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A B S T R A C T

Objectives: To assess the most optimal multi-parametric magnetic resonance imaging sequence (Mp-MRI) in
determining pathological length of capsular contact (LCC) for the diagnosis of prostate cancer extraprostatic
extension (EPE).
Methods: 105 patients with prostate cancer who underwent Mp-MRI of prostate prior to radical prostatectomy
were enrolled in this retrospective study. LCC was determined from T2-weighted images (T2WI), Apparent
Diffusion Coefficient (ADC) map, dynamic contrast-enhanced MRI (DCE-MRI) separately by two blinded radi-
ologists. The LCCs in patients with and without EPE were compared with Mann Whitney-U test. The relationship
between pathological LCC and the LCC that was measured from each Mp-MRI sequences were calculated by
using Spearman test. The ability of all individual Mp-MRI sequences in determining pathological LCC was cal-
culated by drawing receiver operator characteristic (ROC) curves. The diagnostic accuracy of LCC based on each
MRI sequences for EPE diagnosis was also calculated with ROC curve analysis.
Results: The patients with EPE had longer median LCC than patients without EPE for each Mp-MRI sequences
and for both readers. In addition, the LCC showed a broader overlapping between patients with and without EPE
on ADC map (reader-1, p=0.01; reader-2, p= 0.01) when compared with T2WI (reader-1, p= 0.002; reader-2,
p= 0.001) and DCE-MRI (reader-1, p=0.001; reader-2, p=0.001). LCC based on DCE-MRI showed the
strongest correlation with pathological LCC. The area under the curve (AUC) based on LCC was higher when
using the DCE-MRI (reader-1: 0.874, p= 0.030; reader-2: 0.862, p= 0.02) than when using T2WI and ADC map
in predicting pathological LCC for both readers. While the LCC based on ADC map showed poor diagnostic
accuracy, LCC based on T2WI and DCE-MRI had fair diagnostic accuracy for EPE diagnosis.
Conclusion: The contact between prostate tumor and capsule seems to be a useful and objective parameter for
evaluating the EPE of prostate cancer with Mp-MRI. More specifically, LCC based on DCE-MRI has highest
correlation with pathological LCC and has better ability to predict pathological LCC when compared with other
Mp-MRI sequences. However, the performance of LCC based on T2WI and DCE-MRI was similar for EPE diag-
nosis. It seems measurement of LCC from DCE-MRI and measurement of LCC from T2WI does not show any
difference in clinical EPE assessment.

1. Introductıon

Accurate local staging of prostate cancer (PCa) is of clinical im-
portance. PCa with extraprostatic extension (EPE) is associated with a
higher risk of positive surgical margin, biochemical recurrence and

worsened overall prognosis after radical prostatectomy (RP) when
compared with organ confined disease [1–3]. Knowledge of possible
EPE has potential influence on choosing the appropriate surgical ap-
proach (neurovascular bundle-sparing procedures or wide resection
margins) and even the best treatment modality [4]. Clinical staging of
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PCa made by digital rectal examination or clinical nanograms, which
were additionally based on serum prostate specific antigen (PSA) and
preoperative biopsy Gleason score have low specifity and sensitivity
with potentially inaccurate assessment about the volume, extent and
aggresiveness of prostate tumor [5].

Multiparametric magnetic resonance imaging (Mp-MRI) is the re-
ference standard imaging modality for local staging of PCa [6–8].
However, the revealed accuracy of Mp-MRI for evaluation of EPE
ranged widely [9]. The inconsistency of the results might be associated
with the subjective nature of EPE assesment that was based on visual
evaluation of secondary findings such as abutment, irregularity or
bulging of the prostate capsule and thickining of neurovascular bundle
on T2-weighted images (T2WI). Therefore, the assesment of EPE is
strongly associated with the experience level of the radiologist [9–11].
However, even with experienced radiologists, the subjective assessment
of EPE using T2WI has high specificity but low sensitivity and poor
interobserver agreement rates [12,13]. Moreover, only modest im-
provement was reported regarding the accuracy of EPE diagnosis with
the advent of functional imaging sequences such as diffusion-weighted
imaging (DWI) and dynamic contrast-enhanced (DCE) images [14]. An
objective Mp-MRI parameter for the assesment of EPE is required.

