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Background:  Urinary continence after radical prostatectomy (RP) is an important determinant of patient quality of life. Anatomic
measures at prostate MRI have been previously associated with continence outcomes, but their predictive ability and interrater
agreement are unclear in comprehensive clinical models.

Purpose:  To evaluate the predictive ability and interrater agreement of MRI-based anatomic measurements of post-RP continence
when combined with clinical multivariable models.

Materials and Methods:  In this retrospective cohort study, continence outcomes were evaluated in men who underwent RP from
August 2015 to October 2019. Preoperative MRI-based anatomic measures were obtained retrospectively by four abdominal
radiologists. Before participation, these radiologists completed measure-specific training. Logistic regression models were devel-
oped with clinical variables alone, MRI variables alone, and combined variables for predicting continence at 3, 6, and 12 months
after RP; some patient data were missing at each time point. Interrater agreement of MRI variables was assessed by using intraclass
correlation coefficients (ICCs).

Results: A total of 586 men were included (mean age * standard deviation: 63 years = 7). The proportion of patients with
incontinence was 0.2% (one of 589) at baseline, 27% (145 of 529) at 3 months, 14% (63 of 465) at 6 months, and 9% (37 of
425) at 12 months. Longer coronal membranous urethra length (MUL) improved the odds of post-RP continence at all time points
(odds ratio per 1 mm: 0.86 [95% CI: 0.80, 0.93], P < .001; 0.86 [95% CI: 0.78, 0.95], P = .003; and 0.79 [95% CI: 0.67, 0.91],
P = .002, respectively) in models that incorporated both clinical and MRI predictors. No other MRI variables were predictive. Age
and baseline urinary function score were the only other predictive clinical variables at every time point. Interrater agreement was
moderate (ICC, 0.62) for MUL among readers with measure-specific prostate MRI training and poor among those without the
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rinary continence after radical prostatectomy (RP) is an
Uimportant determinant of patient quality of life (1). In-
cidence of urinary incontinence at 1 year after RP ranged
from 4% to 31% in one meta-analysis evaluating the ro-
bot-assisted approach (2) and from 8% to 21% in another
evaluating retropubic, laparoscopic, and robot-assisted ap-
proaches (3). The Prostate Cancer Outcomes Study found
that only 35% of men had total urinary control at 12
months after RP (4). The ability to predict continence af-
ter RP could substantially aid physicians and patients when
making treatment recommendations or decisions.

A variety of patient characteristics have been used to
predict recovery of post-RP continence, including younger
age, lower body mass index, and lower clinical tumor stage
(5-8). Several anatomic measures at preoperative MRI
have also been associated with continence recovery, includ-
ing smaller prostate volume (5,9,10), a longer membra-
nous urethra length (MUL) (8,11-18), closer proximity of
the levator muscles to the membranous urethra (12), and
the angle between the membranous urethra and prostatic

Preoperative MRI-measured coronal membranous urethra length was an independent predictor of urinary continence

axis (aMUP) (19). The pubourethral angle has been associ-
ated with stress and mixed incontinence in women but has
not been evaluated in men (20,21).

The membranous urethra is hypothesized to be a ma-
jor contributor to post-RP continence because there is a
striated sphincter surrounding the membranous urethra
(22,23). The sphincter and its nerve supply may be dam-
aged during surgical dissection, resulting in sphincter weak-
ness and incontinence. Although MUL has been shown
to possibly enable prediction of post-RP continence, most
studies evaluating MUL do not report interrater agreement
(11,14-18). In the few studies that have reported agree-
ment, there was poor to fair agreement between radiolo-
gists in training and supervising radiologists (24), excellent
agreement among specialized genitourinary radiologists
(25), and moderate agreement among trained experts
(12). A comprehensive assessment of MUL in conjunction
with clinical parameters and other potential MRI-based
anatomic measures of continence prediction is needed to
determine the usefulness of MUL in routine clinical care.
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Abbreviations

aMUP = angle between the membranous urethra and prostatic axis,
AUC = area under the receiver operating characteristic curve, EPIC-26 =
Expanded Prostate Cancer Index Composite 26-question short form,
ICC = intraclass correlation coefficient, MUL = membranous ure-
thra length, MUSIC-PRO = Michigan Urological Surgery Improve-
ment Collaborative Patient Reported Outcomes, OR = odds ratio,
PI-RADS = Prostate Imaging Data and Reporting System, RP = radical
prostatectomy

Summary

Coronal membranous urethra length on preoperative prostate MRI
scans was an independent predictor of post-prostatectomy continence;
interrater agreement of this measure was higher after measure-specific
training.

Key Results

= In a retrospective review of 586 men, membranous urethra length
(MUL) was a multivariable predictor of continence at 3 months
(odds ratio [OR]: 0.86; P < .001), 6 months (OR: 0.86; P =
.003), and 12 months (OR: 0.79; P = .002) after prostatectomy.

= Interrater agreement for MUL was moderate (intraclass correlation
coefficient [ICC], 0.62) with measure-specific training but poor
among those without the training (ICC, 0.38).

Our purpose was to evaluate the inclusion of MRI-based
anatomic measures of post-RP continence prediction (coronal
MUL, inner levator distance, outer levator distance, aMUD, pu-
bourethral angle, prostate volume) into multivariable clinical
models using data from the Michigan Urological Surgery Im-
provement Collaborative Patient Reported Outcomes (MUSIC-
PRO) database. The secondary objective was to determine the
interrater agreement of the anatomic measures.

Materials and Methods
This Health Insurance Portability and Accountability Act—

compliant retrospective cohort study received institutional re-
view board approval. The requirement for informed consent was
waived. This study followed Strengthening the Reporting of Ob-
servational Studies in Epidemiology guidelines.

