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Abstract

Background and objective: Incidence rates for prostate cancer (PCa) diagnosis and
mortality are higher for Black men. It is unknown whether similar disparities exist
in survivorship care. We assessed the delivery and quality of survivorship care for
Black men undergoing PCa therapy in terms of the burden of and treatment for uri-
nary adverse events (UAEs) and erectile dysfunction (ED).
Methods: We queried Optum Clinformatics data for all patients diagnosed with PCa
from January 1, 2002 to December 31, 2017 and identified those who underwent
primary PCa treatment. Index cohorts were identified in each year and followed
longitudinally until 2017. Data for UAE diagnoses, UAE treatments, and ED treat-
ments were analyzed in index cohorts. Cox proportional-hazards regression models
were used to examine associations of race with UAE diagnosis, UAE treatment, and
ED treatment.
Key findings and limitations: We identified 146, 216 patients with a PCa diagnosis
during the study period, of whom 55, 149 underwent primary PCa treatment. In
the primary treatment group, 32.7% developed a UAE and 28.2% underwent UAE
treatment. The most common UAEs were urinary incontinence (11%), ureteral
obstruction/stricture (4.5%), bladder neck contracture (4.5%), and urethral stricture
(3.7%). The most common UAE treatments were cystoscopy (13%), suprapubic tube
placement (6%), and urethral dilation (5%). Overall, UAE diagnosis rates were higher
for Black patients, who had significantly higher risk of urethral obstruction, rec-
tourethral fistula, urinary incontinence, cystitis, urinary obstruction, and ureteral
fistula. Overall, UAE treatment rates were lower for Black patients, who had signif-
icantly higher risk of fecal diversion and/or rectourethral fistula repair (adjusted
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hazard ratio [aHR] 1.71, 95% confidence interval [CI] 1.04–2.79). Regarding ED
treatments, Black patients had higher risk of penile prosthesis placement (aHR
1.591, 95% CI 1.26–2.00) and intracavernosal injection (aHR 1.215, 95% CI 1.08–
1.37).
Conclusions and clinical implications: Despite a high UAE burden, treatment rates
were low in a cohort with health insurance. Black patients had a higher UAE burden
and lower UAE treatment rates. Multilevel interventions are needed to address this
stark disparity. ED treatment rates were higher for Black patients.
Patient summary: We reviewed data for patients treated for prostate cancer (PCa)
and found that 32.7% were diagnosed with a urinary adverse event (UAE) following
their PCa treatment. The overall treatment rate for these UAEs was 28.2%. Analysis
by race showed that the UAE diagnosis rate was higher for Black patients, who were
also more likely to receive treatment for erectile dysfunction.
� 2024 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

There are more than 3 million prostate cancer (PCa) sur-
vivors in the USA [1]. Almost 100% of men with local or
regional PC survive for 5 yr after their diagnosis; the relative
10-yr survival rate is 98% and the 15-yr survival rate is 96%
[2]. Treatment for localized PCa is highly effective, but the
side effects and impact on quality of life can be substantial.
Treatment extends the quantity of life for PCa survivors, but
data on the effects of PCa treatments on care delivery pat-
terns and the quality of survivorship care are lacking [3].
Moreover, it is unknown if health disparities [4]—which
are pervasive in PCa incidence, treatment, and mortality
and disproportionately impact Black men [5–7]—persist in
the PCa survivorship period.

Surgical and radiation urinary adverse events (UAEs) are
common and costly adverse effects of treatment for local-
ized PC and include urinary incontinence, urethral stricture,
cystitis, rectourethral fistula (RUF), and bladder neck con-
tracture, as well as erectile dysfunction (ED). UAEs and ED
occur as a direct result of PC treatment and greatly impact
health-related quality of life and have been linked to deci-
sional regret for PCa survivors [8,9]. An understanding of
the state and quality of the delivery of care in PCa survivor-
ship, as well as any disparities, is essential for evidence-
based solutions and interventions to ensure that all PCa sur-
vivors receive timely, high-quality, appropriate care as
advocated for by the American Cancer Society and the Insti-
tute of Medicine [10]. We hypothesized that disparities
exist in the delivery of PCa survivorship care for UAEs (in-
cluding receipt of care for UAE and time to UAE treatment).
These hypotheses are supported by research into disparities
on PCa, which has demonstrated disparities in incidence,
treatment, and mortality, as well as social, economic, and
structural barriers that are pervasive for Black patients.

In the present study we analyzed UAE diagnosis, UAE
treatment, time to UAE treatment, and ED treatment strati-
fied by race in an insured cohort of patients who underwent
definitive treatment for PCa. This approach yields findings
that provide an insight into the quality of care for prostate
cancer survivors. Assessment of the delivery of care for a
cohort of insured patients allows an insight into disparities
that exist for reasons other than insurance status, such as
systemic and structural inequities.

2. Patients and methods

2.1. Data source

Optum Clinformatics Data Mart (OptumInsight, Eden
Prairie, MN, USA) is a de-identified database of administra-
tive health claims from more than 80 million commercially
insured beneficiaries enrolled in private and Medicare
Advantage health plans from a single payer. The database
includes inpatient and outpatient claims for all insured
individuals with both pharmacy and medical coverage
throughout their enrollment on the insurance plan across
all 50 states. As patient-level data are de-identified, the
University of Michigan institutional review board deemed
that ethical approval of the study was not required.

2.2. Sample selection

All patients with a PCa diagnosis from January 1, 2002 to
December 31, 2017 were eligible for analysis. Patients with
PCa were identified using International Classification of Dis-
ease (ICD)-9 and ICD-10 codes (Supplementary Table 1). We
excluded men with <12 mo of continuous enrollment before
the first diagnosis of PCa to ensure incident PCa diagnosis
was captured. To ensure sufficient follow-up to identify
and classify disease-free and treatment-free survival, we
also excluded any patients with <12 mo of continuous
enrollment after incident PCa diagnosis.

2.3. Identification of patients with primary PCa treatment

Primary PCa treatment was identified during the follow-up
period using Current Procedural Terminology (CPT) codes
(Supplementary Table 1). The first date of service in the
follow-up period following index PCa diagnosis was calcu-
lated. Since patients could have multiple types of PCa treat-
ments, the first discovery date for each of these treatments
was calculated. Primary treatments included robotic and
open radical prostatectomy (RP), external beam radiation
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therapy (RT), brachytherapy, intensity-modulated RT, neu-
tron beam treatment, proton beam treatment, stereotactic
body RT, image-guided RT, and cryotherapy.

