
original article

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 368;5 nejm.org january 31, 2013436

Long-Term Functional Outcomes after 
Treatment for Localized Prostate Cancer
Matthew J. Resnick, M.D., Tatsuki Koyama, Ph.D., Kang-Hsien Fan, M.S.,  

Peter C. Albertsen, M.D., Michael Goodman, M.D., M.P.H.,  
Ann S. Hamilton, Ph.D., Richard M. Hoffman, M.D., M.P.H.,  

Arnold L. Potosky, Ph.D., Janet L. Stanford, Ph.D.,  
Antoinette M. Stroup, Ph.D., R. Lawrence Van Horn, Ph.D.,  

and David F. Penson, M.D., M.P.H.

The authors’ affiliations are listed in the 
Appendix. Address reprint requests to 
Dr. Penson at the Center for Surgical 
Quality and Outcomes Research, Van-
derbilt University Medical Center, 2525 
West End Ave., Suite 1200, Nashville, TN 
37203, or at david.penson@vanderbilt 
.edu.

N Engl J Med 2013;368:436-45.
DOI: 10.1056/NEJMoa1209978
Copyright © 2013 Massachusetts Medical Society.

A bs tr ac t

Background
The purpose of this analysis was to compare long-term urinary, bowel, and sexual 
function after radical prostatectomy or external-beam radiation therapy.

Methods
The Prostate Cancer Outcomes Study (PCOS) enrolled 3533 men in whom prostate 
cancer had been diagnosed in 1994 or 1995. The current cohort comprised 1655 men 
in whom localized prostate cancer had been diagnosed between the ages of 55 and 
74 years and who had undergone either surgery (1164 men) or radiotherapy (491 men). 
Functional status was assessed at baseline and at 2, 5, and 15 years after diagnosis. 
We used multivariable propensity scoring to compare functional outcomes according 
to treatment.

Results
Patients undergoing prostatectomy were more likely to have urinary incontinence 
than were those undergoing radiotherapy at 2 years (odds ratio, 6.22; 95% confi-
dence interval [CI], 1.92 to 20.29) and 5 years (odds ratio, 5.10; 95% CI, 2.29 to 
11.36). However, no significant between-group difference in the odds of urinary 
incontinence was noted at 15 years. Similarly, although patients undergoing pros-
tatectomy were more likely to have erectile dysfunction at 2 years (odds ratio, 3.46; 
95% CI, 1.93 to 6.17) and 5 years (odds ratio, 1.96; 95% CI, 1.05 to 3.63), no signifi-
cant between-group difference was noted at 15 years. Patients undergoing prosta-
tectomy were less likely to have bowel urgency at 2 years (odds ratio, 0.39; 95% CI, 
0.22 to 0.68) and 5 years (odds ratio, 0.47; 95% CI, 0.26 to 0.84), again with no 
significant between-group difference in the odds of bowel urgency at 15 years.

Conclusions
At 15 years, no significant relative differences in disease-specific functional out-
comes were observed among men undergoing prostatectomy or radiotherapy. None-
theless, men treated for localized prostate cancer commonly had declines in all 
functional domains during 15 years of follow-up. (Funded by the National Cancer 
Institute.)
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Patients with clinically localized 
prostate cancer have a favorable long-term 
overall and cancer-specific rate of survival 

regardless of treatment choice.1-3 There are cur-
rently no completed prospective, randomized tri-
als that evaluate differences in survival outcomes 
between radical prostatectomy and external-beam 
radiation therapy. Consequently, predicted func-
tional outcomes have become essential compo-
nents of treatment decision making.4,5 Although 
studies with short-term follow-up (1 to 3 years) 
and intermediate-term follow-up (4 to 5 years) 
have identified incremental differences in function-
al outcomes between patients undergoing pros-
tatectomy and those undergoing radiotherapy, 
longer-term outcomes remain largely unknown. 
Since the median life expectancy after treatment 
for prostate cancer is 13.8 years,6 a careful evalu-
ation of long-term functional outcomes is critical 
to an understanding of the comprehensive expe-
rience of men living with a diagnosis of prostate 
cancer.

