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OBJECTIVE. The objective of our study was to evaluate the relationship between the tu-
mor-capsule contact length, defined as tumor contact length (TCL), and extraprostatic exten-
sion (EPE) using the MRI-based TCL measurements and the real TCL measurements from
pathology and to determine whether the International Society of Urological Pathology (ISUP)
grade group of the tumors influenced this relationship.

MATERIALS AND METHODS. In this retrospective study, we reviewed prostate mul-
tiparametric MRI (mpMRI) studies performed between 2012 and 2018 of 1576 patients and
found that 134 patients also underwent radical prostatectomy (RP) after mpMRI. Finally, 86
patients with index lesions in contact with the prostate capsule in RP specimens were enrolled
in the study. ROC analysis was used to evaluate the cutoff values of TCLs measured at pathol-
ogy and TCLs measured on MRI in terms of EPE according to ISUP grade groups.

RESULTS. There was no statistically significant cutoff value for pathology-based TCL
measurements in individual ISUP grade groups and subgroups. Although not statistically
significant, pathology-based TCL cutoff values decreased (from 21.0 to 11.0 mm) as ISUP
grade group increased in terms of EPE positivity. When the relationship between MRI-based
TCL measurements and EPE was considered, statistically significant cutoff values (range,
14.5-16.6 mm) could be determined in many groups and subgroups with low ISUP grades
(sensitivity, 66.7-100%; specificity, 52.8-93.0%; p = 0.006—-0.042). However, no statistically
significant cutoff value was found for high ISUP grades.

CONCLUSION. ISUP grade groups may have an effect on the TCL-EPE relationship.
When the MRI-based TCL and EPE relationship is evaluated independent of ISUP grade

group, a cutoff value around 15-16 mm may be usable to predict EPE.

n the United States prostate can-

cer is the second leading cause of

cancer-related deaths in men [1].

Treatment decisions rely on the
accurate staging of prostate cancer. The pres-
ence of extraprostatic extension (EPE) is im-
portant because it is associated with both
higher rates of positive surgical margins and
early biochemical recurrence [2]. Patients
with EPE have higher tumor recurrence after
radical prostatectomy (RP) and worse prog-
nosis than patients with organ-confined dis-
ease [2]. Therefore, the ability to predict EPE
is important.

Multiparametric MRI (mpMRI) of the
prostate is the best imaging tool for local stag-
ing [2-4]. However, despite its high specific-
ity, MRI has poor and variable sensitivity for
local staging. A recent meta-analysis includ-
ing 75 studies and a cohort of 9796 patients
showed an overall sensitivity of 57% and a

specificity of 91% to establish EPE [S]. These
results showed the need for improvement, and
many studies with the purpose of predicting
the presence of EPE with mpMRI have been
conducted [2, 6-14].

Currently, the diagnosis of EPE with
mpMRI is dependent on subjective visual-
ization of macroscopic EPE and its mechani-
cal effects by the reader, which are relatively
late findings [6]. Objective mpMRI param-
eters with low interobserver variability are
needed for predicting disease outcomes. The
MRI-determined length of contact between
the tumor and prostatic capsule, defined as
tumor contact length (TCL), is an emerging
mpMRI-based parameter and is considered
tto be a predictor of EPE [7, 8].

The TCL thresholds suggested by stud-
ies in the literature show a large variabil-
ity. Three recent studies evaluating TCL as
a sign of extracapsular extension suggested
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quite different thresholds of 20 mm [6], 6-10
mm [7], and 12.5 mm [8]. This variability in
TCL, which is the most important objective
parameter for the evaluation of EPE, creates
confusion in daily clinical practice.

The broad range of reported TCL thresh-
olds can be explained by differences in study
cohorts, patient selection criteria, technical
and methodologic variations, or interpreta-
tive technique. Also, discrepancies between
MRI-based TCL and real TCL at pathology
could be a reason for that variation. Studies
have reported that dimensions for tumoral le-
sions on mpMRI are generally smaller than
their actual size at pathology [15-19]. This
discrepancy could affect the result of the
studies that focused on the relationship be-
tween MRI-based TCL and EPE. The omis-
sion of the aggressiveness of a tumor could be
another factor, because a tumor with a high
Gleason score and a lower TCL may have a
higher probability of EPE than a tumor with a
low Gleason score and a higher TCL.

The aim of our study was to evaluate the
relationship between TCL and EPE using the
real TCLs measured at pathology and to de-
termine whether International Society of
Urological Pathology (ISUP) grade groups of
tumors influenced this relationship. We also
aimed to evaluate the relationship between
MRI-based TCL and EPE considering ISUP
grade groups reported on biopsies performed
before RP and the role of ISUP grade groups
in influencing this relationship.

