
Introduction
According to the American Cancer

Society, approximately 1 in 8 men are
diagnosed with prostate cancer in their

lifetime, with incidence increasing with
age.1 With an estimated 1.2 million
cases reported in 2018, prostate cancer
is the second-most common neoplasm
worldwide, second to lung cancer.1 In the

United States, the overall survival rate as
judged by Surveillance, Epidemiology and
End Results (SEER) data for all stages is
generally good, about 98% at 5 years.2

The disease is reportedly responsible for
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Abstract
Purpose Multiple rectal displacement device (RDD) technologies are in use or under development for the reduction of rectal
toxicity in prostate cancer. In this multi-institutional retrospective cohort study, we compare the rectal dose-sparing capabilities
of 2 types of RDD: polyethylene glycol (PEG) gel and inflatable balloon (IB).

Materials and Methods Dose-volume parameters of D0.1cc, D1cc, and D2cc to the rectum were used as endpoints for late
rectal toxicity. All dosimetry values were converted to equivalent dose in 2 Gy fractions with α/β of 3 to better compare patients
receiving differing treatment fractionation schedules.

Results Dosimetric data were analyzed for 283 patients. Of those patients, 99 received a PEG implant, 92 received an IB
implant, and 92 received neither implant. Both RDD types (PEG and IB) reduced the dose to the rectum for all dose-volume
parameters (D0.1cc, D1cc, D2cc) compared to the control cohort. The IB implant yielded a dose reduction of 10% compared
to control patients for D0.1cc, a reduction of 17% for D1cc, and a reduction of 21% for D2cc. The PEG implant resulted in a
dose reduction of 2% compared to control patients for D0.1cc, a reduction of 7% for D1cc, and a reduction of 11% for D2cc.
Compared to the PEG implant, the IB implant reduced the dose by 8% for D0.1cc, by 11% for D1cc, and by 12% for D2cc.

Conclusions The use of both PEG and IB spacers significantly reduces dose to the rectum. The IB spacer provides a greater
reduction in dose than the PEG spacer.
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34,500 deaths annually in the United
States, or 5.5% of US cancer deaths vs
6.7% worldwide cancer deaths.1

Treatment of localized disease
generally consists of surgery or
radiation, with advanced treatment
comprising hormonal therapy,
chemotherapy, and radiation. Quality
of life (QOL) varies by stage and
treatment, but most men experience
a lower QOL due to worsening
genitourinary function; that is, urinary
incontinence and erectile dysfunction.3,4

Radiation therapy (RT) is a primary
treatment modality for prostate cancer;
dose escalation improves local control
but is limited by the potential for
complications in nearby organs at
risk. RT may produce more favorable
genitourinary outcomes compared to
surgical options, but bowel complications
such as increased urgency and/or
frequency, diarrhea, and rectal bleeding
are much more frequent.3-5 These
complications usually improve within 6
months to a year of treatment initiation,
according to prior studies, but they are
associated with higher incidences of

long-term gastrointestinal issues.4,5 Rectal
bleeding is a common side effect of
prostate RT.6,7 If prevented or minimized,
this can greatly improve QOL in the short
and long term. Attenuating the radiation
dosage to the rectum has been shown to
reduce side effects associated with excess
radiation and has been made possible
by recent advances in target localization
technology.5 Radiation dose to the rectum
can be reduced by physically displacing
the rectum from high-dose regions
and optimizing dose distributions to
reduce rectal dose-volume histogram
(DVH) endpoints.8 See Figure 1 for an
example of how a PEG spacer displaces
the rectum. Various rectal displacement
devices (RDDs) are used to increase the
space between the rectum and prostate.
The 2 main types are polyethylene glycol
(PEG) gel and an inflatable balloon (IB)
placed between the prostate and rectum.
PEG (Boston Scientific, USA) polymerizes
to form a semi-solid gel. The BioProtect
Balloon System (BioProtect, Israel) uses a
balloon inflated with sterile water. Both
technologies have been shown to reduce
rectal dose.9-12

