
Patient-Reported Outcomes Through 5 Years for Active Surveillance,

Surgery, Brachytherapy, or External BeamRadiationWith orWithout

Androgen Deprivation Therapy for Localized Prostate Cancer

Karen E. Hoffman, MD, MHSc, MPH; David F. Penson, MD, MPH; Zhiguo Zhao, MS; Li-Ching Huang, PhD; Ralph Conwill, BS; Aaron A. Laviana, MD;

Daniel D. Joyce, MD; Amy N. Luckenbaugh, MD; Michael Goodman, MD, MPH; Ann S. Hamilton, PhD, MA; Xiao-ChengWu, MD, MPH;

Lisa E. Paddock, PhD, MPH; Antoinette Stroup, PhD; Matthew R. Cooperberg, MD, MPH; Mia Hashibe, PhD; Brock B. O’Neil, MD;

Sherrie H. Kaplan, PhD, MS, MPH; Sheldon Greenfield, MD; Tatsuki Koyama, PhD; Daniel A. Barocas, MD, MPH

IMPORTANCE Understandingadverseeffectsofcontemporarytreatmentapproachesformenwith

favorable-risk andunfavorable-risk localizedprostate cancer could inform treatment selection.

OBJECTIVE To compare functional outcomes associated with prostate cancer treatments over

5 years after treatment.

DESIGN, SETTING, AND PARTICIPANTS Prospective, population-based cohort study of 1386

menwith favorable-risk (clinical stage cT1 to cT2bN0M0, prostate-specific antigen [PSA]

�20 ng/mL, and Grade Group 1-2) prostate cancer and 619menwith unfavorable-risk

(clinical stage cT2cN0M0, PSA of 20-50 ng/mL, or Grade Group 3-5) prostate cancer

diagnosed in 2011 through 2012, accrued from 5 Surveillance, Epidemiology and End Results

Program sites and a US prostate cancer registry, with surveys through September 2017.

EXPOSURES Treatment with active surveillance (n = 363), nerve-sparing prostatectomy

(n = 675), external beam radiation therapy (EBRT; n = 261), or low-dose-rate brachytherapy

(n = 87) for men with favorable-risk disease and treatment with prostatectomy (n = 402) or

EBRTwith androgen deprivation therapy (n = 217) for men with unfavorable-risk disease.

MAIN OUTCOMES ANDMEASURES Patient-reported function, based on the 26-item Expanded

Prostate Index Composite (range, 0-100), 5 years after treatment. Regressionmodels were

adjusted for baseline function and patient and tumor characteristics. Minimum clinically

important difference was 10 to 12 for sexual function, 6 to 9 for urinary incontinence, 5 to 7

for urinary irritative symptoms, and 4 to 6 for bowel and hormonal function.

RESULTS A total of 2005menmet inclusion criteria and completed the baseline and at least 1

postbaseline survey (median [interquartile range] age, 64 [59-70] years; 1529 of 1993

participants [77%]were non-Hispanicwhite). Formenwith favorable-risk prostate cancer,

nerve-sparing prostatectomywas associatedwithworse urinary incontinence at 5 years

(adjustedmean difference, −10.9 [95%CI, −14.2 to −7.6]) and sexual function at 3 years (adjusted

mean difference, −15.2 [95%CI, −18.8 to −11.5]) comparedwith active surveillance.

Low-dose-rate brachytherapywas associatedwithworse urinary irritative (adjustedmean

difference, −7.0 [95%CI, −10.1 to −3.9]), sexual (adjustedmean difference, −10.1 [95%CI, −14.6 to

−5.7]), and bowel (adjustedmean difference, −5.0 [95%CI, −7.6 to −2.4]) function at 1 year

comparedwith active surveillance. EBRTwas associatedwith urinary, sexual, and bowel function

changes not clinically different fromactive surveillance at any time point through 5 years. For

menwith unfavorable-risk disease, EBRTwith ADTwas associatedwith lower hormonal function

at 6months (adjustedmean difference, −5.3 [95%CI, −8.2 to −2.4]) and bowel function at 1 year

(adjustedmean difference, −4.1 [95%CI, −6.3 to −1.9]), but better sexual function at 5 years

(adjustedmean difference, 12.5 [95%CI, 6.2-18.7]) and incontinence at each time point through

5 years (adjustedmean difference, 23.2 [95%CI, 17.7-28.7]), than prostatectomy.

CONCLUSIONS AND RELEVANCE In this cohort of menwith localized prostate cancer, most

functional differences associated with contemporary management options attenuated

by 5 years. However, men undergoing prostatectomy reported clinically meaningful worse

incontinence through 5 years compared with all other options, andmen undergoing

prostatectomy for unfavorable-risk disease reported worse sexual function at 5 years

compared with menwho underwent EBRTwith ADT.
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T
heoptimalmanagement for localizedprostatecancerde-

pendsonpatientcomorbidities, lifeexpectancy,andcan-

cer characteristics, and treatment choices need to be in-

formedbyreliableinformationaboutbothcancerrecurrencerates

andadverseeffectsofalternativetreatmentoptions,particularly

inthedomainsofurinary,bowel,andsexualfunction.1,2Compara-

tivedatahavehad limitationsbecausetheycompareolder treat-

menttechniques insteadofroboticprostatectomyandintensity-

modulatedradiationtherapy,donotreportdisease-risk–specific

treatmentoutcomes,examinehomogeneouspopulations,donot

haveanactivesurveillancecomparativegroup,and/orhave lim-

ited follow-up.3-8The prospective population-based Compara-

tive Effectiveness Analysis of Surgery and Radiation study

(CEASAR)wasdesignedtoinformmenofthecomparativeharms

of contemporary prostate cancer treatment alternatives.

Menwith favorable-riskprostate cancer (clinical stage cT1

orcT21bN0M0,prostate-specificantigen [PSA]≤20ng/mL,and

Grade Group 1-2) may be adequately treated with active sur-

veillance, brachytherapy, nerve-sparing prostatectomy, or

external beam radiation therapy (EBRT) alone.1,2 Men with

unfavorable-risk prostate cancer (stage cT2cN0M0, PSA of

20-50ng/mL,orGradeGroup3-5) requiremore intensive treat-

ment; specifically, they requiremore extensive surgical resec-

tionwith sacrificeof 1orbothnervesessential for erectile func-

tion in men undergoing prostatectomy and amore extensive

radiation treatment area and androgen deprivation therapy

(ADT) inmenundergoingEBRT.1,2This studyanalyzedpatient-

reported functional outcomes through 5 years after initiation

of treatment. In contrast to the analysis of 3-year outcomes,9

theoutcomesare reportedbydisease-riskgroupbecause treat-

ment intensity and options vary by cancer severity.