Patient Characteristics

The study population included adult men who underwent RP
at one quaternary care facility and had available longitudinal
patient-reported continence data in the MUSIC-PRO database.
MUSIC-PRO comprises 45 diverse community and academic
urology practices representing approximately 90% of the urolo-
gists in the state of Michigan. For all men seen in MUSIC-PRO
practices who undergo a prostate biopsy, trained data abstrac-
tors prospectively enter a standardized set of demographic and
clinical-pathologic data elements into the registry database. Prior
reports have described the data acquisition and quality control
activities for MUSIC-PRO (26,27). Each MUSIC-PRO prac-
tice obtained an exemption or approval for collaborative par-
ticipation from a local institutional review board. The MUSIC-
PRO database has been used to create more than 50 publications
from 2014 to present (28). The MRI-based anatomic measures
we collected were obtained outside of the MUSIC-PRO data-
base and have not been previously reported.

100

Inclusion criteria for this study were as follows: (2) adult men who
underwent retropubic robot-assisted RP between August 2015
and October 2019; (4) completion of the baseline MUSIC-PRO
survey within 3 months before RP; (¢) completion of at least
one MUSIC-PRO survey at 3, 6, or 12 months after RP; and
(d) diagnostic preoperative prostate MRI performed within 12
months before RP. Exclusion criteria were as follows: () missing
or incomplete baseline prostate MRI data and () missing conti-
nence data at follow-up (Fig 1). If there was missing continence
data at follow-up, then those patients were excluded only from
the time points with the missing data. Different subsets were
included in each model due to missing continence data at the 3-,
6-, or 12-month time points (Fig 1).

Data Extraction

The following data were extracted from the MUSIC-PRO da-
tabase and the electronic medical record system: age at diagno-
sis, race, body mass index, grade group, maximum whole-gland
Prostate Imaging Data and Reporting System (PI-RADS) ver-
sion 2 score, TNM stage, clinical stage, presence of seminal ves-
icle invasion, presence of extracapsular extension, index lesion
size (ie, maximum diameter of largest mass in prostate), prostate-
specific antigen level at diagnosis, whether nerve-sparing opera-
tive technique was used, preoperative urinary function scores,
postoperative urinary function scores, and reported MUL in the
preoperative MRI report.

Imaging Procedures

All multiparametric prostate MRI examinations were performed
with a 3.0-T scanner (Ingenia [Philips Healthcare] or Vida [Sie-
mens Healthineers]) without an endorectal coil. Sequences were
obtained according to PI-RADS version 2 technical specifica-
tions. All measurements were performed with axial, coronal, or
sagittal small field-of-view two-dimensional T2-weighted fast
spin-echo sequences. A variable-channel surface coil was used.

Continence Evaluation

Patient functional outcomes were measured by using the Ex-
panded Prostate Cancer Index Composite 26-question short
form (EPIC-26) survey before RP and at 3, 6, 12, and 24 months
after RP (29-31). The survey includes questions regarding con-
tinence, urinary symptoms, and sexual function. EPIC-26 do-
main scores range from 0 to 100, with higher scores representing
better health-related quality of life (32). EPIC-26 domain scores
before RP—representing baseline urinary and sexual function—
were used as clinical predictor variables in the regression models.
Patient use of adult diapers or more than one urinary pad per
day was used to define incontinence. For patients participating
in MUSIC-PRO before 2016, their baseline EPIC-26 urinary
continence domain score was calculated using a previously pub-

lished crosswalk (33).

Image Analysis

Coronal MUL and prostate volume were prospectively re-
corded in a structured report as part of routine clinical care.
In addition, coronal and sagittal MUL, inner and outer leva-
tor distance, aMUD, and the pubourethral angle were obtained
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589 Patients

(found in MUSIC Database; surgeries
performed at University of Michigan)

3 Patients excluded:
1. 2 patients with

unavailable
imaging
2. 1 patient without

coronal reformats

. (suboptimal
‘ 586 Patients L imaging)
Patients excluded based on missing
continence or clinical data
3-months 6-months 12-months

MRI Variables Alone: 471 Patients
Clinical Variables Alone: 510 Patients
Combined Model: 455 Patients

MRI Variables Alone: 414 Patients
Clinical Variables Alone: 452 Patients
Combined Model: 403 Patients

MRI Variables Alone: 378 Patients
Clinical Variables Alone: 414 Patients
Combined Model: 369 Patients

Figure 1:  Study flowchart. MUSIC = Michigan Urological Surgery Improvement Collaborative.

retrospectively from the same MRI study as the prospectively
obtained MUL (Figs 2, 3). The retrospective measurements
were made by three fellowship-trained abdominal radiologists
(M.S8.D., PR.S., and EM.C,, with 10, 5, and 20 years of experi-
ence, respectively) and one abdominal radiology fellow (C.H.,
with 1 year of experience). Each radiologist interpreted either
163 or 164 MRI examinations (ie, to evenly divide the reading
assignment), with 20 overlapping interpretations for all radiolo-
gists to facilitate assessment of interrater agreement. Raters were
blinded to all clinical and pathologic data. Raters were provided
an atlas detailing the measurement techniques and were trained
on these techniques in two sessions with example cases.

MUL was measured in the coronal and sagittal planes. MUL
was defined as the distance from the prostate apex to the ure-
thral entry into the penile bulb (Fig 2) (11,12,34). Inner levator
distance was measured in the axial plane and defined as the nar-
rowest distance between the inner borders of the levator muscles,
just below the caudal margin of the prostatic apex. Outer levator
distance was measured in the axial plane and defined as the dis-
tance between the outer borders of the levator muscles at the same
level as the inner levator distance measurement (Fig 3A) (12). The
aMUP was measured in the sagittal plane and defined as the angle
between the MUL and a line drawn through the prostatic axis
(Fig 3B) (12). The pubourethral angle was measured in the sagittal
plane and defined as the angle between a line drawn from the ante-
rior bladder neck to the lower border of the pubic symphysis and a
line drawn from the upper to lower border of the pubic symphysis
(Fig 3C) (21). Prostate volume was calculated using the formula
for an ellipse (length X width X height X 0.52).