The goal of this study was to compare uri-
nary, bowel, and sexual function and the extent 
to which men were bothered by declines in func-
tion 15 years after prostatectomy or radiotherapy 
for clinically localized prostate cancer. We used 
data from the Prostate Cancer Outcomes Study 
(PCOS), a population-based cohort of men in 
whom prostate cancer had been diagnosed in the 
mid-1990s and who had been followed prospec-
tively for 15 years.

Me thods

Patients
From October 1, 1994, through October 31, 1995, 
PCOS investigators enrolled patients with inci-
dent prostate cancer from six participating Sur-
veillance, Epidemiology, and End Results (SEER) 
sites: Connecticut, Utah, New Mexico, and the 
metropolitan areas of Atlanta, Los Angeles, and 
Seattle–Puget Sound. The institutional review 
board at each participating site approved the study 
and accepted a completed survey as implied con-
sent (standard operating procedure in 1995). De-
tails of the objectives and methods of the PCOS 
have been reported previously.7-9

In the PCOS, investigators sampled 5672 of 
the 11,137 eligible cases, with intentional over-
sampling of cases of men under the age of  
60 years and Hispanic and black men in specific 

registries. The final cohort included 3533 men 
(62.3% of those sampled) who completed a sur-
vey at 6 months, 12 months, or both after diag-
nosis. For the current analysis, we limited the 
cohort to men in whom clinically localized pros-
tate cancer had been diagnosed between the ages 
of 55 and 74 years, who had completed either a 
2-year or 5-year follow-up survey, and who un-
derwent either prostatectomy or radiotherapy as 
primary treatment (with or without androgen-
deprivation therapy) within 1 year after diagnosis. 
We identified 1655 men who met these inclusion 
criteria, of whom 1164 (70.3%) had undergone 
prostatectomy and 491 (29.7%) had undergone 
radiotherapy.

Data Collection
At the time of enrollment, eligible men were asked 
to complete a self-administered survey that includ-
ed items on clinical and sociodemographic issues, 
coexisting medical conditions,8,9 and disease-
specific health-related quality of life. Because of 
the practical limitation of interviewing participants 
before diagnosis, baseline assessment was con-
ducted at 6 months, at which time participants 
were asked to recall prediagnostic urinary, sexu-
al, and bowel function. Previous validation work 
within the PCOS had shown agreement between 
baseline and 6-month estimates of these mea-
sures.10 Men were contacted again at 1, 2, 5, and 
15 years after diagnosis and asked to complete a 
survey containing items on clinical outcomes 
and disease-specific health-related quality of life.

We measured disease-specific health-related 
quality of life using items adapted from previ-
ously validated and reliable instruments.11-14 
Multi-item rating scales were summarized as a 
binary measure to facilitate clinical interpretation 
regarding urinary incontinence, bowel function, 
and sexual function.15 Each domain-specific sum-
mary scale was scored from 0 to 100, with 100 
representing better function.

Study Oversight
The study was designed and the data gathered by 
the PCOS investigators. The Vanderbilt University 
authors performed the data analysis. All the au-
thors contributed to the writing and review of 
the manuscript, and no additional uncredited per-
sons were involved. All the authors assume re-
sponsibility for the integrity and completeness of 
the data.
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Statistical Analysis

All analyses were adjusted for sampling weights. 
Comparisons of baseline characteristics were per-
formed with the use of logistic-regression analy-
sis with and without adjustment for propensity 
scoring. We used propensity-scoring methods to 
control for nonrandom treatment assignments.16,17 
We identified, a priori, baseline characteristics of 
patients that were thought to predict the type of 
surgical treatment and estimated the propensity 
score for undergoing prostatectomy by including 
these characteristics in a multivariable logistic-
regression model with treatment as the response 
variable. We tested for between-group differenc-
es in covariates within quintiles of propensity 
scores and found no significant differences for 
any of the clinical or sociodemographic covariates 
within propensity-score quintiles.8