2.4. Identification of patients with UAEs

All UAE diagnoses were identified on the basis of empirical
evidence from experienced physicians involved in the care
of patients with UAEs and a priori literature [8,11–13].
UAE diagnoses were identified in Optum Clinformatics
using ICD-9-CM and ICD-10-CM codes (Supplementary
Table 1). To ensure that UAEs were not prevalent at the time
of the incident PCa diagnosis, any patient with UAEs in the
12-mo period before their index PCa diagnosis were
excluded. In the follow-up period, patients were identified
for the first date that they had a UAE. Since patients could
have multiple UAEs, the first date for each event was iden-
tified and the length of time in days from the index PCa
treatment to each of the UAE first discovery dates was cal-
culated. UAE diagnoses included urethral stricture, radia-
tion cystitis, urinary incontinence, cystitis, RUF/urethral
fistula, ureteral fistula, ureteral stricture, urinary tract/uret-
eral obstruction, urethral obstruction, and bladder neck
contracture.

2.5. Identification of patients with UAE treatments

UAE treatments received by patients were identified using
CPT codes (Supplementary Table 1) throughout their enroll-
ment in the insurance plan. Given that diagnoses have lim-
ited validity in insurance claims [14], UAE treatments were
examined for all patients who underwent PCa treatment. If
a patient had more than UAE treatment, only the first date
of discovery following primary PCa treatment was recorded
and used to calculate the length of time in days from PCa
treatment to the first UAE treatment. Given the variability
in ICD coding, the first PCa treatment (and not PCa diagno-
sis) was used as the index procedure to determine the time
to UAE treatment. The following UAE treatments were
included: artificial urinary sphincter (placement, removal,
removal/replacement), male sling (placement, revision),
urethroplasty, perineal urethrostomy, urinary diversion,
ileal ureter, ileovesicostomy, Mitrofanoff procedure, cysto-
tomy/suprapubic tube placement, Foley catheterization,
cystectomy/urinary diversion, cystoscopy, cystoscopy/clot
evacuation, cystoscopy/bladder fulguration, cystoscopy/col-
lagen injection/Botox injection, cystoscopy/biopsy transure-
thral resection of bladder tumor, cystoscopy/direct-vision
internal urethrotomy, cystoscopy/calibration and/or dila-
tion of urethral stricture or stenosis, meatotomy, incision/
resection of bladder neck contracture, bladder neck closure,
urethral stent placement, cystoscopy/steroid injection for
stricture, urethral bulking, cystoscopy/ureteral stent place-
ment, cystoscopy with stent placement/removal, ureteral
meatotomy, endoscopy, ureteroneocystostomy, ureteral
reconstruction, nephrostomy tube placement, transurethral
resection of the prostate, transurethral incision of the pros-
tate, pubectomy, split-thickness skin graft, urethrocuta-
neous fistula repair, fecal diversion for fistulas, closure of
ureter or bowel fistula, and closure of rectovesical fistula
or rectourethral fistula.
2.6. Identification of patients with treatment for ED

ED treatments received by patients were identified using
CPT codes (Supplementary Table 1) throughout their enroll-
ment in the insurance plan.

2.7. Exposure variable and other covariates

Covariates included age, race/ethnicity (self-reported), year
of PCa diagnosis, US Census Bureau division, a composite
Elixhauser comorbidity index [15], and each of the 31
comorbidities that comprise the comorbidity index. Race/
ethnic group was the main exposure variable, with White
representing the reference group.

2.8. Outcome variables

We analyzed four outcomes: (1) PCa diagnosis and treat-
ment; (2) UAE among patients who underwent primary
PCa treatment; (3) UAE treatment; and (4) time (in days)
to UAE treatment.

2.9. Statistical analysis

We conducted bivariate analyses comparing demographic
data and diagnosis and treatment rates among all race/eth-
nic groups. Subsequent bivariate analyses were conducted
for patients with UAEs to compare baseline demographics
and UAE treatments across race groups. All bivariate analy-
ses for categorical variables were conducted using v2 tests.
Patient age was categorized so that no parametric or non-
parametric testing was required. Age categories were
defined using clinically relevant cutoffs.

To examine treatment-free survival for patients with a
PCa diagnosis by race, Kaplan-Meier product-limit survival
curves were plotted over a 3-yr follow-up period. We also
plotted product-limit survival curves for (1) the time from
PCa diagnosis to UAE diagnosis and (2) the time from UAE
diagnosis to UAE secondary treatment for patients with
PCa by race over a 3-yr period. Log-rank tests were used
to examine if the proportional hazards assumption held
true for the survival models. All patients were right-
censored if they did not experience the relevant outcome
in the follow-up period or if they discontinued their insur-
ance plan.

To estimate the unadjusted and adjusted hazards of
treatment-free survival (PCa diagnosis to PCa treatment),
disease-free survival (PCa diagnosis to UAE diagnosis), and
treatment-free survival (UAE diagnosis to UAE treatment),
we developed a series of Cox proportional-hazards regres-
sion models. We constructed models for each of the UAE
diagnoses and treatments, and for composite UAE diagnosis
and treatment measures. To examine the unadjusted associ-
ation between race and each of the outcomes, unadjusted
Cox proportional-hazards models were fitted and unad-
justed hazard ratios (HRs) and 95% confidence intervals
(CIs) were calculated. Fully adjusted models were then fit-
ted for the main exposure covariate (race) and adjusted
HRs (aHRs) and 95% CIs were calculated. Models were
adjusted for age group, race/ethnicity, year of PC diagnosis,
US Census Bureau division, and Elixhauser comorbidity
score.
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All analyses were conducted using SAS v9.4 (SAS Insti-
tute, Cary, NC, USA). Statistical testing was two-tailed with
a significance level of 0.05.
3. Results

3.1. Study cohort

We identified 146 216 patients with a PCa diagnosis from
January 1, 2002, to December 31, 2017. The median enroll-
ment time for the cohort was 2921 days (interquartile range
1886–4229) and the median follow-up after PCa treatment
was 1070 days (interquartile range 571–1951). Of the
146, 216 patients with a PCa diagnosis, 55, 149 (37.7%)
underwent 73, 545 treatments for PCa. The most common
PCa treatments were RP and RT. As shown in Table 1, among
the patients with a PCa diagnosis, 69.2% (n = 101 124) were
White, 9.3% (n = 13 595) were Black, 8.5% (n = 12 486) were
Hispanic, and 2.2% (n = 3244) were Asian. Among patients
who underwent treatment, 71.4% (n = 39 374) were White,
Table 1 – Clinical and demographic characteristics of the study
cohort

Parameter Result

Median age, yr (IQR)
White 68 (60–74)
Black 67 (59–73)
Hispanic 70 (62–75)
Asian 69 (62–75)
Unknown/missing 68 (61–73)

Race/ethnicity, n (%)
White 101 124 (69.2)
Black 13 596 (9.3)
Hispanic 12 486 (8.5)
Asian 3244 (2.2)
Unknown/missing 15 766 (10.8)