Materials and Methods
Patients

Institutional review board approval and in-
formed consent were obtained for this retrospec-
tive study. We searched electronic databases of
our institutions (Koc University Hospital, VKF
American Hospital, and Instanbul Medical Facul-
ty Hospital) for patients who underwent mpMRI
examinations of the prostate between 2012 and
2018 and found that 1576 patients had under-
gone mpMRI of the prostate during that period.
Of those 1576 patients, 134 patients (8.5%) under-
went RP after mpMRI of the prostate. The clin-
ical, pathologic, and radiologic records of those
134 patients were reviewed. Finally, 86 patients
(mean age, 62.5 + 6.2 [SD] years) who met the
following inclusion criteria were enrolled in this
retrospective study: complete pathologic records
for both preoperative prostate biopsy samples and
postoperative whole-mount RP specimens, index
lesions had contact with the prostate capsule in RP
specimens, 8 weeks or more between prostate bi-
opsy and mpMRI if biopsy was performed before
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prostate mpMRI, and 4 months or less between
prostate mpMRI and RP. Patients with MRI stud-
ies with severe MRI artifacts and patients who un-
derwent preoperative hormonal or radiation thera-
py were excluded from this study. The mean level
of prostate-specific antigen in the 86 patients was
7.52 ng/mL (range, 2.10-40.00 ng/mL).

MRI Examinations

Prostate MRI examinations were conducted
on 3-T MRI scanners (Magnetom Skyra, Siemens
Healthcare), and a 16-channel phased-array sur-
face coil was used. Prostate mpMRI studies were
performed using the following imaging sequenc-
es: triplanar T2-weighted imaging (TR/TE, 3566—
3631/100; matrix size, 512 x 352; FOV, 200 mm;
slice thickness, 3 mm), T1-weighted imaging, dy-
namic contrast-enhanced MRI (DCE-MRI), and
DWI (b values =0, 50, 100,200, 400, 600, and 800
s/mm?; number of signals acquired, 9). Apparent
diffusion coefficient (ADC) mapping and comput-
ed high-b-value (b value = 1500 s/mm?) DW im-
ages were derived from acquired DWI. The mean
time interval between MRI and RP was 70.42 days
(range, 11-117 days).

Standard of Reference and Pathologic
Measurements

All whole-mount RP specimens were pro-
cessed by an experienced genitourinary pathol-
ogist according to the standard procedures rec-
ommended by the ISUP. The specimens were
serially sectioned into 3- to 4-mm slices by stan-
dard step-sectioning. Then, the genitourinary pa-
thologist who was blind to MRI findings marked
the index lesions on a 16-sector divided standard-
ized prostate diagram. The following criteria were
used to describe the index lesion: First, the tumor
focus showing EPE was considered to be the in-
dex lesion; and, second, if none of the tumor foci
showed EPE, the index lesion was considered to
be the prostate tumor focus with the highest Glea-
son score or largest tumor volume. After review-
ing all of the RP specimens, the index lesions that
came in contact with the prostate capsule were de-
termined, and only these prostate lesions were in-
cluded in the study. The pathology-based TCL—
defined as the length of tumor contact with the
adjacent prostate capsule—was measured in ac-
cordance with the method previously described by
Baco et al. [6]. The tumor volume, ISUP grading
score, and EPE status (presence vs absence) of the
index lesions were also noted.

Image Analysis and MRI-Determined Tumor
Contact Length Measurements

All MR images of the patients enrolled in this
study were transferred to prostate software (Dy-

naCAD, version 3.3, Philips Healthcare) and were
evaluated independently by two experienced radi-
ologists with 6 and 3 years of experience in pros-
tate cancer imaging, respectively. At the time of
image evaluation, the radiologists knew that all
patients had undergone RP because of prostate
cancer. However, they were blinded to all other pa-
tient variables. The radiologists evaluated the im-
ages to localize a dominant tumor (index lesion);
the index lesion was defined as a masslike lesion
that showed low signal intensity on T2-weighted
images and ADC maps and high signal intensi-
ty on DW images with or without early contrast
enhancement on DCE-MRI. Then, the radiolo-
gists assessed the images to investigate whether
or not there was contact between the dominant
tumor and the prostate capsule. If there was, the
TCL of the dominant lesion was determined. The
TCL of the dominant lesion was defined as the
maximum length of prostate lesion contact with
the adjacent prostate capsule on axial images. A
curved measurement tool was used, as previously
reported by Baco et al. [6], to measure the actu-
al contact length between the prostate tumor and
adjacent prostate capsule. The TCLs were mea-
sured separately on axial T2-weighted imaging
and DCE-MRI. The final MRI-based TCL mea-
surements were obtained by dividing the sum of
the measurements made by both radiologists who
evaluated the images separately. Alterations of
prostate shape and size due to preservation of the
specimen were considered, and the dominant le-
sions were evaluated and were matched with his-
topathologic diagrams as the reference standard.
A lesion was considered to be a matched lesion if
it was in the same location on both mpMR images
and RP specimens.

Prostate Biopsy Techniques

The prostate biopsies were performed with four
different approaches: random systematic transrec-
tal ultrasound (TRUS)-guided biopsy in 42 pa-
tients, in-bore MRI-guided biopsy in 28 patients,
cognitive fusion biopsy in 13 patients, and MRI/
TRUS fusion biopsy in three patients.

Assessment of Relationship Between
Pathology-Based Tumor Contact Length and
Extraprostatic Extension Based on Radical
Prostatectomy—Based International Society of
Urological Pathology Grade Group

The cutoff values of pathology-based TCLs in
terms of EPE were evaluated for all RP-based ISUP
grade groups individually. Additional subgroup
analyses were also performed. These subgroups
were formed by combining ISUP grade groups 1 +
2,ISUP grade groups 3 + 4 + 5, ISUP grade groups
1 + 2+ 3, and ISUP grade groups 4 + 5.
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Fig. 1—MR images and photomicrographs of Gleason score 4 + 4 prostate cancer (index lesion) in left

peripheral zone of prostate in 68-year-old man.

