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T he optimal management for localized prostate cancer
depends on factors including risk of progression; com-
peting risks of mortality, baseline urinary, sexual, and

bowel function; and patient preferences.1 Comparing the ef-
fectiveness and harms of radiation therapy, radical prostatec-
tomy, and active surveillance is critical for shared decision
making.2 Yet comparative data have limited generalizability
for several reasons, such as focusing on homogenous popula-
tions and comparing older treatments instead of contempo-
rary robotic radical prostatectomy and intensity-modulated ra-
diotherapy (IMRT).3-12

In this context, the Comparative Effectiveness Analysis
of Surgery and Radiation (CEASAR) study, a prospective, lon-
gitudinal, population-based cohort study was developed.13 In
light of the nearly 100% 5-year survival for men with local-
ized prostate cancer, patient-reported disease-specific func-
tional outcomes were selected as the primary short- and
intermediate-term outcome measures. This study assessed
patient-reported functional outcomes and health-related
quality of life at 3 years after treatment.

Methods
The parent study accrued men diagnosed with localized
prostate cancer (2011-2012) from 5 Surveillance, Epidemiol-
ogy, and End Results (SEER) registries (Atlanta [Georgia],
Los Angeles [California], Louisiana, New Jersey, and Utah),
and the Cancer of the Prostate Strategic Urologic Research
Endeavor registry. Details of the protocol have been
published.13 Eligibility criteria were being younger than 80
years, having a prostate-specific antigen (PSA) level of less
than 50 ng/mL, clinical stage T1 to T2 cancer, no nodal
involvement or metastases on clinical evaluation; and being
enrolled within 6 months of diagnosis (Table).

Patient-reported outcomes were collected via mail sur-
vey at enrollment and 6, 12, and 36 months after enrollment.
If patients did not respond to 2 mailings, trained abstractor
called the patient to complete the survey. A medical chart re-
view, including clinical and treatment information, was ob-
tained at 12 months. SEER registry data were linked to the data
set. This study includes follow-up through August 2015. In-
stitutional review board approval was obtained from each site
and from Vanderbilt University Medical Center. Patients pro-
vided written informed consent.

Outcomes
The primary outcome measures were 36-month domain
scores on the 26-item Expanded Prostate Cancer Index
Composite (EPIC-26), a validated instrument for measuring
disease-specific function.14 Domain scores range from 0 to
100, with higher score representing better function. The
minimal clinically important difference (MCID), represent-
ing the magnitude of change that is clinically meaningful to
patients, has been estimated for each domain using stan-
dard techniques. The distribution-based approach esti-
mated MCID as one-third to one-half of a standard devia-
tion, and the anchoring approach identified the magnitude

of change on each domain that resulted in a change in satis-
faction with treatment.15 Both techniques yielded similar
MCIDs and were consistent with the a priori definition of
MCID used in the power calculation of the original grant
application for this study, which was one-half of a standard
deviation. The sexual function domain focuses on the qual-
ity and frequency of erections (MCID, 10-12 points). The uri-
nary incontinence (MCID, 6 points) and urinary irritative
symptom (MCID, 5 points) domains ask questions about fre-
quency; amount of urinary leakage; and dysuria, hematuria,
and urinary frequency. The bowel function domain (MCID,
4 points) focuses on bowel frequency, urgency, bleeding,
and pain. The hormonal domain (MCID, 4 points) assesses
symptoms such as hot flashes, gynecomastia, low energy,
and weight change. The baseline survey asked about pre-
treatment function. Previous studies have investigated the
issue of recall bias for the EPIC instrument, including a
study in this cohort, and adjusted differences in domain
scores between those who complete the survey before treat-
ment and those who complete it afterward range from 1.0 to
3.7 points, well below the MCID for each domain.16

Individual items from the EPIC-26 were selected a priori
as secondary outcomes based on clinical relevance by con-
tent experts and patients on the study team.

Treatments were also compared with respect to health-
related quality of life, using selected domains from the com-
monly used Medical Outcomes Study Short Form 36 (SF-36):
physical functioning, emotional well-being, and energy and
fatigue.17,18 Domain scores are scaled from 0 to 100, with
higher scores indicating better function. The MCIDs for
these domains have been estimated for patients with local-
ized prostate cancer as 7, 6, and 9 points, respectively.19

Exposure
The main exposure was initial treatment, defined according
to the following hierarchy of sources: medical chart ab-
straction, patient report, and SEER registry. A participant
was categorized as undergoing active surveillance if this
strategy was documented in the absence of treatment or if
no treatment was administered within 1 year of diagnosis.

