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Abstract

Purpose Clinical studies demonstrate the protective function of rectal spacers to mitigate side effects of radiotherapy (RT)
in prostate cancer (PCa) patients. However, large-scale real- world evidence is lacking. This study evaluates the association
between rectal spacer use and the prevalence of bowel, urinary, and sexual dysfunction diagnoses and related procedures
among PCa patients receiving RT in the US at the county level.

Methods Medicare 5% and 100% Standard Analytic Files were used to analyze county-level data from January 2015 to
March 2024. The sample included adult PCa patients receiving RT. The primary outcome was the county-level proportion of
RT patients diagnosed with bowel, urinary, or sexual dysfunctions or undergoing related procedures. The primary explana-
tory variable was rectal spacer use 1-5 years before diagnosis. Zero-inflated Poisson regression models were used, control-
ling for county-level characteristics.

Results Among 318,911 PCa patients across 3,168 US counties, the annual prevalence of dysfunction was 2.0% (bowel),
5.6% (urinary), and 1.1% (sexual). Rectal spacer use increased from 4.4 to 18.1% over the study period. A 100-percentage
point increase in rectal spacer use at the county level was associated with a 7.1-55.1% reduction in any of three dysfunctions
after 1-5 years (all p<0.05), with similar but weaker trends for related procedures. The strongest association was observed
for bowel dysfunction, followed by urinary dysfunction.

Conclusion This large-scale, county-level analysis identifies an association between rectal spacer use and lower prevalence
of bowel, urinary, and sexual dysfunction, suggesting potential population-level benefits in PCa RT patients.
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Rectal spacers have been developed to mitigate radiation
exposure to the anterior rectum [13—15]. Clinical trials dem-
onstrate that rectal spacers are safe and effective in expand-
ing the prostate-rectal distance and decreasing RT exposure
[1, 16, 17] and help preserve QOL in the bowel, urinary,
and sexual domains [18-20]. However, only a limited num-
ber of clinical studies have assessed the long-term associa-
tion between rectal spacing and bowel, urinary, and sexual
toxicities and quality of life [14, 18-22]. While controlled
clinical trials show promising efficacy for rectal spacing in
terms of preserving quality of life, they may not fully reflect
the comparative effectiveness of rectal spacing in real-world
populations. Large, real-world data may complement trial
findings, providing a broader understanding of the long-
term effects of rectal spacing on the reduced bowel, urinary,
and sexual dysfunction [23].

In addition to measuring the effectiveness of rectal
spacing under real-world conditions, county-level analy-
sis enables the evaluation of pooled changes in health out-
comes over time, reducing sensitivity to individual health
variations. Observing changes and trends using Medicare
claims at the county level offers greater reproducibility and
minimizes the influence of factors such as migration, pro-
vider-specific practices, and variations in provider expertise
or volume. Additionally, county-level evaluations facilitate
the quantification of rare, long-term changes, such as the
incidence of late complications from prostate radiation. This
study leverages large-scale administrative data, specifically
Medicare claims, to explore the real-world uptake of rectal
spacers and their association with diagnosis prevalence of
bowel, urinary, and sexual dysfunction as well as prevalence
of related procedures among PCa patients undergoing RT
over time at county level.

Materials and methods
Data and analytical sample

This study used aggregated county-level data from the
Medicare 5% and 100% Standard Analytic Files (SAFs) to
examine the association between rectal spacer use among
PCa patients receiving RT and the average annual preva-
lence of bowel, urinary, and sexual dysfunction and related
procedures [24]. The Medicare 5% SAFs contain demo-
graphic and enrollment information, as well as billing
claims from all health encounters regardless of the location
of service among the representative 5% sample of all Medi-
care patients. The Medicare 100% SAFs include informa-
tion for all Medicare patients but are limited to claims from
hospital settings. Data from both datasets were combined
for this analysis, excluding patients in the 5% Medicare
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who received prostate cancer diagnosis at hospital to avoid
double counting with Medicare 100% dataset.

County-level characteristics of the general population
data were obtained from the 2020 Agency for Health-
care Research and Quality Social Determinants of Health
(SDOH) Database [25]. These factors were included as
potential confounders that could influence both the outcome
(prevalence of bowel, urinary, and sexual dysfunction and
related procedures) and explanatory variables (rectal spacer
use).