Primary Outcome

The primary outcome was urinary continence at 3 months, 6
months, and 12 months following RP. Continence was assessed
by using the third question from the prospectively reported
short-form EPIC-26 questionnaire.
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Statistical Analysis

Logistic regression models including clinical variables (eg, pa-
tient age, grade group) and MRI-based anatomic measures of
continence (eg, coronal MUL, inner levator distance) were de-
veloped for 3, 6, and 12 months after RP. We compared models
using baseline clinical variables alone, MRI variables alone, and
combined clinical and MRI variables. The retrospective coronal
MUL measured by the trained radiologists was used in the mod-
els. Sagittal MUL was not used because it was collinear with cor-
onal MUL (ie, it measured the same structure), and the coronal
measure is more commonly reported in the literature. All other
retrospectively gathered MRI variables, as well as the prospec-
tively reported prostate volume, PI-RADS version 2 score, and
median lobe enlargement, were modeled. Both the prospectively
and retrospectively recorded coronal MUL measurements were
evaluated for interrater agreement. We assessed model discrimi-
nation using the area under the receiver operating characteristic
curve (AUC). The DeLong test was used to compare AUCs be-
tween the three models at each time point (35).

P < .017 (.05 of three models) was used for significance for
the three multivariable models (primary outcome). P << .05 was
used for significance for all secondary analyses. Statistical analy-
ses of the regression models were all performed using R version
3.6.0 software (R Core Team).

Interrater agreement of the MRI variables obtained from the
preoperative MRI examinations were assessed using intraclass
correlation coefficients (ICCs). ICCs were calculated with two-
way random single measures for absolute agreement for retro-
spective research measures and one-way random single measures
for absolute agreement when comparing research measures to
clinical measures (36). ICCs were calculated for the four trained
radiologists for the overlapping 20 patients for all retrospectively
gathered variables. An a priori sample size calculation determined
that to detect an ICC of at least 0.3, an overlap of 20 patients
was needed to achieve 90% power and o of .05 (37). Agreement
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Figure 2:

T2-weighted fast spin-echo MRI scans in (A) sagittal view and (B, €) coronal views with (B) and without (€) annotation illustrate

membranous urethra length (MUL) measurement technique. MUL was defined as the distance from the prostate apex to the urethral entry into the

penile bulb. The yellow line in A and B represents the MUL.

i

Figure 3: (A) Axial and (B, €) sagittal T2-weighted fast spin-echo MRI scans demonsirate anatomic measurement techniques. (A) Axial image
shows the inner levator distance (dots) and outer levator distance (arrows). (B, €) Sagittal images show the angle between membranous urethra and
prostafic axis (B) and pubourethral angle (€). Inner levator distance was measured in the axial plane and was defined as the narrowest distance
between the inner borders of the levator muscles just below the caudal margin of the prostatic apex. Outer levator distance was measured in the axial
plane and was defined as the distance between the outer borders of the levator muscles at the same level as the inner levator distance measurement.
The angle between the membranous urethra and prosfatic axis was measured in the sagittal plane and defined as the angle between the membra-
nous urethra length and a line drawn through the prostatic axis. The pubourethral angle was measured in the sagittal plane and defined as the angle
between a line drawn from the anterior bladder neck to the lower border of the pubic symphysis and a line drawn from the upper to lower border of

the pubic symphysis.

was also calculated between the prospectively reported MUL
(no study-related training, measurement made as part of clinical
care) and the retrospectively measured MUL (trained blinded
reader from this study). ICC analysis was performed using soft-
ware (IBM SPSS Statistics for Macintosh, version 27.0; SPSS).

Results

Patient Characteristics

‘The study sample is described in Table 1. Because of variable data
availability at each time point, subsets of the entire population
were used in each model (Fig 1). The median EPIC-26 urinary
function baseline score in our study population was 100. Based
on our definition, only one of the 589 patients (0.2%) was in-
continent at baseline before surgery. The proportion of patients
with incontinence was 27% (145 of 529) at 3 months, 14% (63
of 465) at 6 months, and 9% (37 of 425) at 12 months. Median
annualized prostatectomy volume for the surgeons in this cohort
was 59 prostatectomies per year (interquartile range, 38-153
prostatectomies per year).
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Univariable and Multivariable Analyses

Univariable and multivariable analyses for clinical variables
alone, MRI variables alone, and combined clinical and MRI
variables are reported for 3, 6, and 12 months after RP (Tables
24, respectively). At each time point, and in both the MRI
alone and combined multivariable models, a longer coronal
MUL was a predictor of post-RP continence, with the effect size
increasing over time (odds ratio [OR] per 1 mm for combined
multivariable models: 0.86 [95% CI: 0.80, 0.93; P < .001] at 3
months, 0.86 [95% CI: 0.78, 0.95; P = .003] at 6 months, and
0.79 [95% CI: 0.67, 0.91; P = .002] at 12 months).

Increased prostate volume conferred a lower likelihood of
continence only at 3 months after RB but with a small effect size
(combined MRI and clinical model: OR, 1.01 per milliliter gland
volume [95% CI: 1.00, 1.03]). Age and EPIC-26 urinary func-
tion baseline score were the only statistically significant clinical
variables at every time point, both in the univariable and mul-
tivariable clinical models (except for EPIC-26 urinary function
baseline domain score at 6 months in the combination model).
Regarding age in the combined multivariable models, OR per year

radiology.rsna.org = Radiology: Volume 303: Number 1—April 2022
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Table 1: Patient Demographic and Clinical Characteristics

Characteristic Value
Demographic characteristic
Age at diagnosis (y)* 63+7
BMI (kg/m?)* 29.7 = 4.7
Race (%)
White 89
African American 6
Other or unknown 4
Asian 1
Initial PSA level (ng/mL)" 6.5 (4.8-9.8)
Biopsy Gleason score
6 129 (22)
7 321 (55)
8 58 (10)
9 76 (13)
10 3(<1)
Unknown 2(<1)
Grade group
1 129 (22)
2 214 (36)
3 107 (18)
4 58 (10)
5 79 (13)
Unknown 2 (<1)
PI-RADS version 2 score
3 40 (7)
4 236 (40)
5 250 (42)
Not reported 63 (11)
Clinical T stage
T1 443 (75)
T2 115 (20)
T3 8 (1)
Unknown 23 (4)
D’Amico risk group
Low 102 (17)
Intermediate 305 (52)
High 168 (29)
Unknown 14 (2)
Procedure year
2015 16 (3)
2016 100 (17)
2017 143 (24)
2018 203 (34)
2019 127 (22)
Annualized surgeon experience’™ 59 (38-153)
Clinical characteristics
Nerve-sparing procedure
None 44 (7)
Unilateral 46 (8)
Bilateral 490 (83)
Not reported 92