Key Points
Question What are the comparative harms of contemporary
treatments for localized prostate cancer?

Findings In this prospective, population-based cohort study
involving 2550 men, radical prostatectomy was associated with
significant declines in sexual function compared with external
beam radiation therapy (−11.9 points on a 100-point scale) and
active surveillance (−16.2 points) at 3 years. Radical prostatectomy
was also associated with significant declines in urinary
incontinence compared with radiation and active surveillance,
but there were no meaningful differences in bowel or hormonal
function beyond 12 months, and no meaningful differences
in health-related quality of life.

Meaning These findings may facilitate treatment counseling
of men with localized prostate cancer.
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To measure the association between treatment choice
and domain score over time, a similar set of models was
fit that adjusted for age, race/ethnicity, comorbidity,21 pros-
tate cancer risk stratum,22 physical function,17,18,23 social
support,24 depression,25 medical decision-making style,26

site, and baseline EPIC domain score. This multivariable
modeling approach was designed to minimize bias associ-
ated with known differences in baseline characteristics that
are associated with functional outcomes (ie, confounding).
Multiple imputation was used for missing covariates (see
eMethods in the Supplement). Because androgen depriva-
tion therapy is a standard component of radiation therapy
for high-risk disease and an option in intermediate-risk dis-
ease, androgen deprivation therapy was not controlled for
in the models.27 Instead, exploratory models were fit for
sexual and hormonal function with 5 treatment groups:
nerve-sparing radical prostatectomy, non–nerve-sparing
radical prostatectomy, EBRT without androgen deprivation
therapy, EBRT with androgen deprivation therapy, and
active surveillance. Unadjusted and adjusted longitudinal
regression models using GEE were fit for responses to indi-
vidual EPIC items and for the 3 SF-36 domains, using the
same covariates as above. In the SF-36 regression models,
the baseline SF-36 domain score was added as an indepen-
dent variable.

Probability of overall and disease-specific survival was es-
timated by treatment using the Kaplan-Meier technique with
log-rank tests.

Differences in domain scores between treatments were sta-
tistically significant if the 2-tailed P value was <.05. Domain
scores were interpreted as clinically meaningful if the differ-
ences were as large as the MCID. R version 3.2.2 was used for
all analyses.

Results
The parent study accrued 3709 patients, of whom 440 were
excluded for failing to meet basic inclusion criteria. An addi-
tional 519 were excluded from the current study for receiv-
ing a treatment other than radical prostatectomy, EBRT, or
active surveillance, leaving 2750 patients for consideration
(eFigure 1 in the Supplement). The analytic cohort con-
tained 2550 men (93%) who completed a baseline survey
and at least 1 survey thereafter. Approximately 93% of sur-
veys were completed on paper, while 7% were completed by
telephone; 98% of surveys were conducted in English and
2% in Spanish; 54% of baseline surveys were collected prior
to initial treatment. Survey response rates were 89% at 6
months, 86% at 12 months, and 78% at 36 months (eFigure 1
and eTable 1 in the Supplement).

Among men in the analytic cohort, 1523 (59.7%) under-
went radical prostatectomy, 598 (23.5%) EBRT, and 429
(16.8%) active surveillance. Baseline characteristics are
shown in the Table. Briefly, 26% of the cohort was non-
white. Patients treated with EBRT were older, had higher
comorbidity burden, and had higher-risk disease features
than did patients who were treated with radical prostatec-

tomy. Seventy-seven percent of active surveillance patients
had low-risk disease.

Of the 1302 men (71%) who underwent radical prostatec-
tomy and had complete reporting of nerve-sparing status,
859 (79%) had bilateral nerve-sparing, and of the 1032 (85%)
who had complete reporting of the surgical approach, 1002
(77%) had bilateral nerve-sparing surgery. Of the 593 patients
(99%) treated with EBRT who had complete reporting of uti-
lization of androgen deprivation therapy, 265 (45%) received
androgen deprivation therapy within the first year diagnosis
of treatment; 378 patients (81%) of the 467 with complete
records underwent IMRT. By the 3-year survey, 24.2% of
active surveillance patients had undergone treatment, and
90.2% of the remainder had their PSA checked within the
past 12 months.

For the stratified analyses, 26.4% of patients had excel-
lent baseline domain scores for sexual function (≥90 points),
26.1% for urinary irritative symptoms (100 points), 61.7% for
bowel function (100 points), and 39.1% for hormonal func-
tion (100 points).

