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IMPORTANCE Adverse outcomes associated with treatments for localized prostate cancer
remain unclear.

OBJECTIVE To compare rates of adverse functional outcomes between specific treatments for
localized prostate cancer.

DESIGN, SETTING, AND PARTICIPANTS An observational cohort study using data from 5 US
Surveillance, Epidemiology, and End Results Program registries. Participants were treated for
localized prostate cancer between 2011 and 2012. At baseline, 1877 had favorable-prognosis
prostate cancer (defined as cT1-cT2bN0M0, prostate-specific antigen level <20 ng/mL, and
grade group 1-2) and 568 had unfavorable-prognosis prostate cancer (defined as cT2cN0M0,
prostate-specific antigen level of 20-50 ng/mL, or grade group 3-5). Follow-up data were
collected by questionnaire through February 1, 2022.

EXPOSURES Radical prostatectomy (n = 1043), external beam radiotherapy (n = 359),
brachytherapy (n = 96), or active surveillance (n = 379) for favorable-prognosis disease and
radical prostatectomy (n = 362) or external beam radiotherapy with androgen deprivation
therapy (n = 206) for unfavorable-prognosis disease.

MAIN OUTCOMES AND MEASURES Outcomes were patient-reported sexual, urinary, bowel,
and hormone function measured using the 26-item Expanded Prostate Cancer Index
Composite (range, 0-100; 100 = best). Associations of specific therapies with each outcome
were estimated and compared at 10 years after treatment, adjusting for corresponding
baseline scores, and patient and tumor characteristics. Minimum clinically important
differences were 10 to 12 for sexual function, 6 to 9 for urinary incontinence, 5 to 7 for urinary
irritation, and 4 to 6 for bowel and hormone function.

RESULTS A total of 2445 patients with localized prostate cancer (median age, 64 years; 14%
Black, 8% Hispanic) were included and followed up for a median of 9.5 years. Among 1877
patients with favorable prognosis, radical prostatectomy was associated with worse urinary
incontinence (adjusted mean difference, −12.1 [95% CI, −16.2 to −8.0]), but not worse sexual
function (adjusted mean difference, −7.2 [95% CI, −12.3 to −2.0]), compared with active
surveillance. Among 568 patients with unfavorable prognosis, radical prostatectomy was
associated with worse urinary incontinence (adjusted mean difference, −26.6 [95% CI, −35.0
to −18.2]), but not worse sexual function (adjusted mean difference, −1.4 [95% CI, −11.1 to
8.3), compared with external beam radiotherapy with androgen deprivation therapy. Among
patients with unfavorable prognosis, external beam radiotherapy with androgen deprivation
therapy was associated with worse bowel (adjusted mean difference, −4.9 [95% CI, −9.2 to
−0.7]) and hormone (adjusted mean difference, −4.9 [95% CI, −9.5 to −0.3]) function
compared with radical prostatectomy.

CONCLUSIONS AND RELEVANCE Among patients treated for localized prostate cancer, radical
prostatectomy was associated with worse urinary incontinence but not worse sexual function
at 10-year follow-up compared with radiotherapy or surveillance among people with more
favorable prognosis and compared with radiotherapy for those with unfavorable prognosis.
Among men with unfavorable-prognosis disease, external beam radiotherapy with androgen
deprivation therapy was associated with worse bowel and hormone function at 10-year
follow-up compared with radical prostatectomy.
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T reatment options for localized prostate cancer (PC)
include radical prostatectomy, radiotherapy with or
without androgen deprivation therapy (ADT), or obser-

vation with active surveillance (AS) and are selected based on
risk of PC recurrence, life expectancy, and patient preference.1

Most men survive at least 15 years after diagnosis of localized
PC.2 Therefore, understanding associations of each treat-
ment with functional outcomes, such as sexual, urinary, and
bowel function, over long-term follow-up can help inform treat-
ment selection.

Relative rates of adverse functional outcomes associated
with each treatment option for localized PC remain unclear.
Evidence is lacking regarding the relative associations of each
treatment with functional outcomes, according to whether the
patient has a favorable or unfavorable prognosis.3-9

Therefore, the population-based Comparative Effective-
ness Analysis of Surgery and Radiation (CEASAR) study enrolled
men diagnosed with localized PC in 2011-2012 and followed
them up for approximately 10 years to compare patient-
reported outcomes according to treatment received at baseline.

Methods
Study Cohort
This observational cohort study used a rapid case ascertain-
ment system to identify men 80 years or younger diagnosed
with clinically localized PC (cT1-T2c, cN0, cM0, prostate-
specific antigen [PSA] level <50 ng/mL) among 5 population-
based Surveillance, Epidemiology, and End Results (SEER)
registries in 2011-2012. A total of 3434 men from SEER
registries were enrolled in CEASAR within 6 months of
diagnosis. Study abstractors obtained patient-reported ques-
tionnaires administered at baseline and at 6 months, 12
months, 3 years, 5 years, and 10 years after treatment. Details
have been published.10 In this analysis, we excluded men
who did not answer questionnaires at baseline and at least
once thereafter or who had missing clinical information
(Figure 1).