Table 1 (continues)

Table 1: (continued) Patient Demographic and Clinical

Characteristics
Characteristic Value
Pelvic lymph node dissection
None 24 (4)
Unilateral 207 (35)
Bilateral 355 (60)
Not reported 3(<1)
Pathologic N stage
NO 540 (92)
N1 27 (5)
Not applicable or unknown 22 (4)
Extraprostatic extension
Negative 331 (56)
Focally positive 55 (9)
Extensively positive 199 (34)
Positive, extent unknown 4 (1)
Seminal vesicle invasion
Not present 522 (88.6)
Unilateral 36 (6.1)
Bilateral 29 (4.9)
Unknown 2(0.3)
Surgical margin status
Negative 481 (82)
Focally positive 68 (12)
Extensively positive 40 (7)
Surgical Gleason score
6 14 (2)
7 459 (78)
8 19 (3)
9 92 (16)
Unknown 5(1)

Baseline EPIC-26 urinary function score
Continence
Preoperative (7 = 589)
3 months after RP (7 = 529)
6 months after RP (7 = 465)
12 months after RP (n = 425)
24 months after RP (7 = 231)
EPIC-26 sexual function scores’
Preoperative (7 = 578)
3 months after RP (7 = 523)
6 months after RP (7 = 464)
12 months after RP (7 = 421)
24 months after RP (7 = 210)

100 (86-100)

588 (>99)
384 (73)
402 (87)
388 (91)
217 (94)

75 (47-92)
27 (14-54)
31 (17-61)
39 (14-67)
45 (17-75)

Note.—Except where indicated, data are numbers of patients
(7 =589), with percentages in parentheses. BMI = body mass
index, EPIC-26 = Expanded Prostate Cancer Index Composite
26-question short form, PI-RADS = Prostate Imaging Data and
Reporting System, PSA = prostate-specific antigen, RP = radical

prostatectomy.

* Numbers are means * standard deviations.
" Numbers are medians, with interquartile ranges in parentheses.

¥ Prostatectomies per year.
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Table 2: Univariable and Multivariable Analyses of Continence at 3 Months after RP

Value for Value for Incontinent Univariable Analysis Multivariable Analysis
Analysis and Variable Continent Patients Patients Odds Ratio* PValue Odds Ratio* P Value
MRI variables alone (7 = 471)
MUL, coronal (mm) 15.5 = 3.7 13.8 = 3.7 0.88 (0.83, 0.93) <.001 0.89 (0.83, 0.94) <.001
Inner LD (mm) 16.7 £ 2.9 17.5 = 3.1 1.09 (1.03, 1.17) .005 1.03 (0.93, 1.13) .61
Outer LD (mm) 37.0 = 4.1 37.8 £ 4.3 1.04 (0.99, 1.09) .08 1.03 (0.96, 1.10) .38
aMUP (degrees) 129.1 = 11.6 128.2 £ 11.7 0.99 (0.98, 1.01) 46 1.00 (0.98, 1.02) .79
Pubourethral 55.5 £ 12.2 56.7 = 12.2 1.01 (0.99, 1.02) 31 1.01 (0.99, 1.03) .27
angle (degrees)
Prostate volume (mL) 42.0 = 21.2 48.8 = 27.4 1.01 (1.00, 1.02) .004 1.02 (1.01, 1.03) <.001
PI-RADS category 4° 170 (78) 47 (22) 0.45 (0.21, 0.98) .04 0.55 (0.24, 1.29) .16
PI-RADS category 5° 150 (68) 72 (32) 0.78 (0.37, 1.67) .50 1.05 (0.47, 2.41) 91
Median lobe enlargement*
Moderately enlarged 29 (73) 11 (27) 1.04 (0.44, 2.33) .93 1.04 (0.39, 2.66) 95
Substantially enlarged 5 (63) 3 (37) 1.64 (0.32, 7.16) .52 0.65 (0.09, 3.71) .65
Not enlarged 278 (73) 104 (27) 1.02 (0.62, 1.71) 93 1.76 (0.97, 3.30) .07
Clinical variables alone
(n=510)
Age (y) 61.7 £ 6.9 65.1 £5.7 1.08 (1.05, 1.12) <.001 1.08 (1.04, 1.12) <.001
BMI (kg/m?) 29.54.6 29.8 £ 4.7 1.01 (0.97, 1.05) .62 1.00 (0.96, 1.05) .89
Initial PSA level (ng/mL) 8.9 £ 9.9 9.0 +7.8 1.00 (0.98, 1.02) .84 1.00 (0.97, 1.02) .68
Baseline EPIC-26 93.1 * 11.4 86.7 = 17.0 0.97 (0.96, 0.98) <.001 0.97 (0.96, 0.99) <.001
urinary function score
Baseline EPIC-26 71.2 = 28.1 61.4 = 31.1 0.99 (0.98, 1.00) .001 1.00 (0.99, 1.00) 37
sexual function score
Grade group’
2 143 (75) 48 (25) 0.90 (0.54, 1.51) .67 0.94 (0.54, 1.66) .84
3 73 (74) 25 (26) 0.91 (0.50, 1.67) 77 0.84 (0.43, 1.62) .60
4 37 (74) 13 (26) 0.94 (0.43, 1.95) .86 0.72 (0.31, 1.61) 43
5 41 (61) 26 (39) 1.69 (0.90, 3.19) .10 1.49 (0.74, 3.01) .26
Combined MRI and clinical
variables (7 = 455)
Age (y) 61.7 £ 6.9 65.1 =57 NA NA 1.07 (1.03, 1.12) .001
BMI (kg/m?) 29.5 £ 4.6 29.8 £ 4.7 NA NA 1.01 (0.96, 1.07) .61
Initial PSA level (ng/mL) 8.9 £ 9.9 9.0+ 7.8 NA NA 0.99 (0.96, 1.01) 27
Baseline EPIC-26 93.1 = 11.4 86.7 = 17.0 NA NA 0.98 (0.96, 1.00) .02
urinary function score
Baseline EPIC-26 71.2 = 28.1 61.4 + 31.1 NA NA 1.00 (0.99, 1.01) .58
sexual function score
Grade group’
2 143 (75) 48 (25) NA NA 0.80 (0.42, 1.54) 50
3 73 (74) 25 (26) NA NA 0.96 (0.45, 2.02) .90
4 37 (74) 13 (26) NA NA 0.91 (0.37, 2.19) .84
5 41 (61) 26 (39) NA NA 1.54 (0.69, 3.45) .29
MUL, coronal (mm) 15.5 £ 3.7 13.8 £ 3.7 NA NA 0.86 (0.80, 0.93) <.001
Inner LD (mm) 16.7 £ 2.9 17.5 = 3.1 NA NA 1.04 (0.94, 1.15) .05
Outer LD (mm) 37.0 *+ 4.1 37.8 + 4.3 NA NA 1.02 (0.95, 1.10) .55
aMUP (degrees) 129.1 = 11.6 128.2 = 11.7 NA NA 1.00 (0.98, 1.02) .85
Pubourethral angle 55.5 = 12.2 56.7 = 12.2 NA NA 1.00 (0.98, 1.02) .66
(degrees)
Prostate volume (mL) 42.0 = 21.2 48.8 £ 27.4 NA NA 1.01 (1.00, 1.03) .03
PI-RADS category 4° 170 (78) 47 (22) NA NA 0.65 (0.27, 1.64) .35
PI-RADS category 5° 150 (68) 72 (32) NA NA 1.02 (0.42, 2.58) 97