Sexual Function
Patients undergoing radical prostatectomy had higher base-
line sexual domain scores than men undergoing EBRT and
had scores comparable with those on active surveillance
(eTable 2 in the Supplement). Radical prostatectomy and
EBRT were associated with declines in sexual function
scores, but the decline was greater for patients who under-
went radical prostatectomy, resulting in similar average
unadjusted domain score for radical prostatectomy and
EBRT at 3 years (Figure 1A, C, and D). The difference in func-
tional decline between radical prostatectomy and EBRT was
greater for the 26.4% of men with excellent baseline func-
tion, while the 73.6% of men with lower baseline function
had poor sexual function outcomes regardless of whether
they underwent radical prostatectomy or EBRT. Active sur-
veillance was associated with preservation of function, with
mild decline over time.

When controlling for baseline domain scores and other
covariates (eTable 2; Figure 1B), men who underwent radi-
cal prostatectomy had a larger decline in sexual domain
score than did those who underwent EBRT (adjusted mean
domain score difference at 3 years, −11.9 points; 95% CI,
−15.1 to −8.7) or active surveillance (−16.2; 95% CI, −20.6 to
−11.7), relative to the MCID of 10 to 12 points. The adjusted
mean domain score after EBRT was significantly worse than
it was for active surveillance at 12 months (−10.5; 95% CI,
−14.0 to −6.9), but the magnitude of difference at 3 years
was no longer significant (−4.3; 95% CI, −9.2 to 0.7). Treat-
ment, baseline domain score, and time since treatment were
the only variables for which the magnitude of association
with 3-year domain scores exceeded the MCID.

On exploratory analysis with a 5-tier treatment variable
(nerve–sparing radical prostatectomy, non–nerve-sparing radi-
cal prostatectomy, EBRT alone, EBRT plus androgen depriva-
tion therapy, and active surveillance), the mean difference be-
tween EBRT alone and active surveillance was not statistically
significant (−3.0 points, P = .27), and the mean difference
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between radical prostatectomy and EBRT plus androgen de-
privation therapy was attenuated (−8.2 points; 95% CI, −13.2
to −3.2) lower than the MCID (eFigure 2 in the Supplement).

More men who underwent radical prostatectomy were
bothered by sexual dysfunction 3 years after diagnosis (44%
vs 35% for EBRT and 28% for active surveillance, P < .001 on
multivariable analysis; Figure 1F; eTable 2 in the Supple-
ment). Erection insufficient for intercourse was common at 3
years (70% for radical prostatectomy, 71% for EBRT, and 51%
for active surveillance on raw percentages, Figure 1E), but when
controlling for baseline sexual function and other factors, the
odds were significantly higher for radical prostatectomy than
for active surveillance (odds ratio [OR], 3.4; 95% CI, 2.5 to 4.6)
and for radical prostatectomy than EBRT (OR, 2.1; 95% CI, 1.5
to 2.9). Among men who had sufficient erections at baseline,
erection sufficient for intercourse at 3 years was reported in
43% (95% CI, 40% to 47%) of men who had undergone radi-
cal prostatectomy; 53% (95% CI, 45% to 60%), EBRT; and 75%
(95% CI, 68%-80%), active surveillance, in raw percentages.
An exploratory multivariable model, using 5 treatment groups,
yielded similar results (eTable 3 in the Supplement).

Urinary Incontinence
Baseline urinary incontinence domain scores were similar
across groups (eTable 4 in the Supplement). However, radical
prostatectomy was associated with a significant decline in uri-
nary incontinence score after treatment, particularly in the
60.3% of men with perfect urinary incontinence domain scores
at baseline (Figure 2A, C, and D). There was no significant
change in urinary incontinence score for men who had EBRT
or active surveillance, regardless of baseline score.

Despite some improvement in incontinence domain
scores 12 months after radical prostatectomy, adjusted mean
incontinence scores were still significantly worse for radical
prostatectomy than for active surveillance (−12.7 points, 95%
CI, −16.0 to −9.3) and EBRT (−18.0 points, 95% CI, −20.5 to
−15.4) at 3 years, differences greater than the MCID (6 points)
(Figure 2B; eTable 4 in the Supplement). By contrast, urinary
incontinence was not significantly different between EBRT
and active surveillance. Treatment, baseline domain score,
and time since treatment were the only variables for which
the magnitude of association with the 3-year domain score
exceeded the MCID.