We conducted cross-sectional analysis of re-
sponses to individual items at each study time 
point and longitudinal assessment of domain-
specific summary scores from baseline through 
year 15. We used logistic-regression models to 
compare responses to individual items according 
to study group. Model covariates included sam-
pling weight, age at diagnosis, race or ethnic 
group, education level, comorbidity score, propen-
sity score, and baseline responses to the specific 
item of interest. Adjusted odds ratios and 95% 
confidence intervals for each individual item 
were calculated. All P values are two-sided, and 
P values of less than 0.05 are considered to indi-
cate statistical significance. R software, version 
2.13.018 with the survey package,19,20 was used 
for all statistical analyses.

We used a multilevel approach to handle miss-
ing data. In cases in which a patient did not re-
spond to the entire survey at a given time point, 
we estimated the missing domain-specific sum-
mary score using a linear mixed-effects model 
that included the patient’s baseline characteris-
tics and various interaction terms. In the event 
that a patient did not respond to an entire sur-
vey, individual items were not imputed and the 
patient was not included in the logistic-regres-
sion analysis for that time point. When a patient 
responded to a particular survey but did not re-
spond to one or two items within a scale, we 
used a hot-deck imputation approach, in which 
we randomly selected responses to the item from 
a pool of patients with identical responses on the 
remaining questions for the functional score in 

consideration. If fewer than 10 such patients were 
available, a random sample was taken from the 
entire data set. Data imputation was performed 
only for men who were known to be alive at the 
time of the survey of interest.

R esult s

Patients
Relevant baseline demographic, clinical, and 
pathological data are presented in Table 1 (with 
additional baseline data provided in Table S1 in 
the Supplementary Appendix, available with the 
full text of this article at NEJM.org). At the time 
of the 15-year survey, 322 of the 1164 men in the 
prostatectomy group (27.7%) and 247 of the 491 
men in the radiotherapy group (50.3%) had died. 
Survey response rates among living patients were 
87.5% at 2 years after diagnosis, 83.3% at 5 years, 
and 60.3% at 15 years. There was a difference of 
12.2 percentage points in response to the 15-year 
survey between the prostatectomy group and the 
radiotherapy group (63.2% and 51.0%, respec-
tively). The longitudinal evaluation of summary 
scores was conducted both before and after data 
imputation, and no differences were identified 
(data not shown).

Urinary Incontinence
Men in the prostatectomy group were signifi-
cantly more likely than those in the radiotherapy 
group to report urinary leakage at 2 years (odds 
ratio, 6.22; 95% confidence interval [CI], 1.92 to 
20.29) and 5 years (odds ratio, 5.10; 95% CI, 2.29 
to 11.36). However, despite absolute differences 
in the prevalence of urinary incontinence be-
tween the two study groups at 15 years (18.3% 
and 9.4%, respectively), we observed no signifi-
cant difference in the adjusted odds of urinary 
incontinence (odds ratio, 2.34; 95% CI, 0.88 to 
6.23) (Table 2). Nonetheless, patients in the pros-
tatectomy group were more likely to wear incon-
tinence pads at all study time points (Table S2 in 
the Supplementary Appendix). Although both the 
absolute likelihood and the relative likelihood of 
being bothered by urinary incontinence was sig-
nificantly higher among men in the prostatecto-
my group at 2 and 5 years, no significant differ-
ences were apparent 15 years after diagnosis.

Figure 1 shows the longitudinal evaluation of 
summary scores for urinary incontinence among 
men in the two study groups. Patients were strati-
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fied according to baseline urinary function. 
Normal urinary function was defined as a sum-
mary score of 100, whereas a score of less than 
100 at baseline was considered to indicate lower 
urinary function. After initial larger changes, there 
were slight declines in summary scores for uri-
nary function over time in both groups, regard-
less of treatment.

