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Abstract

 Purpose—Robotic assisted radical prostatectomy has largely replaced open radical 

prostatectomy for the surgical management of prostate cancer despite conflicting evidence of 

superiority with respect to disease control or functional sequelae. Using population cohort data, in 

this study we examined sexual and urinary function in men undergoing open radical prostatectomy 

vs those undergoing robotic assisted radical prostatectomy.

 Materials and Methods—Subjects surgically treated for prostate cancer were selected from 

2 large population based prospective cohort studies, the Prostate Cancer Outcomes Study (enrolled 

1994 to 1995) and the Comparative Effectiveness Analysis of Surgery and Radiation (enrolled 

2011 to 2012). Subjects completed baseline, 6-month and 12-month standardized patient reported 
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outcome measures. Main outcomes were between-group differences in functional outcome scores 

at 6 and 12 months using linear regression, and adjusting for baseline function, sociodemographic 

and clinical characteristics. Sensitivity analyses were used to evaluate outcomes between patients 

undergoing open radical prostatectomy and robotic assisted radical prostatectomy within and 

across CEASAR and PCOS.

 Results—The combined cohort consisted of 2,438 men, 1,505 of whom underwent open 

radical prostatectomy and 933 of whom underwent robotic assisted radical prostatectomy. Men 

treated with robotic assisted radical prostatectomy reported better urinary function at 6 months 

(mean difference 3.77 points, 95% CI 1.09–6.44) but not at 12 months (1.19, −1.32–3.71). 

Subjects treated with robotic assisted radical prostatectomy also reported superior sexual function 

at 6 months (8.31, 6.02–10.56) and at 12 months (7.64, 5.25–10.03). Sensitivity analyses largely 

supported the sexual function findings with inconsistent support for urinary function results.

 Conclusions—This population based study reveals that men undergoing robotic assisted 

radical prostatectomy likely experience less decline in early urinary continence and sexual 

function than those undergoing open radical prostatectomy. The clinical meaning of these 

differences is uncertain and longer followup will be required to establish whether these benefits 

are durable.
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Robotic assisted radical prostatectomy for the treatment of prostate cancer has largely 

supplanted open radical prostatectomy despite a lack of evidence demonstrating superior 

oncologic or functional outcomes.1 Various studies of RALP have reported benefits over 

RRP, including less blood loss and shorter length of hospital stay, with inconsistent findings 

of fewer bladder neck contractures, positive surgical margins, and quicker recovery of 

erectile function and urinary control.2–8

Many of these reports are based on data from single surgeon/institution reports, lack controls 

for patient comorbidities and evaluate short-term outcomes. In some studies the functional 

outcomes have been excluded altogether, are assessed too early postoperatively or are 

measured using nonstandard instruments. Community based analyses are a more 

representative method to assess the real-world use of these techniques rather than idealized 

comparisons in tertiary referral centers. To date, such studies have consistently demonstrated 

shorter hospital stay and less blood loss with RALP, but with variable rates of perioperative 

complications and positive surgical margins.9–15 Additionally, assessments of PROM using 

validated and reliable instruments are often lacking, and investigators have relied on 

administrative data sources to extrapolate disease specific function. However, it remains 

unknown whether this adequately reflects the patient survivorship experience.9

Despite more than a decade of experience, considerable uncertainty remains surrounding the 

comparative effectiveness and harms of RALP and RRP in the context of the questionable 

cost-effectiveness of RALP.15,16 Unfortunately, a prospective randomized trial 

(NCT01365143) designed to address many of these shortcomings was closed due to lack of 
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accrual.17 A single-institution randomized trial is ongoing in Australia but may be limited by 

methodological concerns.18

The goal of this study was to compare sexual and urinary function between men with 

prostate cancer selected in a population based manner undergoing RRP or RALP, using 

established measurement strategies while controlling for a large number of potential 

confounders. We used data from the PCOS and CEASAR, both of which are population 

based cohorts of men treated for prostate cancer, and contain data using validated and 

reliable PROM.

 METHODS

 Patients

Data were obtained from 2 large, population based, prospective cohort studies. The PCOS 

enrolled patients with incident prostate cancer from 6 participating SEER sites between 

October 1, 1994 and October 31, 1995. Details of PCOS methods have been previously 

reported.19

CEASAR recruited men from 5 SEER registries from January 2011 to February 2012 with a 

small proportion of subjects from CaPSURE™, an observational prostate cancer registry.20 

Details and objectives for the CEASAR study have also been previously reported.21 

Institutional review boards at all participating sites including the Vanderbilt University 

coordinating site approved the studies.

In total, PCOS initially enrolled 5,672 subjects while CEASAR enrolled 3,691 subjects. We 

selected men in either parent study who underwent radical prostatectomy and completed 

baseline PROM.