Year of prostate cancer diagnosis, n (%)
2002 5001 (3.4)
2003 4460 (3.1)
2004 5623 (3.9)
2005 8400 (5.7)
2006 6948 (4.8)
2007 8458 (5.8)
2008 12 497 (8.6)
2009 10 189 (7.0)
2010 8766 (6.0)
2011 8723 (6.0)
2012 8353 (5.7)
2013 8896 (6.1)
2014 8693 (6.0)
2015 11 514 (7.9)
2016 14 349 (9.8)
2017 15 346 (10.5)

Primary treatment, n (%)
Radical prostatectomy 23 262 (31.2)
Intensity-modulated radiation therapy 18 952 (25.8)
Primary androgen deprivation therapy 11 828 (16.1)
Brachytherapy 7910 (10.8)
External beam radiation therapy 4879 (6.6)
Image-guided radiation therapy 3967 (5.4)
Cryotherapy 1845 (2.5)
Stereotactic body radiation therapy 475 (0.7)
Proton beam treatment 423 (0.6)

Mean Elixhauser comorbidity index (SD)
White 0.76 (1.0)
Black 0.86 (1.1)
Hispanic 0.83 (1.1)
Asian 0.80 (1.1)
Unknown/missing 0.77 (1.1)

IQR = interquartile range; SD = standard deviation.
10.3% (n = 5683) were Black, 7.1% (n = 3907) were Hispanic,
1.9% (n = 1027) were Asian, and 9.3% (n = 5158) identified as
‘‘Other’’ or their race/ethnicity was unknown or missing.

The median age was 68 yr for White patients, 67 yr for
Black patients, 70 yr for Hispanic patients, and 69 yr for
Asian patients. The mean Elixhauser comorbidity index
was 0.76 (standard deviation [SD] 1.0) for White patients,
0.86 (SD 1.1) for Black patients, 0.83 (SD 1.1) for Hispanic
patients, 0.80 (SD 1.1) for Asian patients, and 0.77 (SD 1.1)
for patients who identified as ‘‘Other’’ race/ethnicity, with
a higher index corresponding to greater comorbidity.
3.2. PCa treatment patterns

The most common PCa treatment was RP (n = 23 262,
31.2%), followed by intensity-modulated radiation therapy
(n = 18 952, 25.8%) and primary androgen deprivation ther-
apy (ADT; n = 11 828, 16.1%; Table 1).

As shown in Table 2, the risk of undergoing RP was lower
for Black patients (HR 0.83, 95% CI 0.80–0.87) and Hispanic
patients (HR 0.59, 95% CI 0.56–0.63). Black patients also had
higher risk of undergoing external beam RT (HR 1.05, 95% CI
0.95–1.15), brachytherapy (HR 1.38, 95% CI 1.29–1.47),
intensity-modulated RT (HR 1.35, 95% CI 1.29–1.41),
image-guided RT (HR 1.33, 95% CI 1.2–1.46), cryotherapy
(HR 1.06, 95% CI 0.91–1.24), and primary ADT (HR 1.30,
95% CI 1.23–1.38). Hispanic patients had lower risk of
undergoing most RT modalities except for intensity-
modulated RT (HR 1.11, 95% CI 1.06–1.67).
3.3. UAE diagnosis and treatment patterns

3.3.1. Unadjusted rates
As shown in Table 3, of 55 149 patients who underwent
treatment for PCa, 38.0% (n = 20 962) had a UAE diagnosis
and 28.4% (n = 15 680) underwent UAE treatment. Stratifi-
cation of the distribution of UAE diagnoses by race revealed
that the highest proportion was observed for Black patients
(24.4%); 23.2% of White patients, 23.6% of Hispanic patients,
and 23.8% of Asian patients had a UAE diagnosis. Regarding
Table 2 – Unadjusted Cox hazard ratios for primary prostate cancer
treatment by race/ethnicity, with White race as the reference

Prostate cancer
treatment

Hazard ratio (95% confidence interval)

Black Hispanic Asian

Radical prostatectomy 0.83
(0.80–0.87)*

0.59
(0.56–0.63)*

0.76
(0.69–0.84)*

External beam RT 1.05
(0.95–1.15)

0.82
(0.73–0.91)*

0.59
(0.46–0.75)*

Brachytherapy 1.38
(1.29–1.47)*

0.59
(0.53–0.65)*

0.72
(0.60–0.85)*

Intensity-modulated
RT

1.35
(1.29–1.41)*

1.11
(1.06–1.67)*

0.95
(0.86–1.06)

Stereotactic body RT 0.90
(0.66–1.24)

0.76
(0.53–1.09)

0.70
(0.35–1.42)

Image-guided RT 1.33
(1.2–1.46)*

1.0
(0.89–1.12)

0.91
(0.73–1.15)

Cryotherapy 1.06
(0.91–1.24)

0.73
(0.61–0.88)*

0.80
(0.57–0.81)*

Primary ADT 1.30
(1.23–1.38)*

0.92
(0.86–0.98)*

0.77
(0.67–0.88)*

ADT = androgen deprivation therapy; RT = radiation therapy.
* p < 0.05.



Table 3 – Unadjusted UAE diagnosis and treatment rates by racea

Parameter Patients, n (%) p value

White Black Hispanic Asian

UAE diagnosis
Urinary incontinence 4531 (11.5) 697 (12.3) 462 (10.9) 136 (13.2) 0.0003
Bladder neck contracture 1828 (4.6) 268 (4.7) 268 (4.7) 41 (4.0) 0.04
Urinary tract/ureteral obstructionb 1789 (4.5) 235 (4.1) 201 (5.1) 37 (3.6) 0.02
Urethral stricture 1513 (3.8) 201 (3.5) 132 (3.4) 39 (3.8) 0.006
Cystitis 913 (2.3) 188 (3.3) 101 (2.6) 20 (2.0) <0.0001
Urethral obstruction 882 (2.2) 152 (2.7) 87 (2.2) 24 (2.3) 0.0008
Ureteral fistula 649 (1.7) 121 (2.1) 64 (1.6) 16 (1.6) 0.04
Radiation cystitis 611 (1.6) 93 (1.6) 79 (2.0) 15 (1.5) 0.20
Ureteral stricture 234 (0.6) 21 (0.4) 13 (0.3) 2 (0.2) 0.0009
Rectourethral fistula 103 (0.3) 27 (0.5) 8 (0.2) 4(0.4) 0.02
Composite rate (%)c 23.2 24.4 23.6 23.8 –
UAE treatment
Cystoscopy 5077 (12.9) 695 (12.2) 462 (11.8) 116 (11.3) <0.0001
Suprapubic tube 2479 (6.3) 352 (6.2) 238 (6.1) 77 (7.5) 0.06
Cystoscopy, direct-vision internal urethrotomy 1909 (4.9) 267 (4.7) 170 (4.4) 51 (5.0) 0.007
Transurethral resection of prostate/bladder neck 569 (1.5) 96 (1.7) 57 (1.5) 1 (0.1) 0.03
Male sling 302 (0.8) 46 (0.8) 25 (0.6) 7(0.7) 0.62
Artificial urinary sphincter 259 (0.7) 27 (0.5) 17 (0.4) 5 (0.5) 0.25
Cystectomy 245 (0.6) 12 (0.2) 9 (0.2) 2 (0.2) <0.001
Urethral stent 191 (0.5) 16 (0.3) 12 (0.3) 6 (0.6) 0.01
Nephrostomy tube 161 (0.4) 9 (0.2) 12 (0.3) 1 (0.1) 0.01
Split-thickness skin graft 62 (0.2) 1 (0.02) 1 (0.03) 0 0.01
Fecal diversion 87 (0.2) 21 (0.4) 10 (0.3) 3 (0.3) 0.17
Cunningham clamp 85 (0.2) 4 (0.1) 8 (0.2) 2 (0.2) 0.24
Urethroplasty 39 (0.1) 2 (0.04) 3 (0.1) 0 0.51
Urinary diversion 52 (0.1) 8 (0.1) 3(0.1) 0 0.64
Ureteral reimplantation 39 (0.1) 6 (0.1) 2 (0.1) 1(0.1) 0.89
Cystoscopy, ureteral stent 15(0.04) 2(0.04) 0 0 0.69
Pubectomy 5 (0.01) 2 (0.04) 1 (0.03) 0 0.74
Composite rate (%)c 20.8 19.7 19.1 20.2 –

