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best cutoff values for classifying ECE (mean ADC and ex-
tent of capsular contact on T2-weighted images and DWI). 
To analyze the interobserver agreement of the qualitative 
assessment of T2-weighted images, PI-RADS DWI, PI-
RADS T2-weighted images, and overall PI-RADS, we used 
simple Cohen’s Kappa(23). Logistic regression and odds 
ratios were used in order to assess the possibility of the 
following variables being predictors of ECE: serum PSA 
level, Gleason score, clinical stage, percentage of tumor-
positive fragments on biopsy, and qualitative assessment 
of T2-weighted images. In all comparisons, values of p < 
0.05 were considered significant.

RESULTS

The mean age of the patients in our study sample was 
63.3 ± 7.1 years (46–76 years). The mean serum PSA level 
was 10.9 ± 5.1 ng/dL, and the median serum PSA level 

was 7.9 ng/dL (range, 3.4–41.4 ng/dL). The values for 
each group are displayed in Table 2.

The mean interval between MRI and surgery was 42.2 
days (1–90 days). In the analysis of the images, observer 
1 found the mean tumor size to be 1.7 cm (0.8–6.1 cm), 
whereas observer 2 found it to be 1.6 cm (0.7–5.9 cm).

According to the histopathological results, 64.2% of 
the patients had a total Gleason score of 7—38.8% with a 
Gleason score of 3+4 (ISUP grade of 2) and 25.4% with 
a Gleason score of 4+3 (ISUP grade of 3)—which is in-
dicative of an intermediate risk for aggressive cancer, and 
16.5% had a total Gleason score of 8 or 9 (ISUP grade 
of 4 or 5), which is indicative of high-grade cancer. The 
distribution of clinical, demographic, and histopathologic 
data is shown in Table 2.

When measured on T2-weighted images, the mean 
extent of contact between the neoplasm and the capsule 

Figure 1. A 63-year-old male patient with a serum PSA of 7.51 ng/dL. Prostate cancer with a Gleason score of 7 (4+3, 6 positive fragments out of 12) and a clinical 
stage of 2a. A: Axial T2-weighted image showing the absence of macroscopic ECE, the extent of capsular contact being determined to be 21.0 mm by observer 1 
and 17.8 mm by observer 2 (blue line). B: ADC map showing the extent of capsular contact, which was determined to be 17.9 mm by observer 1 and 14.5 mm by 
observer 2 (blue line). C: Histological section; hematoxylin-eosin staining shows the tumor tissue (T), a preserved capsule (C), and periprostatic fat (F).
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was 14.6 ± 11.7 mm (0–55.0 mm) for observer 1 and 13.1 
± 11.2 mm (0–65.0 mm) for observer 2. On DWI, using 
the ADC map, the mean extent of contact was 16.9 ±12.7 
mm (0–57.0 mm) for observer 1 and 14.9 ± 12.2 mm (0–
63.0 mm) for observer 2.

The mean ADC, calculated from the values obtained 
by both radiologists, was 1.241 ± 0.26 × 10–3 mm/s2 for 
the group with no ECE, 1.13 ± 0.34 × 10–3 mm/s2 for 
the group with microscopic ECE, and 0.96 ± 0.18 × 10–3 
mm/s2 for the group with macroscopic ECE (Table 2), the 
difference among the three groups was statistically signifi-
cant (p = 0.01). The histological evaluation of the surgical 
specimen margins (Table 2) showed that 65.7% of patients 
had no ECE, 17.9% (n = 12) had microscopic ECE, and 
16.4% (n = 11) had macroscopic ECE. The qualitative as-
sessment made by the two observers using the T2-weight-
ed images acquired with mpMRI showed that there was a 
predominance of condition 2 (lesion slightly touching the 
capsule), seen by observer 1 in 46.3% of the patients and 
by observer 2 in 44.8% of the patients.

