/1.66 0.8 512 × 512 192 × 138 6:58

Note.—DCE-TWIST + C = dynamic contrast-enhanced, time-resolved interleaved stochastic trajectories 
sequence with a time resolution of 6.16 seconds using intravenous contrast material, DWI = diffusion-weighted 
imaging, VIBE = volumetric interpolated breath-hold examination.
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significant differences in the area under the curve (AUC) 
between EPE grade and EPE Likert.

Furthermore, EPE grade and EPE Likert were tabu-
lated against the quartiles of histopathologic radial dis-
tance. Ideally, readings should be clustered along the 
diagonal of the diagram. For qualitative assessment, false-
positive outliers were defined as the three cells in the lower 
left corner with high scores and limited radial distance and 
false-negative outliers as the three cells in the upper right 
corner with low scores but extensive radial distance.

Differences in the Kaplan-Meier plots for BRFS were 
tested using log rank after dichotomizing EPE grade at 
the level of 1 and EPE Likert at the level of 3. Finally, 
decision curve analysis was applied to assess differences 
between dichotomized EPE grade and EPE Likert with 
and without clinical features. The significance level for 
all statistical tests was 5% (two-sided).

Results

Patient Characteristics and Endpoints
Of the 310 patients who met the inclusion criteria, EPE 
was present in 80 patients (26%). Among these, 33 had 
extensive EPE with radial distance of 1.1 mm or greater. 
Median histologic index tumor size was 2.1 mL (IQR, 
0.8–4.2 mL). The remaining patient characteristics are 
summarized in Table 2.

EPE was localized mostly dorsolaterally and particu-
larly at the base (Fig E1 [supplement]). Surgical margins 
were positive in 46 of 310 patients (15%), 27 in category 
pT3 (27 of 80; 34%) and 19 in pT2 (19 of 230; 8%). 
Thirteen patients had serum prostate-specific antigen level 
0.02 ng/mL or greater after RALP. Of the 297 patients 
with initial biochemical remission, 23 had biochemical 
recurrence: 11 of 230 (5%) without EPE, 12 of 80 (15%) 
with EPE, including eight of 33 (24%) with extensive 
EPE (P , .01). Histopathologic extensive EPE was a sig-
nificant predictor of BRFS (Fig E2 [supplement]).

Interrater Agreement
Interrater agreement between radiologists 1 and 2 was 
weak to moderate with a weighted k of 0.47 for Mehral-
ivand EPE grade and 0.45 for EPE Likert. For diagnos-
ing probable EPE (EPE grade  1, EPE Likert  3), 
Cohen k was 0.38 and 0.54, respectively. Bland-Altman 
analysis of measurements of curvilinear contact length 
showed poor agreement between readers (Fig 2).

Diagnostic Performance
Average sensitivity across both readers was 92.5% for EPE 
grade versus 77% for EPE Likert with an average specificity 
of 42.5% versus 64%, respectively. When comparing read-
ings for each radiologist, there was a trend toward increased 
sensitivity at the cost of decreased specificity of the Mehral-
ivand EPE grade, which reached statistical significance for 
only one of the observers, radiologist 2 (Table 3).

Table 2: Characteristics of 310 Patients

Parameter Value

Preoperative
 Age at biopsy (y) 63.1 (59–66)*
 MRI to surgery (d) 24.5 (8–82)*
 Percentage of positive biopsy cores 34.5 (20–50)*
 cT stage (DRE)
  T1c 209
  T2a 49
  T2b 33
  T2c 9
  T2a/b 10
 Capra score
  Low 78
  Intermediate 187
  High 45
 ISUP grade group
  1 128
  2 127
  3 32
  4 19
  5 4
 PI-RADS v1 score leading lesion for radiologist 