UAE = urinary adverse event.
a Race category ‘‘Other’’ not included in the table.
b Urinary tract/ureteral obstruction other than urethral stricture (eg, extrinsic compression, retroperitoneal fibrosis).
c The composite rates were calculated by combining all UAE diagnoses or treatments.
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UAE treatments, Hispanic patients had the lowest treatment
rate (19.1%), followed by Black (19.7%), Asian (20.2%), and
White (20.8%) patients.

The most common UAE diagnoses were urinary inconti-
nence (n = 6298, 30.0%), bladder neck contracture (n = 2501,
11.9%), urinary tract obstruction other than stricture (eg,
retroperitoneal fibrosis; n = 2466, 4.5%), and urethral stric-
ture (n = 2032, 3.7%). The least common diagnosis was
RUF (n = 151, 0.3%; Table 3). Black and Asian patients had
the highest rates of urinary incontinence (12% and 13%).
Black patients had the highest rates of cystitis (3%), ureteral
fistula (2%), rectourethral fistula (0.5%), and urethral
obstruction (3%). White patients had the highest rates of
urethral stricture (4%) and ureteral stricture (0.6%). Hispanic
patients had the highest rate of urinary tract obstruction
other than stricture (5%).

The most common UAE treatments were cystoscopy (in-
cluding clot evacuation, bladder fulguration, collagen injec-
tion, and Botox injection; 13%), suprapubic tube placement
(6%), direct-vision internal urethrotomy (including urethral
dilation, meatotomy, bladder neck incision or resection;
5%), and transurethral resection of the prostate (including
transurethral incision of the prostate and transurethral
microwave therapy; 1.4%). An artificial urinary sphincter
or a male sling was placed in 0.6% and 0.8% of patients,
respectively. The least common UAE treatment was pubec-
tomy (0.02%). The rate of artificial urinary sphincter place-
ment was highest for White patients (0.7% vs 0.5% for
Black, 0.4% for Hispanic, and 0.5% for Asian patients). White
patients and Black patients underwent sling placement at
the same rate (0.8%). Overall, 1.3% (n = 73) of Black patients
and 1.4% (n = 561) of White patients underwent inconti-
nence procedures.

3.3.2. Unadjusted ED treatment rates
We examined rates of penile prosthesis placement and
intracavernosal injection for ED treatment. We found that
1.3% of White patients (n = 157) and 2.3% of Black patients
(n = 42) received a penile prosthesis, and 4.6% of White
patients (n = 551) and 6.4% of Black patients (n = 118)
underwent intracavernosal injection.

3.3.3. Cox regression results
Among ten UAE diagnoses, Black patients had higher risk of
seven (Table 4): urethral obstruction (adjusted HR [aHR]
1.26, 95% CI 1.05–1.50), radiation cystitis (aHR 1.03, 95%
CI 0.82–1.28), urinary incontinence (aHR 1.12, 95% CI
1.04–1.22), cystitis (aHR 1.46, 95% CI 1.24–1.72), RUF (aHR
1.65, 95% CI 1.06–2.55), ureteral fistula (aHR 1.30, 95% CI
1.06–1.58), and bladder neck contracture (aHR 1.02, 95%
CI 0.89–1.16). Overall, Black patients had a higher risk of
UAE diagnosis in general (aHR 1.07, 95% CI 1.01–1.14).
Table 4 also lists aHRs for UAE diagnosis and treatment
for Hispanic and Asian patients. Asian patients had a lower



Table 4 – Cox hazard ratios for UAE diagnosis and treatment by race/ethnicity, with White race as the reference

Parameter Hazard ratio (95% confidence interval)