There was substantial interobserver agreement for the 
qualitative assessment of the capsule on T2-weighted im-
ages, as demonstrated by a kappa value of 0.77 (95% CI: 
0.66–0.87). The diagnostic accuracy for the prediction of 
microscopic ECE was 0.745 (95% CI: 0.603–0.856) for 
observer 1, compared with 0.804 (95% CI: 0.675–0.897) 

for observer 2, and the difference was not significant (p 
= 0.92). For the detection of microscopic and macro-
scopic ECE (Table 3), the diagnostic accuracy was 0.716 
(95% CI: 0.593–0.820) for observer 1 and 0.761 (95% 
CI: 0.641–0.857) for observer 2, another difference that 
was not significant (p = 0.97). There was also substantial 
interobserver agreement for the final PI-RADS classifica-
tion, with a kappa statistic of 0.61 (95% CI: 0.47–0.73).

For predicting microscopic ECE, there was no signifi-
cant difference between capsular contact on T2-weighted 
images (CCT2), capsular contact on DWI (CCDWI), and 
mean ADC, in terms of the AUC values, which were 0.728, 
0.691, 0.675, respectively, for observer 1 and 0.782, 0.821, 
and 0.799, respectively, for observer 2 (Figure 2). When 
the mean ADC values were combined with the extent of 
capsular contact, the diagnostic accuracy was 0.714 for 
CCT2+ADC and 0.678 for CCDWI+ADC for observer 
1, compared with 0.869 for CCT2+ADC and 0.870 for 
CCDWI+ADC for observer 2 (Table 4). The difference be-
tween the highest values of ADC+extent of capsular con-
tact was not significant in any of the cases, with any of the 
parameters isolated, for either observer. The optimal cutoff 
value, which would maximize the AUC, was 18.0 mm for 
CCT2 for both observers, whereas the optimal cutoff value 
for CCDWI was 14.0 mm for observer 1 and 15.0 mm for 
observer 2.

Table 2—Demographic, clinical, and histopathological characteristics.

P-value

0.75
0
0

0.0004

0.0001

0.02
0.0001

0.01
0.00001
0.00001

Characteristic

Age (years)
Serum PSA (ng/dL)
Lesion size (mm)
Clinical stage

T1
T2a
T2b
T2c
T3a/b

Gleason score (ISUP grade)
3+3 (1)
3+4 (2)
4+3 (3)
4+4, 3+5, 5+3 (4)
4+5, 5+4, 5+5 (5)

Positive fragments on biopsy (%)
PI-RADS classification

2
3
4
5

Mean ADC (10–3 mm2/s)*
CCT2 (mm)*
CCDWI (mm)*

No ECE
(n = 44)

63.8 ± 7.1
9.5 ± 5.86
13.3 ± 4.6

18 (40.9)
11 (25.0)
9 (20.4)
6 (13.7)

0

13 (29.5)
18 (40.9)
9 (20.5)
3 (6.8)
1 (2.3)

37.7 ± 24.6

2 (4.6)
10 (22.7)
23 (52.3)
9 (20.4)

1.241 ± 0.26
9.0 ± 8.1 (0–21)

10.2 ± 8.6 (0–24)

Microscopic ECE
(n = 12)

61.8 ± 9.5
9.83 ± 6.86
17.6 ± 6.4

1 (8.3)
4 (33.3)
4 (33.3)
1 (8.3)

2 (16.7)

0
5 (41.7)
6 (50.0)

0
1 (8.3)

49.3 ± 21.2

0
0

5 (41.7)
7 (58.3)

1.13 ± 0.34
18.3 ± 9.0 (8–37)

22.7 ± 11.1 (7–41)

Macroscopic ECE
(n = 11)

64.4 ± 6.9
19.9 ± 11.98
22.4 ± 13.2

0
0

1 (9.1)
2 (18.2)
8 (66.7)

0
2 (18.1)
3 (27.3)
3 (27.3)
3 (27.3)

57.5 ± 23.7

0
0
0

11 (100)
0.96 ± 0.18

24.0 ± 14.4 (13–65)
25.0 ± 15.5 (11–65)

* Mean of the values measured by both observers. The values measured by each observer can be found in the text.
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For the detection of microscopic and macroscopic 
ECE combined, the AUC for CCT2, CCDWI, and mean 
ADC were 0.758, 0.743, and 0.778, respectively, for ob-
server 1, and 0.833, 0.832, and 0.855, respectively, for 
observer 2. When the mean ADC values were added to 
capsular contact, the accuracy for detecting microscopic 

and macroscopic ECE was 0.757 for CCT2+ADC and 
0.743 for CCDWI+ADC for observer 1 and 0.871 for 
CCT2+ADC and 0.849 for CCDWI+ADC for observer 2 
(Table 4). Once again, there was no significant difference 
between the highest values of ADC+extent of capsular con-
tact with any of the parameters isolated, for either observer.