1/radiologist 2
  >3 19/36
  3 13/39
  4 40/79

  5 238/156
Postoperative
 Age at surgery (y) 63.6 (60–67)*
 Preoperation s-PSA (ng/mL) 8.8 (6–13)*
 Histologic findings (TNM 2007, seventh edi-

tion) pT
  T2a 16
  T2b 9
  T2c 199
  T3a 66

  T3b 19†

  T4 1‡

 ISUP grade group
  1 52
  2 180
  3 60
  4 8
  5 10

Note.—Unless otherwise indicated, data are numbers of patients. cT 
= clinical T stage, DRE = digital rectal examination, EPE = extrapros-
tatic extension, ISUP = International Society of Urological Pathology, 
PI-RADS v1 = Prostate Imaging Reporting and Data System, version 1, 
pT = pathologic T stage, sPSA = serum prostate-specific antigen.
* Data are medians, with interquartile ranges in parentheses. 
† Four patients with seminal vesicle invasion did not have EPE.
‡ Macroscopic invasion of the bladder.
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toward higher specificity at the expense of sensitivity with 
either EPE assessment method. Two representative cases, 
one true-positive and one false-negative, are shown in Fig-
ures 6 and 7.

Discussion

The present study provided validation of the new grading sys-
tem proposed by Mehralivand et al for predicting histopatho-
logic EPE at preoperative multiparametric MRI in an inde-
pendent cohort. We used histopathologic findings and BRFS 
as primary and secondary reference standards. In addition, we 
compared Mehralivand EPE grade with previously recorded 
EPE Likert assessments by two blinded radiologists.

To permit standardized reading of multiparametric MRI 
with regard to malignancy, PI-RADS has been jointly released 
by the American College of Radiology and the European Soci-
ety of Urogenital Radiology. PI-RADS has fair diagnostic per-
formance (40) with moderate reproducibility for experienced 

AUC for detecting histopathologic EPE using EPE grade 
was 0.80 and 0.75 (not significant) and EPE Likert 0.76 
and 0.77 (not significant) for radiologist 1 and 2, respec-
tively (Fig 3). Likewise, there were no significant differ-
ences between AUC for predicting extensive EPE (Fig E3 
[supplement]).

Clinical Outcomes
Against BRFS as a secondary endpoint, EPE grade and EPE 
Likert performed similarly well for each of the radiologists 
(not significant; Fig 4).

Qualitative Assessment
When tabulating individual EPE grade and EPE Likert 
scores against quartiles of radial distance of EPE in an eval-
uation matrix, outliers occurred for both EPE assessment 
methods and both observers with frequencies ranging be-
tween 20% and 38% (Fig 5). Although radiologist 1 had 
a tendency toward higher sensitivity, radiologist 2 tended 

Figure 2: Bland-Altman plot of measurement of curvilinear contact 
length by two radiologists. The mean of the two measurements in millime-
ters (x-axis) is plotted against difference between the two measurements 
(y-axis). Mean difference of the two measurements and limits of agree-
ment (± 2 standard deviations) are indicated by the stippled dark and 
light blue lines, respectively. Red circles = measurements in patients with 
histopathologic extraprostatic extension (EPE), black triangles = measure-
ments in patients without EPE.

Table 3: Diagnostic Performance of Mehralivand EPE Grade and EPE Likert

Parameter and Radiologist

All EPE EPE with Radial Distance  1.1 mm*

EPE Grade  1 EPE Likert  3 EPE Grade  1 EPE Likert  3

Value 95% CI Value 95% CI Value 95% CI Value 95% CI

Sensitivity
 Radiologist 1 0.86 0.77, 0.93 0.82 0.72, 0.90 0.97 0.84, 1.00 0.94 0.80, 0.99
 Radiologist 2 0.88 0.78, 0.94 0.72 0.61, 0.81 0.97 0.84, 1.00 0.91 0.76, 0.98
Specificity
 Radiologist 1 0.47 0.41, 0.54 0.58 0.52, 0.65 0.43 0.37, 0.49 0.53 0.47, 0.59
 Radiologist 2 0.38 0.32, 0.45 0.70 0.63, 0.75 0.35 0.29, 0.41 0.65 0.59, 0.70
PPV
 Radiologist 1 0.36 0.30, 0.44 0.41 0.33, 0.49 0.17 0.12, 0.23 0.19 0.13, 0.26
 Radiologist 2 0.33 0.27, 0.40 0.45 0.36, 0.54 0.15 0.11, 0.21 0.23 0.16, 0.32
NPV
 Radiologist 1 0.91 0.84, 0.95 0.91 0.85, 0.95 0.99 0.96, 1.00 0.99 0.95, 1.00
 Radiologist 2 0.90 0.82, 0.95 0.88 0.82, 0.92 0.99 0.95, 1.00 0.98 0.95, 1.00