The length of capsular contact (LCC) is defined as the amount of
prostate tumor contact with the capsule and is recieved as an in-
dependent predictor of EPE [15,16]. It was shown that pathological
LCC correlates better with microscopic EPE than the tumor volume
[15]. The LCC which was initially presented as an ultrasound (US)
based parameter [17], has renewed interest as an objective MRI-based
parameter on the diagnosis of EPE. Current studies established that LCC
has been a promising Mp-MRI parameter for EPE assesment with good
interreader reproducibilty and relatively higher accuracy rates
[15,16,18–20]. In the majority of these studies, the determination of
LCC was based on high resolution T2WI [15,16,19,20]. To the best of
our knowledge, there were only 2 studies that included other functional
Mp-MRI sequences on LCC determination [18,21]. In one of these stu-
dies [18], T2WI and Apparent Diffusion Coefficient (ADC) map were
used for determining LCC and the results of this study stated that LCC
had higher specificity when using the T2WI than when using the ADC
map. The other study evaluated the optimal sequence for measuring
LCC and T2WI, ADC map and DCE-MRI were included in the mea-
surements [21]. In this second study, the authors reported that all se-
quences had relatively equivalent diagnostic performance and they
suggested that the highest length of tumor contact with capsule mea-
sured from any sequence (maximum LCC) provided better diagnostic
performance. There is no agreement on the optimal sequence for
measuring LCC between these studies.

The contribution of the other functional Mp-MRI sequences in-
cluding ADC map and DCE-MRI in the assesment of EPE based on MRI-
determined LCC should be further investigated. The aim of this study is
to evaluate the optimal Mp-MRI sequence for determining pathological
LCC in assesment of EPE of the PCa.

2. Materials and methods

2.1. Patients

This retrospective study received approval from the ethics and re-
search committee of our institution. We searched our institutional da-
tabases of pathology, radiology and urology to determine patients with
PCa who underwent Mp-MRI of prostate prior to RP between 2012 and
2017. 115 patients were initially enlisted and 10 of them were excluded
for the following reasons: missing pathology records (3 patients), long
time interval (> 6 months) between Mp-MRI and RP (5 patients), short
time interval (< 6 weeks) between prostate biopsy and Mp-MRI (2
patients). Remaining 105 patients with prostate cancer were enrolled in
this retrospective study. The demographic data and clinical variables of
the included patients were summarized in Table 1.

2.2. MRI protocol

All patients were conducted by a 3 T MR scanner (MagnetomSkyra,
Siemens Medical Solutions, Erlangen, Germany) and a sixteen-channel
phased array surface coil in supine position. During the imaging pro-
cedure, 20mg of butylscopolamine bromide were administrated in-
travenously to avoid artifacts due to bowel peristalsis. In our institute,
the Mp-MRI of prostate protocol included triplanar turbo spin-echo
T2WI (Repetition/Echo Time (TR/TE)= 3566–3631ms/100ms; ma-
trix size= 512×352; field of view=200mm; slice thickness= 3
mm), free breathing single-shot echo-planar imaging DWI with ADC
mapping (TR/TE=4000/101ms; matrix size= 192×154; field of
view=260×260mm; slice thickness/gap= 3.6mm/0.3mm; 22
axial slices; b-values= 0, 50, 100, 200, 400, 600, and 800 s/mm [2]
with number of excitations= 9) and axial fat-suppressed DCE-MRI
(TR/TE=4.86/1.76ms; matrix size= 192×154; field of view=
260×260mm; slice thickness= 3.6 mm).

2.3. Pathological analysis

All RP specimens underwent fixation with 10% buffered neutral
formalin. Then, the specimens were serially sectioned into 3–4mm
intervals by standard step-sectioning and were stained with hematox-
ylin and eosin. The index lesions were marked on a 16-sector standard
prostate diagram by the urogenital pathologist who was blind to any
MRI interpretations.The following criteria were used to describe the
index lesion: 1-the tumor foci demonstrating EPE were considered as
the index lesion; 2- If none of the tumor foci showed EPE, index lesion
was considered as the prostate tumor foci with the highest Gleason
score or largest tumor volume [15]. After marking the localization of
index lesion, the volume, the International Society of Urological Pa-
thology (ISUP) grade groups (Gleason group grade) of index lesion and
extra prostatic disease including EPE were also documented. In addi-
tion, all RP specimens were reviewed and pathological LCC were cal-
culated with the method that was mentioned by Baco et al. [15].