Table 3—Diagnostic accuracy of the qualitative assessment of microscopic ECE only and of all cases of ECE (microscopic + macroscopic)

Finding

Microscopic ECE
Observer 1
Observer 2

Microscopic + macroscopic ECE
Observer 1
Observer 2

Accuracy

0.745 (0.603–0.856)
0.803 (0.675–0.897)

0.716 (0.593–0.820)
0.761 (0.641–0.857)

Sensitivity

0.583 (0.276–0.848)
0.500 (0.218–0.789)

0.522 (0.306–0.732)
0.500 (0.736–0.930)

Specificity

0.794 (0.635–0.907)
0.886 (0.754–0.962)

0.818 (0.673–0.918)
0.889 (0.759–0.963)

PPV

0.466 (0.286–0.656)
0.545 (0.306–0.765)

0.600 (0.417–0.758)
0.687(0.466–0.847)

NPV

0.861 (0.757–0.925)
0.867 (0.785–0.920)

0.766 (0.676–0.839)
0.784 (0.703–0.848)

PPV, predictive positive value; NPV, negative predictive value.

Figure 2. A 60-year-old male patient, serum PSA = 25.6 ng/dL. Prostate cancer with a Gleason score of 7 (4+3, 7 positive fragments out of 12) and a clinical 
stage of 2b. A: Axial T2-weighted image showing slight bulging of the capsule but no conclusive signs of macroscopic ECE, the extent of capsular contact being 
determined to be 22.1 mm by observer 1 and 23.1 mm by observer 2 (blue line). B: ADC map showing the extent of capsular contact, which was determined to 
be of 23.1 mm by observer 1 and 28.2 mm by observer 2 (blue line). C: Histological section; hematoxylin-eosin staining shows the tumor (T) extending beyond the 
capsule (C) with an intracapsular component (IC) and tumor tissue approaching the periprostatic fat (F).
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When logistic regression was used in order to de-
termine which variables were independent predictors of 
microscopic ECE, we found that serum PSA level, lesion 
size, Gleason score/ISUP grade, percentage of tumor-
positive fragments on biopsy, CCT2, CCDWI, and mean 
ADC were predictors only in the univariate analysis. In 
the multivariate analysis, the mean ADC, in isolation or 
in combination with any other variable, did not correlate 
significantly with the occurrence of microscopic ECE.

DISCUSSION

The use of mpMRI has become more widespread in 
prostate cancer, not only in the diagnostic workup but also 
for other purposes, such as staging. In the present study, 
combining the mean ADC values of the lesions with the 
morphological variables did not seem to improve diagnos-
tic accuracy for the identification of ECE. However, the 
extent of tumor-capsule contact proved to be a better pre-
dictor of microscopic ECE when measured on the ADC 
map (DWI) than when measured on T2-weighted images.

Because more refined surgical techniques require bet-
ter therapeutic planning based on more accurate preop-
erative information, the use of mpMRI for prostate cancer 

staging has grown in recent years. Tumor-positive surgi-
cal margins have been associated with biochemical recur-
rence(24), shorter disease-free (recurrence-free) survival, 
and the need for rescue therapies(25). Although it is known 
that prostate cancer outcomes are highly dependent on 
the skills and experience of the attending urologist, thor-
ough surgical planning also seems to be relevant(26,27).

In the 1990s, Smith et al.(28) warned about the limita-
tions of digital rectal examination and transrectal ultra-
sound for detecting ECE. Thereafter, the so-called nomo-
grams, which are tools for predicting ECE on the basis of 
clinical and biochemical data, were developed. Partin et 
al.(29) described a nomogram for the prediction of ECE 
that took into account factors such as serum PSA level, 
clinical staging, and the Gleason score on biopsy. How-
ever, their nomogram did not predict which side would 
be affected by the ECE, reducing its importance as a sur-
gical planning tool. Steuber et al.(30) and Sayid et al.(31) 
developed another nomogram, also based on clinical and 
biochemical data, that predicted the side of the ECE (the 
side-specific nomogram).