Note.—CI = confidence interval, EPE = extraprostatic extension, NPV = negative predictive value, PPV = positive predictive value. 
* Danneman et al (12).
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radiologists (41). However, PI-RADS version 2.0 does not yet 
include an explicit scoring system for EPE assessment (42). 
The new Mehralivand EPE grading system could provide a 
template.

As Mehralivand et al point out, previous “conventional” as-
sessment of EPE relied on an overall five-point Likert assess-
ment of a set of imaging criteria for EPE by an experienced 
radiologist (23). By necessity, such an assessment was subjec-
tive because there were no explicit weighting factors for the 
different criteria. In this context, it is interesting to note that 
the Likert score originated as a research tool in cognitive psy-
chology (43).

The Mehralivand EPE grading system achieved similar 
sensitivity and specificity in our cohort as in the original pub-
lication, and no difference in the ROC curves was observed 
(Fig 3). In comparison with our previously recorded EPE 
Likert scores, the performance of the Mehralivand system 
was equivalent, but not superior. Although frank breach of 
prostate capsule or invasion into periprostatic space or ad-
jacent anatomic structures represent straightforward criteria 
most radiologists will agree on, both systems are based on 
the more subtle assessment of bulging and irregularity. Thus, 
subjectivity is not ruled out with either approach. Surpris-
ingly, even quantitative measurements were fraught with 
interobserver error. Bland-Altman analysis showed that our 
measurements of curvilinear contact length—which are cru-
cial in respect to the Mehralivand EPE grading system—dif-
fered between the two radiologists, at times markedly so. The 
reasons for the discrepancies were difficult to ascertain ret-
rospectively because we did not document the precise loca-
tion of the measurements taken; the largest discrepancies can 
probably be attributed to measuring different index lesions. 

Ideally, curvilinear contact length should have been recorded 
for each tumor. Qualitative analysis in the form of an evalu-
ation matrix revealed that the EPE grade was burdened with 
as much subjective bias between the two radiologists as the 
EPE Likert. Independent of the system used, radiologist 1 
tended toward higher sensitivity and radiologist 2 toward 
higher specificity. Both systems had equivalent performance 
for predicting BRFS.

It was unclear how the Mehralivand threshold of curvi-
linear contact length at 15 mm was derived. Other similar 
studies proposed thresholds of curvilinear capsule length that 
are in the range of 12–20 mm, based on the median in the 
observed distribution (24–26). Other quantitative measures, 
such as tumor size and ADC, have been identified as predic-
tors of EPE (27–30). In addition, Lim et al and Alessi et al 
have shown that the PI-RADS lesion score can predict or rule 
out EPE (44,45).

What should an ideal scoring system incorporate? Crite-
ria and measurements should be based on precise definitions, 
easy to apply in a clinical setting, robust, and with a high level 
of interrater agreement. Investigation should include looking 
at both quantitative measures (abutment, ADC, tumor-to-
gland volume ratio) as well as the qualitative criteria from PI-
RADS version 2. Thresholds should be carefully calibrated in 
relation to scanner systems and institutional cohort achieving 
an optimal balance between sensitivity and specificity based 
on decision curve analysis. Intuitively, higher scores should 
not only indicate a higher likelihood of EPE but be correlated 
with higher severity of EPE. Also suggested is adopting ra-
dial extension of EPE in histopathologic step sections rather 
than a binary criterion as the reference standard. This would 
facilitate multivariate multilevel regression models that can 

Figure 3:  (a) Receiver operating characteristic (ROC) analysis and (b) decision curve analysis of Mehralivand extraprostatic extension 
(EPE) grade compared with EPE Likert for each of two observers with histopathologic EPE as reference standard. (a) For convenience, the 
original Mehralivand ROC curve is included in light gray. (b) Combined clinical score  University of California San Francisco Cancer of the 
Prostate Risk Assessment (UCSF-CAPRA) (39) and EPE grade/EPE Likert. AUC = area under the curve.
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then serve as templates for building an optimized EPE grad-
ing system.