A-D, Apparent diffusion coefficient map (A), DW image (B), T2-weighted image (C), and T1-weighted dynamic
contrast-enhanced (DCE) image (D) shows tumor (arrow). Length of tumor-capsule contact (curved lines, C and
D) on T2-weighted image and T1-weighted DCE image is shown by digitalized curvilinear ruler tool.

E, Photomicrograph of whole-mount pathologic slice. Index lesion (/arge area outlined in blue) is in left
peripheral zone, and another tumor focus (small area outlined in blue) is in right peripheral zone. Length of
tumor-capsule contact (pathology-based tumor contact length) is shown by red curved line. Straight red line

shows end of tumor-capsule contact length.

F, Photomicrograph (H and E, x100) shows extraprostatic extension (circle).

Assessment of Relationship Between MRI-
Based Tumor Contact Length and
Extraprostatic Extension Based on Biopsy-
Based International Society of Urological
Pathology Grade Group

The cutoff values of MRI-based TCLs in terms
of EPE were evaluated for all prostate biopsy—
based ISUP grade groups individually. Analyses
of additional subgroups, which are listed in the
previous section, were also performed.
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Assessment of Relationship Between MRI-
Based Tumor Contact Length and
Extraprostatic Extension Based on Radical
Prostatectomy—Based International Society of
Urological Pathology Grade Group

In this assessment, we assumed that we could
reach the true ISUP scores in all patients and we
evaluated our data according to that scenario. We
used RP-based ISUP grade group results for the
evaluation of the relationship between MRI-based

TCL and EPE. The cutoff values of MRI-based
TCLs in terms of EPE were evaluated for all RP-
based ISUP grade groups individually. Analy-
ses of additional subgroups, as mentioned earlier,
were also performed.

Assessment of Positive and Negative
Extraprostatic Extension Subgroups for
Differences in Pathology-Based Tumor
Contact Length

‘We compared both EPE-positive and EPE-neg-
ative subgroups in relation to ISUP grade groups
1 + 2 and ISUP grade groups 3 + 4 + 5 subgroups
for differences in pathology-based TCLs. We also
compared both EPE-positive and EPE-negative
subgroups in relation to the ISUP grade groups
1 +2 + 3 and ISUP grade groups 4 + 5 subgroups
for the same purpose.

Assessment of the Influence of International
Society of Urological Pathology Grade Group
on Measurement Differences Between
MRI-Based and Pathology-Based Tumor
Contact Lengths

The measurement differences between MRI-
based TCLs and pathology-based TCLs were
evaluated for all RP-based ISUP grade groups in-
dividually. Analyses of additional subgroups, as
mentioned earlier, were also performed.

Statistical Analysis

Statistical analysis was performed using SPSS
software (version 21.0, IBM) for Microsoft Win-
dows. The ROC analysis was used to evaluate the
cutoff values of TCLs in terms of EPE in the groups
and subgroups formed according to ISUP grade
groups. The Shapiro-Wilk test was used to evalu-
ate the normal distribution in groups and subgroups.
The Kruskal-Wallis test was used to compare EPE-
positive and EPE-negative subgroups. The Pearson
correlation test was used to evaluate the correlation
between the MRI-based TCL and pathology-based
TCL measurements in the groups that had normal
distribution, and the Spearman correlation test was
used to evaluate the correlation between the MRI-
based TCL and pathology-based TCL measurements
in groups that did not have normal distribution.

Results

The mean and median tumor volumes
based on RP specimens of the index lesions
were 2.3 and 2.0 cm? (range, 0.4-15.9 cm?).
The mean and median pathology-based TCLs
determined from RP specimens were 17 and
15 mm (SD, 9 mm; range, 1-48 mm), respec-
tively. Contact with the prostate capsule was
present for all lesions on MRI examination
(Fig. 1). The ISUP grade groups of the index
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TABLE |: Comparison of Tumor Contact Length (TCL) by Radical Prostatectomy (RP)-Based International Society of
Urological Pathologists (ISUP) Subgroup and Extraprostatic Extension (EPE) Status

Pathologic TCL (mm) Kruskal-Wallis
RP-Based ISUP
Grade Subgroups | No. of Patients Mean SD Median Percentile 25 | Percentile 75 X2 p
1+2 4178 0.243
EPE-negative 45 15.38 9.12 15.00 10.00 17.00
EPE-positive 6 20.50 10.95 22.00 15.00 30.00
3+4+5
EPE-negative 17 16.29 6.63 15.00 11.00 20.00
EPE-positive 18 18.50 9.23 17.00 13.00 24.00
1+2+3 3.983 0.263
EPE-negative 55 15.73 8.78 15.00 10.00 20.00
EPE-positive 15 19.93 9.59 20.00 13.00 24.00
4+5
EPE-negative 7 14.86 5.93 13.00 10.00 22.00
EPE-positive 9 17.44 9.65 15.00 14.00 22.00

lesions on RP specimens and on prostate bi-
opsies are shown in Tables 1 and 2; 24 of 86
patients (27.9%) had evidence of EPE on RP
specimens (Table 2). When the biopsy and
RP results were compared for the agreement
of ISUP grade groups, their agreement was
poor (k = 0.454, p = 0.001). Biopsy results did
not change in 53 of 86 patients (61.6%) after
RP pathologic evaluation. Upgrade of ISUP
grade was detected in 25 patients (29.1%)
and downgrade was detected in eight patients
(9.3%) according to the RP results. The high-
est upgrade rate was in ISUP grade group 1
cases; ISUP grade in 15 of 18 patients (83.3%)
was upgraded in this group.

