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Abstract

Objectives—To develop prediction models to help counsel post-radical prostatectomy patients 

about functional recovery.

Methods—The study included 2162 patients undergoing radical prostatectomy at a major cancer 

center who reported urinary and erectile function at one year or at two years and at least 1 prior 

follow-up at 3, 6, 9, or 12 months. We created logistic regression models predicting function at 

one or two years on the basis of function at 3, 6, 9, and 12 months (2 years only), with the 

additional predictors of age, stage, grade, PSA, nerve-sparing status and baseline functional score.

Results—No variable other than current functional score had a consistent, statistically significant 

relationship with outcome. The area-under-the-curves for predicting function at 2 years based on 

current function alone at 3, 6, 9, and 12 months were, respectively, 0.796, 0.831, 0.882, and 0.885 

for erectile function and 0.789, 0.862, 0.869 and 0.876 for urinary function. Patients using one pad 

at 6 months had only a 50% probability of being pad free at 2 years; this dropped to 36% for 

patients using 2 pads. This suggests that there is an opportunity for early identification and 

possible referral of patients likely to have long-term urinary dysfunction.

Conclusions—Assessment of urinary and erectile function in the first post-operative year is 

strongly predictive of long-term outcome and can guide patient counseling and decisions about 

rehabilitative treatments.
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Introduction

The risk of persistent urinary and erectile dysfunction is a major concern for patients 

undergoing radical prostatectomy and an important source of anxiety in the months 

following surgery. It is common for patients who do not recover function early to ask 

clinicians about their likely prognosis.

It seems reasonable to suppose that current function and time since surgery would be strong 

predictors of eventual recovery. For example, it is likely that a man using one pad a day at 3 

months has a better chance of being pad-free at one year than a man still using three pads at 

9 months. Yet clinical practice does not seem to have formally incorporated these predictors: 

patients are typically told only that recovery can take time and that many patients do regain 

good function even if function is initially poor. Published prediction models for erectile or 

urinary recovery predominately concern pre-operative function and are intended to be used 

as tools to aid initial treatment decision making1-7.

We aimed to develop prediction models to help counsel post-radical prostatectomy patients 

about functional recovery. We hypothesized that current function would be highly predictive 

of future status and that other patient, surgical and cancer-related variables would not 

importantly improve predictive accuracy.

Materials and Methods

We aimed to create separate predictive models for the outcomes of erectile and urinary 

function at one and two years after surgery using patient, cancer and operative variables, as 

well as current functional score. Models were created for the landmark time points of 3, 6, 9, 

or 12 months, which are typical times for post-treatment follow-up. Data was obtained under 

a waiver from the Memorial Sloan-Kettering Cancer Center IRB.

We identified 2162 patients undergoing a radical prostatectomy between 2007 and 2012 

who had follow-up data – recorded for routine clinical assessment - on functional status at 

one year, defined as completion of at least one follow-up survey > 10 months and ≤ 14 

months after surgery or two years, defined as >23 months and ≤ 27 months. All patients at 

MSKCC receive questionnaires with items on urinary and erectile function as a routine part 

of clinical follow-up. Not all patients complete these questionnaires, particularly patients 

who do not live in the New York area and who undergo postoperative follow-up at outside 

institutions. Completion rates at 1 and 2 years during the study period were 44% and 36%, 

with higher rates in more recent years (e.g. 62% at 1 year for patients treated in 2011) with 

the implementation of electronic patient-reported outcomes8. There were no statistically 

significant differences in age, tumor severity or baseline function between patients who did 

and did not provide data at one and two years. Of these patients, those missing outcome data 

at each time point were excluded from the corresponding models. Data were considered 

missing if no questionnaire was completed within 6 weeks of the landmark time. For erectile 

function this left 956, 1323, and 865 patients for the 3, 6, and 9 month models respectively; 

for urinary function, 954, 1319, and 868 patients provided data for the 3, 6, and 9 month 

models. Patients that were missing data on baseline erectile function (n=530), or operative or 
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tumor variables (n=89), were excluded only from those models that included those 

predictors.

Patients at MSKCC receive relatively standard advice on post-operative rehabilitation. They 

are advised to undertake pelvic floor muscle exercises (“Kegel exercises”) and are provided 

written instructions on how to perform them. Patients are not typically referred to formal 

physical therapy unless urinary incontinence is persistent or they cannot adequately perform 

Kegel exercises. Patients are advised to use PDE5-inhibitors for cavernosal smooth muscle 

protection and also for the purposes of sexual activity. When they fail to obtain a penetration 

hardness erection with PDE5 inhibitors, intracavernosal injection therapy is routinely 

advised.