Sexual Function
Men in the prostatectomy group were signifi-
cantly more likely than those in the radiotherapy 
group to report having erections insufficient for 
intercourse at 2 years (odds ratio, 3.46; 95% CI, 
1.93 to 6.17) and 5 years (odds ratio, 1.96; 95% 
CI, 1.05 to 3.63) (Table 2). Erectile dysfunction was 
nearly universal at 15 years, with 87.0% of those 
in the prostatectomy group and 93.9% of those in 

the radiotherapy group reporting an inability to 
achieve an erection sufficient for intercourse. 
There was no significant between-group differ-
ence in the adjusted odds for erectile dysfunction 
at 15 years (odds ratio, 0.38; 95% CI, 0.12 to 
1.22). Despite modest absolute between-group 
differences in the number of men who reported 
being bothered by sexual dysfunction, no signif-
icant relative differences were identified at any 
study time point.

Patients were stratified into two groups on the 
basis of sexual function at baseline. The cutoff 
point of 80 was chosen because it had previ-
ously been used in the 2- and 5-year PCOS re-
ports of functional outcomes.8,9 This threshold 
was originally chosen on the basis of empirical 
assessment and the investigators’ judgment of 
clinical relevance. Patients with a baseline score 

Table 1. Selected Clinical and Sociodemographic Characteristics of the Patients at Baseline.*

Variable
Prostatectomy

(N = 1164)
Radiotherapy

(N = 491) P Value†

Unadjusted Adjusted

Median age (interquartile range) — yr 64 (59–68) 69 (64–71) <0.001 0.75

Race or ethnic group — no. (%)‡

Non-Hispanic white 806 (75.9) 370 (82.0) <0.001 0.83

Non-Hispanic black 170 (11.7)  65 (10.4)

Hispanic 188 (12.4) 56 (7.7)

Baseline prostate-specific antigen level —  
no. (%)

0.35 0.74

<4.0 ng/ml 122 (9.8) 43 (9.4)

4.0–10.0 ng/ml 703 (61.0) 252 (55.9)

>10.0 ng/ml 339 (29.2) 196 (34.7)

Gleason score — no. (%)§ <0.001 0.94

2–4 743 (63.9) 292 (59.3)

5–7 216 (18.2) 110 (22.1)

8–10 73 (6.5) 46 (9.6)

Unknown 132 (11.4) 43 (8.9)

No. of coexisting illnesses — no. (%) <0.001 0.64

0 513 (42.5) 159 (33.3)

1 368 (33.7) 160 (33.1)

2 179 (15.2)  93 (16.9)

≥3 104 (8.4)  79 (16.7)

* All percentages were adjusted for sampling weight and thus were not calculated by dividing the numerator by the de-
nominator.

† P values were calculated with and without adjustment for propensity scores.
‡ Race or ethnic group was self-reported.
§ The Gleason score ranges from 2 to 10, with higher scores indicating more aggressive disease.
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of 80 or more were considered to have higher 
sexual function (mean, 91.8), whereas those with 
a baseline score of 79 or less were defined as 
having lower sexual function (mean, 49.9). Lon-
gitudinal analysis of sexual-function outcomes 
revealed declines in the mean summary score 
for sexual function over time in the two study 
groups (Fig. 2). This trend was consistent among 
patients with higher or lower baseline sexual 
function. Despite early- and intermediate-term 

data revealing treatment-dependent differences 
in patterns of sexual dysfunction, after 5 years 
both treatment groups had a gradual decline in 
sexual function.