The study population included adult males aged>65
years diagnosed with PCa cancer between January 1, 2015
and March 31, 2024 (First quarter; Q1) who underwent RT
after diagnosis. RT modalities included stereotactic body
radiation therapy (SBRT), intensity-modulated radiation
therapy (IMRT), proton beam radiation therapy (PBT),
brachytherapy (BT), and 3D conformal radiation therapy
(3DCRT). Patients who received combinations of the above
modalities were also included. Individuals were required to
have continuous Medicare enrollment for 1 year prior to RT
(baseline period).

Rectal spacer use during RT was identified using Current
Procedural Terminology (CPT®) codes 0438T and 55,874.
CPT code 0438T was used prior to 2018, after which it was
replaced by CPT code 55,874. Most patients were admin-
istered SpaceOAR™ Hydrogel system (Boston Scientific)
rectal spacers at the time of their RT treatment. SpaceOAR
was approved by the FDA in 2015 and available for clinical
use in the United States several years before other products,
e.g., Barrigel® Rectal Spacing (Teleflex Incorporated) and
BioProtect Balloon Implant™ System (BioProtect), which
were cleared in 2022 and 2023, respectively. Given the
period of analysis (2015-2024Q1), only events involving
administration of SpaceOAR generated sufficient data to
track outcomes beyond 2 years.

Outcomes and measures

The primary outcome was the percentage of patients with
diagnosis bowel, urinary, and sexual dysfunction among
PCa patients with RT each year during the study period,
measured at the county level. Similarly, the percentage of
patients undergoing procedures related to bowel, urinary,
and sexual dysfunction was also examined. Each dys-
function and procedure were identified using diagnosis
or procedure codes based on Pan et al. [26]. In that study,
International Classification of Diseases, 9th Edition, Clini-
cal Modification (ICD-9-CM) diagnosis codes were used
to identify dysfunction. The current study uses the same
codes for diagnosis after converting the ICD-9-CM codes to
ICD-10-CM codes using conversion tables provided by the
Centers for Medicare & Medicaid Services. Due to the use
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of Medicare 100% claims data, dysfunction-related events
may be underestimated, particularly if such care was deliv-
ered in non-hospital settings not represented in the dataset.
Moreover, the complications captured in our study are lim-
ited to those that necessitated medical intervention or were
formally documented by healthcare providers. As such, our
findings may be less sensitive than toxicity data obtained
through clinical trials or patient-reported outcomes. None-
theless, the complication rates we report appear to align
with those observed in other analyses based on claims data.

The primary explanatory variable was the percentage of
rectal spacer use among PCa patients receiving RT at the
county level in the previous 1-5 years (years t-5 to t-1)
before dysfunction diagnosis (year=t).

Statistical analysis

Zero-inflated Poisson (ZIP) regression models were used to
assess the association between rectal spacer use and diag-
nosis of bowel, urinary, and sexual dysfunction and related
procedures at the county level. The models controlled for
potential confounding variables among patients at the
county-level (median age, percentage White patients, and
RT modalities) and in the general population (median age,
% White, and median household income) that might influ-
ence treatment decisions, outcomes, and interpretations of
QOL after RT. To account for population differences across
counties, the total number of prostate cancer (PCa) patients
undergoing RT in each county was included as an inflation
factor in the ZIP regression model. State-level fixed effects
were employed to account for regional variation. Two sensi-
tivity analyses were conducted (Online Appendix 1).

Results

The study sample included 318,911 PCa patients residing in
3168 US counties and equivalents treated with RT, with or
without rectal spacers, between 2015 and 2024 Q1. Overall,
19.7% of counties did not have any RT patients in a year.
Among counties that had at least one patient undergoing RT
in a year, the median number of RT in a country in a year
was 5 (IQR 2-11) (table not shown). Patient demographic
characteristics at the county level are presented in Online
Appendix Table 1. A small proportion of patients had diag-
noses of bowel dysfunction (3.2%) and sexual dysfunction
(3.6%) during the baseline period of 1 year prior to RT while
24.7% of patients had urinary dysfunction at baseline. Only
a small proportion of patients with the baseline diagnosis
had undergone procedures: 0.1% for bowel and sexual,
3.7% for urinary.