Methods

This study recruitedmenwithclinically localizedprostate can-

cer from 5 population-based Surveillance, Epidemiology and

End Results Program registries and the observational Cancer

of the Prostate StrategicUrologic ResearchEndeavor prostate

cancer registry from2011 to2012, aspreviouslydescribed.10-12

Institutional review board approval was obtained from each

site and from Vanderbilt University Medical Center. Partici-

pants provided written informed consent.

Surveys were completed at baseline and 6months and 1,

3, and 5 years after enrollment (the last survey was com-

pleted inSeptember2017). Tumor characteristics, initial treat-

ment,andtreatmentdatesweredeterminedfrommedicalchart

abstraction 1 year after enrollment.9,10 Treatment after 1 year

wasdeterminedbypatient report.Radiationandsurgical treat-

mentdetailswerepreviously reported.10,13,14Survivalwasde-

termined fromdata linkage toSurveillance,Epidemiologyand

EndResults ProgramandCancer of theProstate StrategicUro-

logicResearchEndeavor registries,with survival data through

at least December 2017 for all registries.

Participants

Participants were categorized as having favorable-risk or un-

favorable-risk disease for the analysis. Men with stage

cT12bN0M0 or cT12bN0M0 prostate cancer, PSA less than or

equal to 20 ng/mL, and in Grade Group 1 or 2 were catego-

rized as having favorable-risk disease and received nerve-

sparingprostatectomy,EBRTwithoutADT, low-dose-rate (LDR)

brachytherapy, and active surveillance.1 Men with stage

cT2cN0M0prostate cancer; PSAof20 to50ng/mL;or inGrade

Group 3, 4, or 5 were categorized as having unfavorable-risk

diseaseandunderwenteitherprostatectomyorEBRTwithADT.

Outcomes

The validated 26-item Expanded Prostate Index Composite

(EPIC)was used to evaluate patient-reported disease-specific

function.15Functionaldomainscores range from0to100,with

higher scores indicating better function. Differences were in-

terpretedas clinicallymeaningful if theyweregreater than the

following previously published validated minimum clini-

cally important differences (MCIDs) for each EPIC domain:

sexual function, 10-12; urinary incontinence, 6-9; urinary ir-

ritative,5-7;bowel function,4-6;andhormonal function,4-6.16

Thesexual functiondomainevaluatederection frequencyand

quality; the urinary incontinence domain, the extent of uri-

nary leakage; the urinary irritative domain, urgency, dysuria,

andurinary frequency; the bowel functiondomain, bowel ur-

gency, bleeding, frequency, and pain; and the hormonal do-

main, symptomssuchas lowenergy,gynecomastia,hot flashes,

and weight gain.

ThevalidatedMedicalOutcomesStudy36-ItemShortForm

Survey (SF-36) was used to evaluate general health-related

quality of life domains, including physical functioning, emo-

tional well-being, and energy and fatigue.17,18 Domain scores

range from 0-100, with 100 indicating the best function. Dif-

ferenceswere interpretedas clinicallymeaningful if theywere

greater than the followingpreviouslypublishedvalidatedMC-

IDs formenwith localizedprostate cancer: physical function-

ing, 7; emotional well-being, 6; and energy and fatigue, 9.19

Key Points

Question What are the comparative harms of contemporary

treatments for localized prostate cancer through 5 years?

Findings In this prospective, population-based study of 1386men

with favorable-risk prostate cancer and 619menwith

unfavorable-risk prostate cancer, most functional differences,

measured with Expanded Prostate Cancer Index Composite

scores, associated with treatments (favorable-risk disease: active

surveillance, nerve-sparing prostatectomy, external beam

radiation therapy, or low-dose-rate brachytherapy;

unfavorable-risk disease: prostatectomy or external beam

radiation therapy with androgen deprivation therapy) attenuated

over time with no clinically meaningful bowel or hormonal

functional differences at 5 years. However, prostatectomywas

associated with worse incontinence over 5 years (adjustedmean

difference of –10.9 for favorable-risk disease and −23.2 for

unfavorable-risk disease) and worse sexual function at 5 years for

unfavorable-risk disease (adjustedmean difference, −12.5).

Meaning These estimates of the long-term bowel, bladder and

sexual function after localized prostate cancer treatment may

clarify expectations and enable men tomake informed choices

about care.
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Covariates

Surveys captured patient-reported age, race/ethnicity (fixed

categories), education, marital status, income, and insur-

ance.Race/ethnicity (97.0%collectedvia self-report, 2.4%via

cancer registry, and0.5%unknown),was includedbecausedis-

ease characteristics, treatment selection, and treatmentmor-

biditymayvarybyrace/ethnicity.20,21Previouslydescribedvali-

dated instruments assessed patient-reported social support,

depression, anddecision-making style.15The total illness bur-

den index for prostate cancer measured comorbidity (with

higher scores indicating more severe comorbidity burden).22

Statistical Analysis

Participants’ clinical and sociodemographic characteristics

were summarized by risk groups and cancer treatment. Dif-

ferences between treatment groups were assessed with

Wilcoxon rank sum tests (continuous variables) or χ2 tests

(categorical variables).

The primary outcomes were the EPIC-26 sexual, urinary

incontinence, urinary irritative, bowel, and hormone domain

scores and the SF-36 physical functioning, emotional well-

being, and energy and fatigue domain scores. The secondary

outcomes included the following a priori selected individual

items used in calculating EPIC domain scores: sexual func-

tionbother, erection insufficient forpenetration,urinary func-

tion bother, urinary leakage, burning on urination, frequent

urination, bowel functionbother, bloody stools, andbowelur-

gency. Becausemenwith favorable-risk andunfavorable-risk

disease had distinct characteristics and different treatment

choices, theassociationbetweentreatmentandfunctionalout-

comeswere evaluated separately for the 2 risk groups.Multi-

variable longitudinal linear regression was used for the pri-

mary outcomes and logistic regression models were used for

the secondary outcomes. To account for the potential corre-

lation among multiple records collected from the same indi-

vidualatdifferent times,generalizedestimatingequationswere

used with the Huber-White method to estimate robust cova-

riancematrix.23,24 The following potential confounders were

included in allmodels: age (continuous), race/ethnicity (non-

Hispanicwhite,non-Hispanicblack,Hispanic,Asian,orother),

total illnessburden index forprostatecancercomorbidity score

(0-2, 3-4, ≥5), cancer characteristics (for the favorable-risk co-

hort: PSA <10 ng/mL, Grade Group 1 and clinical stage ≤cT2a

vs not; for the unfavorable-risk cohort: PSA >20 ng/mL or

Grade Group 4-5 vs not), baseline physical functioning

(continuous),17 social support scores (continuous),25 depres-

sionscores (continuous),26participatorydecision-makingscale

(continuous),27 time since treatment (continuous), enroll-

ment site, and corresponding baseline EPIC domain scores

(continuous). In allmodels, restricted cubic splineswereused

toallownonlinearassociationswith theoutcomes forage, time

since treatment, and baseline domain scores. The goal was to

compare functional outcomes among treatment groups. To

simplify presentation in the favorable-risk participants, ac-

tive surveillance was selected as the primary referent group;