Rectal implants continue to reduce late
QOL impacts of prostate RT at 3 years
post-treatment (9.2% vs 2.0% incidence
of grades > 1 for control and spacer,
respectively, and 5.7% vs 0% for grades
> 2).13 Another device that has entered the
market inserts a hyaluronic acid gel that
has been shown effective in a randomized
controlled trial.14

In this study, we analyzed the dose-
sparing capabilities of 2 types of RDD:
PEG implants and IB implants. By
measuring the received dose to the rectal
wall for both implant-treated patients and
control patients, we present the mean
received dose and dose reduction for
both implants. We compare PEG and
IB implants and discuss relevant clinical
differences between the 2 modalities.

Materials and Methods
Patient Selection

Patients with early-/intermediate-stage
prostate cancer undergoing external
RT treatment between 2013 and 2020
with a spacer were enrolled in a 2-
institution, retrospective cohort study.
Patients who had previously undergone
RT, prostatectomy, or pelvic lymph node
radiation were excluded. Seminal vesicle
involvement was not an exclusion factor.
Controls received no RDD and were
selected from consecutive cases in the
same time frame when spacer modalities
were not as readily available. Many of
the IB patient data were collected from
an international center owing to the IB’s
approval for use in the European Union
(EU) as opposed to its pending approval
in the United States.

A total of 283 patients, mean age 73
years (range 50-90 years), were analyzed.
A total of 99 US patients were implanted
with PEG, 92 patients (17 US patients, 75
EU patients) were implanted with IB, and
92 US patients were not implanted with
either rectal spacer.

As shown in Table 1, the patient
groups demonstrated no significant
differences with respect to age, mean

Figure 1. Depiction of the change in received dose to the rectal wall due to ideal polyethylene
glycol gel (PEG) spacer placement. PEG is implanted into the perirectal space and creates over 1
cm of space between the prostate and rectal wall.
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prescribed dose, and mean rectal volume,
with standard error reported for all
mean values. Patient demographic and
fractionation data were tested for
statistical significance using the Kruskal-
Wallis test.

Data Collection
In all cases, CT scans were collected

from patients after spacer placement
and before treatment. Radiation exposure
to the rectum was calculated based
on previously recorded volumetric and
dosimetry data for all patients. Control
patients consisted of those treated prior
to common use of PEG, with data
collected in the same fashion. The
primary endpoints were rectal dosimetry
in D0.1cc, D1cc, and D2cc, where D0.1cc
refers to the dose given to the hottest 0.1
cc of the rectum.

Treatment Planning
Target volume margins were defined

with planning target volume (PTV)
expansions of 5 mm applied in all
directions from the clinical target

volume (CTV) except posteriorly, where a
reduced 3 mm margin was implemented
for the boost phase to minimize rectal
dose exposure.

Fiducial marker systems differed
between institutions: electromagnetic
transponders (Calypso) were used at the
US center; radiopaque gold seed markers
were employed at the EU center. These
differences in marker composition did
impact target treatment planning. The
PTV to CTV expansions were different
for US vs international patients. For
international patients, the expansion was
5 mm in the X, Y, and Z axes. For
US patients, the expansion was 3.0 mm
posteriorly for the initial volumes and
then 3.0 mm in the X, Y, and Z axes
for the boost component. Given that the
majority of gel implants were in the
United States, this strongly favored the gel
implant dosimetry.

Equivalent Dose in 2 Gy Fractions
See Table 1 for prescribed dose

and fractionation schemes. To compare
patients with different treatment

fractionation schemes, all received doses
were converted to equivalent dose in 2
Gy fractions (EQD2) using the following
formula:

EQD2 = D × d + α/β
2 + α/β

Table 1
where D is the total prescribed dose in

Gy and d is the dose per fraction in Gy.15

For this study, an α/β of 3 was used for
late rectal toxicity endpoints.16

Statistical and Data Analysis
All statistical analyses were conducted

in Python 3.10 using SciPy and
pandas libraries. Prior to comparative
analysis, normality of dosimetric data
was assessed using Shapiro-Wilk and
Jarque-Bera tests for all DVH parameters
across treatment groups. For D0.1cc and
D1cc, all groups showed deviation from
normality (P < .05); for D2cc, 1 of 3
groups approximated normality. Levene
test was used to assess homogeneity
of variance across groups, revealing
variance heterogeneity across all DVH
parameters (all P < .05).