Participants were categorized into 2 groups: (1) favorable-
prognosis PC (cT1or T2a/bN0M0, PSA ≤20 ng/mL, and grade
group 1-2) corresponding to low- and favorable-intermediate
risk PC and (2) unfavorable-prognosis PC (cT2cN0M0, PSA level
of 20-50 ng/mL, or grade group 3-5) corresponding to unfa-
vorable intermediate-risk and high-risk PC.1 Institutional re-
view board approvals were obtained from Vanderbilt Univer-
sity Medical Center and enrollment sites. Patients provided
written informed consent. Follow-up data were obtained
through February 1, 2022.

Exposures (Treatment Modalities)
In the favorable-prognosis PC group, we compared radical pros-
tatectomy, external beam radiotherapy (EBRT) without ADT,
low-dose-rate brachytherapy, and AS, defined as no defini-
tive treatment within 1 year of diagnosis or medical record
documentation of AS.11 In the unfavorable-prognosis PC group,
we compared radical prostatectomy vs EBRT with ADT. Treat-
ment comparisons were selected to be consistent with those

recommended by the American Urological Association and
National Comprehensive Care Network.1,12

Outcomes
Prespecified primary outcomes were 10-year patient-
reported sexual, urinary incontinence, urinary irritation, bowel,
and hormone function domain scores, measured with the 26-
item Expanded Prostate Cancer Index Composite (EPIC-26).13

Higher EPIC-26 domain scores (range, 0-100) indicate better
function. Minimum clinically important differences (MCIDs)
were as follows: sexual function, 10 to 12; urinary inconti-
nence, 6 to 9; urinary irritation, 5 to 7; bowel function, 4 to 6;
and hormone function, 4 to 6.14,15

Prespecified secondary outcomes were individual items
on the EPIC-26 questionnaires, measuring functional
quality-of-life concerns, including overall sexual, urinary,
and bowel function, in addition to urinary leakage, burning
on urination, frequent urination, and bowel urgency.
These items used 5 ordinal response options that were
dichotomized as moderate/big problem vs no/very small/
small, and compared across treatments.3,6,8 Additionally,
we included the quality of erections item and dichoto-
mized response options as firm for intercourse vs any of
the 3 lower categories. Other prespecified secondary out-
comes were health-related quality-of-life domains for physi-
cal and mental health, measured using the Medical Out-
comes Study 12-Item Short Form at 10 years,16 and overall
and PC-specific survival. Higher Medical Outcomes Study
12-Item Short Form scores (range, 0-100) indicate better
physical and mental health functioning (no MCID available).
Overall and PC-specific survival data were obtained from
each SEER registry.

In post hoc analyses, we examined additional clinically
relevant individual items from the EPIC-26 (eMethods in
Supplement 1).

Covariates
Patient-reported covariates collected at baseline with question-
naires included age, marital status, education, employment,

Key Points
Question Among patients treated for localized prostate cancer,
what are the associations between specific treatments and
functional outcomes such as urinary incontinence and sexual
dysfunction?

Findings In this observational study of 2445 people treated for
localized prostate cancer and followed up for 10 years, compared
with radiotherapy or surveillance, radical prostatectomy was
associated with worse urinary incontinence but not worse sexual
function among 1877 patients with favorable prognosis at baseline.
Compared with radiotherapy with androgen deprivation therapy,
radical prostatectomy was associated with worse urinary
incontinence but not worse sexual function among the 568
patients with unfavorable prognosis.

Meaning In localized prostate cancer, radical prostatectomy was
associated with worse urinary incontinence, but not worse sexual
function, at 10-year follow-up.
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and race and ethnicity, collected as fixed categories to assess
for cohort diversity.10 Patient-reported comorbid diseases,17

social support,18 depression,19 and decision-making style20 were
assessed at baseline using previously validated questionnaires.

Figure 1. Definition of the Cohort in the CEASAR Study

7343 Adult men ≤80 y with biopsy-proven
prostate cancer invited to participate

3634 Excluded (did not return baseline survey)

26 Unable to determine risk group because
of missing biopsy Gleason score

271 Excluded
207 Radiation with type not external

beam radiotherapy or low-dose-rate
brachytherapy

39 Hormones
25 Ablation

180 Excluded
98 Radiation with type not external

beam radiotherapy

29 Hormones
32 Active surveillance

21 Ablation

101 Excluded (did not complete any
follow-up survey)

39 Excluded (did not complete any
follow-up survey)

275 Excluded (from CaPSURE)a

3062 Eligible

372 Did not meet CEASAR inclusion criteria
221 Not enrolled within 6 mo of diagnosis
78 PSA missing or >50 ng/mL
52 Clinical tumor (T) category not T1 or T2
10 Clinical nodal (N) category not N0
10 Distant metastasis (M) category not M0
1 No baseline survey