Bowel Function
Men in the radiotherapy group reported signifi-
cantly higher rates of bowel urgency than did 
those in the prostatectomy group at 2 years (odds 
ratio, 0.39; 95% CI, 0.22 to 0.68) and 5 years 

Table 2. Survey Responses on Selected Items Regarding Urinary, Bowel, and Sexual Function.*

 Outcome Prostatectomy Radiotherapy
Adjusted Odds Ratio

(95% CI)†

percent

Urinary incontinence

No control or frequent urinary leakage

2 yr 9.6 3.2 6.22 (1.92–20.29)

5 yr 13.4 4.4 5.10 (2.29–11.36)

15 yr 18.3 9.4 2.34 (0.88–6.23)

Bothered by dripping or leaking urine‡

2 yr 10.6 2.4 5.86 (1.93–17.64)

5 yr 12.9 2.9 7.66 (2.97–19.89)

15 yr 17.1 18.4 0.87 (0.41–1.80)

Sexual function

Erection insufficient for intercourse

2 yr 78.8 60.8 3.46 (1.93–6.17)

5 yr 75.7 71.9 1.96 (1.05–3.63)

15 yr 87.0 93.9 0.38 (0.12–1.22)

Bothered by sexual dysfunction‡

2 yr 55.5 48.2 1.19 (0.77–1.86)

5 yr 46.7 39.7 1.48 (0.92–2.39)

15 yr 43.5 37.7 1.33 (0.58–3.03)

Bowel function

Bowel urgency

2 yr 13.6 34.0 0.39 (0.22–0.68)

5 yr 16.3 31.3 0.47 (0.26–0.84)

15 yr 21.9 35.8 0.98 (0.45–2.14)

Bothered by frequent bowel movements, pain, or urgency‡

2 yr 2.9 7.9 0.37 (0.14–0.96)

5 yr 4.4 5.8 0.93 (0.27–3.22)

15 yr 5.2 16.0 0.29 (0.11–0.78)

* All percentages were adjusted for sampling weight.
† Odds ratios are for the prostatectomy group as compared with the radiotherapy group. Odds ratios have been adjusted 

for registry, age, baseline function, race or ethnic group, tumor grade, number of coexisting illnesses, education level, 
and propensity score.

‡ Survey respondents described being bothered as either a “moderate problem” or “big problem.”
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(odds ratio, 0.47; 95% CI, 0.26 to 0.84) (Table 2). 
However, at 15 years, despite absolute differenc-
es in the prevalence of bowel urgency between 
the prostatectomy group and the radiotherapy 
group (21.9% vs. 35.8%), we observed no signifi-
cant difference in the adjusted odds of bowel ur-
gency (odds ratio, 0.98; 95% CI, 0.45 to 2.14). 
Patients who received radiotherapy reported be-
ing significantly more bothered by bowel symp-
toms at both the 2-year and 15-year time points. 
Although small absolute differences in the likeli-
hood of painful bowel movements were observed 
throughout the study, we observed no significant 
relative difference in the likelihood of painful 
bowel movements at any time point (Table S2 in 
the Supplementary Appendix).

Figure 3 illustrates the temporal changes in 
overall bowel function. Patients with a baseline 
summary score for bowel function of less than 
100 were considered to have lower baseline 
bowel dysfunction. Patients had a slight decline 
in the overall mean summary score for bowel 
function from 5 to 15 years, regardless of study 
group or baseline function. Mean bowel-func-
tion scores were lower for men who had under-
gone radiotherapy at each time point.

Discussion

Disease-specific health-related outcomes regard-
ing quality of life are essential components of 
decision making for any man with prostate can-
cer.21-23 However, the literature largely reports 
only outcomes that are short-term (1 to 3 years) 
or intermediate-term (4 to 5 years), which may 
not reflect the long-term experience of men un-
dergoing treatment for prostate cancer. We have 
previously reported short- and intermediate-term 
functional outcomes after prostatectomy or ra-
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Figure 1. Urinary Function over 15 Years.