Median lobe enlargement’

Table 2 (continues)
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Table 2: (continued) Univariable and Multivariable Analyses of Continence at 3 Months after RP

Value for Value for Incontinent Univariable Analysis Multivariable Analysis
Analysis and Variable Continent Patients ~ Patients Odds Ratio* PValue Odds Ratio* P Value
Moderately enlarged 29 (73) 11 (27) NA NA 0.97 (0.34, 2.58) .95
Substantially enlarged 5 (63) 3 (37) NA NA 0.84 (0.11, 4.83) .85
Not enlarged 278 (73) 104 (27) NA NA 1.82 (0.98, 3.52) .07

Note.— Except where indicated, data are means = standard deviations. An odds ratio less than 1 indicates a lesser risk of incontinence.
Reference for PI-RADS version 2 scores is PI-RADS category 3. Reference for grade group is grade group 1. aMUP = angle between
membranous urethra and prostatic axis, BMI = body mass index, EPIC-26 = Expanded Prostate Cancer Index Composite 26-question
short form, LD = levator diameter, MUL = membranous urethra length, NA = not applicable, PI-RADS = Prostate Imaging Reporting and
Data System, PSA = prostate-specific antigen, RP = radical prostatectomy.

* Data in parentheses are 95% Cls.

 Data are numbers of patients, with percentages in parentheses.

Table 3: Univariable and Multivariable Analyses of Continence at 6 Months after RP

Value for Value for Univariable Analysis Multivariable Analysis
Analysis and Variable Continent Patients Incontinent Patients  ()qds Ratio* PValue  Odds Ratio* P Value
MRI variables alone
(n = 414)
MUL, coronal (mm) 153 £ 3.7 13.5 = 3.9 0.87 (0.81, 0.94) .001 0.87 (0.79, 0.95) .003
Inner LD (mm) 16.7 £ 3.0 17.5 £ 3.6 1.08 (1.00, 1.18) .06 1.01 (0.89, 1.15) .83
Outer LD (mm) 37.1 4.2 37.7 = 4.5 1.03 (0.97, 1.10) .32 1.02 (0.94, 1.12) .61
aMUP (degrees) 129.2 = 11.6 1269 = 11.9 0.98 (0.96, 1.01) .16 0.99 (0.96, 1.01) 27
Pubourethral angle 55.2 = 12.0 57.3 = 12.5 1.01 (0.99, 1.04) 21 1.01 (0.98, 1.04) 43
(degrees)
Prostate volume (mL) 43.0 + 22.1 48.7 = 30.9 1.01 (1.00, 1.02) .08 1.01 (1.00, 1.03) .09
PI-RADS category 4° 157 (90) 17 (10) 1.01 (0.31, 4.53) .99 1.70 (0.43, 11.35) .50
PL-RADS category 5' 173 (82) 38 (18) 2.05(0.68,8.88) .26 3.84 (1.04,24.98) .08
Median lobe enlargement’
Moderately enlarged 29 (85) 5 (15) 1.19 (0.35, 3.59) .76 1.18 (0.32, 3.93) .79
Substantially enlarged 5 (71) 2 (29) 2.76 (0.37, 14.68) .26 1.34 (0.12, 10.05) .79
Not enlarged 291 (87) 44 (13) 1.04 (0.53, 2.21) .90 1.38 (0.63, 3.27) 79
Clinical variables alone
(n = 452)
Age §%) 62.8 £ 6.7 65.7 £ 5.6 1.07 (1.03, 1.12) .001 1.09 (1.03, 1.15) .002
BMI (kg/m?) 29.7 + 4.8 29.7 + 4.5 1.00 (0.95, 1.06) .94 0.99 (0.93, 1.05) 73
Initial PSA level (ng/mL) 8.7 * 9.4 89=*x73 1.00 (0.97, 1.03) .90 1.00 (0.97, 1.03) .80
Baseline EPIC-26 92.0 £ 13.1 86.3 +17.2 0.98 (0.96, 0.99) .004 0.98 (0.96, 1.00) .02
urinary function score
Baseline EPIC-26 68.7 *+ 28.7 59.0 = 31.5 0.99 (0.98, 1.00) .02 1.00 (0.99, 1.01) .37
sexual function score
Grade group’
2 144 (84) 28 (16) 1.02 (0.53, 2.03) .95 0.97 (0.49, 2.00) .94
3 82 (93) 6 (7) 0.38 (0.13, 0.98) .06 0.28 (0.09, 0.77) .02
4 38 (90) 4 (10) 0.55 (0.15, 1.63) .32 0.37 (0.10, 1.19) 12
5 53 (85) 9 (15) 0.89 (0.35, 2.13) .80 0.65 (0.24, 1.66) .38
Combined MRI and
clinical variables (7 = 403)
Age (y) 62.8 + 6.7 65.7 5.6 NA NA 1.08 (1.02, 1.15) .02
BMI (kg/m?) 29.7 + 4.8 29.7 + 45 NA NA 0.97 (0.90, 1.04) .44
Initial PSA level (ng/mL) 8.7 £ 9.4 89=*x73 NA NA 1.00 (0.96, 1.02) .76
Baseline EPIC-26 92.0 + 13.1 86.3 + 17.2 NA NA 0.98 (0.96, 1.01) .18