Analysis of Relationship Between Pathology-
Based Tumor Contact Length and
Extraprostatic Extension Based on Radical
Prostatectomy—Based International Society of
Urological Pathology Grade Group

There were not enough patients in ISUP
grade group 1 (n = 3 patients) and ISUP grade
group 4 (n = 5 patients) to perform statistical
analysis. Pathology-based TCLs of the three
patients in ISUP grade group 1 were 6, 7, and
8 mm. In these three patients, EPE was nega-
tive. Pathology-based TCLs of the five patients
in ISUP grade group 4 were 13, 15,22,22, and
24 mm. EPE was positive in two patients with
pathology-based TCLs of 15 and 22 mm and
negative in the other three patients.

For lesions in ISUP grade groups 2, 3, and
5, no statistically significant cutoff values
were detected (Table 3). Despite this statis-
tical insignificance, we observed that an in-
crease in ISUP grade group was associat-

ed with a decrease in pathology-based TCL
thresholds in terms of EPE (Table 3).

When considering ISUP grade group 1 +
2, where the predominant pattern is Glea-
son grade 3, as a single group (low ISUP
grade groups) and ISUP grade group 3 + 4 +
5 (high ISUP grade groups), we found that
there was also no statistically significant cut-
off value (Table 3). We could not detect sta-
tistically significant cutoff values even when
more aggressive groups (ISUP grade group
4 + 5, high ISUP grade groups) were consid-
ered as a single group (Table 3). However,
we again observed that an increase in ISUP
grade group in these groups, although statis-
tically insignificant, was associated with a
decrease in pathology-based TCL thresholds
in terms of EPE (Table 3).

There was no statistically significant dif-
ference between EPE-positive and EPE-
negative groups in relation to ISUP grade
group 1 + 2 and ISUP grade group 3 + 4 +
5 compared with pathology-based TCL val-

ues (y? = 4.178, p = 0.243) (Table 1). Simi-
larly, the comparison of EPE-positive and
EPE-negative ISUP grade group 1 + 2 + 3
and ISUP grade group 4 + 5 for patholo-
gy-based TCL values could not show a sta-
tistically significant difference (32 = 3.983,
p = 0.263) (Table 1). However, the rates of
EPE-positive disease were significantly
higher in patients in the high ISUP grade
groups than in patients in the low ISUP
grade groups. Although six of 51 patients
(11.7%) had EPE-positive disease in ISUP
grade group 1 + 2, 18 of 35 patients (51.4%)
in ISUP grade group 3 + 4 + 5 had EPE-
positive disease.

When ISUP grade group was ignored (i.e.,
ISUP grade group 1 + 2 + 3 + 4 + 5), no sta-
tistically significant cutoff values were de-
tected for the relationship between patholo-
gy-based TCL and EPE (Table 3). However,
when a TCL cutoff value of 15.5 mm was
chosen, sensitivity was 58.3% and specificity
was 62.9% (AUC, 0.630; p = 0.063) (Table 3).

TABLE 2: Comparison of Radical Prostatectomy (RP)-Based and Biopsy-Based
International Society of Urological Pathologists (ISUP) Groups With
and Without Extraprostatic Extension (EPE)

ISUP Grade RP-Based ISUP Biopsy-Based ISUP
Group Grade Group (n=286) Grade Group (n=286) EPE-Positive | EPE-Negative
1 3 18 0 3
2 48 36 6 42
3 19 15 9 10
4 5 10 2 3
5 n 7 7 4

Note—Data are reported as numbers of patients.

AJR:214, March 2020
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TABLE 3: Results of ROC Curve Analysis for Pathology-Based Tumor Contact Length (TCL) in Determining
Extraprostatic Extension (EPE) Stratified by Radical Prostatectomy (RP)-Based International Society of
Urological Pathologists (ISUP) Grade Groups and Subgroups

ISUP Grade Groups and Pathology-Based TCL Cutoff

Subgroups (No. of Patients) Value (mm) AUC (95% Cl) Sensitivity (%) Specificity (%) p
ISUP1(n=3) — — — — —
ISUP 2 (n=48) 21.0 0.688 (0.413-0.964) 66.6 85.7 0.139
ISUP3(n=19) 15.0 0.572(0.306-0.838) 66.6 50.0 0.596
ISUP 4(n=5) — — — — —
ISUP5(n=11) 11.0 0.661(0.324-0.997) 1.4 75 0.395
ISUP 1+2(n=51) 21.0 0.698(0.424-0.973) 66.6 86.6 0.118
ISUP1+2+3(n=70) 17.5 0.659(0.494-0.825) 60.0 12.7 0.06
ISUP3+4+5(n=35) 16.0 0.582(0.389-0.774) 50.0 64.7 0.409
ISUP4+5(n=16) 13.5 0.595(0.302-0.888) 71.8 57.1 0.525
ISUP1+2+3+4+5(n=286) 15.5 0.630(0.491-0.769) 58.3 62.9 0.063
Note—Dash (—) indicates that there were not enough patients in the ISUP group for statistical analysis.