2.4. Image analysis and determination of LCC

Two radiologist (reader 1, B.B; reader 2, A.O) with 12 and 5 years of
experience, respectively in genitourinary radiology independently
evaluated the images. The radiologist knew that the patients had RP
due to PCa but were blind to any other clinical or pathologic in-
formation of patients. At the time of image evaluation, all Mp-MRI
sequences including T2W, DCE-MRI and ADC map were available. The
radiologists evaluated the images to localize a dominant tumor as de-
fined a mass-like lesion that showed low signal intensity on T2WI and

Table 1
Demographic data and clinical variables of the patients.

Number of Patients 105

Age (years), mean (range) 62 (ranging from 40 to 77)
PSA(ng/mL), mean (range) 7.95 (ranging from 2.10 to

46)
Time interval between MRI and RP (days), mean

(range)
31 (ranging from 11 to 137)

Prostate Cancer Risk Groups 105
Low risk group 24
Intermediate risk group 52
High risk group 24
ISUP score 105
ISUP 1 5
ISUP 2 61
ISUP 3 24
ISUP 4 5
ISUP 5 10

PSA=prostate specific antigen, ISUP= International Society of urogenital
pathology.
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ADC map with or without early contrast enhancement [18].Then, the
radiologist assessed the images including T2WI, DCE-MRI and ADC map
to investigate whether or not there was a contact between the dominant
tumor and the capsule. In the existence of a contact, the LCC of the
dominant lesion was determined which was defined as the maximum
length of prostate lesion contact with adjacent prostate capsule among
axial images. A curved measurement tool was used as Baco et al. pre-
viously delineated to measure the actual contact length between the
prostate tumor and adjacent prostate capsule. The LCCs were measured
on axial T2WI, ADC map and DCE-MRI, separately. If there was no
contact between the tumor and capsule on an individual Mp-MRI se-
quence or there was no noticeable dominant tumor, the LCC was re-
corded as 0. The image evaluation and the measurement of the LCC
were implemented by using DynaCAD prostate software. Taking the
alterations of prostate shape and size due to preservation of the spe-
cimen into consideration, the dominant lesions were evaluated and
were matched with histopathological diagrams as the reference stan-
dard. A lesion was admitted as a matched lesion if it was in the same
location on both Mp-MRI and RP specimens.

2.5. Statistical analysis

Statistical analysis was performed using IBM, SPSS software for
Windows (v21.0; Chicago, IL). Kolmogorov–Smirnov test was used to
examine the normality of LCCs and it was found that all LCCs were not
normally distributed (P < 0.001). The LCCs of index lesions were
compared between radiologists by calculating intra-class correlation
coefficient (ICC). Mann Whitney-U test was used to compare the LCCs
in patients with and without EPE. The relationship between the pa-
thological LCC from RP specimens and LCC determined from each Mp-
MRI sequences were calculated using Spearman test. Receiver operator
characteristic (ROC) curve analysis was performed to compare the
ability of all individual Mp-MRI sequences in determining the patho-
logical LCC. The diagnostic accuracy of LCC based on each MRI se-
quences for EPE diagnosis were also calculated by drawing ROC curves.
Delong test was used to compare ROC curves. The most optimal
threshold of the LCC for all data sets on EPE diagnosis were determined
by using Youden index.

Fig. 1. A 67-year-old man with Gleason score 3+ 4 tumor in right posteromedial peripheral zone (arrow). The length of capsular contact (LCC) on (a) T2W imaging
and (b) ADC map by using a digitalized curvilinear ruler tool was represented. There was no contact between tumor and prostate capsule according to DCE-MRI (c, d).
In the final pathology (e), the Pca foci (black line) neither had contact with prostate capsule (blue line) nor had extra prostatic extension.
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3. Results

3.1. Histopathological results

The mean and median tumor volume of index lesions were 2.14 cm
[3] and 1.8 cm [3] (ranging from 0.3 cm [3] to 15.9 cm [3]) based on
RP specimens. 24 of 105 patients (22.8%) had evidence of EPE. Cap-
sular contact was found in 86 of 105 patients (81.9%) according to
histopathological results. The mean and median value of LCC de-
termined from RP specimens were 13.57 ± 0.999mm and 14mm re-
spectively (ranged between 0mm to 48mm). The ISUP grade groups of
RP specimens were 1 (n=5), 2 (n= 61), 3 (n=24), 4 (n= 5) and 5
(n=10).