More recently, other prediction tools have combined 
mpMRI findings with clinical data, aiming to improve the 

Table 4—Diagnostic accuracy based on the AUC for capsular contact as measured by both observers on T2-weighted images and DWI.*

* Results shown as AUC (95% confidence interval).

Finding

Microscopic ECE
Observer 1
Observer 2

Microscopic + macroscopic ECE
Observer 1
Observer 2

CCT2

0.728 (0.567–0.889)
0.782 (0.644–0.919)

0.758 (0.642–0.875)
0.833 (0.736–0.930)

CCDWI

0.691 (0.523–0.889)
0.821 (0.687–0.950)

0.743 (0.623–0.863)
0.832 (0.730–0.934)

ADC+CCDWI

0.678 (0.505–0.804)
0.870 (0.778–0.961)

0.741 (0.615–0.864)
0.849 (0.752–0.945)

ADC

0.675 (0.480–0.871)
0.799 (0.640–0.954)

0.778 (0.651–0.906)
0.855 (0.757–0.954)

ADC+CCT2

0.714 (0.537–0.890)
0.869 (0.780–0.959)

0.757 (0.643–0.878)
0.871 (0.782–0.960)

Table 5—Univariate and multivariate logistic regression analyses of the combination of clinical and imaging variables with ECE, for both observers.

Variable

Serum PSA

Gleason score (ISUP grade)

Positive fragments on 
biopsy (%)
Tumor size

PI-RADS

CCT2

CCDWI

Mean ADC

Observer 1 Observer 2

Multivariate analysis 
Odds ratio ± SD (95% CI)

P-value

0.93 ± 0.97 (0.09–1.91) 
0.42

1.95 ± 1.08 (0.66–5.77) 
0.22

1.00 ± 0.02 (0.96–1.05) 
0.71

1.26 ± 0.18 (0.94–1.68) 
0.11

2.09 ± 1.62 (0.45–9.55) 
0.34

1.07 ± 0.11 (0.87–1.32) 
0.48

0.92 ± 0.10 (0.74–1.14) 
0.46

0.07 ± 0.81 (0.01–16.2) 
0.34

Univariate analysis
Odds ratio ± SD (95% CI)

P-value

1.08 ± 0.04 (1,01–1.16) 
0.02

2.59 ± 0.75 (1.46–4.58) 
0.001

1.02 ± 0.01 (1.00–1.05) 
0.02

1.19 ± 0.07 (1.06–1.33) 
0.002

3.65 ± 1.90 (1.31–10.10) 
0.01

1.08 ± 0.03 (1.01–1.15) 
0.02

1.06 ± 0.32 (1.00–1.12) 
0.04

6.58 ± 11.70 (0.20–214) 
0.23

Univariate analysis 
Odds ratio ± SD (95% CI)

P-value

1.08 ± 0.04 (1.01–1.16) 
0.02

2.59 ± 0.75 (1.46–4.58) 
0.001

1.02 ± 0.01 (1.00–1.05) 
0.02

1.16 ± 0.07(1.02–1.31) 
0.02

4.80 ± 2.91 (1.47–15.60) 
0.009

1.17 ±  0.05 (1.07–1.28) 
0.0001

1.14 ± 0.04 (1.06–1.23) 
0.0001

783.2 ± 1890.5 (6.90–8879) 
0.006

Multivariate analysis 
Odds ratio ± SD (95% CI)

P-value

1.06 ± 0.52 (0.97–1.17) 
0.19

1.66 ± 0.68 (0.74–3.71) 
0.22

0.99 ± 0.02 (0.96–1.03) 
0.68

1.12 ± 0.15 (0.87–1.47) 
0.38

0.37 ± 0.48 (0.02–4.79) 
0.44

0.92 ± 0.10 (0.73–1.17) 
0.53

1.10 ± 0.11 (0.90–1.34) 
0.35

955.4 ± 3643.4 (0.54–1682) 
0.07

SD, standard deviation; 95% CI, 95% confidence interval.
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side-specific detection of ECE. The nomogram developed 
by Giganti et al.(32) used imaging findings in combination 
with clinical and biochemical parameters, thus achieving 
better results than did nomograms that used only bio-
chemical data. Moreover, it is also known that tools com-
bining imaging data with clinical and biochemical data 
do not outperform those that use imaging data alone(33). 
Although we did not compare nomograms that use only 
imaging data with nomograms that use clinical and bio-
chemical data, we found that the values obtained by imag-
ing-based staging were similar to those obtained with the 
Giganti et al.(32) nomogram.