Upon enrollment, PCOS subjects completed a baseline survey including items regarding 

clinical and sociodemographic variables, comorbidities and disease specific outcomes using 

the UCLA Prostate Cancer Index, a reliable and validated PROM of sexual function, urinary 

incontinence and bowel function related to prostate cancer and its treatment.22 CEASAR 

participants completed a similar baseline assessment using the EPIC, valid and reliable 

PROM developed from and containing many similar/identical items as the UCLA Prostate 

Cancer Index. Previous work has reported similar psychometric performance for these 

instruments.23 To minimize bias from differences in the 2 PROM, we included 4 common 

measures of urinary incontinence and 3 common measures of sexual function, and derived 

modified domain summary scores scaled 0 to 100, with 100 representing optimal function.24

All subjects in PCOS who had surgery underwent RRP because RALP was first introduced 

more than 5 years after enrollment ended.25 The majority of CEASAR participants who had 

surgery underwent RALP (78%).

 Statistical Analysis

We compared differences between baseline characteristics including inflation adjusted 

income for PCOS participants using nonparametric tests. In addition to standard socio-
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demographic and clinical characteristics, we evaluated differences in number of 

comorbidities, baseline general health and whether nerve sparing (any degree vs none) was 

performed.

 Primary Outcomes

To assess differences in function between patients undergoing RRP vs RALP, we fit 4 

multivariable linear regression models, one for each domain summary score (sexual and 

urinary function) and time point (6 and 12-month surveys). Covariate adjustment was used 

to control for age (continuous), race, income, education, marital and health insurance status, 

study site, days since treatment, PSA, Gleason score, margin and nerve sparing status, 

pathological stage (pT2c or lower vs pT3 or higher), use of androgen deprivation, self-

reported overall health and baseline function. Sexual function models also adjusted for use 

of erectile dysfunction treatments such as injections, vacuum pump, penile prosthesis or 

medications. Missing values for baseline characteristics included in these models were 

multiply imputed through predictive mean matching.

To account for documented differences in baseline function between PCOS and CEASAR 

subjects,24 mean function was modeled with an interaction term between baseline function 

and surgical procedure (RRP vs RALP). Primary comparisons were assessed using these 

models, estimating the mean difference in function between patients undergoing the 2 

procedures. Model based contrast tests using t-statistics were used at varying levels of 

baseline function to identify a threshold, above which between-group differences were 

significant.

 Secondary Analyses

A second set of 4 multivariable linear regression models was developed by adding study 

cohort (CEASAR and PCOS) to the models used for the primary analysis. Sensitivity 

analyses were performed to evaluate differences attributable to the lack of availability of 

PD5 inhibitors during PCOS, and to mitigate possible confounding associated with 

differences in baseline reporting of baseline function.24 This enabled the exploration of 

between-group differences in outcomes for 3 comparisons of 1) RRP in PCOS vs RRP in 

CEASAR, 2) RRP in CEASAR vs RALP and 3) RRP in PCOS vs RALP. If observed 

differences in primary outcomes were explained by differences in surgical technique, one 

would expect within-group differences between study cohorts not to be significant in 

comparison 1, but between-group differences to remain significant in comparisons 2 and 3.

To better characterize the impact of surgical approach on treatment in a fashion more 

meaningful to patients, we fit logistic regression models using each of the 7 individual items 

aggregated for the domain specific scores. These items were dichotomously recoded from 

the original Likert-type scales using clinically relevant cut points.

All p values were 2-sided and p <0.05 was considered statistically significant. Confidence 

intervals are all 95 percent. The analysis was completed using R software v.3.1.2 (R 

Foundation, Vienna, Austria).
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 RESULTS

The study cohort comprised 2,438 men, of whom 933 underwent RALP while 1,505 

underwent RRP (82.6% from PCOS and 17.4% from CEASAR). All sociodemographic 

characteristics between the groups were different except for marital status. Participants who 

underwent RALP were younger, and more likely to be white, employed full-time, and have 

higher income and education, and private insurance (table 1). Differences were also noted 

for baseline clinical characteristics. Unadjusted negative margin rate and nerve sparing rate 

were highest in RALP. Baseline scores for sexual and urinary function were highest in the 

PCOS group, consistent with previous work (table 2).24

 Primary Outcomes

Multivariable models revealed that patients undergoing RALP reported higher urinary 

function scores at 6 months and sexual function at 6 and 12 months (table 3). However, 

patients undergoing RALP did not report superior urinary function at 12 months. The 

relationship between the interaction of surgical approach with baseline function and 

postoperative functional outcome was also significant for the same periods. Age, baseline 

function and general health were also associated with postoperative functional outcomes, 

while income and race were not.