3709 Returned at least 1 survey at any time point

3434 From the 5 centers included in the study

1877 Favorable-prognosis group 

1788/1874 Completed 6-mo survey (95.4%)
1749/1868 Completed 12-mo survey (93.6%)
1577/1834 Completed 3-y survey (86.0%)
1469/1800 Completed 5-y survey (81.6%)
1098/1661 Completed 10-y survey (66.1%)

1043 Radical prostatectomy
379 Active surveillance
359 External beam radiotherapy
96 Low-dose-rate brachytherapy

568 Unfavorable-prognosis group 

541/567 Completed 6-mo survey (95.4%)
528/566 Completed 12-mo survey (93.3%)
478/553 Completed 3-y survey (86.4%)
430/534 Completed 5-y survey (80.5%)
286/459 Completed 10-y survey (62.3%)

362 Radical prostatectomy
206 External beam radiotherapy

1978 Favorable-prognosis group
1088 Radical prostatectomy
414 Active surveillance
380 External beam radiotherapy
96 Low-dose-rate brachytherapy

607 Unfavorable-prognosis group
387 Radical prostatectomy
220 External beam radiotherapy

2249 Eligible in favorable-prognosis group
1348 Low risk
901 Favorable intermediate risk

787 Eligible in unfavorable-prognosis group
515 High risk
272 Unfavorable intermediate risk

Flow of participants in the Comparative Effectiveness Analyses of Surgery and
Radiation (CEASAR) Study of the association between contemporary
treatments for localized prostate cancer through 10 years. PSA indicates
prostate-specific antigen.

a Patients from CaPSURE were excluded because they did not receive the
10-year survey.
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Disease characteristics (PSA, stage, grade) and treatment were
obtained via medical record abstraction.

Statistical Analysis
Analyses were performed separately for patients with favor-
able prognosis and for patients with unfavorable prognosis.
Baseline characteristics were compared across treatments
using Wilcoxon rank sum, Kruskal-Wallis, and χ2 tests where
appropriate. Men with favorable-prognosis PC who received
AS were analyzed based on the initial AS assignment. We per-
formed 2 post hoc sensitivity analyses. First, analyses were
repeated, limiting the AS group to those untreated through-
out follow-up. Second, analyses were repeated comparing
men treated with EBRT alone vs those treated with EBRT
plus ADT in the favorable-prognosis group; only unadjusted
analyses were performed because of small sample size in the
group receiving ADT.

Associations between initial treatment and EPIC-26 out-
comes were assessed using multivariable longitudinal linear
regression for each score outcome and logistic regression
models for individual EPIC-26 items. These models adjusted
for the corresponding baseline EPIC-26 domain score,
comorbidity,17 PC risk group (PSA, stage, and grade),12 time
since treatment, use of ADT within 1 year from treatment,
SEER site, and baseline physical functioning,21 social
support,18 depression,19 and participatory decision-making
(eMethods in Supplement 1).20 Interaction terms for treat-
ment modality and ADT were included. For the favorable-
prognosis PC group, differences in EPIC-26 domain scores
were compared across treatment groups among those not
receiving ADT; for the unfavorable-prognosis PC group, com-
parisons were made between radical prostatectomy without
ADT and EBRT with ADT. The median interval from enroll-
ment to return of the intended 10-year survey was 9.5 years
(IQR, 9.1 to 9.8), and modeling was used to estimate 10-year
outcomes, per the original protocol. The longitudinal models
adjusted for time since treatment as a continuous variable,
allowing for assessment of outcomes at preceding time
points to provide context for 10-year outcomes.

Overall and PC-specific survival were estimated using the
Kaplan-Meier method by primary treatment.

Missing values for covariates were imputed using the
multiple imputation chained equations procedure, as previ-
ously described.22,23 No outcome values were imputed.
A 2-sided type I error rate of less than .05 was the threshold
for statistical significance. Due to the potential inflation of
type I error rate from multiple comparisons, secondary out-
comes were interpreted as exploratory. Primary outcomes
were considered significant only if they met both MCID and
statistical significance. Analyses were conducted using R ver-
sion 4.1 (R Project for Statistical Computing).

Results
Among 3062 potentially eligible men who completed base-
line questionnaires, 26 were excluded for missing biopsy grade
data, 451 due to the use of nonstandard treatments, and 140

for not completing any follow-up questionnaires. A total of
2445 patients were included, consisting of 77 Asian men (3%),
184 Hispanic men (8%), 350 non-Hispanic Black men (14%),
1797 non-Hispanic White men (74%), and 33 men (1%) of
“other” race and ethnicity (including men who selected
American Indian/Alaska Native and men who selected other
but did not otherwise specify) (Figure 1). Of those included
in analyses, survival data were available for 98% (eTable 1 in
Supplement 1).

