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Risk prediction models for urinary incontinence after radical prostatectomy: a systematic review and meta-
analysis
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Department of Urology, The First Affiliated Hospital of Naval Medical University (Second Military Medical University), Shanghai
200433, China

[ Abstract ]| Objective To systematically evaluate the performance and methodological quality of the risk prediction
models for urinary incontinence after radical prostatectomy, so as to provide a reference for selecting the appropriate risk
prediction tool. Methods A systematic search was conducted in PubMed, Web of Science, Cochrane Library, CINAHL,
EMBASE, CNKI, Wanfang, VIP, and Chinese biomedical literature database from inception to Jan. 23, 2024. Two researchers
independently conducted literature screening and data extraction, and the prediction model risk of bias assessment tool
(PROBAST) was applied to assess the risk of bias and applicability of the included studies. MedCalc software was used
to perform a meta-analysis of the area under curve (AUC) of the validation groups using the random effect model, and the
publication bias and sensitivity analysis were also performed. Results A total of 8 studies were included, with a combined
sample size of 7 216 cases. Six models reported the AUC values, and 7 models reported calibration. The applicability of
2 studies was acceptable, while 6 were poor. The most commonly used type of prediction model was logistic regression. After
excluding models with extreme AUC values, the random-effects meta-analysis result was 0.840 (95% confidence interval
0.786 to 0.895), with no heterogeneity (’=0%, P=0.737). The bias risk was high in all 8 studies, mainly due to retrospective

cohort data, transformation of continuous variables into binary variables, unaddressed missing data, selection of predictors
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based on univariate analysis, incomplete report of the model discrimination and calibration, and lack of external validation.

Egger test result indicated no significant publication bias. Conclusion The development and validation process of the existing

risk prediction models for urinary incontinence after radical prostatectomy is still imperfect. Future research should construct

prediction models based on multicenter and large-sample data, strengthen the clinical applicability assessment of the models,

and strictly follow the reporting standards and procedures, so as to establish high-quality risk prediction models for clinical

practice.
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Tab 1 Basic characteristics of included literatures
Outcome
Study Participant SO‘&:;Z of l\f}?];igl PPl Evaluative llj Oltli(r)rvlz-/ PPI Predictor prelz/éﬁ(g:tlion
definition methods “P incidence/%
month
Pinkhasov, Patients who Retrospective D,V (D, UCLA- 24 6 months: Age, race, BMI, Nomogram
2022 underwent RARP cohort PCI-SF, 77, 1IEF-5
at Roswell Park IPSS 12 months:
Comprehensive 52;
Cancer Center in the 24 months:
USA from 2008 to 37
2018
Barnoiu, Patients who Retrospective D @ 24-h pad 12 12 months: Prostate volume, Nomogram
2013 underwent RARPat  cohort count 172 1IEF-5, AACCI,
Carlos Haya Hospital intraoperative nerve-
in Spain from 2007 sparing, 1-month
to 2011 urine leakage
Collette, Patients who Retrospective D,V (D,  Patient 12 12 months: Age, BMI, IPSS, Web
2021 underwent RARP at cohort self-report, 19.9 prostate volume, calculator
Amsterdam Urology EPIC-26 intraoperative nerve-
in the Netherlands sparing, ASA score,
from 2009 to 2017 surgeon experience
Matsushita, Patients who Retrospective D DO, 24-hpad 12 6 months: Age, BMI, MUL, Nomogram
2015""  underwent RP at cohort count 32; ASA score
Memorial Sloan 12 months:
Kettering Cancer 18
Center in the USA
from 2001 to 2010
Jeong, Patients who Retrospective D,V @ 24-h pad 12 1 months: Age, MUL, Nomogram
2014 underwent RARP cohort count 73.2; surgical approach,
or ORP at Seoul 3 months: intraoperative nerve-
National University 49.1; sparing, prostate
Bundang Hospital 12 months: volume
in South Korea from 17.6
2004 to 2011
ZhanEg, Patients who Retrospective D, V ® 24-h pad 3 3 months: MUL, clinical stage, Nomogram
2023 underwent LRP at cohort count 383  IPPL, PADR
Peking University
Third Hospital from
2015 to 2018
Mao, Patients who Retrospective D, V @ 24-h pad 3 3 months: MUL, IPPL, clinical Nomogram
2023""" underwent LRP at cohort count 40.6 stage
Peking University
Third Hospital from
2016 to 2020
Zhong, Patients who Retrospective D, V ©) 24-h pad 3 3 months: MUL, intraoperative NA
2023"®"  underwent LRP at cohort count 37.3 nerve-sparing, bladder

363 Hospital from
2018 to 2022

neck preservation,
posterior fascia
reconstruction, regular
PFMT

Items relevant only to the development of a prediction model are denoted by D, items relating solely to a validation of a

prediction model are denoted by V, and items relating to both are denoted D, V. Studies where the number of pads used per day=1

are marked as (), while studies where the number of pads used per day > 1 are marked as ). PPI: Post-prostatectomy incontinence;