Analysis of Relationship Between MRI-Based
Tumor Contact Length and Extraprostatic
Extension Based on Biopsy-Based International
Society of Urological Pathology Grade Group

No statistically significant threshold could
be detected, except for a few subgroups
that consisted of low ISUP grade groups, in
both T2-weighted and DCE-MRI sequenc-
es. The results are shown in the Table 4. In
T2-weighted imaging—based TCL evalua-
tion, when a TCL cutoff value of 14.6 mm
was chosen, the sensitivity was 85.7% (p =
0.029) and 73.3% (p = 0.042) in ISUP grade
group 1 + 2 and ISUP grade group 1 + 2 + 3,
respectively (Table 4). In DCE-MRI-based
TCL evaluation, the sensitivity was 71.4%
(p = 0.057) and 66.7% (p = 0.051) when the
TCL cutoff value of 16.1 mm was chosen in
these subgroups (Table 4). However, statisti-
cally significant cutoff values were not de-
tected in the individual ISUP grade groups
and high ISUP grade subgroups.

Analysis of Relationship Between MRI-Based
Tumor Contact Length and Extraprostatic
Extension Based on Radical Prostatectomy—
Based International Society of Urological
Pathology Grade Group

When we assumed that we could reach
the true ISUP scores in all patients, there
was a statistically significant relationship be-
tween MRI-based TCL (T2-weighted imag-
ing—based TCL and DCE-MRI-based TCL)
and EPE with all low ISUP grade groups as
ISUP grade group 2, ISUP grade group 1 +
2, and ISUP grade group 1 + 2 + 3 (Table 4).
The statistically significant cutoff values in
these groups ranged from 14.5 to 16.6 mm
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(Table 4). However, there were no statistical-
ly significant cutoff values in individual high
ISUP grade groups and high ISUP grade
subgroups (Table 4).

Analysis of the Influence of International
Society of Urological Pathology Grade Group
on Measurement Differences Between
MRI-Based and Pathology-Based Tumor
Contact Lengths

When we evaluated our findings to deter-
mine if there was a difference between pathol-
ogy-based TCL and MRI-based TCL mea-
surements according to ISUP grade group, we
found that they were highly correlated in all
groups; however, this correlation was much
stronger in high ISUP grade groups than in
low ISUP grade groups (Table 5).

Discussion

The MRI-based TCL has been reported to
be a useful [6-8, 13, 20] or moderately use-
ful [9, 10] parameter for EPE prediction in
almost all studies in the literature. Howev-
er, the thresholds suggested by studies show
a large variability [6—8]. This variability in
TCL measurement leads to disagreement on
the selection of the proper threshold to use
in clinical practice. In our study, we evaluat-
ed the real TCLs determined at pathology to
find the optimal thresholds for EPE predic-
tion. One of our aims was to reduce the MRI-
based TCL measurement errors. However, in
our study, contrary to the literature, we did
not observe that pathology-based TCL (which
is the final measurement) was as useful as
MRI-based TCL for predicting EPE. Our re-
sults did not indicate a statistically significant

threshold when all the ISUP grade groups
were evaluated in one group (i.e., omitting tu-
mor aggressiveness as in other studies) (Table
3). Considering tumor aggressiveness of the
tumor, which is likely to affect EPE, we also
did not find statistically significant thresh-
olds in all individual ISUP grade groups and
subgroups (Table 3). However, although there
was no statistically significant difference, the
decrease of pathology-based TCL cutoff val-
ues in terms of EPE positivity as RP-based
ISUP grade groups increased indicates that
ISUP grade group may have an effect on the
TCL-EPE relationship.

One of the main reasons no statistically
significant differences could be detected in
most subgroups (particularly in pathology-
based TCL evaluation groups) may be related
to the number of patients. The number of pa-
tients in our study was low. It was further re-
duced when divided into subgroups. Another
reason was the high overlap rate between the
EPE-positive and EPE-negative groups. Tu-
mor heterogeneity may be responsible for this
overlap. Because we classified tumors accord-
ing to ISUP grade groups, we have consid-
ered all the tumors with the same ISUP grade
group as a homogeneous group. However, the
focal Gleason grade at the junction of the tu-
mor and the capsule may differ despite repre-
senting the same ISUP grade group.

Some studies evaluated the effect of ISUP
grade group on the presence of EPE inde-
pendent of TCL [12, 14]. Nyarangi-Dix et al.
[12] and Mehralivand et al. [14] stated that
as the ISUP grade group increased, the odds
ratio also increased in terms of EPE pres-
ence. Similarly, in our study, EPE positivity
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was higher in patients in the high ISUP grade
group than in those in the low ISUP grade
group (Table 1). However, none of the stud-
ies in the literature have investigated the di-
rect effect of ISUP grade group on the TCL-
EPE relationship. Differences in ISUP grade
group of lesions in study cohorts may have
an effect on the reporting of very different
thresholds for MRI-based TCLs in the lit-
erature. In fact, although there was no sta-
tistically significant difference in our study,
pathology-based TCL cutoff values were de-
creased in terms of EPE positivity as ISUP
grade group increased (Table 3).

