[image: ]

Capstone for Impact Submission | GY2021

Project Title: Pre-operative Prostate MRI Predictors of Social Continence following Radical Prostatectomy 
Student Name(s): Hannah Lamberg
Advisor Names(s): Matthew Davenport, MD 

Summary (~250-500 words):
Previous manuscripts report a variety of different clinical variables and anatomic measures on pre-operative prostate MRI to be associated with urinary continence outcomes post-radical prostatectomy (RP). We recently completed a retrospective study further evaluating this in 589 men who underwent RP here at U of M. In collaboration with the urology department, we developed logistic regression models, including both clinical and MRI variables, for prediction of urinary continence at 3-, 6-, and 12-months post-RP. We also evaluated inter-rater agreement of the retrospectively gathered MRI measures.
 
The MRI variables included in our models were coronal MUL, inner levator distance, outer levator distance, angle between membranous urethra and prostatic axis, pubourethral angle, prostate volume, PIRADS score, and median lobe enlargement. The only MRI-based variable that was significantly associated with continence outcomes at all time points was coronal MUL. For each mm increase in coronal MUL, the odds of incontinence decrease between 14% and 21% (at 3 months and 12 months post-RP, respectively). Although we collected sagittal MUL and evaluated for inter-rater agreement, we did not include it in the models as it would be co-linear with the coronal MUL. We chose to use the coronal rather than sagittal measure as there are more previous publications reporting the coronal measure.
 
For inter-rater agreement, we looked at sagittal and coronal MUL, inner and outer levator distances, angle between urethra and prostatic axis, and the pubourethal angle. Most notably, coronal MUL had good interrater agreement (ICC of 0.69) among our readers who underwent measure specific training versus poor agreement (ICC 0.38) between the prospectively reported coronal MUL (measure from clinical care, mixed trained & untrained reader pool) and retrospectively measured coronal MUL (trained reader pool).

Methodology: 
In this retrospective cohort study, continence outcomes were evaluated in 589 adult men who underwent RP from 8/2015 - 10/2019. All men prospectively completed pre- and post-RP validated survey instruments of urinary continence. Pre-operative MRI-based anatomic measures (coronal membranous urethra length [MUL], inner and outer levator distance, angle between membranous urethra and prostatic axis, pubourethral angle, prostate volume) were obtained retrospectively by 4 trained abdominal radiologists. Logistic regression models were developed with clinical variables alone, MRI variables alone, and combined variables at 3-, 6-, and 12-months post-RP. Interrater agreement of MRI variables was assessed using intraclass correlation coefficients.  
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Results:
Mean patient age was 63 ± 7 years. The proportion of incontinent patients was 0.2% at baseline, 27.4% at 3 months, 13.5% at 6 months, and 8.7% at 12 months. Longer coronal MUL significantly decreased the odds of post-RP incontinence (multivariable odds ratio: 0.79-0.89/mm, all p<0.01) in all clinical models that incorporated MRI predictors. No other MRI variables were significant multivariable predictors. Age and baseline urinary function score were the only significant clinical variables at every time point. Inter-rater agreement was moderate (ICC=0.620) for MUL among readers with measure-specific prostate MRI training and poor among general abdominal radiologists (ICC=0.382). 

Conclusion (~250-500 words):
Pre-operative coronal MUL is a valuable predictor of post-RP continence. Multivariable models with and without comprehensive clinical data demonstrated that a longer membranous urethra length (MUL) was a significant independent predictor of continence at 3 (OR: 0.86/mm, p<0.001), 6 (OR: 0.86/mL, p=0.003), and 12 (OR: 0.79/mm, p=0.002) months post-RP. In other words, a longer pre-operative MUL increases the likelihood of post-RP continence recovery. Among the clinical variables, older age and lower baseline urinary function scores were the most consistent predictors of incontinence. Our data supports the use of combined MRI and clinical variables to predict continence outcomes in this population. 
Following training, we observed fair or greater inter-rater agreement for all retrospectively obtained MRI measures. For coronal MUL, interrater agreement was moderate following 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 is needed to ensure that the measurements are being performed accurately and consistently. The study-related inter-rater agreement we observed was superior to what was observed in prior studies.
Our study had several limitations. Although we used prospectively reported measures of longitudinal post-RP urinary continence, the MRI anatomic measures we studied were obtained retrospectively following specific training. It is likely MUL would be less predictive if the measurements were obtained by untrained radiologists. Inclusion of a continence nomogram would have created more practical clinical utility, 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 incontinence. We defined incontinence as use of adult diapers or greater than 1 urinary pad per day, which was more liberal than what has been reported previously. However, continence data was obtained prospectively using a validated questionnaire and was consistent across our patient population. 

[bookmark: _heading=h.gjdgxs]Reflection/Impact Statement:
This project has the potential to impact several groups in the health care industry - radiologists, urologists, and patients. For both urologists and patients, a practical tool (such as a nomogram) based on these results would be helpful for incorporating continence likelihood into clinical decision making for prostate cancer treatment. For radiologists, our results demonstrate the significance of reporting coronal membranous urethra length and the importance of measure-specific prostate MRI training. A future extension of this project could include development of a continence nomogram in an independent validation cohort. 
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