Reports of moderate or big problems with urinary leak-
age were more common after radical prostatectomy vs active
surveillance (14% vs 6%; OR, 2.9; 95% CI, 1.8-4.7) and radical
prostatectomy than EBRT (14% vs 5%; OR, 4.5; 95% CI, 2.7-
7.3; Figure 2E; and eTable 4 in the Supplement). Urinary func-
tion bother scores were not significantly different for radical
prostatectomy vs active surveillance and EBRT vs active sur-
veillance at 3 years but were higher for radical prostatectomy
vs EBRT (12% vs 10%; OR, 1.7; 1.1-2.5; Figure 2F; and eTable 4
in the Supplement).

Urinary Irritative Symptoms
Baseline scores were similar across groups (eTable 4 in the
Supplement). Scores improved for radical prostatectomy,
particularly for the 73.9% of men whose baseline score was

less than 100 (Figure 3A, C, and D). Those undergoing EBRT
or active surveillance experienced little or no change in irri-
tative urinary symptoms.

Adjusted urinary irritative function scores were slightly
better for men undergoing radical prostatectomy than being
actively surveilled at 1 year (4.5 points; 95% CI, 3.0-6.0) and 3
years (5.2 points, 95% CI, 3.2-7.2]), at the threshold of clinical
significance (Figure 3B; eTable 4 in the Supplement). Other
comparisons across treatments, while statistically significant,
were lower than the MCID of 5 (Figure 3B; eTable 4 in the
Supplement). Besides treatment with radical prostatectomy,
the only other factors for which the magnitude of association
with 3-year domain score exceeded the MCID were baseline
domain score and time since treatment.

Reports of moderate or big problems with burning with
urination were uncommon (2% in each group; Figure 3E;
eTable 4 in the Supplement). Reports of moderate or big prob-
lem with frequent urination were lower for radical prostatec-
tomy than for active surveillance (13% vs 18%; OR, 0.6; 95%
CI, 0.4-0.8]) and for EBRT vs active surveillance (15% vs 18%,
OR, 0.6; 95%, 0.4-0.8) at 3 years, but not significantly differ-
ent between radical prostatectomy and EBRT (Figure 3F; eTable
4 in the Supplement).

Bowel Function
Decline in bowel domain score was not common (Figure 4A,
C, and D; eTable 5 in the Supplement). Six months after
treatment, the mean domain scores were higher in men who
underwent radical prostatectomy than who underwent
EBRT (4.6 points, 95% CI, 3.2-6.1) and lower for EBRT vs
active surveillance (−5.8 points; 95% CI, −10.3 to −1.2
points). However, by 12 months these differences were near
the MCID of 4 and by 36 months, they were smaller. Unad-
justed and adjusted results were similar (Figure 4B). No
other independent variables had a magnitude of association
with 3-year domain score that met the threshold for clinical
significance.

The frequency of moderate or big problem with bowel
bother, bloody stools, or bowel urgency was 1% to 8% across
all treatments at 3 years (Figure 4E-F; eTable 5 in the Supple-
ment). Nevertheless, the odds of bowel urgency at 3 years were
lower for radical prostatectomy than EBRT (3% vs 7%, OR, 0.3;
95% CI, 0.2-0.6) and radical prostatectomy vs active surveil-
lance (3% vs 5%, OR, 0.5; 95%, 0.3-0.9).

Hormone Function
The mean hormone domain scores were worse for EBRT
than for active surveillance and radical prostatectomy at 6
months (radical prostatectomy vs EBRT, 5.0 points; 95% CI,
3.3 to 6.6 points; EBRT vs active surveillance, −6.5 points;
95% CI, −11.1 to −1.9), but these differences no longer signifi-
cant at 3 years on unadjusted or adjusted analyses (Figure 5;
eTable 6 in the Supplement). No other independent vari-
ables had a magnitude of association with 3-year domain
score that reached the MCID.

In the exploratory models that separated EBRT into with
and without androgen deprivation therapy, the only group
with decrements in hormone function was the EBRT plus

Research Original Investigation Outcomes of Radiation, Surgery, or Observation for Localized Prostate Cancer

1132 JAMA March 21, 2017 Volume 317, Number 11 jama.com

Copyright 2017 American Medical Association. All rights reserved.













Copyright 2017 American Medical Association. All rights reserved.

surveillance, particularly among men with excellent func-
tion at baseline. Urinary incontinence scores also declined
significantly after surgery compared with EBRT and active
surveillance, with 14% of patients treated with radical pros-
tatectomy reporting a moderate or big problem with urinary
leakage at 3 years compared with 5% with EBRT and 6%
with active surveillance. Radical prostatectomy was as-
sociated with better irritative voiding symptoms than active
surveillance, with a difference that met the threshold for
clinical significance. Mean scores in bowel and hormonal
domains were significantly worse for EBRT vs radical pros-
tatectomy and active surveillance at 6 months, but the dif-
ferences were below threshold for clinical significance by 3
years. Treatment, baseline domain scores, and time since
treatment were the independent variables with clinically
significant associations with 3-year domain scores. None of
the treatment groups experienced clinically significant
declines in health-related quality-of-life domain scores.
This information may facilitate patient counseling regarding
the expected harms of contemporary treatments and their
possible effect on quality of life.