other comparisons are shown in the Supplement. For the un-

favorable-riskcohort,prostatectomywascomparedwithEBRT

with ADT. For domain scores and individual items, adjusted

mean scoredifferences or odds ratios (ORs)with95%CIswere

reported, respectively.Missing values of regressionmodel co-

variates, including thevaluesof thebaselineEPICdomainscore

or individual EPIC item, were imputed using the MICE (mul-

tiple imputation using chained equations) multiple imputa-

tion procedure.28,29 No outcome variables were imputed. In

this procedure, missing values of covariates are imputed by

modeling each covariate as anoutcome in a regressionmodel,

usingall othermodel covariates aspredictors. In this case, only

baseline data (excluding treatment)were used (see eMethods

in the Supplement for additional details). In exploratory

analyses, interactions were tested in each domain model be-

tween treatment and baseline function, comorbidity, race/

ethnicity, and riskgroup.Prostate cancer–specific survivalwas

comparedusing a log-rank test. Participantswere censored at

date of last registry follow-up. The proportional hazard as-

sumptionwas checked by testing independence between the

scaled Schoenfeld residuals and time.30

Two-sided P values less than or equal to .05were consid-

ered statistically significant. Because of the potential infla-

tion of type I error rate due tomultiple comparisons, findings

for analyses of secondary end points should be interpreted as

exploratory. In addition, resultswere interpreted as clinically

meaningful only if they met the MCID and statistical signifi-

cance. All analyses were conducted using R version 3.5.

Results

A total of 2005menmet inclusion criteria and completed the

baseline andat least 1 postbaseline survey (median [interquar-

tile range]age,64[59-70]years; 1529of 1993participants [77%]

with race/ethnicity information were non-Hispanic white;

Figure 1). Response rate was 97% at 6 months, 94% at 1 year,

85% at 3 years, and 77% at 5 years (details in eTable 1 in the

Supplement). The frequency of missing covariates is quanti-

fied in eTable 2 in the Supplement.

Median (interquartile range) follow-up for vital statuswas

73 (63-79) months. There was no statistically significant dif-

ference in prostate cancer survival over 5 years, with only 1

prostate cancer–related death in the favorable-risk group and

8 in the unfavorable-risk group (eTable 3 in the Supplement).

There was no evidence of violation of the proportional haz-

ardassumption (P = .92 for the favorable-riskgroupandP = .35

for the unfavorable-risk group).

Favorable-Risk Disease

Of 1386 men with favorable-risk disease, 675 (49%) under-

went nerve-sparing prostatectomy, 363 (26%) underwent

active surveillance, 261 (19%) underwent EBRT without

ADT, and 87 (6%) underwent LDR brachytherapy (see

eTable 4 in the Supplement for information on treatment

details). Men treated with EBRT and active surveillance

were older and had more comorbidities (Table). At 5 years,

89 of 363 participants (25%) who were initially undergoing

active surveillance progressed to definitive treatment

(44 [48%] underwent EBRT; 37 [43%], prostatectomy;

5 [6%], ADT; and 3 [3%], ablation).
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Sexual Function

Menundergoingnerve-sparingprostatectomyreportedhigher

baselinesexual functiondomainscores (medianscore,80) than

men treated with EBRT (median score, 60), LDR brachy-

therapy (median score, 75), and active surveillance (median

score, 75). Clinically meaningful declines in sexual function

Figure 1. 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 5 Years

7343 Patients invited to participate

3262 Patients met inclusion criteria

2404 Favorable-risk disease

858 Unfavorable-risk disease

3634 Refused participation

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

1170 Excluded

978 Favorable-risk disease

192 Unfavorable-risk disease

105 Radiation treatment that was not external
beam or low-dose-rate brachytherapy

33 Active surveillance

28 Hormone treatment

26 Ablation treatment

481 Underwent operation that was
not nerve sparing or bilateral

271 Androgen deprivation therapy
in year 1 or unknown

186 Radiation treatment that was not external
beam or low-dose-rate brachytherapy

27 Ablation treatment

13 Hormone therapy

432 Did not meet inclusion criteria

254 Not enrolled within 6 mo of diagnosis

83 Prostate-specific antigen measure
missing or >50 ng/mL

55 Clinical tumor category not T1 or T2

16 No baseline survey

10 Clinical nodal category not N0

10 Distant metastasis category not M0

4 Older than 80 years

1426 Patients with favorable-risk disease

679 Nerve-sparing prostatectomy

374 Active surveillance

286 External beam radiation

87 Low-dose-rate brachytherapy

666 Patients with unfavorable-risk disease

433 Prostatectomy

233 External beam radiation therapy
with androgen deprivation therapy

40 Patients did not complete
any follow-up survey

47 Patients did not complete
any follow-up survey

1386 Patients with favorable-risk disease
included in the analysis

675 Nerve-sparing prostatectomy

363 Active surveillance

261 External beam radiation

87 Low-dose-rate brachytherapy

1356 Completed 6-mo survey

1318 Completed 12-mo survey

1195 Completed 3-y survey

1092 Completed 5-y survey

619 Patients with favorable-risk disease
included in the analysis

402 Prostatectomy

217 External beam radiation therapy

589 Completed 6-mo survey

570 Completed 12-mo survey

511 Completed 3-y survey

450 Completed 5-y survey

3709 Patients returned at least 1 survey

3277 Patients met inclusion criteria
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Table. Demographics and Baseline Characteristics in a Study of the Association Between Contemporary Treatments for Localized Prostate Cancer

Through 5 Years

Favorable-Risk Disease Groupa Unfavorable-Risk Disease Groupa

Nerve-sparing
Prostatectomy
(n = 675)

EBRT
(n = 261)

LDR
Brachy-Therapy
(n = 87)

Active
Surveillance
(n = 363)

Combined
(n = 1386)

P

Value b

EBRT
With ADT
(n = 217)

Prostatectomy
(n = 402)

Combined
(n = 619)

P

Valueb

Age at diagnosis,
median (IQR), y

60 (56-65) 68 (63-72) 65 (61-70) 67 (61-72) 64 (58-69) <.001 71 (66-74) 64 (59-68) 66 (61-71) <.001

Race/ethnicity, No.
(%)

(n = 672) (n = 261) (n = 86) (n = 362) (n = 1381) 216 396 612

Non-Hispanic
white

531 (79) 198 (76) 72 (84) 291 (80) 1092 (79)

.04

144 (67) 293 (74) 437 (71)

.08

Non-Hispanic
black

60 (9) 41 (16) 9 (10) 38 (10) 148 (11) 43 (20) 49 (12) 92 (15)

Hispanic 54 (8) 11 (4) 2 (2) 21 (6) 88 (6) 17 (8) 32 (8) 49 (8)