Questionnaire response rates varied from 95% at 6 months
to 66% by year 10 (Figure 1). All included covariates had 5%
or less missing data (eTable 2 in Supplement 1). Compared with
men who responded to the 10-year questionnaires, those who
did not respond were older (median age, 66 vs 63 years;
P < .001), and included a higher proportion of people who were
unmarried (24% vs 17%, P < .001), and had lower education
attainment (42% vs 24% completed high school or less,
P < .001; eTable 3 in Supplement 1).

At 10 years, 221 of 1834 men (12%) with favorable-
prognosis PC had died, 8 (0.4%) from PC. Of men with unfa-
vorable-prognosis PC, 112 of 558 men (20%) died, including 27
(5%) from PC (Figure 2; eTable 1 in Supplement 1). The 10-
year estimated PC-specific survival rates, stratified by treat-
ment, in favorable-prognosis PC were 99.7% for AS, 99.5% for
radical prostatectomy, 99.3% for EBRT, and 100% for brachy-
therapy. Among men with unfavorable-prognosis PC, 10-year
estimated PC-specific survival rates were 96.4% for radical
prostatectomy and 91.7% for EBRT.

Favorable-Prognosis PC
Of 1877 men with favorable-prognosis PC, 379 (20%)
had AS, 1043 (56%) underwent radical prostatectomy (672
[79%] robot-assisted), 359 (19%) had EBRT (278 [79%]
intensity-modulated radiotherapy and 273 [83%] image-
guided), and 96 (5%) had brachytherapy (Table; eTable 4 in
Supplement 1).

By 10 years, 110 of 379 men (29%) who initially chose AS
transitioned to definitive treatments (51 [46%] with radical
prostatectomy, 46 with [42%] EBRT, 8 with [7%] primary ADT,
2 with [2%] ablation, and 3 [3%] with other treatments).

Sexual Function
At 10-year follow-up, there were no significant differences
in sexual function domain scores between radical prosta-
tectomy and AS (adjusted mean difference, 7.2 [95% CI,
2.0 to 12.3]; P = .007), EBRT (6.7 [95% CI, 1.2 to 12.1];
P = .02), or brachytherapy (2.2 [95% CI, −7.3 to 11.6]; P = .65).
For context, at 3-year follow-up, radical prostatectomy was
associated with significantly worse sexual function com-
pared with AS (−17.8 [95% CI, −20.9 to −14.7]), EBRT (−13.9
[95% CI, −17.3 to −10.4]), and brachytherapy (−14.8 [95% CI,
−20.1 to −9.5]). At 5-year follow-up, radical prostatec-
tomy was associated with a significant decline in sexual
function compared with AS (−10.3 [95% CI, −13.8 to −6.7];
P < .001), but not compared with EBRT (−8.8 [95% CI, −12.5
to −5.0]; P < .001) or brachytherapy (−9.6 [95% CI, −15.6 to
−3.6]; P < .002) (Figure 3; eFigure 5 and eTables 5 and 6
in Supplement 1).
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Figure 3. Sexual Function, Urinary Incontinence and Irritation, Bowel Function, and Hormone Function in Favorable-Prognosis PC Through 10 Years
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Boxplotsshowunadjusteddisease-specificfunctionto10years.Crossbarsaremedians;
boxes, IQRs; whiskers extend to the furthest points within 1.5 × IQR; dots, more
extreme values with intensity signifying relative number of participants. Curves show
adjusted mean EPIC-26 scores starting at unadjusted mean baseline for time zero.
Regression models adjusted for baseline domain score, age, race and ethnicity,

comorbidities, cancer characteristics, physical function, social support, depression,
medical decision-making, and accrual site. Estimated domain scores used mean for
continuous variables; mode for categorical variables. Scores and their interpretation
are in the Methods. Hormone function assesses symptoms associated with hormone
therapy adverse effects. eFigures 1 and 3 in Supplement 1 show more presentations.
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Of 678 men (66%) with erections sufficient for inter-
course at baseline, 41% (183/449) of the radical prostatec-
tomy, 43% (34/79) of EBRT, 48% (13/27) of brachytherapy, and
46% (57/123) of AS groups had erections sufficient for inter-
course at 10 years (eFigure 6 and eTable 7 in Supplement 1).

At 10 years, radical prostatectomy was associated with a
higher likelihood of moderate/big problems with sexual
function compared with AS (34% for radical prostatectomy
vs 24% for AS; adjusted odds ratio [OR], 1.8 [95% CI 1.1-2.8];
P = .02) and with a higher likelihood of erections insuffi-
cient for intercourse compared with EBRT (69% for radical
prostatectomy vs 74% for EBRT [unadjusted]; adjusted OR,

1.8 [95% CI, 1.1-3.1]; P = .03) (Figure 4; eTables 5 and 6 in
Supplement 1).