3.2. MRI findings

All MRI suspicious dominant lesions corresponded to the index le-
sions in the RP specimens. For 2 of 105 patients (1.9%), the dominant
lesion could not be determined on any Mp-MRI images. For reader-1, in
5 of 105 patients (4.8%); for reader-2, in 6 of 105 patients (5.7%), the
dominant tumor was unnoticeable on DCE-MRI. For reader-1, the sen-
sitivity was 100% and specificity was 50% based on T2WI, the sensi-
tivity was 98.8% and specificity was 50% based on ADC map, the
sensitivity was 98.8% and specificity was 70.5% based on DCE-MRI. For
reader-2, the sensitivity was 100% and specificity was 50% based on
T2WI, the sensitivity was 98.8% and specificity was 50% based on ADC
map, the sensitivity was 98.8% and specificity was 68.75% based on
DCE-MRI. A representative case for demonstrating the relationship
between prostate tumor and prostate capsule based on various Mp-MRI
sequences was given in Fig. 1 (a–d). The mean and median value of LCC
that was measured from all Mp-MRI sequences for both readers were
given in Table 2.

Inter-observer agreement was excellent for measuring LCC based on
T2WI, ADC map and DCE-MRI between readers. (LCC on T2WI ICC:
0.979, %95, CI: 0.969-0.986; LCC on ADC map ICC: 0.979, %95, CI:
0.969-0.985; LCC on DCE ICC: 0.983, %95, CI: 0.975-0.989). The re-
sults of Mann Whitney-U test showed that patients with EPE had longer
mean and median LCC than patients without EPE for each Mp-MRI
sequences and for both readers. Box and plots that further illustrating
the differences between the distribution of LCC with and without EPE
with regard to all Mp-MRI sequences for reader-1 and reader-2 were
shown in Fig. 2. As shown in figures, the LCC exhibited a broader
overlapping between patients with and without EPE on ADC map
(reader-1, p= 0.01; reader-2, p= 0.01) when compared with T2WI
(reader-1, p= 0.002; reader-2, p= 0.001) and DCE-MRI (reader-1,
p= 0.001; reader-2, p= 0.001). Spearman test showed strong corre-
lation between pathological LCC and MRI based LCC for both readers.
In addition, LCC based on DCE-MRI showed the strongest correlation
with pathological LCC when compared with the other Mp-MRI se-
quences (Table 3).

ROC curves were drawn to predict the ability of all individual Mp-
MRI sequences in determining the pathological LCC (Fig. 3). The areas

under the curve (AUC) of LCC based on DCE-MRI (reader-1: 0.874,
%95, CI: 0.763-0.986, p= 0.030; reader-2: 0.862, %95, CI: 0.745-
0.978, p=0.02) were higher than the AUC of LCC based on T2WI
(reader-1, 0.836, %95, CI: 0.702-0.969, p=0.01; reader-2: 0.833, %95,
CI: 0.699-0.967, p= 0.01) and ADC map (reader-1: 0.818, %95, CI:
0.696-0.939, p=0.003; reader-2: 0.835, %95, CI: 0.723-0.946,
p=0.004) for determination of the pathological LCC. The LCC based
on T2WI (reader-1: 0.706, %95, CI: 0.609-0.790; reader-2: 0.718, %95,
CI: 0.621-0.801), and DCE-MRI (reader-1: 0.715, %95, CI: 0.618-0.800;
reader-2: 0.732, %95, CI: 0.635-0.814) showed fair diagnostic accuracy
for EPE diagnosis. However, the LCC based on ADC map (reader-1:
0.676, %95, CI: 0.578-0.764; reader-2: 0.663, %95, CI: 0.564-0.752)
had poor diagnostic accuracy for EPE diagnosis on the basis of ROC
curve analysis. When the ROC curves were compared, only the differ-
ence between AUC of LCC based on DCE-MRI and ADC map was sta-
tistically significant for reader 2 (reader 2: p= 0.02 for ADC map
versus DCE-MRI). However, the AUCs of other LCCs were comparable
for both readers in determining the presence of EPE (reader 1: p= 0.27
for ADC map versus DCE-MRI, p= 0.92 for ADC map versus T2WI,
p=0.92 for DCE-MRI versus T2WI; reader 2: p= 0.13 for ADC map
versus T2WI, p=0.86 for DCE-MRI versus T2WI). The optimal
threshold value for determining EPE with each Mp-MRI sequence were
given in Table 4.