Asian 19 (3) 7 (3) 0 (0) 7 (2) 33 (2) 10 (5) 13 (3) 23 (4)

Other 8 (1) 4 (2) 3 (3) 5 (1) 20 (1) 2 (1) 9 (2) 11 (2)

Education, No. (%) (n = 662) (n = 252) (n = 85) (n = 354) (n = 1353) (n = 206) (n = 380) (n = 586)

<High school 44 (7) 29 (12) 5 (6) 25 (7) 103 (8)

.15

40 (19) 41 (11) 81 (14)

.01

High school
graduate

131 (20) 49 (19) 20 (24) 67 (19) 267 (20) 40 (19) 84 (22) 124 (21)

Some college 150 (23) 60 (24) 28 (33) 73 (21) 311 (23) 50 (24) 73 (19) 123 (21)

College graduate 161 (24) 52 (21) 13 (15) 86 (24) 312 (23) 38 (18) 94 (25) 132 (23)

Graduate or
professional
school

176 (27) 62 (25) 19 (22) 103 (29) 360 (27) 38 (18) 88 (23) 126 (22)

Marital status, No.
(%)

(n = 662) (n = 252) (n = 84) (n = 352) (n = 1350) (n = 206) (n = 378) (n = 584)

Married 554 (84) 183 (73) 65 (77) 289 (82) 1091 (81) .001 155 (75) 313 (83) 468 (80) .03

Comorbidity score,c

No. (%)
(n = 665) (n = 252) (n = 85) (n = 354) (n = 1356) (n = 208) (n = 381) (n = 589)

0-2 240 (36) 47 (19) 27 (32) 93 (26) 407 (30)

<.001

33 (16) 110 (29) 143 (24)

<.0013-4 294 (44) 118 (47) 26 (31) 141 (40) 579 (43) 73 (35) 163 (43) 236 (40)

≥5 131 (20) 87 (35) 32 (38) 120 (34) 370 (27) 102 (49) 108 (28) 210 (36)

Prostate cancer risk
category, No. (%)

675 261 87 363 1386 217 402 619

Low risk 398 (59) 153 (59) 66 (76) 301 (83) 918 (66)

<.001 .31

Favorable
intermediate risk

277 (41) 108 (41) 21 (24) 62 (17) 468 (34)

Unfavorable
intermediate risk

71 (33) 148 (37) 219 (35)

High risk 146 (67) 254 (63) 400 (65)

PSA at diagnosis,
median (IQR), ng/mL

5 (4-6)
[n = 675]

6 (4-7)
[n = 261]

6 (4-7) [n = 87] 5 (4-7)
[n = 363]

5 (4-7)
[n = 1386]

.007 7 (5-13)
[n = 217]

6 (5-9)
[n = 402]

6 (5-10)
[n = 619]

<.001

Clinical tumor stage
T1, No. (%)

576 (85)
[n = 674]

217 (83)
[n = 261]

73 (84)
[n = 87]

304 (85)
[n = 358]

1170 (85)
[n = 1380]

.84 124 (57)
[n = 216]

212 (53)
[n = 401]

336 (54)
[n = 617]

.28

Biopsy Grade Group,
No. (%)d

675 261 87 363 1386 217 401 618

1 437 (65) 162 (62) 71 (82) 330 (91) 1000 (72)

<.001

11 (5) 41 (10) 52 (8)

.07
2 238 (35) 99 (38) 16 (18) 33 (9) 386 (28) 23 (11) 41 (10) 64 (10)

3 85 (39) 170 (42) 255 (41)

4-5 98 (45) 149 (37) 247 (40)

Accrual site 675 261 87 363 1386 217 402 619

Utah 31 (5) 5 (2) 12 (14) 52 (14) 100 (7)

<.001

8 (4) 33 (8) 41 (7)

<.001

Atlanta 50 (7) 27 (10) 20 (23) 44 (12) 141 (10) 19 (9) 64 (16) 83 (13)

Los Angeles 221 (33) 59 (23) 16 (18) 112 (31) 408 (29) 45 (21) 112 (28) 157 (25)

Louisiana 169 (25) 68 (26) 29 (33) 95 (26) 361 (26) 105 (48) 103 (26) 208 (34)

New Jersey 142 (21) 94 (36) 7 (8) 29 (8) 272 (20) 27 (12) 46 (11) 73 (12)

CaPSURE 62 (9) 8 (3) 3 (3) 31 (9) 104 (8) 13 (6) 44 (11) 57 (9)

(continued)
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(greater thantheMCIDof10-12)betweenmediandomainscores

at baseline and 5 years were seen in each group (32 for nerve-

sparing prostatectomy, 32 for EBRT, 22 for LDR brachy-

therapy, and 20 for active surveillance) (Figure 2 and eTable 5

in the Supplement).

While controlling forbaselinedomain scores andother co-

variates, comparedwith active surveillance, therewere clini-

callymeaningful differences in sexual function betweenmen

who underwent active surveillance andmenwho underwent

prostatectomy through3years after treatment (adjustedmean

difference, −15.2 [95% CI, −18.8 to −11.5]; P < .001 at 3 years)

and men who underwent LDR brachytherapy through 1 year

(adjusted mean difference, −10.1 [95% CI, −14.6 to −5.7],

P < .001 at 1 year), butnotbetweenmenwhounderwentEBRT

through5years (Figure3andeTable5 in theSupplement).Pros-

tatectomywasalsoassociatedwithclinicallymeaningfulworse

sexual function through 3 years compared with EBRT (ad-

justedmeandifference, −10.4 [95%CI, −14.4 to−6.4];P < .001

at 3years) and through 1year (adjustedmeandifference,−20.6

[95%CI, −25.2 to−15.9];P < .001 at 1 year) comparedwithLDR

brachytherapy. Additional between-group comparisonswere

statistically significant, but did not meet the threshold for a

clinicallymeaningful difference (Figure 3 and eTables 5 and6

in the Supplement).