A recent study by Matsumoto et al. [21] fo-
cused on the impact of the zonal origin (ante-
rior or posterior tumor) of the tumors on the
TCL-EPE relationship. In their study, among
patients with TCL of 10-20 mm, nine of 32
patients (28%) with an anterior tumor had

Bakir et al.

EPE compared with 24 of 45 patients (53%)
with a posterior tumor (p = 0.036) [21]. They
concluded that anterior tumors have more fa-
vorable pathologic characteristics than poste-
rior tumors with the same TCL measured on
MRI. However, they also indicated that the
anterior group had a lower pathologic Glea-
son score than the posterior group (Gleason
score <3 +4,58% vs 35%; p < 0.001) in their
study cohort, and the difference was statisti-
cally significant. This difference in the Glea-
son scores might have affected the results.
The group with the lower Gleason score (an-
terior lesions in their cohort) had a low ra-
tio of positive EPE. In fact, they also stat-
ed in their study that a high Gleason score
is an independent risk factor for EPE. Even
the index tumor size was significantly larg-
er in the anterior group than in the posteri-
or group (mean size, 15.7 vs 13.8 mm; p =

0.022); the ratio of positive EPE was low in
the anterior group when compared with that
in the posterior group. The results might be
related to the lower Gleason scores of the an-
terior lesions instead of localization. The re-
sults also might be related to the localization
of the lesions or other factors such as genet-
ics and anatomic factors. In fact, the findings
of their research are consistent with our re-
sults. In the group with lower Gleason scores,
there was a low ratio of positive EPE and
vice versa, in both studies. Studies that focus
on these details may clarify the most impor-
tant factors for predicting EPE in the future.

In routine clinical practice the relation-
ship between TCL and EPE is evaluated with
the help of the data measured on MRI. In our
study, we also have evaluated the relation-
ship between TCL values measured on MRI
and EPE. Because the data about the aggres-

TABLE 4: Results of ROC Curve Analysis for T2-Weighted Imaging—Based Tumor Contact Length (TCL) and Dynamic
Contrast-Enhanced MRI (DCE-MRI)-Based TCL in Determining Extraprostatic Extension (EPE) Stratified
by Biopsy-Based and Radical Prostatectomy (RP)-Based International Society of Urological Pathologists
(ISUP) Grade Groups and Subgroups

ISUP Grade Groups and Subgroups (No. of Patients) Jgtg?;on:f) AUC (95% CI) Sensitivity (%) | Specificity (%) p
Determining EPE stratified by biopsy-based ISUP grade groups and

subgroups

T2-weighted imaging—based TCL
ISUP 1(n=18) 15.1 0.844(0.586-1) 100 68.7 0.122
ISUP2(n=36) 14.6 0.690(0.471-0.908) 80.0 58.6 0.181
ISUP 3(n=15) 19.0 0.536 (0.216—-0.855) 62.5 57.1 0.817
ISUP 4(n=10) 17.8 0.500(0.088-0.912) 50.0 66.7 1
ISUP5(n=7) 14.5 0.950(0.777-1) 80.0 100 0.081
ISUP1+2(n=54) 14.6 0.759(0.595-0.923) 85.7 62.2 0.0292
ISUP1+2+3(n=69) 14.6 0.674(0.497-0.851) 73.3 55.8 0.0422
ISUP3+4+5(n=32) 15.2 0.573(0.368-0.777) 70.6 40.0 0.485
ISUP4+5(n=17) 14.5 0.611(0.328-0.894) 71.8 50.0 0.441
ISUP1+2+3+4+5(n=286) 15.2 0.673(0.534-0.812) 70.8 60.0 0.013?

DCE-MRI-based TCL
ISUP 1(n=18) 20.7 0.969(0.884-1) 100 93.7 0.0352
ISUP 2 (n=236) 13.8 0.614(0.300-0.927) 80.0 51.7 0.422
ISUP3(n=15) 16.2 0.571(0.258-0.885) 62.5 571 0.643
ISUP 4(n=10) 16.3 0.750(0.418-1) 75.0 83.3 0.201
ISUP5(n=7) 10.7 0.600(0.145-1) 80.0 50.0 0.699
ISUP 1+2(n=54) 16.1 0.725(0.486-0.965) 7.4 73.3 0.057
ISUP1+2+3(n=69) 16.1 0.667 (0.479-0.855) 66.7 7.2 0.051
ISUP3+4+5(n=32) 14.9 0.604 (0.400-0.808) 64.7 46.7 0.317
ISUP4 +5(n=17) 14.8 0.653(0.381-0.924) 66.7 50.0 0.290
ISUP1+2+3+4+5(n=86) 16.1 0.672(0.526-0.818) 62.5 73.3 0.014°

(Table 4 continues on next page)
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TABLE 4: Results of ROC Curve Analysis for T2-Weighted Imaging—-Based Tumor Contact Length (TCL) and Dynamic
Contrast-Enhanced MRI (DCE-MRI)-Based TCL in Determining Extraprostatic Extension (EPE) Stratified
by Biopsy-Based and Radical Prostatectomy (RP)-Based International Society of Urological Pathologists
(ISUP) Grade Groups and Subgroups (continued)