4. Discussion

We evaluated the most optimal Mp-MRI sequence in determining
pathological LCC for the diagnosis of EPE. The LCC were more dis-
criminative between the patients with and without EPE when using the
T2WI and DCE-MRI than when using the ADC map. The results of the
current study showed that the DCE-MRI had highest specivity and al-
most similar sensitivity when compared to T2WI and ADC map on de-
monsrating the accurate contact between the prostate tumor and cap-
sule when the RP specimens were taken as the reference standard. We
also showed that DCE-MRI were more sensitive and spesific than other
Mp-MRI sequences in determining the pathological LCC. However, LCC
based on DCE-MRI and LCC based on T2WI showed similar perfor-
mance in diagnosing EPE. Although, DCE-MRI have superiority in ac-
curate determination of pathological LCC, measuring LCC from DCE-
MRI had no additional contribution in clinical EPE assesment, ac-
cording to results of our study.

The results of our study were in accordance with a previous study by
Rozenkratz et al. that evaluated LCC based on T2WI and ADC map for
EPE diagnosis [18]. The authors of this previous study reported that
LCC determination based on T2WI was more sensitive and spesific than
the LCC determination based on ADC map for assesment of EPE. We
also found that ADC map had lower sensitivity and specivity on pa-
thological LCC determination than T2WI. These results may strongly be
associated with the greater anatomical distortion and lower spatial
resolution of DWI as the authors of the previous study explained.
However, Rozenkratz et al. did not determine LCC based on DCE-MRI in
their previous report. We found that DCE-MRI had better accuracy in

Table 2
The length of capsular contact according to presence of extra-prostatic extension measured from various Mp-MRI sequences for both readers.

Variables EPE (+) EPE (-) Mean overall LCC (ranging) Median overall LCC

Mean LCC (mm ± stdev) Median LCC (mm) Mean LCC (mm ± stdev) Median LCC (mm)

LCCT2WI(R-1) 19.1 ± 8.2 18.5 13.0 ± 8.3 13 14.4 ± 8.7 (ranging 0 to 53) 14
LCCT2WI(R-2) 19.7 ± 8.6 18 13.3 ± 8.6 13.5 14.8 ± 9.2 (ranging 0 to 55) 14
LCCADC(R-1) 17.9 ± 9.3 18 12.7 ± 8.2 13.7 13.9 ± 8.7 (ranging 0 to 51) 14
LCCADC(R-2) 19.0 ± 9.6 19.5 12.9 ± 8.4 12.5 14.3 ± 9.1 (ranging 0 to 54) 14
LCCDCE(R-1) 19.1 ± 9.7 17.7 11.5 ± 7.1 13.0 13.3 ± 8.4 (ranging 0 to 40) 14
LCCDCE(R-2) 19.9 ± 7.6 17.3 11.9 ± 10.8 12.0 13.7 ± 9.0 (ranging 0 to 41) 14

LCC= length of capsular contact, EPE= extra-prostatic extension.

A. Onay et al. European Journal of Radiology 112 (2019) 192–199

195



pathological LCC determination than the other Mp-MRI sequences. The
disadvantages of DWI as anatomical distortion and low spatial resolu-
tion were not encountered in DCE-MRI. Furthermore, DCE-MRI has
potential of providing information as a functional Mp-MRI sequence in
the evaluation of PCa. It was shown that while prostate tumor identi-
fication with T2WI were related with Gleason score and tumor size,
prostate tumor identification with DCE-MRI was related with the fol-
lowing histological features: inter-mixed benign epithelium, loose
stroma and a high malignant epithelium-to-stroma ratio [22]. Some
recent studies found that during Pca development, epithelial neoplastic

changes cause alterations on various types of stromal cells. It was also
suggested that the alterations in prostate tumor stroma might stimulate
angiogenesis and might promote proliferation and invasion. As a result,
such alterations of prostate tumor stroma might have an important role
in local tumor spread, tumor aggressiveness and patients outcome [23].
The changes in prostate tumor stroma nearby the prostate pseudo-
capsule may explain the role of capsular contact in indicating EPE as an
independent predictor. In addition, the identification of loose stroma
and a high malignant epithelium-to-stroma ratio with DCE-MRI may
also explain the superiority of DCE-MRI in determining pathological