Table. Demographics and Baseline Characteristics in a Study of the Association Between Contemporary Treatments for Localized Prostate Cancer

Through 5 Years (continued)

Favorable-Risk Disease Groupa Unfavorable-Risk Disease Groupa

Nerve-sparing
Prostatectomy
(n = 675)

EBRT
(n = 261)

LDR
Brachy-Therapy
(n = 87)

Active
Surveillance
(n = 363)

Combined
(n = 1386)

P

Value b

EBRT
With ADT
(n = 217)

Prostatectomy
(n = 402)

Combined
(n = 619)

P

Valueb

Baseline EPIC score,
median (IQR)e

Sexual function 80 (53-100)
[n = 648]

60 (28-85)
[n = 248]

75 (38-85)
[n = 85]

75 (42-88)
[n = 341]

75 (42-90)
[n = 1322]

<.001 48 (12-80)
[n = 199]

70 (33-85)
[n = 381]

61 (23-85)
[n = 580]

<.001

Urinary
incontinence
function

100 (81-100)
[n = 658]

100
(79-100)
[n = 251]

100 (92-100)
[n = 84]

100
(85-100)
[n = 346]

100
(85-100)
[n = 1339]

.29 100
(75-100)
[n = 211]

100 (79-100)
[n = 386]

100
(79-100)
[n = 597]

.63

Urinary irritative
function

88 (75-100)
[n = 649]

88 (75-94)
[n = 250]

94 (80-100)
[n = 84]

88 (75-100)
[n = 384]

88 (75-100)
[n = 1331]

.26 88 (75-94)
[n = 210]

88 (69-100)
[n = 385]

88 (75-94)
[n = 595]

.75

Bowel function 100 (96-100)
[n = 662]

100
(96-100)
[n = 256]

100 (96-100)
[n = 86]

100
(96-100)
[n = 351]

100
(96-100)
[n = 1355]

.05 100
(92-100)
[n = 212]

100 (88-100)
[n = 394]

100
(88-100)
[n = 606]

.62

Hormonal function 95 (90-100)
[n = 651]

95
(85-100)
[n = 246]

100 (81-100)
[n = 84]

95 (85-100)
[n = 350]

95 (85-100)
[n = 1331]

.54 90 (80-95)
[n = 203]

90 (80-100)
[n = 389]

90
(80-100)
[n = 592]

.02

SF-36 score,
median (IQR)f

General health
scale

80 (60-100)
[n = 672]

80 (60-80)
[n = 259]

80 (60-80)
[n = 87]

80 (60-80)
[n = 363]

80 (60-80)
[n = 1381]

<.001 60 (60-80)
[n = 216]

80 (60-80)
[n = 402]

80 (60-80)
[n = 618]

<.001

Physical function
scale

100 (90-100)
[n = 658]

90
(75-100)
[n = 254]

95 (80-100)
[n = 83]

95 (80-100)
[n = 343]

95 (85-100)
[n = 1338]

<.001 85
(55-100)
[n = 207]

95 (80-100)
[n = 394]

93
(70-100)
[n = 601]

<.001

Emotional
well-being

84 (68-92)
[n = 662]

84 (72-92)
[n = 256]

84 (76-95)
[n = 85]

88 (72-92)
[n = 350]

84 (72-92)
[n = 1353]

.26 84 (68-92)
[n = 213]

84 (64-92)
[n = 397]

84 (64-92)
[n = 610]

.10

Energy/fatigue 80 (65-89)
[n = 662]

74 (55-85)
[n = 256]

75 (55-85)
[n = 86]

75 (60-85)
[n = 351]

75 (60-85)
[n = 1355]

.01 75 (55-85)
[n = 213]

75 (60-85)
[n = 398]

75 (55-85)
[n = 611]

.13

Social support scaleg 95 (75-100)
[n = 673]

95
(70-100)
[n = 260]

95 (66-100)
[n = 86]

95 (75-100)
[n = 361]

95 (75-100)
[n = 1380]

.19 90
(60-100)
[n = 212]

95 (75-100)
[n = 399]

95
(70-100)
[n = 611]

.10

Depression scaleh 15 (4-30)
[n = 659]

11 (4-30)
[n = 256]

15 (4-33)
[n = 85]

11 (4-22)
[n = 351]

11 (4-30)
[n = 1351]

.35 19 (7-33)
[n = 210]

19 (4-33)
[n = 399]

19 (5-33)
[n = 609]

.79

Participatory
decision-makingi

86 (71-93)
[n = 673]

79 (64-89)
[n = 258]

86 (75-94)
[n = 84]

86 (68-96)
[n = 351]

86 (71-93)
[n = 1366]

.002 75 (57-86)
[n = 209]

82 (68-93)
[n = 394]

79 (64-93)
[n = 603]

<.001

Abbreviations: ADT, androgen deprivation therapy; CaPSURE, Cancer of the

Prostate Strategic Urologic Research Endeavor; EBRT, external beam

radiotherapy; IQR, interquartile range; LDR, low-dose-rate.

a Participants with clinical stage cT to cT2bN0M0 cancer, PSA �20, and Group

Grade 1 or 2 are categorized as having favorable-risk disease. Participants with

clinical stage cT2cN0M0 cancer, PSA of 20-50, or Grade Group 3, 4 or 5 are

categorized as having unfavorable-risk disease.

bAll P values are for overall treatment difference.

c Based on the Total Illness Burden Index (range, 0-23; higher scores indicate

greater severity and number of comorbid illnesses).

dBiopsy Grade Group 1 is Gleason 3 + 3 = 6, Group 2 is 3 + 4 = 7, Group 3 is

4 + 3 = 7, Group 4 is 4 + 4 = 8, and Group 5 is 5 + 4 = 9 or 5 + 5 = 10.

e Expanded Prostate Cancer Index Composite (EPIC) scores range from0 to

100, with higher scores indicating better function.

f Medical Outcomes Short-FormHealth Survey 36 (SF-36) domain scores are

transformed to a scale of 0 to 100, with higher scores indicating better

function or less disability (physical function domain score is a weighted sum

of 10 items; emotional well-being, 5 items; and energy and fatigue score,

4 items).

g Five questions from theMedical Outcomes Study Social Support Scale are

selected to create a modified domain score. Responses are transformed to

a scale of 0 to 100, with higher scores indicating greater support.

hDerived from the 10-item Center for Epidemiologic Studies Depression Scale.

Scores range from0 to 100, with higher scores indicating more severe

depressive symptoms.

i Seven items are scored on a scale from 0 to 100, with higher scores indicating

increased patient choice, control, and responsibility.
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At5years, comparedwithmenwhounderwent active sur-

veillance, more men who underwent prostatectomy re-

ported erections insufficient for intercourse (57% vs 61%; ad-

justed OR, 1.9 [95% CI, 1.3-2.9]; P < .001) and a moderate or

big problem with sexual function (24% vs 35%; adjusted OR,

1.9 [95%CI, 1.3-2.8];P < .001).Amongmenwho reportederec-

tions sufficient for intercourse at baseline, 205 of 428 men

(48%) who received nerve-sparing prostatectomy, 53 of 109

(49%) who received EBRT, 25 of 46 (54%) who received LDR

brachytherapy, and 133 of 200 (66%) who underwent active

Figure 2. Unadjusted Disease-Specific Function forMenWith Favorable-Risk Disease in a Study of the Association Between Treatments

for Localized Prostate Cancer Through 5 Years
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Domain scores are from the Expanded Prostate Cancer Index Composite (range,

0-100; higher scores indicate better function). Boxplots illustrate the

distribution of scores at 6months, 3 years, and 5 years. The boxes indicate the

lower and upper quartiles and the lines inside the boxes indicate themedian.

The whiskers extend to the furthest points from the lower and upper quartiles

that are still within 1.5 × the interquartile range (upper quartile − lower quartile).