The well-known spatial resolution limitations of MRI 
to identify microscopic extensions is, to a large extent, off-
set by the possibility of evaluating tumor-capsule contact, 
an imaging parameter that has been used for this purpose 
in transrectal ultrasounds since the 1990s, as described by 
Shinohara et al.(34). Various studies have used tumor-cap-
sule contact as an indirect parameter for identifying micro-
scopic ECE(8–13,35–36). The optimal cutoff to achieve good 
sensitivity without negatively affecting specificity has been 
found to be close to the 18.0 mm suggested by Shinorara 
et al.(34). In our study, DWI was superior to T2-weighted 
images for the detection of microscopic ECE. The cutoff 
values we obtained were 15.0 mm for T2-weighted images 
and 14.0 mm for DWI (ADC mapping), the latter show-
ing better results than the former for both observers. Our 
results are in agreement with those of other studies in the 
literature, such as those conducted by Shinohara et al.(34) 
and Saylu et al.(36), and in disagreement with the most re-
cent values found by Rosenkrantz et al.(14), who obtained 
cutoff values of 7.0 mm and 6.0 mm for an ADC map and 
T2-weighted images, respectively.

The difference in the values we found in our study 
and those found by Rosenkrantz et al.(14) could be related 
to the MRI technique employed and the criteria used in 
order to define microscopic ECE, given that some pa-
thologists define it as tumor growing beyond the capsule, 
whereas others say it depends on whether or not the tumor 
has infiltrated the periprostatic fat(37).

A recent study conducted by Kim et al.(13) found that 
the measurement taken on an ADC map is a significant 
independent variable for predicting microscopic ECE in 
low-grade tumors, indicating that DWI can also be used 
as an important prostate cancer staging tool. Our study 
confirms that the mean ADC value can be an independent 
predictor of microscopic ECE. In addition, the extent of 
capsular contact, as measured on the ADC map, proved 
to be important for diagnosing ECE and superior to that 
measured on T2-weighted images. It is important to note 
that, despite the different techniques, our results were 
similar to those found by Kim et al.(13) The MRI scans 
in our study were acquired in a 1.5-T scanner with an 
endorectal coil, the ADC value representing the mean of 
three measurements of ROIs of equal size, whereas Kim 

et al.(13) used a 3.0-T MRI scanner without an endorectal 
coil and the mean of two measurements of the same re-
gion of interest. Therefore, it is reasonable to suppose that 
our results are valid for examinations performed without 
an endorectal coil not only in 3.0-T scanners but also in 
modern 1.5-T scanners.

Our qualitative assessment showed that interobserver 
agreement was excellent. In addition, all of the cases in 
which there was gross capsular involvement or ECE ≥ 1.0 
mm were identified by both observers, which is extremely 
important because it can lead to changes in the treatment 
strategy and prognosis.

Our study has some limitations. First, we used a ret-
rospective design, which makes the study more suscep-
tible to biases, especially selection bias. In addition, the 
low number of cases of microscopic and macroscopic ECE 
limits the power of the results, creating a need for fur-
ther studies in order to validate them. Furthermore, the 
scale for the qualitative assessment of the capsule on T2-
weighted images was chosen arbitrarily, because the most 
recent versions of the PI-RADS do not include risk strati-
fication for this parameter.

In summary, our results indicate that the extent of 
capsular contact on DWI is an independent predictor of 
ECE in prostate cancer. The extent of capsular contact as 
measured on an ADC map appears to be an accurate pre-
dictor of ECE. However, adding ADC values to the extent 
of capsular contact does not appear to significantly im-
prove diagnostic accuracy for detecting microscopic ECE 
in prostate cancer.
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