Unadjusted Adjusteda

Black Black Hispanic Asian

UAE diagnosis
Urethral stricture 0.94 (0.82–1.10) 0.97 (0.84–1.13) 0. 96 (0.80–1.15) 0.91 (0.77–1.08)
Urethral obstruction 1.24 (1.04–1.47)* 1.26 (1.05–1.50)* 0.93 (0.74–1.16) 0.94 (0.62–1.41)
Radiation cystitis 1.10 (0.88–1.37) 1.03 (0.82–1.28) 1.25 (0.98–1.59) 0.89 (0.53–1.49)
Urinary incontinence 1.10 (1.01–1.19)* 1.12 (1.04,1.22)* 0.95 (0.86–1.05) 1.13 (0.95–1.34)
Cystitis 1.48 (1.27–1.73)* 1.46 (1.24–1.72)* 1.08 (0.88–1.33) 0.80 (0.51–1.26)
RUF 1.87 (1.22–2.85)* 1.65 (1.06–2.55)* 0.85 (0.41–1.76) 1.56 (0.57–4.28)
Ureteral stricture 0.64 (0.41–1.0)* 0.61 (0.39–0.96)* 0.68 (0.38–1.19) 0.41 (0.1–1.6)
Ureteral fistula 1.35 (1.11–1.63)* 1.30 (1.06–1.58)* 0.91 (0.70–1.19) 0.81 (0.49–1.33)
Ureteral obstruction 0.94 (0.82–1.08) 0.91 (0.79–1.07) 1.00 (0.86–1.16) 0.66 (0.47–0.91)*
Bladder neck contracture 1.04 (0.92–1.18) 1.02 (0.89–1.16) 1.07 (0.91–1.26) 0.99 (0.73–1.35)
UAE diagnosis compositeb 1.09 (1.03–1.16)* 1.07 (1.01–1.14)* – –
UAE treatment
Artificial urinary sphincter 0.75 (0.50–1.12) 0.74 (0.49–1.11) 0.69 (0.42–1.41) 0.78 (0.32–1.90)
Male sling 1.09 (0.80–1.49) 1.13 (0.82–1.55) 0.89 (0.59–1.35) 0.91 (0.43–1.94)
Urethroplasty 0.36 (0.09–1.50) 0.31 (0.07–1.3) 0.90 (0.28–2.98) –
Cystoscopy, DVIU, BNI/D 0.99 (0.87–1.13) 0.99 (0.88–1.14) 1.01 (0.86–1.18) 1.16 (0.87–1.53)
Suprapubic tube 1.00 (0.90–1.12) 1.03 (0.92–1.16) 0.92 (0.80–1.05) 1.16 (0.93–1.46)
Urethral stent/SI/BA 0.60 (0.36–1.00)* 0.58 (0.35–0.97)* 0.71 (0.39–1.28) 1.34 (0.59–3.04)
TURP/TUMT/TUIP 1.20 (0.97–1.50) 1.24 (0.99–1.54) 0.94 (0.72–1.25) 1.21 (0.76–1.95)
Ureteral R/R 1.08 (0.46–2.54) 1.17 (0.48–2.86) 0.45 (0.11–1.90) 0.69 (0.09–5.08)
Urinary diversion 1.08 (0.51–2.28) 1.14 (0.53–2.46) 0.63 (0.19–2.06) –
Cystectomy, urinary diversion 0.34 (0.19–0.61)* 0.35 (0.19–0.62)* 0.37 (0.19–0.72)* 0.29 (0.07–1.19)
Ureteral stent 0.95 (0.22–4.16) 0.89 (0.20–4.05) – –
Nephrostomy tube 0.40 (0.20–0.78)* 0.43 (0.22–0.86)* 0.80 (0.43–1.46) 0.28 (0.04–2.00)
Fecal diversion, RUF repair 1.66 (1.05–2.65)* 1.71 (1.04–2.79)* 1.05 (0.54–2.04) 1.24 (0.39–3.98)
Split-thickness skin graft 0.22 (0.05–0.88)* 0.11 (0.02–0.78)* 0.12 (0.02–0.84) –
Cunningham clamp 0.34 (0.12–0.92)* 0.38 (0.14–1.03) 1.04 (0.49–2.18) 0.98 (0.24–4.03)
Pubectomy 2.89 (0.56–14.88) 3.3 (0.59–18.61) 2.58 (0.26–26.13) –
UAE treatment compositeb 0.97 (0.9–1.03) 0.97 (0.91–1.04) – –

BA = bulking agent; BNI/D = bladder neck incision/dilation; DVIU = direct-vision internal urethrotomy; R/R = reimplantation/reconstruction; RUF = rectourethral
fistula; SI = steroid injection; TUIP = transurethral incision of the prostate; TURP = transurethral resection of the prostate; TUMT = transurethral microwave
therapy; UAE = urinary adverse event
a Model adjusted for age group, race, year of prostate cancer diagnosis, US Census Bureau division, and Elixhauser comorbidity score
b The composite measures involved combining all UAE diagnoses or treatments.
* p < 0.05
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risk of ureteral obstruction (aHR 0.66, 95% CI 0.47–0.91).
Hispanic patients had a lower risk of cystectomy (aHR
0.37, 95% CI 0.19–0.72). No other UAE diagnoses or treat-
ments reached statistical significance for Hispanic and
Asian patients.

Regarding UAE treatments, Black patients had lower risk
of urethral stent (aHR 0.58, 95% CI 0.35–0.97), cystectomy
(aHR 0.35, 95% CI 0.19–0.62), nephrostomy tube (aHR
0.43, 95% CI 0.22–0.86), and split-thickness skin graft (aHR
0.11, 95% CI 0.02–0.78). Of the four UAE treatments with
statistically significant HRs, Black patients had lower risk
for three (urethral stent, cystectomy, nephrostomy tube).
Black patients had a significantly higher risk of fecal diver-
sion for RUF repair (aHR 1.71, 95% CI 1.04–2.79). Hispanic
patients also had a lower risk of cystectomy (aHR 0.37,
95% CI 0.19–0.72).

Among ED treatments, Black patients had higher risk of
penile prosthesis placement (aHR 1.591, 95% CI 1.26–2.00)
and intracavernosal injection (aHR 1.215, 95% CI 1.08–1.37).
3.3.4. Time to UAE diagnosis and treatment
Figure 1 shows Kaplan-Meier curves for the times from PCa
treatment to UAE diagnosis and from PC treatment to UAE
treatment. Black patients had the shortest time to UAE diag-
nosis, followed by Asian, Hispanic, and White patients.
Asian and White patients had the shortest time to UAE
treatment, followed by Black and Hispanic patients, who
had the longest time from PCa treatment to UAE treatment.
4. Discussion

In this study examining the delivery of care for UAEs due to
PCa treatment, one in three patients who were treated for
PCa developed a UAE and approximately one in four under-
went treatment for a UAE. We also identified stark dispari-
ties in the delivery of care for patients with UAEs: although
the risk of UAE diagnosis was higher for Black patients, they
had lower risk for UAE treatment. Hazard ratios for a penile
prosthesis and intracavernosal injections for ED treatment
were higher for Black patients. Of the six UAE diagnoses
with statistically significant hazard ratios, the Black cohort
had higher hazard ratios for five UAE diagnoses. Of the four
4 UAE treatments with statistically significant hazard ratios,
the Black cohort had higher hazard ratio for one UAE treat-
ment. To the best of our knowledge, this is the first study to
identify this disparity in the delivery of care for UAEs among
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Fig. 1 – Kaplan-Meier curves for time from prostate cancer treatment to (A) diagnosis and (B) treatment of urinary adverse events by race. A = Asian; B = Black;
H = Hispanic; W = White.
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PCa survivors. Our study is notable because little is known
about care delivery in PCa survivorship in general and we
present data for a scenario in which patients have insur-
ance. It is quite plausible that the disparity is worse in situ-
ations involving no access to care and/or no insurance [16].
Examining the delivery of care in a system with near-
equitable access facilitates an insight into disparities that
exist for reasons other than access to care and/or insurance
by magnifying those that are secondary to systemic and
structural barriers. Importantly, the identification and
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recognition of such disparities may be essential to the
examination of the quality of care in cancer survivorship,
which has been a challenging metric [17]. Our findings
apply a unique lens and launch point for understanding
and addressing racial disparities in the delivery of care for
PCa survivors.