All the points beyond 1.5 × interquartile ranges are shown as dots, the intensity

of which signifies the relative number of participants with that value.
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surveillance retained or regained erections sufficient for in-

tercourse at 5 years (eTable 7 in the Supplement).

Urinary Function

Baselineurinary functionwas similar across treatment groups

(Table). A clinically meaningful decline in urinary inconti-

nence function (MCID, 6-9) was shown in men who under-

went nerve-sparing prostatectomy, from a median domain

score of 100 at baseline to 73 at 6 months, with limited sub-

sequent improvement (79 at 3 and 5 years). A clinicallymean-

ingful decline inurinary irritative function (MCID, 5-7)was re-

ported in theparticipantswhounderwentLDRbrachytherapy

at 6months, from amedian domain score of 94 at baseline to

81 at 6 months, with subsequent improvement (94 at 3 and 5

years). Clinically meaningful improvement was seen in par-

ticipantswhounderwentprostatectomy, fromamedian score

of 88 at baseline to94at subsequent timepoints (Figure 2 and

eTable 5 in the Supplement).

While controlling forbaselinedomain scores andother co-

variates, prostatectomywas associated with clinicallymean-

ingful worse urinary incontinence function through 5 years

compared with active surveillance (adjusted mean differ-

ence, −10.9 [95% CI, −14.2 to −7.6]; P < .001 at 5 years), EBRT

(adjusted mean difference, −15.9 [95% CI, −19.5 to −12.3];

P < .001 at 5 years), and LDR brachytherapy (adjusted mean

difference, −11.6 [95% CI, −17.5 to −5.7]; P < .001 at 5 years).

At 5years, prostatectomywasassociatedwith clinicallymean-

ingful better urinary irritative function than active surveil-

lance (adjustedmeandifference, 5.7 [95%CI, 3.9-7.4];P < .001)

and LDR brachytherapy (adjusted mean difference, 5.4 [95%

CI, 1.7-9.1];P < .001). LDRbrachytherapywas associatedwith

clinicallymeaningfulworse incontinence functionat6months

(adjusted mean difference, −7.0 [95% CI, −11.2 to −2.8];

P < .001) and irritative function through 1year (adjustedmean

difference, −7.0 [95%CI, −10.1 to−3.9];P < .001 at 1 year) com-

paredwith active surveillance. Therewereno clinicallymean-

ingful urinary functiondifferences betweenparticipantswho

underwent EBRT and active surveillance at any time point

(Figure 3 and eTable 5 in the Supplement).

At 5 years, nerve-sparing prostatectomy was associated

with higher rates of urinary leakage than active surveillance (

10%vs 7%; adjustedOR,−1.9 [95%CI, 1.0-3.4];P = .04). There

wereno statistically significant differences inmoderate or big

problems with urinary function, urinary frequency, or burn-

ing on urination across treatment groups at 5 years (eTables 5

and 6 in the Supplement)

Figure 3. Adjusted Disease-Specific Functional Outcomes forMenWith Favorable-Risk Disease in a Study

of the Association Between Treatments for Localized Prostate Cancer Through 5 Years

6 MonthsA 1 YearB

Sexual function

Hormone
function

Bowel
function

Urinary
irritative

Urinary
incontinence

Hormone
function

Bowel
function

Urinary
irritative

Urinary
incontinence

3 YearsC 5 YearsD

Hormone
function

Bowel
function

Urinary
irritative

Urinary
incontinence

Hormone
function

Bowel
function

Urinary
irritative

Urinary
incontinence

100 Best function

Worst function

80

60

40

20

0

Sexual function
100 Best function

Worst function

80

60

40

20

0

Sexual function
100 Best function

Worst function

80

60

40

20

0

Sexual function
100 Best function

Worst function

80

60

40

20

0

Treatment groups

Nerve-sparing radical prostatectomy

External beam radiation therapy

Low-dose-rate brachytherapy

Active surveillance

Radar plots of adjusted Expanded

Prostate Cancer Index Composite

functional domain scores. The center
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function (score of 100). For the

sexual function domain, the

minimum clinically important

difference in score is 10-12; urinary
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irritative domain, 5-7; and bowel and

hormonal function domains, 4-6. The

regressionmodels were adjusted for

baseline domain score, age,
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characteristics, physical function,

social support, depression,

medical decision-making style,

and accrual site.
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Bowel Function

Baseline bowel functionwas similar across treatment groups.

Small but clinicallymeaningful (MCID, 4-6) declines in bowel

functionwere reportedafterEBRT (fromamedianscoreof 100

at baseline to 96 at subsequent time points) and LDR brachy-

therapy (from a median score of 100 at baseline to 96 at 6

months and 1 year, andback to 100at subsequent timepoints)

(Figure 2 and eTable 5 in the Supplement).

While controlling for baseline domain scores and other

covariates, LDR brachytherapy was associated with worse

bowel function through 1 year compared with active surveil-

lance (adjusted mean difference, −5.0 [95% CI, −7.6 to −2.4];

P < .001 at 1 year) and nerve-sparing prostatectomy (ad-

justed mean difference, −5.0 [95% CI, − 7.5 to −2.4]; P < .001

at 1 year). There were no clinically meaningful bowel func-

tion differences between EBRT or prostatectomy and active

surveillance at any time point (Figure 3 and eTables 5 and 6

in the Supplement).

Hormonal Function

There were no statistically significant differences between

treatmentgroups inhormonal function (Figure2,Figure3, and

eTables 5 and 6 in the Supplement).

Additional Analyses

Men who initially underwent active surveillance who pro-

gressed to treatment reported greater functional decline than

those who continued undergoing active surveillance (eFig-

ure 1 in the Supplement).Menwho underwent nerve-sparing

prostatectomy, EBRT, and LDR brachytherapy were com-

pared with the subset of participants who initially chose ac-

tive surveillance anddidnot receive a treatment at a later time

point. The resultswere similar to the aggregated results; how-

ever, the magnitude of difference was greater for some com-

parisons (eTable 8 in the Supplement).

Unfavorable-Risk Disease

Of 619 men with unfavorable-risk disease, 402 (65%) under-

went prostatectomy and 217 (35%) underwent EBRT deliv-

ered with ADT (additional treatment details are provided in

eTable 4 in the Supplement).Men treatedwithEBRTandADT

were older, hadmore comorbidities, andwere less likely to be

non-Hispanic white (Table).

Sexual Function

Menwho received EBRT deliveredwith ADT hadworse base-

line sexual function than men who received prostatectomy

(Table).Therewereclinicallymeaningfuldeclines inboth treat-

ment groups in sexual function (MCID, 10-12), with the me-

dian domain score falling from 70 to 15 for men who under-

wentprostatectomyand from48to27 formenwhounderwent

EBRT with ADT (Figure 4 and eTable 9 in the Supplement).