Urinary Incontinence
At 10-year follow-up, radical prostatectomy was associated with
significantly worse urinary incontinence scores compared with
AS (adjusted mean difference, −12.1 [95% CI, −16.2 to −8.0]),
EBRT (−22.0 [95% CI, −25.8 to −18.3]), and brachytherapy (−15.5
[95% CI, −20.8 to −10.2], all P < .001). EBRT was associated with
significantly better scores at 10 years compared with AS (9.9
[95% CI, 5.3 to 14.5]; P < .001) (Figure 3; eTables 6 and 8 in
Supplement 1).

Figure 4. Perceptions of Erectile Insufficiency, Urinary Leakage, Frequent Urination, and Bowel Function in Men With Favorable-Prognosis Prostate
Cancer Through 10 Years
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The adjusted odds ratios (ORs) of men reporting a moderate or big problem for
the individual items are shown on a logarithmic scale relative to active
surveillance through 10 years. The line at y = 1 shows active surveillance
(reference). The whiskers indicate 95% CIs. The regression models were
adjusted for baseline domain score, age, race and ethnicity, comorbidities,
cancer characteristics (stage, grade group, and prostate-specific antigen level),

physical function, social support, depression, medical decision-making style,
and accrual site. The table at the bottom indicates the total number of men who
reported whether the individual functional item was a moderate/big problem vs
no/very small/small, or erections insufficient for intercourse. eFigure 10 shows
the unadjusted probabilities and eFigure 12 shows additional individual
functional items in Supplement 1.
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At 10 years, compared with radical prostatectomy, rates of
moderate/big problems with urinary leakage for AS were not
significantly different (14% for radical prostatectomy vs 10%
for AS; adjusted OR, 1.9 [95% CI, 1.0-3.5]; P = .06), but were
significantly higher in the radical prostatectomy group com-
pared with EBRT (14% vs 4%; adjusted OR, 7.2 [95% CI, 2.7-
19.0]; P < .001) (Figure 4).

Urinary Irritation
At 10-year follow-up, there were no significant differences in
urinary irritation domain scores between AS and radical pros-
tatectomy (adjusted mean difference, 4.0 [95% CI, 1.6 to 6.4];
P < .001), EBRT (4.7 [95% CI, 1.6 to 7.8; P = .003), or brachy-
therapy (1.2 [95% CI, −3.2 to 5.6]; P = .58). For context, at 1-year
follow-up, brachytherapy was associated with significantly
worse urinary irritation scores compared with AS (−7.9
[95% CI −11.2 to −4.7]; P < .001) and EBRT (−8.4 [95% CI −11.8
to −5.1]; P < .001), and at 3-year follow-up, brachytherapy was
associated with significantly worse urinary irritation com-
pared with radical prostatectomy (−5.0 [95% CI, −7.5 to −2.4];
P < .001) (Figure 3; eTables 6 and 9 in Supplement 1).

At 10 years, EBRT was associated with a lower likelihood
of moderate/big problems in urinary function compared with
AS (5% for EBRT vs 12% for AS; adjusted OR, 0.3 [95% CI, 0.1-
0.7]; P = .007) and radical prostatectomy (5% for EBRT vs
13% for radical prostatectomy; adjusted OR, 0.2 [95% CI, 0.1-
0.5]; P < .001) and with a lower likelihood of frequent urina-
tion compared with AS (9% for EBRT vs 17% for AS; adjusted
OR, 0.4 [95% CI, 0.2-0.9]; P = .03) and radical prostatectomy
(9% for EBRT vs 14% for radical prostatectomy; adjusted OR,
0.5 [95% CI, 0.2-1.0]; P = .04) (Figure 4; eTables 6 and 9 in
Supplement 1).

Bowel Function
At 10-year follow-up, there were no significant differences in
bowel function scores between AS and radical prostatectomy
(adjusted mean difference, 0.8 [95% CI, −1.3 to 2.8]; P = .46),
EBRT (−2.0 [95% CI, −5.1 to 1.2]; P = .22), or brachytherapy (−1.6
[95% CI, −4.8 to 1.6]; P = .33). For context, at 1-year follow-
up, brachytherapy was associated with a significant decline in
bowel function compared with AS (−5.1 [95% CI, −7.6 to −2.5];
P < .001) and radical prostatectomy (−4.8 [95% CI, −7.3 to −2.3];
P < .001), but not compared with EBRT (−1.3 [95% CI, −4.1 to
1.4]; P = .83) (Figure 3; eTables 6 and 10 in Supplement 1).