The most common UAE in our study was urinary incon-
tinence. While 11% of patients had urinary incontinence,
only 1.4% underwent definitive treatment (artificial urinary
sphincter or sling placement). Black patients had a higher
rate of urinary incontinence, a lower rate of urinary sphinc-
ter placement, and the same rate of sling placement com-
pared to White patients. A prior study evaluating data
from an all-payer database over a period of 9 yr also
revealed a low rate of artificial urinary sphincter placement
(3.6%) in patients following RP [18]. In our insured cohort,
the rate was even lower at 1.4%. It would have been plausi-
ble to have higher rather than lower rates in our study given
that all patients had insurance. Our finding of a lower rate of
artificial urinary sphincter placement and a lower rate of
incontinence surgery overall for Black patients is supported
by a study that assessed sling and artificial urinary sphinc-
ter placement in patients at a single institution [19]. The
authors reported a rate of incontinence surgery of 3.7%
and that incontinence procedures were less frequent for
Black patients than for White patients, with a delay in treat-
ment. The variation in urinary incontinence rates, with
higher rates observed for Black patients, is supported by
the CESAR study [20]. DeCastro et al. [21] reported worse
urinary and sexual outcomes for Black patients at 12 mo
after RP. This and our study suggest that rates of inconti-
nence surgery should plausibly be higher for Black patients.
Another important finding is that Black patients had higher
risk of undergoing primary ADT as primary treatment for
Pca, which is only recommended for men who are not can-
didates for curative therapy or have advanced PCa at diag-
nosis. This finding is corroborated in the literature [7].

Among all UAEs, the incidence and risk of rectourethral
fistula, bowel diversion, and/or fistula repair were signifi-
cantly higher for Black patients. Rectourethral fistulas can
occur after RP, external beam RT, cryotherapy, brachyther-
apy, or combination therapy [22–26]. Rates of external
beam RT and brachytherapy were higher for Black than
for White patients in this cohort, which may explain the
higher incidence of rectourethral fistulas, although this
may not be the sole explanatory factor. The higher rec-
tourethral fistula incidence may also reflect a lower quality
of care received by Black patients. Although not directly
examined in this study, research has demonstrated that
Black and minority patients suffer from higher postopera-
tive complication rates after adjustment for confounding
factors [27,28]. This may also account for the higher rates
of urinary incontinence for Black patients. The reasons for
this disparity in the quality of care are multifactorial. One
factor is the structural barriers that predispose Black
patients to inequitable care and lower-quality hospitals.
Another explanation may be unconscious bias, which can
negatively affect health care outcomes [29].

The findings of this study should be considered in the
context of several limitations. Our data lacks details on can-
cer severity and treatments that may affect sexual and uri-
nary outcomes (eg, nerve-sparing RP can improve
continence). It is plausible that Black patients have higher
complication rates in this cohort because of higher-grade
disease. However, if this were the case, Black patients
should also have higher hazard ratios for UAE treatments.
Our cohort was limited to individuals who underwent treat-
ment for PCa, and it is unlikely that cancer severity data
would have a major impact on our results. We also do not
have severity data for UAE diagnoses, such as the severity
of urinary incontinence (ie, pads per day). It is possible that
only a few patients had worse urinary incontinence severity
and were thus the patients who underwent treatment pro-
cedures for incontinence. Nevertheless, studies have
demonstrated low rates of incontinence surgery when
accounting for incontinence severity [19]. This probably
reflects an area that can be improved. We do not have data
on patient preferences for treatment. However, the high use
of conservative treatments in this cohort probably reflects
some provider influence. The use of diagnosis codes has
limited validity in insurance claims; therefore, we also used
CPT codes, which are validated for use in insurance claims.
Our study also only has median follow-up to 3 yr after PCa
treatment; it is likely that our UAE diagnosis and treatment
rates are underestimates, as studies have shown higher
incidence of UAEs at 10 yr [8]. In addition, although we
did require continuous enrollment, it is possible that
patients moved out of the dataset and subsequent treat-
ments and complications including UAEs would not be
included. We also acknowledge that this is not a compre-
hensive evaluation of ED treatments, as we do not examine
the use of medication (e.g., phosphodiesterase inhibitors).
We included an expansive list of UAE diagnoses and treat-
ments, which may include diagnoses and treatments not
related to PCa. However, we did establish the UAEs included
in this study a priori, which increases the likelihood of their
connection to PCa treatments. Each UAE treatment was not
evaluated for direct correspondence to PCa treatment.
Although we did observe low effect sizes for many of the
unadjusted rates (Table 3), the hazard ratios provide more
definitive conclusions of our findings. Although PCa treat-
ment is highly associated with ED [30–32], we did not have
data on evaluation of erectile function before treatment and
our findings may not reflect the effects of treatment. Finally,
we did not include medications that are widely used as
first-line treatments for UAEs and ED in this report. We plan
to include this treatment approach in future work.

These limitations notwithstanding, our findings have
implications for patients, providers, and policymakers. For
patients, our study highlights disparities in the delivery of
PCa survivorship care. PC survivorship is a team effort,
and multidisciplinary teams are key to ensuring that
patients receive appropriate and timely care. Patients
should be encouraged by their providers, including primary
care physicians, oncologists, and urologists, to seek treat-
ment for UAEs with the knowledge that UAE treatment
may improve their quality of life. For providers, interven-
tions targeting communication and mitigation of uncon-
scious bias are key to progress. Unconscious bias has been
linked to worse health outcomes and is a potentially modi-
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fiable root of health care disparities [33,34]. For policymak-
ers who are interested in quality metrics, delivery of care for
PCa survivors who have developed a UAE is a potential qual-
ity metric for PCa survivorship that may prove to be more
tangible for patients than survivorship care plans, which
are another proposed but challenging quality metric [17].
5. Conclusions

Our study revealed disparities in PC survivorship that likely
extend from the well-described disparities in PCa incidence
and treatment. Although the Black patient population had
higher UAE diagnosis rates, the UAE treatment rates were
lower for this group. While PCa treatments increase the
quantity of life and provide a viable cure, it is important
to ensure that the quality of care that patients receive in
the survivorship period is equitable. Future studies at mul-
tiple levels will be critical to identify specific areas for inter-
vention and improvements in survivorship care.

Author contributions: Nnenaya Mmonu had full access to all the data in

the study and takes responsibility for the integrity of the data and the

accuracy of the data analysis.

Study concept and design: Mmonu, Kamdar.

Acquisition of data: Mmonu, Kamdar.

Analysis and interpretation of data: Mmonu, Kamdar.

Drafting of the manuscript: Mmonu, Kamdar.

Critical revision of the manuscript for important intellectual content:

Mmonu, Kamdar, Roach, Sarma, Makarov, Zabar, Breyer.

Statistical analysis: Kamdar.

Obtaining funding: Mmonu.

Administrative, technical, or material support: Mmonu.