Shown is a longitudinal evaluation of mean unadjusted 
summary scores for urinary function in the overall cohort 
(Panel A), in a subgroup of men with normal urinary 
function at baseline (summary score, 100) (Panel B), 
and in a subgroup of men with lower urinary function 
at baseline (summary score, <100) (Panel C), accord-
ing to whether they underwent either prostatectomy or 
radiotherapy for prostate cancer. Bars represent inter-
quartile ranges. The numbers of patients who were 
evaluated in the prostatectomy group and the radio-
therapy group, respectively, are listed for each time point.
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diotherapy for localized prostate cancer in the 
PCOS.7-9 This report of 15-year outcomes repre-
sents a mature portrait of patient-reported, dis-
ease-specific health-related quality-of-life out-
comes in a population-based longitudinal cohort.

Assessment of 5-year outcomes in the current 
study revealed numerous differences between 
the two study groups. Specifically, men who 
underwent prostatectomy were five times as 
likely as those who underwent radiotherapy to 
have urinary incontinence and twice as likely to 
have erectile dysfunction. Furthermore, at 5 years, 
men in the prostatectomy group were more 
likely to be bothered by urinary incontinence 
than were those in the radiotherapy group (odds 
ratio, 7.66; 95% CI, 2.90 to 19.89). Despite these 
differences, we observed no significant differ-
ences in the adjusted odds of urinary inconti-
nence or erectile dysfunction between the two 
study groups at 15 years.

Our study has a number of important find-
ings. At 15 years, the prevalence of erectile dys-
function was nearly universal, affecting 87.0% of 
men in the prostatectomy group and 93.9% of 
those in the radiotherapy group. Nonetheless, 
only 43.5% of men in the prostatectomy group 
and 37.7% of those in the radiotherapy group 
reported being bothered with respect to sexual 
symptoms. The possible reasons for the second 
finding include declining sexual interest with 
age, acceptance of sexual dysfunction over time, 
or both. Despite some evidence of stabilization 
or improvement of urinary and sexual symptoms 
from 2 to 5 years, long-term follow-up reveals 
consistent functional declines after 5 years. It 
remains unknown whether this continued de-
cline is due to prostate cancer and its treatment, 
the normal aging process, or a combination of 
factors.

Multiple reports have detailed significant 
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Figure 2. Sexual Function over 15 Years.

Shown is a longitudinal evaluation of mean unadjusted 
summary scores for sexual function in the overall cohort 
(Panel A), in a subgroup of men with higher sexual func-
tion at baseline (summary score, ≥80) (Panel B), and in a 
subgroup of men with lower sexual function at baseline 
(summary score, <80) (Panel C). The range of possible 
scores is from 0 to 100, with higher scores indicating 
better function. Bars represent interquartile ranges. 
The numbers of patients who were evaluated in the 
prostatectomy group and the radiotherapy group, re-
spectively, are listed for each time point.
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functional declines after either prostatectomy or 
radiotherapy for prostate cancer. Sanda et al.24

found that 58% of men who had undergone pros-
tatectomy and 60% of those who had undergone 
radiotherapy had poor-quality erections 2 years 
after treatment. Furthermore, 14% of men who 
had undergone prostatectomy and 7% of those 
who had undergone radiotherapy had urinary in-
continence.24 Various investigators have reported 
similar short- and medium-term declines in di-
verse populations within different health care 
systems.25-29

The Scandinavian Prostate Cancer Group 4 
(SPCG-4) trial,30 in which men were randomly 
assigned to undergo prostatectomy or monitor-
ing only (“watchful waiting”), recently reported 
quality-of-life outcomes at a median follow-up of 
12.2 years. Similar to long-term data from the 
PCOS, erectile dysfunction (84%) and sexual 
distress (48%) were common among men who had 
undergone prostatectomy. They were also more 
likely to have daily urinary incontinence than were 
those assigned to watchful waiting. Unlike the re-
sults from the PCOS, which revealed some recov-
ery in erectile function up to 5 years, longitudinal 
outcomes from the SPCG-4 trial did not show 
the same trends with respect to the risk of erectile 
dysfunction, with rates of 80% at 2 to 3 years, 
78% at 4 to 5 years, and 83% at 6 to 8 years.30

Certainly, differences in time-dependent rates of 
sexual dysfunction may be related to differences 
in clinical and disease characteristics between the 
two study populations.