At 10 years, EBRT was associated with a higher likelihood
of moderate/big problems with bowel function compared with
radical prostatectomy (8% for EBRT vs 3% for radical prosta-
tectomy; adjusted OR, 2.5 [95% CI, 1.1-5.0]; P = .03). At
10-year follow-up, compared with other treatment groups,
more men in the EBRT group reported bloody stools (2% for
EBRT vs 0% for others; P < .05) and fecal incontinence (5% for
EBRT vs 0%-3% for others; P < .05), but the number of events
was too small to permit multivariable modeling (Figure 4;
eTable 6 in Supplement 1).

Hormone Function
At 10-year follow-up, there were no significant differences
in hormone function between AS and radical prostatectomy

(adjusted mean difference, 0.7 [95% CI, −1.4 to 2.8]; P = .52),
EBRT (1.6 [95% CI, −1.3 to 4.5]; P = .27), or brachytherapy (−1.5
[95% CI, −5.5 to 2.4]; P = .45) (Figure 3; eFigure 7 and eTable 11
in Supplement 1).

General Health-Related Quality of Life
At 10-year follow-up, there were no significant differences in
physical health domain scores between AS and radical pros-
tatectomy (adjusted mean difference, 0.5 [95% CI, −0.9 to 1.9];
P = .51), EBRT (−0.7 [95% CI, −2.6 to 1.2]; P = .49), or brachy-
therapy (0.1 [95% CI, −2.5 to 2.7]; P = .94), or in mental health
domain scores between AS and radical prostatectomy (−1.0
[95% CI, −2.5 to 0.6]; P = .22), EBRT (0.5 [95% CI, −1.5 to 2.6];
P = .61), or brachytherapy (0.0 [95% CI, −3.0 to 2.9]; P = .99)
(eTables 12 and 13 in Supplement 1).

Sensitivity Analyses
At 10-year follow-up, radical prostatectomy was associated
with significantly worse sexual function compared with
untreated AS (adjusted mean difference, −12.3 [95% CI, −18.8
to −5.8]; P < .001). Radical prostatectomy and EBRT were
associated with significantly better urinary irritation function
compared with untreated AS (5.7 [95% CI, 2.6 to 8.8];
P < .001 and 6.5 [95% CI, 2.9 to 10.2]; P < .001, respectively)
(eTables 14 and 15 in Supplement 1). The unadjusted domain
scores for men with favorable-prognosis PC who received
EBRT with and without ADT are shown in eFigure 8 in
Supplement 1.

Unfavorable-Prognosis PC
Among 568 men with unfavorable-prognosis PC, 362 (64%)
underwent radical prostatectomy (212 [73%] robot-assisted)
and 206 (36%) had EBRT (177 [89%] intensity-modulated
radiotherapy and 170 [89%] image-guided) (Table; eTable 4
in Supplement 1).

Sexual Function
At 10-year follow-up, there were no significant differences
between EBRT with ADT and radical prostatectomy (adjusted
mean difference, −1.4 [95% CI, −11.1 to 8.3]; P = .78). For con-
text, there were no significant differences between EBRT
with ADT and radical prostatectomy at 1-year follow-up (−5.3
[95% CI, −10.3 to −0.4]; P = .03), at 3-year follow-up
(−6.1 [95% CI, −11.7 to −0.4]; P = .04), or at 5-year follow-up
(−5.6 [95% CI, −11.8 to 0.6]; P = .07) (Figure 5; eFigure 9 and
eTable 16 in Supplement 1).

Of 147 men (55%) with erections sufficient for inter-
course at baseline, 24% (9/38) and 22% (24/109) in the EBRT
and radical prostatectomy groups, respectively, had erec-
tions sufficient for intercourse at 10 years (eFigure 6 and
eTable 7 in Supplement 1).

At 10 years, there were no significant differences be-
tween EBRT with ADT and radical prostatectomy in reporting
moderate/big problems with sexual function (32% vs 32%; ad-
justed OR, 1.0 [95% CI, 0.5-2.3]; P = .91) and erections insuf-
ficient for intercourse (81% for EBRT with ADT vs 86% for radi-
cal prostatectomy; adjusted OR, 0.6 [95% CI, 0.2-1.5]; P = .25)
(Figure 6; eTable 16 in Supplement 1).
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Figure 5. Sexual Function, Urinary Incontinence, Urinary Irritation, Bowel Function, and Hormone Function in Men With Unfavorable-Prognosis
Prostate Cancer Through 10 Years
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Box plots demonstrate the distribution of unadjusted disease-specific function
through 10 years. Crossbars represent medians; boxes, IQRs; whiskers extend to
the furthest points within 1.5 × IQR; and more extreme values are shown as dots
with intensity signifying the relative number of participants with that value. Curves
demonstrate the adjusted-mean Expanded Prostate Cancer Index Composite
functional domain scores starting at the unadjusted mean baseline score for time
zero. Regression models were adjusted for baseline domain score, age, race and