Prior studies have quantified the harms of prostate can-
cer treatment. However, randomized trials studying localized
prostate cancer have been difficult to execute, and those
that have been completed focused on outmoded treatments;
enrolled too few minority patients; lacked a range of disease
severity; failed to collect baseline functional assessments;
or included a preponderance of elderly, infirm, and low-
risk patients, for whom treatment is questionable.3,5,6,28-30

The ProtecT trial,5,6 for example, included 99% white
patients and nearly 80% of patients with a Gleason score
of 6 (low-risk). In ProtecT, 87% of surgical patients under-
went open radical prostatectomy (vs 77% who underwent
robotic surgery in this study) and patients undergoing
EBRT had 3-dimentional conformal radiation therapy plus
androgen deprivation therapy (compared with 81% receiving
IMRT, with 45% receiving concurrent androgen deprivation
therapy in this study). Thus, the ProtecT study findings
may be difficult to apply to a racially diverse population
with a range of disease risk strata, managed with contempo-
rary treatments.

Case series that have evaluated functional outcomes are
not generalizable because they reported on outcomes at cen-
ters of excellence; lacked the variables necessary to adjust for
confounding; lacked an active surveillance group as a com-
parator; or had other sources of bias.31-37

Despite these caveats, functional outcomes in this study
are similar to previously published multi-institutional pro-
spective cohort studies and to the ProtecT trial.6,20,38-41 Nev-
ertheless, comparisons between the CEASAR cohort and
similar historical cohorts have shown slightly smaller
declines in erectile function domain scores at 6 and 12
months with robotic radical prostatectomy than with open
radical prostatectomy, and slightly better bowel domain
scores at 6 months for IMRT than for older 3-dimensional
conformal radiation therapy.42,43 These data suggest that
contemporary treatments have similar associations with
functional outcomes but perhaps slightly less in magnitude.

This study may have implications for decision making
for patients with localized prostate cancer. First, it demon-
strates the frequency and severity of adverse effects of con-
temporary treatments and the likelihood of preserved
global quality of life regardless of treatment, thus providing
a basis for shared decision making. Second, in contrast to
previously published studies, this study may be more gen-
eralizable, since the cohort is racially diverse, population
based, and includes a range of disease severity.3,6,28,38

Third, this study may inform future research on personal-
ized risk assessment, tools to facilitate shared decision mak-
ing, and other patient-centered outcomes.

Limitations
This study has several limitations. There may be dis-
agreement about the definition of MCID, which may
also differ from one patient to the next. Although some
outcomes favored one treatment over another, the re-
sults do not indicate what value patients place on particular
domains. Furthermore, there are other important outcomes
to consider in localized prostate cancer, including long-term
functional outcomes and oncologic end points, anxiety,
satisfaction, and financial toxicity. The number and severity
of adverse outcomes presenting beyond 3 years may differ
by treatment, and 3 years is inadequate to estimate onco-
logic outcomes. Data on patients who had other treatments,
such as brachytherapy and ablation, were not included
because there were not enough patients who received
these treatments to generate sufficient statistical power
for reliable comparisons. Aggregated data and average func-
tion scores may fail to capture the severity of adverse
effects for individuals and do not yield personalized risk
estimates. The analysis did not adjust for the quality of care
or experience of the treating clinician or institution, which
may influence outcomes. Thus, the findings of this study
represent a subset of the information needed to guide deci-
sion making. A substantial proportion of patients answered
the baseline survey after initiating treatment, raising the
possibility of recall bias, although in prior studies the mag-
nitude of recall bias was small for the EPIC survey.16

This study used an observational cohort, rather than an
experimental design, so there may be unmeasured sources
of confounding.

Conclusions
In this cohort of men with localized prostate cancer, rad-
ical prostatectomy was associated with a greater decrease
in sexual function and urinary incontinence than either
EBRT or active surveillance after 3 years and was associated
with fewer urinary irritative symptoms than active sur-
veillance; however, no meaningful differences existed
in either bowel or hormonal function beyond 12 months
or in other domains of health-related quality of life mea-
sures. These findings may facilitate counseling regarding
the comparative harms of contemporary treatments for
prostate cancer.
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