Fig. 2. Box and plots illustrating the differences between the distribution of length of capsular contact with and without ECE with regard to T2WI (a–b), ADC map (c,
d) and DCE-MRI (e, f).
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LCC relative to T2WI.
Current studies suggested that DCE-MRI contributed a limited value

to T2WI and DWI in tumor detection. Furthermore, DCE-MRI has less
impact in cancer detection among the recent guidelines [24–26]. The
results of this study showed that DCE-MRI is superior in detecting pa-
thological LCC that might provide a potential clinical usage for this MRI
sequence. Nevertheless, measuring LCC from DCE-MRI for clinical EPE
assesment had the following shortcomings. Firstly, the diagnostic ac-
curacy for EPE assesment was similar between measuring LCC from
T2WI and measuring LCC from DCE-MRI. It seems that the superiority
of DCE-MRI in determining pathological LCC have no clinical impact in
diagnosing EPE. Secondly, it is well known that performing DCE-MRI
have some drawbacks such as its cost and being time consuming. In
addition, gadolinium based contrast agents have potential risks such as
accumulation in brain and systemic nephrogenic fibrosis. Thirdly, in
this current study, the number of invisible tumors in DCE-MRI was
more in number than in T2WI and DWI. The high number of invisible
prostate tumors in DCE-MRI might be challenging for tumor staging
with DCE-MRI. The dominant tumors that were undetected in Mp-MRI
were assumed as low-risk prostate cancer and organ-confined dissease
by some authors [27]. In our study, the undetected tumors were also
organ-confined. However, an establised study with a large cohort

showed that 29% of invisible tumors with Mp-MRI were≥ T3 stage
[28]. Naturally, when the dominant lesion can not be detected with
MRI, it is not possible to evaluate for the purpose of prostate cancer
staging.

The current study was in disagrement with the results of a previous
study by Woo et al. who compared various Mp-MRI sequences including
ADC map, T2WI and DCE in determining LCC for EPE diagnosis. In that
previous study, the pathological LCC based on RP specimens and the
relationship between the pathological LCC and MRI-determined LCCs
were not established. The authors evaluated the diagnostic performance
of LCCs from various Mp-MRI sequences in EPE assesment and found
that each MRI sequence showed similar accuracy for EPE diagnosis on
the basis of ROC curve analysis. They also evaluated the performance
when using the maximum LCC measured from any sequence and sug-
gested that the use of maximum LCC yielded better diagnostic perfor-
mance due to the propensity of MRI in underestimating the pathological
tumor volume. However, pathological LCC was assumed as an in-
dependent predictor of EPE and had better correlation with EPE than
pathological tumor volume. In our study, we observed that DCE-MRI
had higher accuracy in determination of pathological LCC than other
Mp-MRI sequences. In addition, we showed that DCE-MRI had strongest
correlation with pathological LCC when compared with the other Mp-

Table 3
Spearman corelation matrix is seen between pathological lenght of capsular contanct, T2WI based lenght of capsular contanct, ADC based lenght of capsular contanct
and DCE-MRI based lenght of capsular contanct for both readers (correlation is significant at 0.01 level [2-tailed]).

Variables LCCpathological LCCT2WI(R-1) LCCT2WI(R-2) LCCADC(R-1) LCCADC(R-2) LCCDCE(R-1) LCCDCE(R-1)

LCCpathological 1.000 0,708 0,684 0,710 0,701 0,735 0,745
LCCT2WI(R-1) 0,708 1.000 0,965 0,907 0,914 0852* 0852
LCCT2WI(R-2) 0,684 0,965 1.000 0,899 0,927 0,853 0,870
LCCADC(R-1) 0,710 0,907 0,899 1.000 0,965 0,881 0,861
LCCADC(R-2) 0,701 0,914 0,927 0,965 1.000 0,872 0,868
LCCDCE(R-1) 0,735 0852 0,853 0,881 0,872 1.000 0,955
LCCDCE(R-2) 0,745 0852 0,870 0,861 0,868 0,955 1.000

LCC= length of capsular contact, T2WI (R-1)=T2 weighted imaging (reader 1), T2WI (R-2)= T2 weighted imaging reader 2.
ADC (R-1) = Apparent diffusion coefficient (reader 1), ADC (R-2)= Apparent diffusion coefficient (reader 2), DCE (R-1)= Dynamic contrast enhanced (reader 1),
DCE (R-2)= Dynamic contrast enhanced (reader 2).