Supervision: Mmonu, Breyer.

Other: None.

Financial disclosures: Nnenaya Mmonu certifies that all conflicts of inter-

est, including specific financial interests and relationships and affiliations

relevant to the subject matter or materials discussed in the manuscript

(eg, employment/affiliation, grants or funding, consultancies, honoraria,

stock ownership or options, expert testimony, royalties, or patents filed,

received, or pending), are the following: None.

Funding/Support and role of the sponsor: This work was supported by

the University of Michigan Department of Precision Health. The sponsor

played no direct role in the study.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.euros.2024.01.003.

References

[1] Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA
Cancer J Clin 2023;73:17–48. https://doi.org/10.3322/caac.21763.

[2] Howlader N, Noone AM, Krapcho M, et al, editors. SEER cancer
statistics review (CSR) 1975–2018. Bethesda, MD: National Cancer
Institute; 2021. https://seer.cancer.gov/archive/csr/1975_2018/
index.html.
[3] Nekhlyudov L, Ganz PA, Arora NK, Rowland JH. Going beyond being
lost in transition: a decade of progress in cancer survivorship. J Clin
Oncol 2017;35:1978–81. https://doi.org/10.1200/jco.2016.72.1373.

[4] Braveman P. Health disparities and health equity: concepts and
measurement. Annu Rev Public Health 2006;27:167–94. https://
doi.org/10.1146/annurev.publhealth.27.021405.102103.

[5] DeSantis CE, Miller KD, Goding Sauer A, Jemal A, Siegel RL. Cancer
statistics for African Americans, 2019. CA Cancer J Clin
2019;69:211–33. https://doi.org/10.3322/caac.21555.

[6] Walton EL, Deebajah M, Keeley J, et al. Barriers to obtaining prostate
multi-parametric magnetic resonance imaging in African-American
men on active surveillance for prostate cancer. Cancer Med
2019;8:3659–65. https://doi.org/10.1002/cam4.2149.

[7] Agochukwu-Mmonu N, Qin Y, Kaufman S, et al. Understanding the
role of urology practice organization and racial composition in
prostate cancer treatment disparities. JCO Oncol Pract 2023;19:
e763–72. https://doi.org/10.1200/op.22.00147.

[8] Jarosek SL, Virnig BA, Chu H, Elliott SP. Propensity-weighted long-
term risk of urinary adverse events after prostate cancer surgery,
radiation, or both. Eur Urol 2015;67:273–80. https://doi.org/
10.1016/j.eururo.2014.08.061.

[9] Albkri A, Girier D, Mestre A, Costa P, Droupy S, Chevrot A. Urinary
incontinence, patient satisfaction, and decisional regret after
prostate cancer treatment: a French national study. Urol Int
2018;100:50–6. https://doi.org/10.1159/000484616.

[10] Skolarus TA, Wolf AM, Erb NL, et al. American Cancer Society
prostate cancer survivorship care guidelines. CA Cancer J Clin
2014;64:225–49. https://doi.org/10.3322/caac.21234.

[11] Bassett MR, Santiago-Lastra Y, Stoffel JT, et al. Urinary diversion for
severe urinary adverse events of prostate radiation: results from a
multi-institutional study. J Urol 2017;197:744–50. https://doi.org/
10.1016/j.juro.2016.10.091.

[12] Bolch CA, Chu H, Jarosek S, Cole SR, Elliott S, Virnig B. Inverse
probability of treatment-weighted competing risks analysis: an
application on long-term risk of urinary adverse events after
prostate cancer treatments. BMC Med Res Methodol 2017;17:93.
https://doi.org/10.1186/s12874-017-0367-8.

[13] Laviana AA, Hu JC. Understanding long-term urinary adverse events
after treatment of localized prostate cancer: a key tool in informed
decision-making. Eur Urol 2015;67:281–2. https://doi.org/10.1016/
j.eururo.2014.09.029.

[14] Chawla N, Yabroff KR, Mariotto A, McNeel TS, Schrag D, Warren JL.
Limited validity of diagnosis codes in Medicare claims for
identifying cancer metastases and inferring stage. Ann Epidemiol
2014;24:666–672.e1–2. https://doi.org/10.1016/j.
annepidem.2014.06.099.

[15] Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity
measures for use with administrative data. Med Care
1998;36:8–27. https://doi.org/10.1097/00005650-199801000-
00004.

[16] Ramirez E, Morano J, Beguiristain T, et al. Insurance status as a
modifier of the association between race and stage of prostate
cancer diagnosis in Florida during 1995 and 2013. Cancer Epidemiol
2019;59:104–8. https://doi.org/10.1016/j.canep.2019.01.019.

[17] Mayer DK, Shapiro CL, Jacobson P, McCabe MS. Assuring quality
cancer survivorship care: we’ve only just begun. Am Soc Clin Oncol
Educ Book 2015;35:e583–91. https://doi.org/10.14694/
EdBook_AM.2015.35.e583.

[18] Nelson M, Dornbier R, Kirshenbaum E, et al. Use of surgery for post-
prostatectomy incontinence. J Urol 2020;203:786–91. https://doi.
org/10.1097/ju.0000000000000618.

[19] Gupta S, Ding L, Granieri M, Le NB, Peterson AC. Utilization of
surgical procedures and racial disparity in the treatment of urinary
incontinence after prostatectomy. Neurourol Urodyn
2016;35:733–7. https://doi.org/10.1002/nau.22790.

[20] Tyson MD, Alvarez J, Koyama T, et al. Racial variation in patient-
reported outcomes following treatment for localized prostate
cancer: results from the CEASAR study. Eur Urol 2017;72:307–14.
https://doi.org/10.1016/j.eururo.2016.10.036.

[21] DeCastro GJ, Jayram G, Razmaria A, Shalhav A, Zagaja GP. Functional
outcomes in African-Americans after robot-assisted radical
prostatectomy. J Endourol 2012;26:1013–9. https://doi.org/
10.1089/end.2011.0507.