ethnicity, comorbidities, cancer characteristics, physical function, social support,
depression, medical decision-making style, and accrual site. Estimated domain
scores were calculated using mean for continuous variable and mode for
categorical variables. Scores and their interpretation are in the Methods. Shading
represents 95% CIs. Hormone function assesses symptoms associated with
hormone therapy adverse effects. See eFigure 2 for presentation as radar plots and
eFigure 4 for differences between treatments in Supplement 1.
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Urinary Incontinence
At 10-year follow-up, radical prostatectomy was associated with
significantly worse urinary incontinence function compared
with EBRT with ADT (adjusted mean difference, −26.6 [95%
CI, −35.0 to −18.2]; P < .001) (Figure 5; eTable 17 in Supple-
ment 1). At 10 years, rates of moderate/big problems with uri-
nary leakage were significantly lower in the EBRT with ADT
group compared with the radical prostatectomy group (11% for
EBRT with ADT vs 25% for radical prostatectomy; adjusted OR,
0.2 [95% CI, 0.1-0.7]; P = .01; Figure 6).

Urinary Irritation
At 10-year follow-up, there were no significant differences in
urinary irritation function between EBRT with ADT and radi-
cal prostatectomy (adjusted mean difference, 3.7 [95% CI,
−1.0 to 8.5]; P = .13) (Figure 5; eTable 18 in Supplement 1).

At 10 years, EBRT with ADT was associated with a higher like-
lihood of reporting a moderate/big problem with burning
with urination compared with radical prostatectomy (5%
for EBRT with ADT vs 1% for radical prostatectomy; adjusted
OR, 9.1 [95% CI, 1.2-71.9]; P = .04) (Figure 6; eTable 18 in
Supplement 1).

Bowel Function
At 10-year follow-up, EBRT with ADT was associated with sig-
nificantly worse bowel function compared with radical pros-
tatectomy (adjusted mean difference, −4.9 [95% CI, −9.2 to
−0.7]; P = .02). For context, EBRT with ADT was associated with
significantly worse bowel function compared with radical pros-
tatectomy at 6-month follow-up (−6.9 [95% CI, −9.6 to −4.2];
P < .001) and at 1-year follow-up (−6.1 [95% CI, −8.6 to −3.7];
P < .001) (Figure 5; eTable 19 in Supplement 1).

Figure 6. Perceptions of Erectile Insufficiency, Urinary Leakage, Frequent Urination, and Bowel Function in Men With Unfavorable-Prognosis
Prostate Cancer Through 10 Years
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The adjusted odds ratios (ORs) of men reporting a moderate or big problem for
the individual items are shown on a logarithmic scale relative to radical
prostatectomy through 10 years. The line at y = 1 shows radical prostatectomy
(reference). The whiskers indicate 95% CIs. The regression models were
adjusted for baseline domain score, age, race and ethnicity, comorbidities,
cancer characteristics (stage, grade group, and prostate-specific antigen level),

physical function, social support, depression, medical decision-making style,
and accrual site. The table at the bottom indicates the total number of men who
reported whether the individual functional item was a moderate/big problem vs
no/very small/small, or erections insufficient for intercourse. eFigure 11 shows
unadjusted probabilities and eFigure 13 shows additional individual functional
items in Supplement 1.
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At 10 years, there were no significant differences between
EBRT with ADT and radical prostatectomy in the proportions
of men reporting moderate/big problems with bowel function
(7% for EBRT with ADT vs 3% for radical prostatectomy), bowel
urgency (11% for EBRT with ADT vs 5% for radical prostatec-
tomy), increased frequency of bowel movements (7% for EBRT
with ADT vs 2% for radical prostatectomy), fecal incontinence
(3% for EBRT with ADT vs 1% for radical prostatectomy), or
bloody stools (0% for EBRT with ADT vs 0% for radical prosta-
tectomy; all P > .05) and few patients reported these symp-
toms overall (Figure 6; eTable 19 in Supplement 1).

Hormone Function
At 10-year follow-up, EBRT with ADT was associated with sig-
nificantly worse hormone function compared with radical pros-
tatectomy (adjusted mean difference, −4.9 [95% CI, −9.5 to −0.3];
P = .04). For context, EBRT with ADT was associated with sig-
nificantly worse hormone function compared with radical pros-
tatectomy at 6-month follow-up (−8.8 [95% CI, −11.7 to −5.9];
P < .001) and at 1-year follow-up (−7.5 [95% CI, −10.2 to −4.9];
P < .001) (Figure 5; eFigure 7 and eTable 20 in Supplement 1).
At 10 years, a higher proportion of men in the EBRT group re-
ported a moderate/big problem with lack of energy compared
with radical prostatectomy (18% for EBRT with ADT vs 9% for
radical prostatectomy; P = .04) (eTable 20 in Supplement 1).