Fig. 3. Receiver operating characteristic analysis showed the ability of T2WI, ADC map and DCE-MRI in determining the pathological length of capsular contact for
both readers.
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MRI sequences. Moreover, the median and mean value of MRI-based
LCC and the mean and median value of pathological LCC were very
close to each other in our study. Acording to our results, unlike pa-
thological tumor volume, MRI is able to determine pathological LCC
without underestimation or overestimation.

In this study, we showed that all MRI sequences had strong corre-
lation with pathological LCC and the diagnosis of EPE with T2WI and
DCE-MRI-based LCC had fair accuracy with good inter-reader re-
producibility. Our results were in accordance with the current literature
that established fair to good accuracy with reliable to substantial in-
terobserver aggrements for EPE diagnosis with MRI-based LCC
[15,16,18–21]. The most optimal threshold was found as 13.5 mm with
75% sensitivity and 52% spesificity for reader-1 and 13.7 mm with 75%
sensitivity and 52% spesificity for Reader-2 in predicting EPE in our
study cohort. The recent studies that evaluated LCC as an indicator for
EPE established quite different median RD values and tresholds, ran-
ging between 6–10mm to 20mm. There was no aggrement for the most
optimal cut-off value in predicting EPE and determination of the op-
timal threshold becomes an important debate recently. The threshold
value of the current study was closest to the threshold value of 12.5 mm
established by Kongnyuy et al [16] This might be due to the fact that
both studies had close similarities in patient selection and study cohort.
In both studies, the patients with prostate cancer who underwent RP
and had Mp-MRI scan prior to surgery were included.

Though, our study had limitations. First, the study was performed in
a retrospective design that may introduce biases in population selec-
tion. Second, our study population consisted of the patients who either
had biopsy prior to Mp-MRI or the biopsy-naive patients who were
initially evaluated with mp-MRI. Post-biopsy heamorrhage may prevent
accurate evaluation of Mp-MRI for Pca staging by leading to over-
estimation of EPE due to its similar appearance with Pca [29]. Ac-
cording to the recent guidelines, a delay of 6 weeks or longer is re-
commended for MRI examination after biopsy for prostate cancer
staging [24]. Consequently, we included the patients who had a time
interval of at least 6 weeks between prostate biopsy and MRI ex-
amination in our study. However, some recent studies found that the
extent of post-biopsy hemorrhage on prostate gland was not sufficiently
absorbed over time. In addition, it was also reported that hemorrhage
after biopsy did not prevent the evaluation of prostate cancer staging
with Mp-MRI [30,31]. On the contrary, in another study, it was re-
ported that the ability of EPE diagnosis with MRI-based LCC was lower
in patients when the Mp-MRI was evaluated after biopsy when com-
pared with the patients who were initially evaluated with Mp-MRI [18].
The diagnostic accuracy of MRI-based LCC was not evaluated seperately
in patients with and without biopsy prior to MRI examination, since the
number of patients with EPE was insufficent for performing subgroup
analysis. Third, our study cohort consisted of the patients who under-
went Mp-MRI prior to RP due to the fact that we used RP specimens as
the reference standard. Therefore, the patients who were treated with
other methods such as active surveillance and radiothepaphy or hor-
monal theraphy were not included in this study. The number of patients
with low volume Gleason score 3+3 cancer and the patients with high
tumor burden and high risk cancer were limited in our study. Pro-
spective multi-center studies with a larger study population is still

needed.
In conclusion, the length of tumor contact with the capsule based on

T2WI and DCE-MRI showed fair accuracy with good inter-reader re-
producibility in EPE diagnosis which means that LCC seems to be a
useful and objective MRI-based parameter for assessing EPE on PCa.
Moreover, DCE-MRI had highest specivity on demonsrating the accu-
rate contact between the prostate tumor and capsule and showed the
highest accuracy in predicting pathological LCC. However, it should be
noted that there was no differance between measuring LCC from T2WI
and DCE-MRI in terms of clinical EPE assesment.
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