Given the non-normal distributions
and variance heterogeneity,
nonparametric methods were employed
for robust inference. Kruskal-Wallis
H-tests were used for omnibus testing
of group differences across all DVH
parameters, followed by Mann-Whitney U
tests for post hoc pairwise comparisons
with Bonferroni correction (α = .0167) to
control family-wise error rate across 3
pairwise comparisons.17

The percent difference between
cohort groups was calculated using the
symmetric formula:% Difference = a − b(a + b)/2 × 100

Results
For each patient, D0.1cc, D1cc, and

D2cc were collected and analyzed, with
all doses converted to EQD2. See Table 2
for analyzed dosimetry data for all patient
groups.

Kruskal-Wallis tests revealed highly
significant differences among treatment

Table 1. Patient Information Mean and Standard Deviation

TOTAL PEG IB CONTROL P VALUE

Demographic data

Age at treatment (years) 73.2±6.6 72.1±5.8 73.7±7.0 73.8±7.0 .13

Prostate volume (cc) 75.2±32.4 65.8±27.9 94.7±33.9 65.9±26.4 <.001

Rectum volume (cc) 68.5±26.0 60.7±22.0 74.5±26.3 70.8±28.0 .15

Treatment data        

Prescribed dose (Gy) 77.6±5.4 75.4±5.5 77.1±6.2 80.3±2.7 .39

Number of fractions 39.1±7.5 36.4±8.5 37.2±6.5 43.9±4.2 <.001

Dose/fraction (Gy) 2.0±0.3 2.2±0.4 2.1±0.3 1.8±0.2 <.001

Abbreviations: IB, inflatable balloon; PEG, polyethylene glycol.

Table 2. Mean and Standard Deviation of Rectal Dose-Volume Histogram
Parameters by Spacer Type

DOSE-VOLUME HISTOGRAM
PARAMETER

IB PEG CONTROL P VALUE

D0.1cc (Gy) 71.7±8.1 78.1±3.5 80.4±1.2 <.001

D1cc (Gy) 65.2±9.5 73.7±6.0 79.5±2.1 <.001

D2cc (Gy) 61.2±9.9 69.9±7.1 78.7±2.7 <.001

Abbreviations: IB, inflatable balloon; PEG, polyethylene glycol.
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groups across all DVH parameters (all P
< .001), with large effect sizes (η²H range:
0.68-0.72, all indicating large effects per
conventional thresholds). All pairwise
effect sizes indicated large effects (Cohen
d = 1.01-1.07; threshold for large effects d
> 0.8).

See Figure 2 for a comparison of rectal
DVH data from all groups. See Figure
3 for percent difference data between
cohorts. For the IB implant, we found
a mean received D0.1cc of 71.7 Gy (SD
= 8.1 Gy) and dose reduction of 11.5%
compared to the control cohort (P < .001),

and dose reduction of 8.5% compared to
patients receiving the PEG implant (P <
.001). We found a mean received D1cc of
65.2 Gy (SD = 9.5 Gy) and dose reduction
of 19.7% compared to control patients
(P < .001), and dose reduction of 12.2%
compared to patients receiving the PEG
implant (P < .001). We found a mean
received D2cc of 61.2 Gy (SD = 9.9 Gy)
and dose reduction of 25% compared to
the control cohort (P < .001), and dose
reduction of 13.2% compared to patients
receiving the PEG implant (P < .001).