urinary function score

Table 3 (continues)
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Table 3: (continued) Univariable and Multivariable Analyses of Continence at 6 Months after RP

Value for Value for Univariable Analysis Multivariable Analysis
Analysis and Variable Continent Patients Incontinent Patients  dds Ratio* PValue Odds Ratio* P Value

Baseline EPIC-26 68.7 = 28.7 59.0 £ 31.5 NA NA 1.00 (0.99, 1.01) .49

sexual function score
Grade group’

2 144 (84) 28 (16) NA NA 0.56 (0.24,1.31) .18

3 82 (93) 6 (7) NA NA 0.19 (0.06, 0.59) .005

4 38 (90) 4(10) NA NA 032 (0.08,1.13) .09

5 53 (85) 9 (15) NA NA 0.44 (0.15, 1.24) .13
MUL, coronal (mm) 153 = 3.7 13.5 = 3.9 NA NA 0.86 (0.78, 0.95) .003
Inner LD (mm) 16.7 = 3.0 17.5 * 3.6 NA NA 1.00 (0.87, 1.14) .97
Outer LD (mm) 37.1 £ 4.2 37.7 * 4.5 NA NA 1.03 (0.94, 1.13) .54
aMUP (degrees) 129.2 = 11.6 1269 = 11.9 NA NA 0.98 (0.96, 1.01) 27
Pubourethral angle 55.2 = 12.0 573 *+12.5 NA NA 1.00 (0.97, 1.03) 91

(degrees)
Prostate volume (mL) 43.0 = 22.1 48.7 = 30.9 NA NA 1.00 (0.99, 1.02) .59
PI-RADS category 4 157 (90) 17 (10) NA NA 3.03 (0.70,21.96) .19
PI-RADS category 5 173 (82) 38 (18) NA NA 6.99 (1.62,51.00) .02
Median lobe enlargement

Moderately enlarged 29 (85) 5 (15) NA NA 1.15 (0.29, 4.13) .84

Substantially enlarged 5 (71) 2 (29) NA NA 1.91 (0.18, 14.52) .55

Not enlarged 291 (87) 44 (13) NA NA 1.48 (0.65, 3.67) .37

Note.— Except where indicated, data are means * standard deviations. An odds ratio less than 1 indicates a lesser risk of incontinence.
Reference for PI-RADS version 2 scores is PI-RADS category 3. Reference for grade group is grade group 1. aMUP = angle between
membranous urethra and prostatic axis, BMI = body mass index, EPIC-26 = Expanded Prostate Cancer Index Composite 26-question
short form, LD = levator diameter, MUL = membranous urethra length, NA = not applicable, PI-RADS = Prostate Imaging Reporting and
Data System, PSA = prostate-specific antigen, RP = radical prostatectomy.

* Data in parentheses are 95% Cls.

¥ Data are numbers of patients, with percentages in parentheses.

of age was 1.07 (95% CI: 1.03, 1.12; P=.001) at 3 months, 1.08
(95% CI: 1.02, 1.15; P = .02) at 6 months, and 1.12 (95% CI:
1.03, 1.22; P = .008) at 12 months. Regarding EPIC-26 urinary
function baseline scores in the combined multivariable models,
OR per point was 0.98 (95% CI: 0.96, 1.00; P = .02) at 3 months
and 0.95 (95% CI: 0.92, 0.97; P < .001) at 12 months.
Significant predictors at only one or two time points included
inner levator distance at 3 months (univariable analysis only),
PI-RADS category 4 at 3 months (univariable analysis only), PI-
RADS category 5 score at 6 months (combined multivariable
analysis only), baseline EPIC-26 sexual function score at 3 and 6
months (univariable analysis only), and grade group 3 at 6 months
(multivariable clinical and combined analysis only) (Tables 2—4).

Model Performance Comparisons

Table E1 (online) shows the comparisons between each model
(AUC at 3 months: 0.69 [clinical variables alone], 0.70 [MRI
variables alone], and 0.75 [combined MRI and clinical vari-
ables]; AUC at 6 months: 0.71 [clinical variables alone], 0.71
[MRI variables alone], and 0.77 [combined MRI and clinical
variables]; AUC at 12 months: 0.81 [clinical variables alone],
0.71 [MRI variables alone], and 0.82 [combined MRI and clini-
cal variables]). There was no evidence of a difference between
the combined models, the clinical variables—only models, or the
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MRI variables—only models (Table E1 [online]). The discrimi-
natory function of the combined models was 0.75 (3 months),
0.77 (6 months), and 0.82 (12 months).