When controlling for baselinedomain scores andother covar-

iates, EBRTwithADTwas associatedwith statistically signifi-

cantly better sexual function through 5 years than prostatec-

tomy(Figure5andeTable9 in theSupplement).Thedifference

was clinicallymeaningful at 6months (adjustedmean differ-

ence, 10.9 [ 95% CI, 6.0-15.8]; P < .001) and 5 years (adjusted

mean difference, 12.5 [95%CI, 6.2-18.7]; P < .001). At 5 years,

EBRTwithADTwasassociatedwith a lower likelihoodof erec-

tion insufficient forpenetration (75%vs80%;adjustedOR,0.4

[95% CI, 0.2-0.8]; P = .01); however, there was no statisti-

cally significantdifference in sexual bother betweenmenwho

received EBRT with ADT vs prostatectomy (eTable 9 in the

Supplement). Among men who reported erections sufficient

for intercourse at baseline, 63 of 204 (31%) treatedwith pros-

tatectomy and 37 of 80 (46%) treated with EBRT and ADT re-

ported the ability to maintain erections sufficient for inter-

course at 5 years (eTable 7 in the Supplement).

Urinary Function

Baselineurinary functionwas similar across treatment groups

(Table). Men treated with prostatectomy showed a clinically

meaningfuldecline in incontinence function (MCID,6-9),with

median domain scores falling from 100 at baseline to 69 at 5

years (Figure 4 and eTable 9 in the Supplement). When con-

trolling for baselinedomain scores andother covariates, EBRT

with ADT was associated with statistically significantly bet-

ter incontinence function thanprostatectomy,whichwasclini-

callymeaningful at all timepoints (5 years: adjustedmeandif-

ference,23.2 [95%CI, 17.7-28.7];P < .001;Figure5andeTable9

in the Supplement). There was no statistically significant or

clinically meaningful difference in urinary irritative function

betweentreatmentgroups (Figure5andeTable9 in theSupple-

ment). At 5 years, EBRT with ADT was associated with lower

likelihood ofmoderate or big problemswith urinary function

(13% vs 17%; adjusted OR, 0.4 [95% CI, 0.2-0.8]; P = .005).

Bowel Function

Baseline bowel function was similar across treatment groups

(Table). Men treated with EBRT with ADT reported a clini-

callymeaningful decline in bowel function (MCID, 4-6), from

a median domain score of 100 at baseline to a low of 92 at 1

year (Figure 4 and eTable 9 in the Supplement). When con-

trolling for baselinedomain scores andother covariates, EBRT

with ADT was associated with clinically meaningful worse

bowel function scores thanprostatectomy through 1 year (ad-

justed mean difference, −4.1 [95% CI, −6.3 to −1.9]; P < .001

at 1 year; Figure5andeTable9 in theSupplement). Therewere

no statistically significant differences between treatment

groups in individualbowel symptomsthrough5years (eTable9

in the Supplement).

Hormonal Function

Baseline hormonal function was similar across treatment

groups (Table). Men treated with EBRT with ADT reported a

clinicallymeaningfuldecline inhormone function (MCID,4-6),

from amedian domain score of 90 at baseline to a low of 81 at

6 months, with subsequent improvement to 90 at 5 years

(Figure 4 and eTable 9 in the Supplement). When controlling

for baseline domain scores and other covariates, EBRT with

ADTwas associatedwith statistically significantlyworse hor-

mone function at 6 months and 1 year, which was only clini-

callymeaningful at 6months (adjustedmeandifference, −5.3

[95%CI, −8.2 to−2.4];P < .001). Therewasno statistically sig-

nificant or clinicallymeaningful difference in hormone func-
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tion between groups thereafter (Figure 5 and eTable 9 in the

Supplement).

Health-Related Quality of Life

For bothmenwith favorable-risk andmenwith unfavorable-

risk disease, baseline SF-36 physical function score was

highest for men who underwent prostatectomy and lowest

for men who underwent EBRT-based treatment (Table).

None of the treatment groups reported a clinically meaning-

ful decline in physical function, emotional well-being,

or energy and fatigue scores (Figure 6). When controlling

for baseline scores and other covariates, there were no

Figure 4. Unadjusted Disease-Specific Function forMenWith Unfavorable-Risk Disease in a Study of the Association Between Treatments

for Localized Prostate Cancer Through 5 Years
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Domain scores are from the Expanded Prostate Cancer Index Composite (range,

0-100; higher score indicate better function). Boxplots illustrate the distribution

of scores at 6months, 3 years, and 5 years. The boxes indicate the lower and

upper quartiles and the lines inside the boxes indicate themedian. The whiskers

extend to the furthest points from the lower and upper quartiles that are still

within 1.5 × the interquartile range (upper quartile − lower quartile). All the

points beyond 1.5 × interquartile ranges are shown as dots, the intensity of

which signifies the relative number of participants with that value.
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clinically meaningful differences between treatment groups

in physical functioning, emotional well-being, or energy

and fatigue (eTables 10 and 11 and eFigures 2 and 3 in the

Supplement).

Exploratory Analyses of EffectModification by Covariates

Interaction terms were added to multivariable models to in-

vestigate if the associations between treatment and func-

tional outcomes differed based on baseline characteristics.

Baseline function was an effect modifier for sexual function

(P = .008 for favorable-risk and P = .007 for the unfavorable-

risk disease), urinary incontinence (P = .009 for favorable-

risk andP < .001 for unfavorable-risk disease), andurinary ir-

ritative (P < .001 for favorable-riskandP = .03 forunfavorable-

risk disease) domains. Comorbiditywas an effectmodifier for

sexual function in the favorable-risk group (P = .04) and for

hormone function in theunfavorable-risk group (P = .03). For

men in theunfavorable-riskgroup, cancer characteristics (PSA

>20orGradeGroup4-5vsnot)wasaneffectmodifier for sexual

function (P = .03). There were no statistically significant in-

teractions associatedwith black race (eTables 12-15 and eFig-

ures 4-6 in the Supplement).

Discussion

In this cohort study, contemporarymanagement strategies for

localized prostate cancer were associated with distinct ad-

verse effect profiles. While most urinary, bowel, sexual, and

hormonal functional differences attenuated by 5 years, pros-

tatectomywasassociatedwithclinicallymeaningfulworseuri-

nary incontinence thanothermanagement options through5

years for men with favorable- and unfavorable-risk prostate

cancer. For men with unfavorable-risk disease, prostatec-

tomy was also associated with clinically meaningful worse

sexual functionat 5years thanEBRTdeliveredwithADT.How-

ever, irrespective of whether they received prostatectomy or

EBRTwithADT, fewer thanhalf ofmenwithunfavorable-risk

disease reported theability tomaintainerections sufficient for

intercourse at 5 years.