[22] Harris CR, McAninch JW, Mundy AR, et al. Rectourethral fistulas
secondary to prostate cancer treatment: management and

https://doi.org/10.1016/j.euros.2024.01.003
https://doi.org/10.3322/caac.21763
https://seer.cancer.gov/archive/csr/1975_2018/index.html
https://seer.cancer.gov/archive/csr/1975_2018/index.html
https://doi.org/10.1200/jco.2016.72.1373
https://doi.org/10.1146/annurev.publhealth.27.021405.102103
https://doi.org/10.1146/annurev.publhealth.27.021405.102103
https://doi.org/10.3322/caac.21555
https://doi.org/10.1002/cam4.2149
https://doi.org/10.1200/op.22.00147
https://doi.org/10.1016/j.eururo.2014.08.061
https://doi.org/10.1016/j.eururo.2014.08.061
https://doi.org/10.1159/000484616
https://doi.org/10.3322/caac.21234
https://doi.org/10.1016/j.juro.2016.10.091
https://doi.org/10.1016/j.juro.2016.10.091
https://doi.org/10.1186/s12874-017-0367-8
https://doi.org/10.1016/j.eururo.2014.09.029
https://doi.org/10.1016/j.eururo.2014.09.029
https://doi.org/10.1016/j.annepidem.2014.06.099
https://doi.org/10.1016/j.annepidem.2014.06.099
https://doi.org/10.1097/00005650-199801000-00004
https://doi.org/10.1097/00005650-199801000-00004
https://doi.org/10.1016/j.canep.2019.01.019
https://doi.org/10.14694/EdBook_AM.2015.35.e583
https://doi.org/10.14694/EdBook_AM.2015.35.e583
https://doi.org/10.1097/ju.0000000000000618
https://doi.org/10.1097/ju.0000000000000618
https://doi.org/10.1002/nau.22790
https://doi.org/10.1016/j.eururo.2016.10.036
https://doi.org/10.1089/end.2011.0507
https://doi.org/10.1089/end.2011.0507


E U R O P E A N U R O L O G Y O P E N S C I E N C E 6 2 ( 2 0 2 4 ) 2 6 – 3 5 35
outcomes from a multi-institutional combined experience. J Urol
2017;197:191–4. https://doi.org/10.1016/j.juro.2016.08.080.

[23] Huang EH, Pollack A, Levy L, et al. Late rectal toxicity: dose-volume
effects of conformal radiotherapy for prostate cancer. Int J Radiat
Oncol Biol Phys 2002;54:1314–21. https://doi.org/10.1016/s0360-
3016(02)03742-2.

[24] Marguet C, Raj GV, Brashears JH, et al. Rectourethral fistula after
combination radiotherapy for prostate cancer. Urology
2007;69:898–901. https://doi.org/10.1016/j.urology.2007.01.044.

[25] Moreira Jr SG, Seigne JD, Ordorica RC, Marcet J, Pow-Sang JM,
Lockhart JL. Devastating complications after brachytherapy in the
treatment of prostate adenocarcinoma. BJU Int 2004;93:31–5.
https://doi.org/10.1111/j.1464-410x.2004.04550.x.

[26] Pisansky TM, Kozelsky TF, Myers RP, et al. Radiotherapy for isolated
serum prostate specific antigen elevation after prostatectomy for
prostate cancer. J Urol 2000;163:845–50.

[27] Sharp SP, Ata A, Chismark AD, et al. Racial disparities after stoma
construction in colorectal surgery. Colorectal Dis 2020;22:713–22.
https://doi.org/10.1111/codi.14943.

[28] Dimick J, Ruhter J, Sarrazin MV, Birkmeyer JD. Black patients more
likely than Whites to undergo surgery at low-quality hospitals in
segregated regions. Health Aff 2013;32:1046–53. https://doi.org/
10.1377/hlthaff.2011.1365.
[29] Hall WJ, Chapman MV, Lee KM, et al. Implicit racial/ethnic bias
among health care professionals and its influence on health care
outcomes: a systematic review. Am J Public Health 2015;105:
e60–76. https://doi.org/10.2105/ajph.2015.302903.

[30] Akbal C, Tinay I, Sims�ek F, Turkeri LN. Erectile dysfunction following
radiotherapy and brachytherapy for prostate cancer:
pathophysiology, prevention and treatment. Int Urol Nephrol
2008;40:355–63. https://doi.org/10.1007/s11255-007-9247-1.

[31] Mirza M, Griebling TL, Kazer MW. Erectile dysfunction and urinary
incontinence after prostate cancer treatment. Semin Oncol Nurs
2011;27:278–89. https://doi.org/10.1016/j.soncn.2011.07.006.

[32] Shabataev V, Saadat SH, Elterman DS. Management of erectile
dysfunction and LUTS/incontinence: the two most common, long-
term side effects of prostate cancer treatment. Can J Urol 2020;27
(Suppl 1):17–24.

[33] Harrison LE, Reichman T, Koneru B, et al. Racial discrepancies in the
outcome of patients with hepatocellular carcinoma. Arch Surg
2004;139:992–6. https://doi.org/10.1001/archsurg.139.9.992.

[34] Bach PB, Schrag D, Brawley OW, Galaznik A, Yakren S, Begg CB.
Survival of Blacks and Whites after a cancer diagnosis. JAMA
2002;287:2106–13. https://doi.org/10.1001/jama.287.16.2106.

https://doi.org/10.1016/j.juro.2016.08.080
https://doi.org/10.1016/s0360-3016(02)03742-2
https://doi.org/10.1016/s0360-3016(02)03742-2
https://doi.org/10.1016/j.urology.2007.01.044
https://doi.org/10.1111/j.1464-410x.2004.04550.x
http://refhub.elsevier.com/S2666-1683(24)00209-X/h0130
http://refhub.elsevier.com/S2666-1683(24)00209-X/h0130
http://refhub.elsevier.com/S2666-1683(24)00209-X/h0130
https://doi.org/10.1111/codi.14943
https://doi.org/10.1377/hlthaff.2011.1365
https://doi.org/10.1377/hlthaff.2011.1365
https://doi.org/10.2105/ajph.2015.302903
https://doi.org/10.1007/s11255-007-9247-1
https://doi.org/10.1016/j.soncn.2011.07.006
http://refhub.elsevier.com/S2666-1683(24)00209-X/h0160
http://refhub.elsevier.com/S2666-1683(24)00209-X/h0160
http://refhub.elsevier.com/S2666-1683(24)00209-X/h0160
http://refhub.elsevier.com/S2666-1683(24)00209-X/h0160
https://doi.org/10.1001/archsurg.139.9.992
https://doi.org/10.1001/jama.287.16.2106

	Disparities in the Delivery of Prostate Cancer Survivorship Care in the USA: A Claims-based Analysis of Urinary Adverse Events and Erectile Dysfunction Among Prostate Cancer Survivors
	1 Introduction
	2 Patients and methods
	2.1 Data source
	2.2 Sample selection
	2.3 Identification of patients with primary PCa treatment
	2.4 Identification of patients with UAEs
	2.5 Identification of patients with UAE treatments
	2.6 Identification of patients with treatment for ED
	2.7 Exposure variable and other covariates
	2.8 Outcome variables
	2.9 Statistical analysis

	3 Results
	3.1 Study cohort
	3.2 PCa treatment patterns
	3.3 UAE diagnosis and treatment patterns
	3.3.1 Unadjusted rates
	3.3.2 Unadjusted ED treatment rates
	3.3.3 Cox regression results
	3.3.4 Time to UAE diagnosis and treatment


	4 Discussion
	5 Conclusions
	Appendix A Supplementary data
	References