Interrater Agreement

In the acquired MRI measurements, ICC was assessed be-
tween the four readers. Agreement for the retrospectively ac-
quired MRI data was fair for outer levator distance (ICC, 0.50;
n = 20) and aMUP (ICC, 0.50; 7 = 20), good for sagittal MUL
(ICC, 0.69; n = 20) and coronal MUL (ICC, 0.62; 7 = 19), and
excellent for inner levator distance (ICC, 0.77; 7 = 20) and pubo-
urethral angle (ICC, 0.82; 7 = 20). Agreement was poor (ICC, 0.38;
n = 564) between the prospectively reported coronal MUL (clinical
interpretation without study-specific training; 18 radiologists with
1-22 years of experience) and moderate (ICC, 0.62) for the retro-
spectively measured coronal MUL (trained reader pool). In addition
to interrater agreement, the average absolute difference between the
coronal and sagittal MUL was calculated (average difference = stan-
dard deviation, 1.8 mm * 2.0; » = 5806).

Discussion

Urinary continence after radical prostatectomy (RP) is an im-
portant determinant of patient quality of life. In this single-
center analysis of prospectively reported continence outcomes
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Table 4: Univariable and Multivariable Analyses of Continence at 12 Months after RP
Value for Value for Univariable Analysis Multivariable Analysis
Analysis and Variable Continent Patients ~ Incontinent Patients  Odds Ratio* PValue Odds Ratio* P Value
MRI variables alone
(n=378)
MUL, coronal (mm) 15.0 = 3.7 13.4 = 3.2 0.88 (0.79, 0.97) .01 0.83 (0.73, 0.94) .005
Inner LD (mm) 16.9 = 3.0 17.6 £ 3.7 1.07 (0.96, 1.19) .20 0.96 (0.81, 1.12) .60
Outer LD (mm) 37.1 = 4.1 37.5* 3.7 1.02 (0.94, 1.11) 57 1.06 (0.94, 1.20) 34
aMUP (degrees) 129.0 = 11.6 129.9 £ 12.3 1.01 (0.98, 1.04) .67 1.01 (0.98, 1.04) .63
Pubourethral angle 55.3 = 11.9 55.9 +11.8 1.00 (0.98, 1.03) .76 1.00 (0.96, 1.03) .78
(degrees)
Prostate volume (mL) 44.4 + 249 48.9 * 36.2 1.01 (0.99, 1.02) 32 1.01 (0.99, 1.03) 25
PI-RADS category 4 162 (94) 10 (6) 0.65 (0.16, 4.40) .59 0.83 (0.19, 5.84) .82
PI-RADS category 5 164 (89) 20 (11) 1.28 (0.34, 8.37) 75 1.48 (0.37, 10.06) .63
Median lobe enlargement’
Moderately enlarged 33 (97) 1(3) 0.30 (0.02, 1.80) 27 0.03 (0.01, 2.03) .29
Substantially enlarged 7 (78) 2(22) 2.86 (0.38, 14.93) 24 1.87 (0.14, 15.38) .59
Not enlarged 278 (91) 26 (9) 0.94 (0.41, 2.42) .88 1.15 (0.44, 3.45) .79
Clinical variables alone
(n = 414)
Age (y) 62.5 £ 6.8 66.3 = 5.4 1.09 (1.04, 1.16) .002 1.11 (1.04, 1.19) .002
BMI (kg/m?) 29.4 * 4.6 29.9 =35 1.02 (0.95, 1.10) .53 1.01 (0.93, 1.10) 75
Initial PSA level (ng/mL) 8.9 * 9.6 8.8 6.3 1.00 (0.95, 1.03) .98 1.00 (0.94, 1.04) .96
Baseline EPIC-26 92.2 + 12.1 81.3 = 19.6 0.96 (0.94, 0.98) <.001 0.95 (0.93, 0.98) <.001
urinary function score
Baseline EPIC-26 68.2 = 30.2 60.3 £ 25.5 0.99 (0.98, 1.00) .13 1.00 (0.99, 1.01) .96
sexual function score
Grade group’
2 139 (87) 20 (13) 1.66 (0.70, 4.40) 27 1.99 (0.77, 5.76) .18
3 75 (92) 7 (8) 1.08 (0.35, 3.29) .89 0.94 (0.27, 3.22) .92
4 36 (97) 1(3) 0.32 (0.02, 1.90) .30 0.19 (0.01, 1.32) .15
5 57 (97) 2(3) 0.41 (0.06, 1.75) 27 0.25 (0.03, 1.31) .14
Combined MRI and
clinical variables (7 = 369)
Age (y) 62,5+ 6.8 66.3 + 5.4 NA NA 1.12 (1.03, 1.22) 008
BMI (kg/m?) 29.4 *+ 4.6 29.9 + 3.5 NA NA 1.03 (0.93, 1.13) .63
Initial PSA level (ng/mL) 8.9 * 9.6 8.8 +6.3 NA NA 1.00 (0.94, 1.04) .98
Baseline EPIC-26 92.2 = 12.1 81.3 = 19.6 NA NA 0.95 (0.92, 0.97) <.001
urinary function score
Baseline EPIC-26 68.2 = 30.2 60.3 = 25.5 NA NA 0.99 (0.98, 1.01) Sl
sexual function score
Grade group’
2 139 (87) 20 (13) NA NA 1.52 (0.49, 5.39) 49
3 75 (92) 7 (8) NA NA 1.07 (0.25, 4.80) 93
4 36 (97) 1(3) NA NA 0.15 (0.01, 1.29) 13
5 57 (97) 2 (3) NA NA 0.22 (0.02, 1.42) 14
MUL, coronal (mm) 15.0 £ 3.7 13.4 £ 3.2 NA NA 0.79 (0.67, 0.91) .002
Inner LD (mm) 16.9 = 3.0 17.6 £ 3.7 NA NA 0.96 (0.80, 1.13) .62
Outer LD (mm) 37.1 = 4.1 37.5*+ 3.7 NA NA 1.01 (0.88, 1.16) 91
aMUP (degrees) 129.0 = 11.6 129.9 £ 12.3 NA NA 1.02 (0.98, 1.06) .35
Pubourethral angle 55.3 +11.9 55.9 + 11.8 NA NA 0.99 (0.95, 1.03) .56
(degrees)
Prostate volume (mL) 444 + 249 48.9 + 36.2 NA NA 1.00 (0.98, 1.02) .99
PI-RADS category 4 162 (94) 10 (6) NA NA 1.31 (0.25, 11.33) 77
PI-RADS category 5 164 (89) 20 (11) NA NA 2.06 (0.40, 17.88) 44
Median lobe enlargement’
Table 4 (continues)
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Table 4: (continued) Univariable and Multivariable Analyses of Continence at 12 Months after RP