Online Appendix Table 2 presents county-level summary
statistics for main outcome and explanatory variables. The
average annual prevalence of each diagnosis at the county
level was 2.0% for bowel dysfunction, 5.6% for urinary
dysfunction, and 1.1% for sexual dysfunction. The average
annual prevalence of procedures related to each diagnosis at
the county level was 0.3% for bowel dysfunction, 1.1% for
urinary dysfunction, and 0.1% for sexual dysfunction. The
percentage of patients using rectal spacers increased at the
county level over time from 4.4% (5 years prior to diagno-
sis) to 18.1% (1 year prior) and 19.8% (in the same year).

Table 1 and Fig. 1 display regression results examining
the association between rectal spacer uptake in prior years
and the average annual prevalence of diagnosis on bowel,
urinary, or sexual dysfunction. After adjusting for con-
founders, counties with higher rectal spacer use 1-5 years
prior had significantly lower diagnosis prevalence of
bowel, urinary, or sexual dysfunction: a 100-percentage
points increase in spacer use at the county was associated
with 7.1-55.1% reduction in the prevalence of dysfunction
diagnosis at 1-5 years prior, with gradual increase in the
effect size over time (incidence rate ratio (IRR) at 1 year:
0.929, 95% confidence interval (CI) [0.869, 0.994]; IRR at 3
years: 0.808, 95% CI [0.741, 0.882]; IRR at 5 years: 0.449,
95% CI[0.377, 0.535]) (Fig. 1; Table 1; Panel A). A 55.1%
reduction associated with a 100-percentage point increase in
spacer use translates to a 6.7% reduction for a 10-percent-
age point increase.

Similar but weaker results were observed for the preva-
lence of procedures related to bowel, urinary, or sexual dys-
function: a 100-percentage point increase in spacer use at
the county was associated with 32.3-42.6% reduction in
the prevalence of procedures related to bowel, urinary, or
sexual dysfunction at 4 and 5 years prior (IRR at 4 year:
0.677, 95% CI [0.539, 0.850]; IRR at 5 years: 0.574, 95%
CI [0.397, 0.830]) (Fig. 1; Table 1; Panel B). For proce-
dures, effects of higher rectal spacer use at 2- and 3-year
prior were not significant, but a decrease in procedures also
was observed (IRR at 2 years: 0.858, 95% CI[0.718, 1.025];
IRR at 3 years: 0.989, 95% CI [0.822, 1.190]).

Regression results for each diagnosis: bowel, urinary,
and sexual dysfunction were presented in the form of the
forest plot in Online Appendix Fig. 1 Panel A. Counties with
higher rectal spacer use 1-5 years prior had significantly
lower diagnosis prevalence of bowel dysfunction (IRR
at 1 year: 0.799, 95% CI [0.701, 0.910]; IRR at 5 years:
0.407, 95% CI [0.302, 0.549]). Higher rectal spacer use
2-5 years prior had lower diagnosis prevalence of urinary
dysfunction (IRR at 2 years: 0.871, 95% CI [0.797, 0.952];
IRR at 5 years: 0.418, 95% CI [0.343, 0.509]). And coun-
ties with higher rectal spacer use 3—5 years prior had lower
diagnosis prevalence of sexual dysfunction (IRR at 3 years:
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Table 1 Association between percentage rectal spacer use in the past and % diagnosis and related procedures around bowel, urinary, or sexual

dysfunction at present

Panel A: Diagnosis

% bowel, urinary, or sexual dysfunction diagnosis at year=t (IRR)

(1 P 3) @ )
%Spacer adoption
At year=t-1 0.929%*
[0.869,0.994]
At year=t-2 0.855%**
[0.795,0.920]
At year=t-3 0.808%**
[0.741,0.882]
At year=t-4 0.672%**
[0.597,0.757]
At year=t-5 0.449%***
[0.377,0.535]
N 11,342 11,294 11,263 11,202 11,062
Panel B: Procedure
% procedures related to bowel, urinary, or sexual dysfunction at year=t (IRR)
@ @ €)] “@ ©)
%Spacer adoption
At year=t-1 0.846%*
[0.724, 0.989]
At year=t-2 0.858
[0.718, 1.025]
At year=t-3 0.989
[0.822, 1.190]
At year=t-4 0.677***
[0.539, 0.850]
At year=t-5 0.574%%*
[0.397,
0.830]
N 11,342 11,294 11,263 11,202 11,062