We then identified thresholds for baseline function above which there were statistically 

significant between-group differences in predicted scores (fig. 1). For urinary function (6 

months) significant differences were noted for patients whose baseline function score was 94 

or greater, above which the majority of men reported baseline function. Above this threshold 

the magnitude of the difference in favor of RALP over RRP ranged from 2.59 points (95% 

CI 0.30–5.08) to 3.77 points (1.11–6.44). At 12 months there were no differences in 

predicted scores at any threshold.

Differences in sexual function were noted for those with a baseline function score of at least 

50 at 6 months and 62 at 12 months, values also reported by the majority of men in both 

studies. The magnitude of this difference ranged from 3.06 points (0.14–5.99) to 10.21 

points (7.51–12.91) at 6 months and 2.70 points (0.08–5.31) to 10.31 points (7.51–13.13) at 

12 months.

 Individual Items

Unadjusted responses to individual PROM items at 6 and 12 months and odds ratios from 

logistic regression items are presented in figure 2. Several sexual function items at 6 and 12 

months were better for RALP and none suggested benefit for RRP. While several urinary 

function items favored RALP, with the exception of “any urinary incontinence” at 6 months 

no statistically significant differences were found.

 Sensitivity Analyses

Primary urinary function results favoring RALP were inconsistently supported in the 

sensitivity analyses (table 4). Consistent with primary results, there were no differences for 

comparison 1, that is comparing urinary function outcomes between RRP groups from each 
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of the 2 parent studies. Significant between-group differences persisted when comparing 

RRP in PCOS to RALP (comparison 3). However, when examining the contemporary cohort 

(ie between RRP and RALP in CEASAR, comparison 2), significant within-study 

differences for urinary function were not identified.

Sexual function primary outcomes were consistently supported by the sensitivity analyses. 

Predicted scores for men undergoing RRP in the contemporary and previous eras (ie 

CEASAR and PCOS, comparisons 2 and 3) were significantly lower at 6 and 12 months 

compared to RALP. While within-group differences for those undergoing RRP (comparison 

1) were significant at 6 months, by 12 months the differences were not statistically different 

from zero.

 DISCUSSION

Data from 2 large, prospective, population based cohort studies of prostate cancer survivors 

demonstrate that patients treated with RALP report more favorable sexual function at 6 and 

12 months as well as more favorable urinary function scores at 6 months. Similar findings 

were observed when the analysis used responses to individual items. Of note, there were no 

significant differences in urinary function between the surgical approaches at 12 months, and 

sensitivity analyses, with less statistical power, provided inconsistent support of differences 

in urinary function at 6 months.

These possible outcome benefits for sexual function attributed to RALP have not been 

previously shown in a consistent manner. Many prior studies were undertaken at high 

volume tertiary referral centers and patients who seek treatment at these institutions may be 

different from the general population. Furthermore, surgeons who operate in these centers 

tend to have high operative volumes and their outcomes may be different from surgeons 

operating in the community.26 The current study is population based, and includes surgeons 

from tertiary referral centers and those in community practice and, accordingly, more 

accurately reflects the experience of prostate cancer survivors undergoing prostatectomy.

Alternatively, the difference between these findings and those of prior studies may be due to 

our inclusion of baseline function in the multivariable models. Several cross-sectional 

analyses comparing RRP and RALP that have not demonstrated functional outcome 

differences failed to adjust for baseline differences,7,9,12 while a recent study demonstrated 

sexual function benefit for RALP after doing so.27

Differences between RALP and RRP in this study could be due to factors unrelated to 

robotic technology but from general patterns of prostate cancer care and/or surgical training. 

During the adoption of RALP, prostate cancer care became more centralized1 and several 

reports suggest that better outcomes may be achieved at high volume centers.26 Furthermore, 

instruction designed to teach the operation relied heavily on the use of video demonstrations 

that may have standardized the technique more than was achievable for RRP. Therefore, 

differences may be due to the reduction of variation in technique rather than intrinsic 

advantages of the robot.
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That PCOS only included RRP limits bias from treatment selection. Surgeons continuing to 

perform RRP in the CEASAR era may select patients with adverse pathology, potentially 

confounding data surrounding functional outcomes. We largely adjusted for possible 

confounders in our multivariable models but acknowledge the prospect of remaining 

unmeasured confounding.