ISUP Grade Groups and Subgroups (No. of Patients) \Iz?ltgtjrilonf'lf) AUC (95% CI) Sensitivity (%) | Specificity (%) p
Determining EPE stratified by RP-based ISUP grade groups and

subgroups

T2-weighted imaging—based TCL
ISUP1(n=3) — — — — —
ISUP 2 (n=48) 15.7 0.807 (0.655-0.959) 83.3 65.9 0.0162
ISUP3(n=19) 20.2 0.519(0.205-0.832) 55.6 88.9 0.895
ISUP4(n=5) - — — — —
ISUP5(n=11) 15.0 0.804(0.527-1) 7.4 100 0.108
ISUP1+2(n=51) 16.6 0.809(0.658-0.959) 66.7 68.2 0.0152
ISUP1+2+3(n=70) 14.5 0.680(0.500-0.860) 73.3 52.8 0.0342
ISUP3+4+5(n=35) 15.2 0.559(0.361-0.757) 66.7 50.0 0.558
ISUP4+5(n=16) 15.0 0.651(0.350-0.952) 77.8 7.4 0.315
ISUP1+2+3+4+5(n=286) 15.2 0.673(0.534-0.812) 70.8 60.0 0.013?

DCE-MRI-based TCL
ISUP 1(n=3) — — — — —
ISUP 2 (n=48) 16.1 0.835(0.685-0.986) 83.3 73.2 0.009°
ISUP3(n=19) 16.3 0.506 (0.211-0.801) 55.6 66.7 0.965
ISUP 4 (n=5) — — — — —
ISUP5(n=11) 12.3 0.625(0.285-0.965) 7.4 50.0 0.508
ISUP1+2(n=51) 16.1 0.847(0.706-0.988) 83.3 75.0 0.006°
ISUP1+2+3(n=70) 16.1 0.701(0.528-0.874) 66.7 73.6 0.0182
ISUP3+4+5(n=35) 14.8 0.552(0.352-0.752) 61.1 50.0 0.605
ISUP4+5(n=16) 14.3 0.603(0.315-0.891) 66.7 571 0.491
ISUP1+2+3+4+5(n=86) 16.1 0.672(0.526-0.818) 62.5 73.3 0.0142

Note—Dash (—) indicates that there were not enough patients in the ISUP group for statistical analysis.

andicates statistically significant result.

siveness of a tumor is routinely provided by
ISUP grade group values determined using
biopsy results, we analyzed our data to deter-
mine if an MRI-based TCL threshold could
be used to predict the presence of EPE while
also considering biopsy-based ISUP grade
group. However, no statistically significant
threshold could be detected, except for a few
subgroups, in either T2-weighted imaging or
DCE-MRI sequences. These subgroups con-
sisted of low ISUP grade groups. To sum-
marize, our study did not provide statistical-
ly significant TCL thresholds in almost all
ISUP grade groups for the relationship be-
tween TCL and EPE using routine data col-
lected in clinical practice (i.e., MRI-based
TCLs and biopsy-based ISUP grade groups).

In clinical practice, there can be a dis-
cordance between ISUP grade group results

AJR:214, March 2020

obtained from biopsies and those obtained
from RP. In fact, when we compared the bi-
opsy and RP results in our study, their agree-
ment was poor (k = 0.454, p =0.001). Howev-
er, the biopsy method was not standardized
in our study cohort. The group also included
blind systemic biopsies. Studies in the liter-
ature have shown that targeted biopsies are
more accurate for correct stratification [22].
Theoretically, more accurate ISUP scores
could be obtained with a homogeneous
group including only targeted biopsies. Tar-
geted biopsy rates are increasing in clinical
practice. For this reason, we also evaluated
what the relationship between MRI-based
TCL and EPE would be if we had access to
more realistic ISUP scores. So, we used RP-
based ISUP grade group results for the eval-
uation of the MRI-based TCL-EPE relation-

ship (Table 4). Our results suggest that, in the
future, with widespread use of targeted biop-
sy methods providing more accurate biopsy
results, a threshold around 16 mm could be
used in low biopsy-based ISUP grade groups
(Table 4). However, although no statistical-
ly significant value was determined in our
study for high biopsy-based ISUP grade
groups, this threshold may decrease with an
increase in biopsy-based ISUP grade group.

An unexpected finding in our study was
the fact that no statistically significant cut-
off value for pathology-based TCL could be
determined for the TCL-EPE relationship
in both low and high ISUP grade groups,
whereas a significant cutoff value could be
found for low ISUP grade groups in many
MRI-based TCL subgroups. This find-
ing raises the question whether there was
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TABLE 5: Correlation of Measurements Between MRI-Based Tumor Contact
Length (TCL) and Pathology-Based TCL Stratified by Radical
Prostatectomy (RP)-Based International Society of Urological
Pathologists (ISUP) Grade Groups and Subgroups

Correlation With Pathology-Based TCL
RP-Based ISUP Grade Groups and T2-Weighted Imaging—

Subgroups (No. of Patients) Based TCL DCE-MRI-Based TCL p
1(n=3) — — —
2(n=48) 0.67 0.68 <0.0012
3(n=19) 0.62 0.64 <0.005°
4(n=5) — — —
5(n=11) 0.85 0.76 <0.0012
1+2(n=51) 0.66 0.70 <0.0012
1+2+3(n=70) 0.64 0.67 <0.0012
3+4+5(n=35) 0.74 0.7 <0.0012
4+5(n=16) 0.89 0.82 <0.0012

Note—Dash (—) indicates that there were not enough patients in the ISUP group for statistical analysis.