The table shows IRR [with 95% confidence interval] based on zero-inflated Poisson regression with controls: patient characteristics at the
county-level (median age, percentage white patients, percentage RT type) and characteristics of the general population (median age, % white,
and median household income). “At year=t” in the outcome variable means that the outcome was measured at the present year. “At year=t-1”
in the independent variable means that the spacer use rate was captured 1 year prior to the observation of the outcome; “at year=t-2” means 2

years prior etc
IRR incidence rate ratio, RT radiotherapy

**Statistically significant at <0.05; ***statistically significant at <0.01

0.813, 95% CI [0.671, 0.985]; IRR at 5 years: 0.598, 95%
CI[0.392, 0.913]). Effect sizes for all dysfunction diagnoses
increased as the year lag grew longer.

Online Appendix Fig. 1, Panel B presents the forest plot
based on regression results for procedures related to each
dysfunction diagnosis, separately. Results were consistent
with diagnosis prevalence for each dysfunction, but statisti-
cally less significant: Higher rectal spacer use 4 and 5 years
prior had lower procedure prevalence related to bowel (IRR
at 4 year: 0.552, 95% CI [0.359, 0.848]; IRR at 5 years:
0.371,95% CI [0.189, 0.731]) and urinary dysfunction (IRR
at 4 year: 0.704, 95% CI [0.541, 0.916]; IRR at 5 years:
0.577, 95% CI [0.372, 0.897]). The association between
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rectal spacer use and procedures related to sexual dysfunc-
tion was insignificant, regardless of the year lag.

Discussion

This is the first study to use real-world, county-level data
to evaluate the association between historical rates of rec-
tal spacer use (up to 5 years prior) and current county-level
prevalence of bowel, urinary, and sexual dysfunction among
PCa patients undergoing RT. It complements findings from
clinical trials and secondary studies that reported reduced
bowel and urinary toxicities and maintained bowel, urinary,
and sexual QOL measures among patients with rectal spacers
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Fig. 1 Effect size (IRR) on % any
diagnoses and related procedures
(bowel, urinary, or sexual dysfunc-
tion) per 100% points increase in %
rectal spacer

Panel A:

Panel B:

Diagnosis

Domain and Type

Overall

1 year prior (year = t-1)
2 years prior (year = t-2)
3 years prior (year = t-3)
4 years prior (year = t-4)

5 years prior (year = t-5)

Incidence Rate Ratio

(95% Cl)

—— 0.93(0.87, 0.99)
—~ | 0.86(0.80, 0.92)

—~— | 0.81(0.74,0.88)
— 0.67 (0.60, 0.76)

—— 0.45 (0.38, 0.54)

Related procedure

Domain and Type

Overall

1 year prior (year = t-1)
2 years prior (year = t-2)
3 years prior (year = t-3)
4 years prior (year = t-4)

5 years prior (year = t-5)

Incidence Rate Ratio

(95% Cl)

—— 0.85 (0.72, 0.99)

—— 0.86 (0.72, 1.02)

— 0.99 (0.82, 1.19)

—— 0.68 (0.54, 0.85)

—— 0.57 (0.40, 0.83)
] ]

IRR: incidence rate ratio
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post-treatment. This county-level result shows increasing
effect sizes over time, supporting a previously established
timeline of improvements in bowel and urinary function.
Overall, this study contributes to emerging evidence indi-
cating that higher rectal spacer use at the population level
may be associated with lower rates of treatment-related
dysfunction.

Hamstra et al. [19] conducted a trial following 222 men
randomized in a 2:1 ratio, observing significantly lower rates
of rectal toxicity in the spacer group, along with detectable
improvements in bowel EPIC QOL measures from 6 to 37
months follow-up. Seymour et al. [22] evaluated 380 men
(64% with a spacer, 36% without) and found that the spacer
group experienced less decline in average long-term bowel
QOL compared to the control group, with significant dif-
ferences in bowel scores at final follow-up of >24 months.
Hamstra et al. [19] also observed a significant reduction in
Grade>1 urinary incontinence at 37 months in men with
spacer and reported urinary QOL scores favoring the spacer
cohort. Finally, Seymour et al. [21] examined 128 potent
men with good baseline sexual function and found that the
control group was significantly more likely to experience
declines in sexual function.