Some might suggest that the only way to eliminate selection bias is to perform a randomized 

trial. A large multicenter trial, required to permit generalizability, is unlikely ever to be done 

given the current pervasiveness of RALP and a previously failed attempt due to accrual.17 

The only ongoing randomized trial of which we are aware is a single center design 

comparing a high volume open surgeon to a high volume robotic surgeon resulting in 

significant questions about external validity.18

While this work has demonstrated statistically significant differences, especially for sexual 

function, it is uncertain if the observed differences achieve clinical significance. A third of 

the standard deviation has been suggested as an acceptable value for a minimally important 

difference in EPIC.28 Using this standard, minimal important differences are 4.77 for urinary 

function and 7.64 for sexual function. Confidence intervals contained these values even in 

those with the highest levels of baseline function, limiting conclusions that observed 

differences are clinically meaningful.

Differences in baseline function between the 2 parent studies have been reported with PCOS 

patients reporting better baseline function.24 For this reason, and given that baseline function 

may be the most important predictor of posttreatment function,29 we adjusted for this in our 

models. Furthermore, better baseline function in the PCOS group favors the opposite 

outcome than what was observed, suggesting that the benefit of RALP may be 

underestimated. Nonetheless, PCOS and CEASAR, initiated more than 15 years apart, had 

similar methodology, and provide a means for determining the comparative effectiveness of 

the 2 approaches, which has otherwise been elusive.

This study has several limitations. The primary measures of sexual and urinary function 

were created from common items of the Prostate Cancer Index and EPIC. Psychometric 

validation of this approach has not been established but single-item analysis appeared 

consistent with the main results. In addition, the introduction of PD5 inhibitors occurred in 

1998, after first year data collection in the PCOS. We adjusted for differences in the use of 

erectile aids but could not adjust for this qualitative difference in treatment. Sensitivity 

analyses consistently supported findings of improved sexual function at 12 months in those 

undergoing RALP, suggesting that even with PD5 inhibitors, patients undergoing RALP 

enjoyed a sexual function benefit.

While this study reveals improvements in patient reported urinary and sexual function 

attributable to RALP, this study does not evaluate the value assigned to these between-group 

differences. The widespread use and uptake of robotic technology were largely driven by 

market forces despite associated increased costs and before demonstrable patient benefit.30 

As a society we need to evaluate the value of incremental benefits to determine the 

O’Neil et al. Page 7

J Urol. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



appropriateness of innovative technologies to ensure patients are provided with high value 

care.

 CONCLUSIONS

This population based study reveals that patients undergoing RALP likely experience less 

functional decline in early urinary continence and sexual function compared to those 

undergoing RRP, but it is uncertain whether these differences are clinically meaningful. 

Differences in urinary function between the 2 procedures resolve by 12 months while 

differences in sexual function persist up to 12 months after surgery. Longer followup will be 

required to establish whether this benefit is durable beyond 1 year and to assess oncologic 

outcomes.
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Figure 1. 
Model based predicted postoperative function by baseline function and distribution of 

baseline function scores. Shaded areas indicate that between-group differences in predicted 

function are not statistically different at significance level of 0.05. Unshaded areas represent 

statistically significant differences at p <0.05. Colored bands represent 95% CIs for 

predicted scores. Overlap of intervals does not indicate that differences are nonsignificant.
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Figure 2. 
Unadjusted responses and logistic regression models for individual items comparing RRP to 

RALP. Values less than 1 favor RALP. Error bars represent 95% CIs.
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Table 4

Model based predicted scores and contrast tests comparing surgical approach and study cohort stratified by 

time since treatment

Predicted Scores Difference 95% CI p Value (t-statistics)

Comparison of RRP (PCOS) vs RRP (CEASAR)

Urinary function:

 6-Mo 69.73 vs 72.76 3.03 −1.19–7.24 0.16

 12-Mo 77.67 vs 76.81 −0.86 −4.83–3.10 0.67

Sexual function:

 6-Mo 42.17 vs 48.68 6.52 2.81–10.23 0.001

 12-Mo 48.98 vs 50.40 1.42 −2.47–5.31 0.47

Comparison of RRP (CEASAR ) vs RALP

Urinary function:

 6-Mo 72.76 vs 74.67 1.92 −1.76–5.59 0.31

 12-Mo 76.81 vs 78.39 1.58 −1.83–4.98 0.36

Sexual function:

 6-Mo 48.68 vs 53.14 4.46 1.30–7.62 0.006

 12-Mo 50.40 vs 56.57 6.18 2.88–9.48 <0.001

Comparison of RRP (PCOS) vs RALP

Urinary function:

 6-Mo 69.73 vs 74.67 4.94 1.75–8.13 0.002

 12-Mo 77.67 vs 78.39 0.71 −2.34–3.76 0.65

Sexual function:

 6-Mo 42.17 vs 53.14 10.98 8.16–13.80 <0.001

 12-Mo 48.98 vs 56.57 7.60 4.62–10.57 <0.001
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