Our first goal was to create predictive models for erectile function at one and two years, 

defined as a score of 22 or greater on the International Index of Erectile Function (IIEF6) 

questionnaire. We compared two different logistic regression models at each landmark time 

point. The first model included as predictors age, PSA, pathological stage (pT2A, pT2B, or 

≥pT3), pathological Gleason score (≤6, 7 or ≥8), along with baseline erectile function score 

(poor, moderate or good), nerve sparing status (both preserved vs. one damaged), and 

patient's current erectile function score (IIEF6 value at 3, 6, 9 or 12 months). Patients' 

current erectile function score was obtained through questionnaires given at routine clinical 

checkups. If patients took more than one survey within six weeks of a landmark time point, 

the survey response closest to the time point of interest was used. Patients' baseline erectile 

function score was categorized as poor, moderate or good based on surgeon grading. 

Restricted cubic splines with knots at the tertiles were used to allow for a non-linear 

association between outcome and both age and current erectile function score. The 

discrimination of the model was assessed in terms of the area-under-the-curve (AUC) and 

compared to a model including only current erectile function score.

A similar approach was used for predicting urinary function at one year after surgery. 

Patients were considered to be continent if they scored greater than 16 on a validated urinary 

function questionnaire (range 0 – 21) 8.

As a sensitivity analysis, we repeated our analyses removing patients who were functional at 

each landmark time point from the models. This left 777, 1025, and 636 patients at 3, 6 and 

9 months for erectile function, and 539, 488, and 278 patients at these time points for urinary 

function. The rationale is that a patient who is, say, continent at 6 months, is highly likely to 

retain good urinary function and may not require counseling as to prognosis.

As an additional analysis, we repeated the above for urinary function but used pad free as 

the endpoint. At our institution, a validated urinary function questionnaire asks patients 

about their current pad usage, with responses of None, Occasional, 1, 2, 3+, or Diapers. A 

response of “None” to this question defined our outcome of interest for this analysis. Any 

other response was considered as a patient still using pads. As an additional secondary 

analysis, we repeated our analysis using pad free as the endpoint but only included the 

patient's current number of pads used per 24-hour period (None, Occasional, 1, 2, or 3+ and 

diapers) as a predictor in our model at each of the landmark time points. We were interested 
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in determining if the patients current pad usage could also be used as a predictor of 

recovering urinary continence in place of a full questionnaire. All statistical analyses were 

performed using Stata 12.0 (StataCorp, College Station, TX).

Results

Patient characteristics are described in Table 1. The cohort reflects the shift towards slightly 

more aggressive cases treated surgically at major academic centers in recent years. We did 

not find any significant differences between baseline or follow-up characteristics for patients 

who were missing functional data at 3, 6, or 9 months compared to those who had data 

available. For example, 70% of those missing data at 6 months were continent at one year 

compared to and 72% of patients of those with 6 month data available (p=0.3).

Supplementary Table 1 shows the results of the logistic regression models to predict erectile 

and urinary function at one year. It is clear that while current function is highly statistically 

significant, no other variable had a consistent, statistically significant relationship with 

outcome. As an additional test, we added surgical approach to our model and found that it 

also did not have a consistent, statistically significant relationship with outcome. The AUCs 

for the models when only patients' current functional score was included are presented in 

supplementary Table 2. Similar results were found at both one and two years, therefore we 

only included current functional score for those models as well.

As a patient's probability of regaining function at one year is largely explained by current 

functional score, prediction models can be shown graphically (Figures 1 and 2). We can see 

that as the patient's current functional score increases, their probability of regaining function 

at 1 year also rises. For example, two patients with IIEF-6 scores of 5 and 18 at 6 months 

would both be classified as having erectile dysfunction. However, their probability of good 

function at 12 months is <10% vs. close to 40%, respectively.

The AUCs for our sensitivity analysis are presented in supplementary Table 2. The lower 

AUCs found for these models reflect that patients who have already regained function prior 

to one year will usually retain their function at one year. However, discrimination remains 

highly acceptable for patient counseling. Similar results were seen for our models at two 

years.

For our additional analysis using pad free, rather than function score, as the endpoint, results 

were very similar. AUCs for the one year model were lower by about 0.02 (0.835, 0.859 and 

0.878 for 3, 6 and 9 months respectively). When we included the patients current number of 

pads used per 24-hour period, we found it to be a significant predictor of a patient being pad 

free at one year for 3, 6, and 9 months (p<0.0005). The AUCs for current number of pads at 

one and two years are presented in supplementary Table 2. Table 2 shows the probability 

urinary function at one and two years based on current pad usage. These estimates can be 

applied irrespective of the urinary function questionnaire used by a urologist. Patients using 

one pad at 6 months had only a 50% probability of being pad free at 2 years; this dropped to 

36% for patients using 2 pads. This suggests that there is an opportunity for early 

identification and possible referral of patients likely to have long-term urinary dysfunction.
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Comment

We have found that patient-reported functional outcomes in the months following radical 

prostatectomy are very strong predictors of long-term outcome, with AUCs typically above 

0.85. Moreover, we found that once current function is known, other variables do not aid 

prediction, even those known to have a strong causal effect, such as nerve-sparing. This 

illustrates the statistical truism that “how you are” is generally a stronger predictor than 

“what you are”: as a simple illustration, a runner's time for the marathon is strongly 

predicted by their time for a shorter distance; predictors such as age, weight or training miles 

have only marginal additional informative value.