To further expand upon these clinical studies, the pres-
ent study found that counties with higher rectal spacer use
1-5 years prior were associated with significantly lower
county-level prevalence of bowel, urinary, and sexual dys-
function, such that a 100-percentage point increase in rectal
spacer use at the county level was associated with 7.1—
55.1% lower prevalence of any of three dysfunctions after
1-5 years (all p<0.05). Furthermore, the analysis revealed
that the timeline of observed associations between rectal
spacer use and dysfunction prevalence varied by dysfunc-
tion type. Statistically significant associations (p<0.05)
were observed at 1-5 years for bowel dysfunction, 2—5 years
for urinary dysfunction, and 3-5 years for sexual dysfunc-
tion. These results highlight a population-level long-term
association between rectal spacer use and lower prevalence
of long-term bowel, urinary, and sexual dysfunction in real-
world radiotherapy settings.

Furthermore, the association between the spacer use and
the lower prevalence of diagnosis of bowel, urinary, and
sexual dysfunction diagnoses found in the study is likely a
conservative estimate. If the frequency of spacer placement
in counties reflects well-served medical areas, one might
expect these places to have higher medical utilization and,
consequently, increased reports of side effects. Thus, the
true association between higher spacer use and lower preva-
lence of diagnoses of bowel, urinary, and sexual dysfunction
could be even stronger, as the correlation runs counter to
expected bias.
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Regarding the treatment landscape, rectal spacer uptake
increased significantly among PCa patients over the study
period: the percentage uptake of spacers increased from
4.4% 5 years prior to 19.8% at the present time. These shifts
underscore the growing adoption of rectal spacers as a stan-
dard component of prostate cancer treatment [27].

The strengths of this analysis include the use of large
national datasets comprising over 300,000 PCa patients who
underwent RT. Unlike previous studies, which primarily
relied on controlled clinical trial data, this study leverages
real-world data. This approach enables a more comprehen-
sive understanding of patient outcomes following RT in
a broader population. In addition, the use of county-level
claims data rather than individual level claims data reduces
sensitivity to individual health variations and facilitates the
quantification of long-term changes of rare events such as
ones investigated in this study, strengthening overall find-
ings. Furthermore, this study identified a gradual strength-
ening of the inverse relationship between spacer use and
diagnosis prevalence as the time lag increased. This find-
ing was made possible by the county-level approach of the
analysis, which allowed for a broader and more nuanced
evaluation over time.

Nevertheless, this study is subject to several limitations.
The use of Medicare 100% data has contributed to the low
observed prevalence of dysfunction, as patients could not
be followed if they received diagnosis or procedures related
to dysfunction at setting outside of hospital. Furthermore,
the notably low prevalence of sexual dysfunction may be
further attributable to the lack of data on pharmaceutical
interventions in the Medicare dataset. Given the widespread
availability of erectile dysfunction medications, it is plau-
sible that many cases remain undiagnosed or unreported.
As a population-based study, it does not provide informa-
tion about individual-level relations between variables. The
observational nature of claims data establishes associations
but does not allow for causal interpretations. The reliance on
Medicare claims data excludes patients under the age of 65,
which may affect generalizability of the study findings [28].
While potential explanations for the observed lag between
rectal spacer use and reduced dysfunction prevalence may
relate to the differing biological and clinical trajectories of
bowel, urinary, and sexual toxicities following radiotherapy,
the study does not address why a lag period exists, espe-
cially between spacer use and a decline in prevalence of
sexual dysfunction, warranting further research to clarify
these temporal patterns. Finally, the current data domi-
nantly permitted evaluation of only a single spacer type
(SpaceOAR); however, future studies using more recent
data would be valuable in distinguishing the effects of dif-
ferent spacer types.
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Despite these limitations, this study demonstrates a sta-
tistically significant, population-level association between
higher rectal spacer use and lower county-level prevalence
of bowel, urinary, and sexual dysfunction-related diagnoses
and procedures, with associations observed with 1-5 year
time lag and appearing to strengthen over time. These popu-
lation-level results align with prior clinical studies that have
reported associations between rectal spacer use and lower
incidence of bowel and urinary toxicities, as well as better
maintenance of sexual function in PCa patients following
RT.
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