Value for Value for Univariable Analysis Multivariable Analysis
Analysis and Variable Continent Patients ~ Incontinent Patients  Odds Ratio* PValue Odds Ratio* P Value
Moderately enlarged 33 (97) 1(3) NA NA 0.29 (0.01, 2.27) .30
Substantially enlarged 7 (78) 2 (22) NA NA 2.40 (0.16, 24.02) 48
Not enlarged 278 (91) 26 (9) NA NA 1.44 (0.50, 4.76) 52

specific antigen, RP = radical prostatectomy.
* Data in parentheses are 95% Cls.
 Data are numbers of patients, with percentages in parentheses.

Note.— Except where indicated, data are means * standard deviations. An odds ratio less than 1 indicates a lesser risk of incontinence.
Reference for PI-RADS version 2 scores is PI-RADS category 3. Reference for grade group is grade group 1. aMUP = angle between membranous
urethra and prostatic axis, BMI = body mass index, EPIC-26 = Expanded Prostate Cancer Index Composite 26-question short form, LD = levator
diameter, MUL = membranous urethra length, NA = not applicable, PI-RADS = Prostate Imaging Reporting and Data System, PSA = prostate-

and retrospectively abstracted MRI data, we used multivari-
able logistic regression models to predict patient-reported
continence after RP. Multivariable models with and without
comprehensive clinical data demonstrated that a longer mem-
branous urethra length (MUL) was a significant independent
predictor of continence at 3 (odds ratio [OR]: 0.86 per 1 mm;
P <.001), 6 (OR: 0.86 per 1 mm; P = .003), and 12 (OR:
0.79 per 1 mm; P = .002) months after RP. These results in-
dicate the durability of the finding (ie, internal validity), and
that for each 1-mm increase in coronal MUL, the odds of con-
tinence increased by 14% (3 months) to 21% (12 months). In
other words, a longer preoperative MUL increases the likeli-
hood of post-RP continence recovery. Among the clinical vari-
ables, older age and lower baseline urinary function scores were
the most consistent predictors of incontinence.

The association of MUL with continence outcomes in men
after RP has been observed in other studies (8,11-14,16-18).
In the largest prior study, von Bodman et al (12) studied 600
men and found greater MUL-predicted continence recovery at 6
and 12 months, while larger outer levator distance was associated
with incontinence at 12 months and larger inner levator distance
was associated with incontinence at 6 months. They also found
that MUL and levator muscle distance improved discrimination
of a clinical regression model when MRI variables were included.
Although MUL was a significant predictor in all our models, we
did not find inner or outer levator distance to have a significant
multivariable effect (inner levator distance at 3 months only was
significant in univariable analysis). Our study differed in that we
evaluated continence outcomes at 3 months after RP, and we
report multivariable ORs for all variables. Tienza et al (16) and
others (9-11) found a larger prostate volume to be associated
with an increased risk of incontinence after RP. In our models,
prostate volume had a minor effect at 3 months but was not sig-
nificant at 6 and 12 months. Unlike Regis et al (19), we did not
find aMUP to be predictive of continence after RP. We also did
not find a significant predictive effect for the pubourethral angle
(21). Of the six MRI-based anatomic measures of continence we
studied, only MUL was found to be an important predictor of
post-RP continence.

Following reader training, we observed fair or greater inter-
rater agreement for all retrospectively obtained MRI measures.
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For coronal MUL, interrater agreement was moderate follow-
ing training (ICC, 0.62) but poor between the trained readers
and the original prospective interpretation (ICC, 0.38). This
implies that if MUL is going to be incorporated into clinical
practice, specific training will be needed to ensure that the mea-
surements are being performed accurately and consistently. The
study-related interrater agreement we observed was superior to
agreements observed by Curci et al (24) (among trained experts
and general radiologists, ICCs ranged from 0.29 to 0.42 [poor
to fair]) and von Bodman et al (12) (among trained experts, they
obtained a moderate weighted k statistic of 0.48). We observed
a 1.8-mm average difference between MUL in the coronal ver-
sus sagittal plane. Although we do not know which is the “true”
MUL length, we have shown that standardized MUL in the
coronal plane is useful for continence prediction.

Our study had several limitations. First, each of our multi-
variable models contains a slightly different cohort of patients,
dependent on the availability of data at each time point. Rather
than longitudinally following up one cohort over time, we in-
stead have multiple cross-sectional cohorts that each contain a
large degree of overlap. Second, although we used prospectively
reported measures of longitudinal post-RP urinary continence,
the MRI anatomic measures we studied were obtained retro-
spectively following specific training. It is likely MUL would be
less predictive if the measurements were obtained by untrained
radiologists. Third, inclusion of a continence nomogram would
have created more practical clinical value, but we did not have
the sample size available to create a validation cohort. A larger
sample size at each time point would have improved power to
detect other significant predictors of continence. Finally, we de-
fined incontinence as use of adult diapers or greater than one
urinary pad per day, which was more liberal than what has been
reported previously. However, continence data were obtained
prospectively using a validated questionnaire and was consistent
across our patient population (30).

In conclusion, our findings support the use of coronal mem-
branous urethra length (MUL) in combination with clinical
variables to predict post—radical prostatectomy urinary conti-
nence. Our data also support the need for specific training of
radiologists in performing MUL measurements to improve in-
terrater agreement. Development of a continence nomogram in
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an independent validation cohort that incorporates clinical and
MRI measures could guide patients and providers considering
prostate cancer treatment options.
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