RARP: Robot-assisted radical prostatectomy; RP: Radical prostatectomy; ORP: Open radical prostatectomy; LRP: Laparoscopic

radical prostatectomy; UCLA-PCI-SF: University of Califovnia-Los Angeles prostate cancer index short form; IPSS: International

prostate symptom score; EPIC-26: Expanded prostate cancer index composite-26; BMI: Body mass index; IIEF-5: The international

index of erectile function-5; AACCI: Age-adjusted Charlson comorbidity index; ASA: American Society of Anesthesiologists; MUL:

Membranous urethral length; IPPL: Intravesical prostatic protrusion length; PADR: Prostate apex depth ratio; PEMT: Pelvic floor

muscle training; NA: Not available.
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Tab 2 Basic characteristics of prediction models of included literatures

Statistical analysis details Model performance Model validation
Study Total sample size  Predictor ~ Missing Predictor Modeling Model — Discrimination AUC Calibrati Clinical Internal External
alibration
transformation data selection  tool  selection (95% CI) © benefit validation validation
Pinkhasov, 680 (544%/136") @ NA Basedon SAS  Logistic 6m:0.640° 0.520"; Calibration NA Bootstrap NA
2022 univariate regression 12 m: 0.660%,0.560";  plot
24 m: 0.800% 0.760",
Barnoiu, 209 @ NA Based on R Logistic 0.928° H-L NA NA NA
20131 univariate regression
Collette, 1814 @ NA Based on R Logistic  0.650 (0.610, 0.680)°, Calibration NA 10-fold NA
2021 univariate regression  0.610 (0.540,0.700)°  plot Ccross-
validation
Matsushita, 2 849 (1 899%/950") @ NA Basedon Stata  Logistic 6 m: 0.729"; Calibration NA NA NA
20151 univariate regression 12 m: 0.709" plot
Jeong, 1168 (872"/296”) @ NA Basedon SPSS,R Logistic 1m: 0.641°,0.633"; H-L, NA 200times NA
2014 univariate regression 3 m: 0.672%, 0.654"; calibration Bootstrap
12 m: 0.725%,0.711"  plot
Zhang, 170 (124%/46") @ NA Basedon SPSS,R Logistic  0.880°, sensitivity =~ H-L,  DCA 7:3split NA
2023 univariate regression  80.0%, specificity calibration validation
81.6%"; plot

0.875", sensitivity
82.8%", specificity

82.4%"
Mao, 202 (141%61%) ) NA Basedon SPSS,R Logistic 0.885(0.826,0.994)", H-L, DCA 7:3split NA
20237 univariate regression  0.854 (0.757,0.950)" calibration validation
plot
Zhong, 124 (83941%) 0 NA Basedon SPSS Artificial 0.848(0.806,0922)°, H-L, DCA 2:Isplit NA
2023 univariate neural sensitivity 81.3%’, calibration validation

network  specificity 88.8%; plot
0.834 (0.800, 0.903)",
sensitivity 80.5%",
specificity 86.6%"

ccdss

Modeling group data are denoted as “”, while validation group data are denoted as “*”. Studies where continuous variables were converted to

categorical variables are marked as (D, while studies where variables were maintained as continuous are marked as 2). AUC: Area under curve; CI:

Confidence interval; m: Month(s); H-L: Hosmer-Lemeshow; DCA: Decision curve analysis; NA: Not available.
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Tab 3 Bias risk and applicability assessment results included in the models

Bias risk Applicability Overall

Study

Participant  Predictor Outcome  Analysis  Participant  Predictor ~ Outcome Bias risk  Applicability

Pinkhasov, 2022 - ? + + _ T _

Barnoiu, 2013 - ? - - " 4 4 _ .
Collette, 2021 - ? - - + - + _ _
Matsushita, 2015 - — + - + 2 + _ 4
Jeong, 2014 - + + _ 4 " i _ .
Zhang, 2023"'% - + + - + + i _ N
Mao, 2023'"" - 9 9 _ 4 9 N B N
Zhong, 2023 - ? 9 - N 9 N B N

w_»

“+” indicates low bias risk/low concern regarding applicability; indicates high bias risk/high concern regarding applicability; and “?”

indicates unclear bias risk/unclear concern regarding applicability.
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AUC ) meta 73 #7145 LI 2,

0.610 (95% CI 0.540-0.700)

Collette, 2021 ¥ | —@——

0.854 (95% CI0.758-0.950)

Mao, 2023 /17

] 0.834 (95% CI0.767-0.901
Zhong, 2023 181 | #¥4¢ ——

Total (fixed effect) |

‘ 0.750 (95% C10.722-0.813)

0.765 (95% CI 0.640-0.890)
Total (random effect) -

05 06 07 08 09 1.0
AUC

B2 ISIEZE AUC B meta 5347
Fig2 Meta-analysis of AUC in validation groups

AUC: Area under curve; CI: Confidence interval.
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