General Health-Related Quality of Life
At 10-year follow-up, there were no significant differences in
physical health domain scores between EBRT with ADT and radi-
cal prostatectomy (adjusted mean difference, 0.0 [95% CI, −3.4
to 3.3]; P = .99) or in mental health domain scores (−1.2 [95%
CI, −4.6 to 2.3]; P = .51) (eTables 12 and 13 in Supplement 1).

Discussion
In this observational study of patients with localized PC fol-
lowed up for approximately 10 years, functional outcomes var-
ied by treatment and prognosis at the time of diagnosis. There
were no significant differences in sexual function among treat-
ment groups at 10-year follow-up, irrespective of prognostic
risk. However, patients with favorable-prognosis PC who un-
derwent radical prostatectomy had significantly worse sexual
function than EBRT, brachytherapy, and AS during the first 3
to 5 years, thus experiencing more time with sexual impair-
ment than men undergoing other treatments. In contrast, for
men with unfavorable-prognosis PC, no significant differ-
ences in sexual function throughout 10-year follow-up were
observed between radical prostatectomy and EBRT with ADT.
At 10-year follow-up, there were no significant differences in
bowel function domain scores among treatments for favorable-
prognosis PC, whereas for patients with unfavorable-
prognosis PC, EBRT with ADT was associated with signifi-
cantly worse bowel function domain scores compared with
radical prostatectomy. Worse urinary incontinence persisted
through 10 years after radical prostatectomy for both favor-
able and unfavorable prognostic risk compared with other
treatment groups. Among men with unfavorable-prognosis PC,

those who underwent EBRT with ADT had lower 10-year hor-
mone function scores compared with radical prostatectomy.

The ProtecT randomized trial compared open radical pros-
tatectomy, EBRT with ADT, and active monitoring for local-
ized PC.9 Despite reporting similar patterns of functional out-
comes compared with findings in this study, some adverse
outcome rates were higher in ProtecT. Specifically, 18% of
patients with low-risk PC in ProtecT after both radical prosta-
tectomy and radiation therapy had erections sufficient for
intercourse at 10 years compared with 31% and 26% with
favorable-prognosis PC in findings in this study after radical
prostatectomy and EBRT, respectively. ProtecT reported fecal
leakage at least once per week in 12% of EBRT patients, whereas
4.5% of patients reported a moderate/big problem with losing
control of bowels in this study. It is possible that use of con-
temporary techniques, including robotic surgery and intensity-
modulated radiotherapy, explains the lower rates of adverse
functional outcomes in this study.

Among men with unfavorable-prognosis PC, which re-
quires more intensive treatment than favorable-prognosis PC,
there were no clinically meaningful differences in sexual func-
tion between EBRT with ADT and radical prostatectomy over
the follow-up period. In contrast, urinary incontinence was sig-
nificantly worse after radical prostatectomy than after EBRT
with ADT. Bowel function at 10 years was worse after EBRT and
ADT than after radical prostatectomy, although there were no
statistically significant differences in reporting of bowel prob-
lems, bloody stools, or urgency. The Prostate Cancer Out-
comes Study, evaluating older treatment techniques, also sug-
gested development of bowel function problems after
radiotherapy compared with radical prostatectomy at 15
years.6,7 Moreover, while hormone function scores among men
treated with EBRT and ADT improved initially after complet-
ing ADT, they had lower hormone function scores compared
with men treated with radical prostatectomy at 10-year follow-
up, which may be attributable to residual confounding, de-
spite controlling for age and comorbidities.

Limitations
The study has several limitations. First, the study was obser-
vational, and results may have been influenced by confound-
ing, including confounding by indication. Second, MCIDs are
subjective and may be influenced by patients’ expectations and
preferences. Third, despite the 66% response rate through 10
years of follow-up, the results may have been affected by re-
sponse bias and missing data. Fourth, some comparisons lacked
statistical power, and due to the large number of primary out-
comes, some may have been statistically significant by chance.
Additionally, in some subgroups, such as those with unfavor-
able prognosis with erections sufficient for intercourse at base-
line who received EBRT or radical prostatectomy treatment,
sample sizes were small and may have lacked statistical power
to detect important differences. Fifth, guideline-recom-
mended PC diagnostic paradigms and treatments have changed
since study inception, and methods of treatment administra-
tion have evolved.24-29 Sixth, the results may not be general-
izable to men with locally advanced disease (cT3+) and men
older than 80 years, who were excluded from the study.5,30
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Conclusions

Among patients treated for localized PC, radical prostatec-
tomy was associated with worse urinary incontinence but not
worse sexual function at 10-year follow-up compared with ra-

diotherapy or AS among people with more favorable progno-
sis and compared with radiotherapy for those with unfavor-
able prognosis. Among men with unfavorable-prognosis
disease, EBRT with ADT was associated with worse bowel and
hormone function at 10-year follow-up compared with radi-
cal prostatectomy.
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