While intermediate-term functional outcomes of pros-

tate cancer treatments have been studied in the randomized

ProtecT trial,31 thecurrent studydiffers in several respects.The

ProtecT trial fromtheUnitedKingdomrandomizedmentoun-

dergo active surveillance, nerve-sparing prostatectomy with

Figure 5. Adjusted Disease-Specific Functional Outcomes forMenWith Unfavorable-Risk Prostate Cancer

in a Study of the Association Between Treatments for Localized Prostate Cancer Through 5 Years
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Figure 6. Unadjusted Health-Related Quality of Life forMenWith Favorable- and Unfavorable-Risk Disease in a Study of the Association Between

Treatments for Localized Prostate Cancer Through 5 Years
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are shown as dots, the intensity of which signifies the relative number of

participants with that value.
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an open retropubic approach, or 74 Gy 3-dimensional confor-

malEBRTadministeredwithADT. Incontrast,mostmen in the

current study underwent prostatectomy with robotic assis-

tanceand receivedhigher-doseEBRTdeliveredwith intensity-

modulatedradiationtherapy,daily imageguidance,andrisked-

based use of ADT. The current study also included a group of

men treatedwithLDRbrachytherapy.Additionally, 23%of this

cohortwasnotwhite, comparedwith 1% in theProtecT study,

and52%hadGradeGroup 1disease, comparedwith77% in the

ProtecT trial.31

Differences in treatment details may explain some of the

differences in adverse effect profiles between this study and

the ProtecT study. First, there were fewer sexual adverse ef-

fects afterEBRT formenwith favorable-riskdisease in the cur-

rentstudythan intheProtecTtrial, likelybecausethefavorable-

risk group in the current study did not receive ADT and men

in the ProtecT trial received 3 to 6months of ADT.4,31 Second,

therewere fewerboweladverseeffectsafterEBRTformenwith

favorable-risk disease in the current study than the ProtecT

trial, likely because most participants in this study received

intensity-modulated radiation therapy with image guidance,

which delivers less radiation to the bowel than the 3-dimen-

sional conformal radiation used in the ProtecT trial.32,33 De-

spite theuse of robotic surgery in 75%of participantswhoun-

derwent prostatectomy in this study, there were significant

declines insexual andurinary incontinencescores in thesepar-

ticipants, whichwas also seen in the ProtecT trial, suggesting

thatmenundergoingprostatectomy,whether robotic or open,

are at risk for these adverse effects.

Men inall treatmentgroups in this studyexperiencedclini-

cally meaningful declines in sexual function over time, in-

cluding those who underwent active surveillance. This de-

cline was in part due to progression to treatment and in part

due to age-related functional changes. In both the favorable-

risk and unfavorable-risk disease groups, the effect on sexual

functionwasgreatest inmentreatedwithprostatectomy,which

isconsistentwithfindings fromProtecTandotherstudies.3-5,7,31

Urinarychangesafter treatment in this studywerealsocon-

sistentwithfindingsfromotherstudies.3-5,7,31Decrements inuri-

naryincontinenceafterprostatectomyremainedclinicallymean-

ingful throughout 5 years, while men treated with LDR

brachytherapyexperiencedclinicallymeaningfuldeclines inuri-

nary irritative functionandbowel functionduring the firstyear.

Treatment intensityandoptionsvarybycancer severity.By

analyzing adverse effects formenwith favorable- andunfavor-

able-risk disease separately, the outcomes of relevantmanage-

mentoptions for each risk levelwere compared,making the re-

sults more actionable. For example, prostatectomy was

associated with worse 5-year sexual function outcomes than

EBRT in the unfavorable-risk group, but not in the favorable-

risk group, who routinely underwent nerve-sparing prostatec-

tomy. Similarly, men with unfavorable-risk disease who re-

ceivedEBRTwithADTreportedclinicallymeaningful transient

bowel andhormonal adverseeffects,which is likelybecauseall

of thesemen received ADT and some received pelvic nodal ra-

diation,whichdeliversradiationtothebowel,whilementreated

with EBRTwith favorable-risk disease did not report clinically

meaningful bowel and hormonal function changes.

Five-yeardisease-specificsurvival for localizedprostatecan-

cerapproaches100%.34Becausethetreatmentoptionsevaluated

inthisstudywereassociatedwithsimilarprostatecancersurvival

andglobalhealth-relatedqualityof life throughthe first5years,

thedifferences inurinary,bowel, sexual,andhormonal function

are themost salientoutcomesduring thisperiodandmaydrive

patienttreatmentselection.Otherfactors, includingpatientpref-

erence, perception of long-term oncologic effectiveness, time

commitmentfortreatmentandrecovery,out-of-pocketexpenses,

salvage treatmentoptions, andproviderbiasesandrecommen-

dation, also affect treatment choice.35,36

Strengths of the study include its population-based, longi-

tudinaldesignandfocusoncontemporarysurgical,radiotherapy,

and surveillance techniques,whichmake the results represen-

tativeofdisease-specific functionafter currentmanagementof

localizedprostatecancerintheUnitedStates.Thesamplesizewas

adequate to report functional outcomes by treatment within

disease-risk strata tobetter informpatientsandproviders.Ana-

lyzingtheactivesurveillancegroupinanintention-to-treat fash-

ionhighlighted theadverseeffectsexperienced in thisgroup, in

whichmostmenhadrepeatbiopsiesand25%underwentdefini-

tive treatment over the 5-year follow-upperiod.

Limitations

This study has several limitations. First, as with all observa-

tional studies, confoundingby indication is likely. Tominimize

bias, models adjusted for baseline characteristics and a wide

rangeof variables associatedwith treatment selection. Second,

patient function is reportedupto5yearsafter treatment,which

isgenerally theperiodofgreatest functional change,but impor-

tantdifferencesmayexist among treatmentsbetweendata col-

lection periods and at later points. Third, there is the potential

for type II errors given the relatively small sample size for some

treatment-specific estimates. Fourth, the analytic models pre-

dict average function and used clinical judgment and pub-

lished thresholds when interpreting clinically meaningful dif-

ferences in functional domain scores.However, an individual’s

function and personal experience may vary. Fifth, some data

were missing; however, domain scores could be calculated as

longas80%ofquestionswerecompletedwithinaparticulardo-

mainandmultiple imputationwasusedto fill inmissing regres-

sion model covariate values. Sixth, this study focused on the

most common and appropriate management strategies for lo-

calizedprostate cancer at each risk level,1,2butdidnotevaluate

uncommonand investigational strategies, such as cryotherapy

and high-dose-rate brachytherapy.

Conclusions

In this cohortofmenwith localizedprostatecancer,most func-

tional differences associated with contemporary manage-

ment options attenuated by 5 years. However, men undergo-

ing prostatectomy reported clinically meaningful worse

incontinence through 5 years than all other treatment op-

tions, and men undergoing prostatectomy for unfavorable-

riskdisease reportedworse sexual functionat5years thanmen

who underwent EBRT and ADT.
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