Regardless of treatment, patients in the PCOS 
had significant declines in sexual and urinary 
function over the duration of the study. The 
causes of these declines probably include both 
advancing age and additional cancer treatments. 
Indeed, patients without prostate cancer have age-
related urinary and sexual dysfunction. Litwin,31

who administered the University of California Los 
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Figure 3. Bowel Function over 15 Years.

Shown is a longitudinal evaluation of mean unadjusted 
summary scores for bowel function in the overall cohort 
(Panel A), in a subgroup of men with normal bowel 
function at baseline (summary score, 100) (Panel B), 
and in a subgroup of men with lower bowel function 
at baseline (summary score, <100) (Panel C). Bars 
represent interquartile ranges. The numbers of pa-
tients who were evaluated in the prostatectomy group 
and the radiotherapy group, respectively, are listed for 
each time point.
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Angeles Prostate Cancer Index (UCLA-PCI) to a 
population of 598 men (median age, 73 years) 
without prostate cancer, found that 50% were un-
able to achieve an erection sufficient for inter-
course and 32% were unable to achieve an erec-
tion sufficient for any sexual activity. Urinary 
incontinence was reported in 31% of men, with 
at least weekly urinary incontinence reported in 
18%. In their report on 5-year functional out-
comes in men with localized prostate cancer and 
matched controls, Hoffman et al.32 found a de-
cline in sexual function among controls, although 
the magnitude of this change was far less than 
that of men treated for prostate cancer. Further-
more, although urinary and bowel function re-
mained stable in the control group, men with 
prostate cancer had declines in both urinary and 
bowel function. A recent cross-sectional report 
from the Prostate, Lung, Colorectal, and Ovarian 
(PLCO) Cancer Screening Trial reported similar 
findings at 10 years.33 Despite these data, the lon-
gitudinal evolution of these changes from 5 years 
to 15 years in men without prostate cancer re-
mains unknown.

Several limitations of this study must be consid-
ered when interpreting these results. At the time 
of the long-term survey, there were between-
group differences in rates of questionnaire non-
response that were largely the result of differen-
tial death rates according to treatment. Although 
data imputation minimizes bias associated with 
differential nonresponse, nonrandom loss to 
follow-up may introduce systematic bias. Further-
more, both death and loss to follow-up result in 
a sample-size reduction that may have limited 
our ability to detect small differences between 
the two study groups. This may explain the ob-
served absolute differences in functional outcomes 
in the absence of significant relative differences. 
Although an analysis of propensity scoring ad-
dresses known confounding, it cannot control 
for confounding because of unmeasured charac-

teristics. Like all other PCOS analyses, measures 
of baseline function were ascertained 6 months 
after diagnosis. Retrospective recall of baseline 
function may differ from prospective assess-
ment, though data suggest that recall is likely to 
have a small effect on estimates of change over 
time.10 In addition, although this analysis evalu-
ated urinary incontinence, only the 15-year sur-
vey included irritative voiding dysfunction, 
thereby limiting the longitudinal evaluation of 
this domain. Finally, although we evaluated the 
comparative harms of prostatectomy and radio-
therapy, the precise contribution of prostate-
cancer treatment to age-dependent changes in 
urinary, sexual, and bowel function remains 
unknown, given the absence of an untreated, 
age-matched control cohort.

In conclusion, men undergoing prostatecto-
my or radiotherapy for localized prostate cancer 
had declines in all functional outcomes through-
out early, intermediate, and long-term follow-up. 
Whereas short- and intermediate-term data re-
veal differences in functional profiles among 
men undergoing prostatectomy and radiothera-
py, at 15 years we observed no significant rela-
tive between-group differences. Considering the 
often long duration of survival after treatment 
for prostate cancer, these data may be used to 
counsel men considering treatment for localized 
disease.
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