2Indicates statistically significant result.

a significant difference between both TCL
measurements. MRI-based TCL measure-
ments were reported to be highly correlat-
ed with pathology-based TCL measurements
in two recent studies in the literature [6, 23];
however, in one of those studies, investiga-
tors stated that as the TCLs increase, the
MRI-based TCL likely underestimated the
pathology-based TCL [6]. When we evalu-
ated our findings to determine if there was
a difference between pathology-based TCL
and MRI-based TCL measurements accord-
ing to ISUP grade group, we found that they
were highly correlated in all groups similar
to the previous studies; however, this correla-
tion was much stronger in high ISUP grade
groups than in low ISUP grade groups (Ta-
ble 5). This finding could explain the similar
statistical results between pathology-based
TCL-EPE and MRI-based TCL-EPE rela-
tionship in high ISUP grade groups (i.e., no
statistically significant cutoff value was de-
termined in both groups). In low ISUP grade
groups, the pathology-based TCL and MRI-
based TCL values were less concordant and
statistical results involving the TCL-EPE
relationship for pathology-based TCL and
MRI-based TCL were diverging; that is, sta-
tistically significant thresholds were detect-
ed in many ISUP subgroups in MRI-based
TCL groups but not in pathology-based TCL
groups. The analysis of our data shows that
the discordant results between MRI-based
TCL and pathology-based TCL in low ISUP
grade groups were caused by both overes-
timating and underestimating MRI-based

TCL compared with pathology-based TCL.
It is difficult to find a meaningful explana-
tion for why statistically significant thresh-
olds existed for MRI-based TCL-EPE rela-
tionship in the low ISUP grade groups. The
Gleason pattern in the area in contact with
the capsule could play a role in explaining
this finding. MRI-based TCL measurements
may show factors that increase the risk of
EPE, such as a more aggressive component
in contact with the capsule, more easily in
low ISUP grade groups than in high ISUP
grade groups. This theory needs to be con-
firmed with further studies including a great-
er number of patients.

When the MRI-based TCL-EPE relation-
ship was evaluated independent of ISUP
grade groups (similar to other studies in
the literature), a cutoff value of 15.2 mm for
T2-weighted imaging—based TCL measure-
ments yielded sensitivity of 70.8% and spec-
ificity was 60.0% (p = 0.013) and a cutoff
value of 16.1 mm for DCE-MRI-based TCL
yielded a sensitivity and specificity of 62.5%
and 73.3% (p = 0.014) (Table 4). For the eval-
uation of pathology-based TCL, when a cut-
off value of 15.5 mm was chosen, sensitiv-
ity was 58.3% and specificity was 62.9%
(p = 0.06); despite being insignificant, a p
value of 0.06 is very close to the statistically
significant p value threshold (p < 0.05) (Ta-
ble 3). In fact, this value was very close to the
values measured by MRI-based TCL. Con-
sidering these findings, a cutoff MRI-based
TCL value around 15-16 mm may be usable
to predict EPE independent of ISUP grade

group in clinical practice. Mehralivand et al.
[14] also used a threshold of 15 mm for TCL
in their grading system proposed for the as-
sessment of EPE risk in their study. They re-
ported the sensitivity and specificity of this
threshold to be 70% and 72%, respectively
[14]. However, according to our study results,
these MRI-based TCL cutoff values are
more reliable statistically for low ISUP grade
groups and the thresholds have a probability
to decrease for high ISUP grade groups.

Our study had some limitations. First,
the number of patients was low. ISUP grade
groups 1 and 4 did not have enough patients
for statistical analysis. The number of pa-
tients was especially low in ISUP grade
group 1. Another limitation of our study
was the lack of evaluation on which Glea-
son grade pattern was dominant at the points
where the tumor touched the capsule. The
lack of evaluation of this dominant pattern
may have an effect on outcomes. In our study,
the prostate biopsy procedures consisted of a
mixed group of targeting and systematic bi-
opsy techniques. It was not a homogeneous
group. The results of our biopsy groups were
affected by the heterogeneity of techniques.

Conclusion

When we evaluated the relationship be-
tween pathology-based TCL and EPE, we
observed that pathology-based TCL did
not have statistically significant cutoff val-
ues for predicting EPE in individual ISUP
grade groups and subgroups. Although
there was no statistically significant dif-
ference, we observed that pathology-based
TCL cutoff values decreased as ISUP grade
group increased in terms of EPE positivity.
When the relationship between MRI-based
TCL and EPE was considered, a statistical-
ly significant cutoff value could be deter-
mined in many groups and subgroups with
low ISUP grade groups; however, no statis-
tically significant cutoff was found for high
ISUP grade groups. When the MRI-based
TCL-EPE relationship was evaluated inde-
pendent of ISUP grade group, a cutoff value
around 15-16 mm may be usable to predict
EPE. Our results showed that these MRI-
based TCL cutoff values are more reliable
statistically for low ISUP grade groups and
that the thresholds may have a tendency to
decrease for high ISUP grade groups. Also,
we observed that the MRI-based TCL and
pathology-based TCL measurements are
highly correlated in all ISUP groups; how-
ever, this correlation was much stronger in
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high ISUP grade groups than in low ISUP
grade groups. The results obtained from our
study should be validated in larger stud-
ies. In a study involving a larger number of
subjects, statistical significance might be
achieved regarding thresholds.
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