The strengths of our evaluation were that it was based on a 
homogeneous cohort, prospectively collected over just 3 con-
secutive years at a single institution. The study adhered to a 
strictly enforced standardized protocol with a relatively small 
number of exclusions. EPE assessment by the pathologists was 
standardized not only regarding the presence of EPE but also 
regarding the radial distance of EPE. BRFS was included as 
a secondary independent reference standard. Reading of im-
ages, including measurement of curvilinear contact length by 
each observer, followed a consistent standard and was blinded 
in relation to clinical data, outcomes, and future classification 
systems. Encoding of the readings was performed using a dedi-
cated database application with a high degree of granularity 
ahead of time, permitting a prospective and lossless transfor-
mation of the original readings into the proposed new Mehral-
ivand scoring system.

Limitations of the present study included the following: 
(a) We did not attempt to launch yet another grading system 
given the limitations of single-cohort data. This would call 
for a large prospective multicenter trial under the auspices of 
a major uroradiology society. (b) Because of the death of ra-
diologist (J. Rørvik) in 2018, the cohort was limited to 310 
patients, and could not be expanded without introducing bias. 
(c) Treatment allocation of patients was in accordance with the 
then-current guidelines (46). (d) All patients were scanned on 
the same 1.5-T system using an endorectal coil, in contrast 
to Mehralivand et al using 3-T with an endorectal coil. We 
have since moved over to 3-T with dedicated pelvic coils. (e) 
Transforming previous historic readings into a different scor-
ing system, such as the Mehralivand system, has the disadvan-
tage that the readings under the two compared systems were 
not independent. However, the strength of this approach was 
that it isolated the differences between the competing scoring 
systems, eliminating the confounders intrarater variability and 

Figure 4: Kaplan-Meier plots of biochemical recurrence-free survival with extraprostatic extension (EPE) grade 1 or 
greater and EPE Likert score 3 or greater for each of the radiologists. Differences were not significant.
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recall bias that would have occurred if we had reread the exami-
nations in two separate sessions using different scoring systems.

In conclusion, the present study validated the recently 
proposed Mehralivand EPE grading system against an inde-
pendent institutional cohort using histopathologic findings 

and BRFS as primary and secondary reference standard. 
Comparison with previously recorded EPE assessment 
on a five-point Likert score showed equivalent diagnostic 
performance, however, with similar degrees of observer 
dependence.

Figure 5: Evaluation matrix assessing extraprostatic extension (EPE) grade and EPE Likert, based on quartiles of radial distance (n = 80). Radial 
distance (mm), (0–0.5) = first quartile, (0.5–1.2) = second quartile, (1.2–1.7) = third quartile, (1.7–∞) = fourth quartile. Light gray = outliers with high 
score/grade and a small radial distance. Dark gray = outliers with low score/grade and a large radial distance.

Figure 6: Multiparametric MR and histopathologic images in a 62-year-old patient with extensive extraprostatic extension (EPE). (a) T2-weighted MR image, (b) image 
with calculated b = 1200 sec/mm2, (c) hematoxylin-eosin–stained step-section image showing EPE with a radial distance of 2.1 mm, (d) apparent diffusion coefficient map, 
(e) dynamic contrast-enhanced image, (f) coronal T2-weighted image, and (g) histopathologic image showing localization of EPE (orange). Multiparametric MRI EPE 
grade was 3 and EPE Likert score was 5 according to both radiologists.
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