There is a dearth of literature on postoperative prediction of functional recovery after radical 

prostatectomy. In a review of the literature focusing on erectile function, Briganti et al.1 

reported that papers assessing characteristics associated with recovery of function were 

associated almost exclusively with pre- and perioperative prediction. For example, 

Alemozaffar et al. built predictive models for recovery of erectile function at two years after 

surgery, radiotherapy and brachytherapy for prostate cancer based on factors such as 

pretreatment function, age, body mass index and planned aspects of treatment, such as 

nerve-sparing and neoadjuvant therapy2. Kilminster et al. similarly used preoperative 

variables to plot the predicted course of erectile recovery after surgery3. Both Marien et al. 4 

and Briganti et al.5 additionally explored comorbidities as predictors of erectile function. 

Other authors have used comparable approaches to predict urinary outcomes6,7.

We have been able to find only three papers that use postoperative factors to make 

predictions about long-term outcome. Abdollah et al. took a conditional survival approach 

noting that a patient's probability of regaining function within the subsequent six months 

decreases dramatically as time since surgery increases. For example, a patient impotent at 

six months has about a one in four chance of recovering potency by one year; in contrast, a 

patient impotent at 18 months has only about a 1 in 12 chance of recovering by two years9. 

One drawback of these results is that they do not take into account current level of function. 

For instance, we would predict a higher probability of long-term erectile dysfunction in a 

patient with no erections at all compared to a patient who did have some erections, although 

not sufficient for intercourse. Kimura et al. did assess sexual function outcomes on a 

continuous scale, predicting outcomes at 20 months based on scores at 3 months10. That 

said, their choice of outcome – percent decrease in function - is problematic. A decline in 

function of, say, 20%, has markedly different implications for a patient fully potent at 

baseline compared to borderline function or even poor function. We believe that patients are 

interested predominately in the probability that they will have adequate function on long-

term follow-up. Lastly, Jeong at el.11 found that in patients who were incontinent at 1 year, 

only the number of pads used at 1 year was significantly associated with further recovery of 

urinary continence, which is consistent with our results. However, findings were only 

reported for 1 pads versus more than one pad and only at one year follow-up; here we 

provide a more complete picture of how current function, both urinary and erectile, predicts 

follow-up, at both one and two years, based on function at various time-points after surgery.
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A possible limitation of our findings is that the models presented in figures 1 and 2 have not 

been externally validated. It is possible, for example, that either the time course or absolute 

rates of functional recovery may vary between centers.

Another possible limitation of our study is that baseline function was assessed by surgeons 

rather than by patients themselves. It is plausible that a more accurate assessment may have 

lead to baseline function becoming a significant predictor in the model. To test this 

hypothesis, we created a model predicting erectile function at 24 months. Function at 3 

months was not statistically significant after adjusting for function at 12 months. It seems 

highly improbable that baseline function would be an important predictor if function after 

surgery was not.

There are two major clinical implications of our findings. First, our models can be used in 

patient counseling. Patients continue to request information about prognosis after surgery 

and, given our data, we would question the use of standard bromides about “recovery 

sometimes taking time”. For instance, a patient who requires pads at 6 months may ask 

whether he will always have urinary difficulties; use of our models can allow a more 

quantitative answer. For example, if the man is use an occasional pad, he has a about a 55% 

chance of being pad free at one year; this probability falls, respectively, to about 30% and 

20% for use of 1 and 2 pads daily. Probability of “social continence”, that is, use of no or an 

occasional pad, is 47%, and 28%, for use of 1, or 2 pads respectively. Second, the models 

can be used for early intervention. A patient for whom it is known that, given his current 

status, he is unlikely to recover good function might be referred for sexual rehabilitation or 

evaluation for incontinence procedures such as a sling or artificial urinary sphincter.

Conclusions

Patient-reported urinary and erectile function in the first months after radical prostatectomy 

is an extremely strong predictor of whether a patient will eventually regain potency and 

continence. Other predictors, including age, baseline function, tumor characteristics and 

nerve-sparing status, do not importantly add predictive value, once current status is known. 

Assessment of urinary and erectile function in the first post-operative year can guide patient 

counseling and decisions about rehabilitative treatments

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Probability of regaining erectile function at one year based on functional score at 3 months 

(Solid), 6 months (Dashed) or 9 months (Dotted).
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Figure 2. 
Probability of regaining urinary function at one year based on functional score at 3 months 

(Solid), 6 months (Dashed) or 9 months (Dotted).
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