For the PEG implant, we found a mean
received D0.1cc of 78.1 Gy (SD = 3.5 Gy)
and dose reduction of 3% compared to
the control cohort (P < .001). We found a
mean received D1cc of 73.7 Gy (SD = 6.0
Gy) and dose reduction of 7.5% compared
to the control cohort (P < .001). We found
a mean received D2cc of 69.9 Gy (SD
= 7.1 Gy) and dose reduction of 11.9%
compared to the control cohort (P < .001).

Discussion
This multi-institutional retrospective

cohort study compared rectal dose-
sparing capabilities of 2 RDD
technologies in 283 patients undergoing
prostate external beam RT. Our findings
demonstrate that PEG gel and IB implants
significantly reduce radiation dose to the
rectum compared to controls, with the IB
device providing superior dose reduction
across all DVH parameters.

Clinical Significance of Dosimetric
Findings

The IB implant achieved substantial
dose reductions of 11.5%, 19.7%, and 25%
for D0.1cc, D1cc, and D2cc, respectively,
compared to controls (all P < .001). These
reductions translate to mean doses of
71.7 Gy, 65.2 Gy, and 61.2 Gy (EQD2)
for the respective parameters. The PEG
implant, while also providing statistically
significant dose reduction (3%, 7.5%, and
11.9% for D0.1cc, D1cc, and D2cc; all
P < .001), demonstrated more modest
dose-sparing, with mean values of 78.1
Gy, 73.7 Gy, and 69.9 Gy.

Figure 2. Comparison of rectal dose-volume histogram (DVH) parameters (D0.1cc, D1cc, D2cc)
among inflatable balloon (IB), polyethylene glycol (PEG), and control groups. Boxplots display
equivalent dose in 2 Gy fractions (EQD2) (Gy, α/β = 3) with significance levels from post hoc
pairwise tests (***P < .001).

Figure 3. Dose reduction in absolute percent difference for inflatable balloon (IB) and polyethylene
glycol (PEG). Absolute percent difference was calculated between each spacer type and the control
arm, as well as between the IB and PEG rectal displacement device. All doses were converted to
equivalent dose in 2 Gy fractions with α/β = 3. DVH, dose-volume histogram.
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Direct comparison between devices
revealed the IB implant reduced doses by
8.5%, 12.2%, and 13.2% relative to PEG
across all 3 parameters (all P < .001).

These findings agree with prior studies
showing that both implant technologies
significantly reduce radiation dose to the
rectum.9,10 A previous study also agrees
that the IB implant is superior to PEG in
reducing the rectal dose.18

The progressively greater dose-sparing
effect observed at larger volumes (D2cc
> D1 cc > D.1 cc) for the IB device
likely reflects superior spatial symmetry.
Well-positioned IB implants typically

create 1.7 to 2.0 cm separation between
rectum and prostate. Suboptimal PEG
symmetry may result in incomplete
coverage, where small rectal volumes
receive higher doses despite larger
volumes benefiting from displacement.

Product Comparison
Beyond these dosimetric distinctions,

the 2 devices also differ substantially in
their insertion techniques and procedural
requirements, see Table 3. Insertion
procedures of the PEG and IB are
relatively quick, typically performed
after beacon placement using transrectal

ultrasound-guided needle or instrument
into the perirectal space. See Figure 4
for a depiction of the ultrasound-
guided implantation procedure. PEG uses
hydrodissection followed by a 10 to 12 mL
gel injection. IB requires blunt dissection,
insertion of the apparatus and balloon,
then filled with 16 to 20 mL sterile water.
The IB device tip is blunt, requiring more
force but is less likely to perforate the
rectum.19 The IB allows opportunities
to inflate, deflate, and reposition the
balloon, which can improve symmetry.
Poor spacer symmetry results in less
rectal dose reduction but still offers
significant reduction.20 The separation
between the rectum and prostate is
typically 1.7 to 2.0 cm with the IB
implant. More bleeding usually occurs
with IB (typically < 5 mL), but lidocaine
administration nearly eliminates pain.
The balloon is easily visible on MRI,
obviating the need for contrast.

Limitations
The limitations of this study include

bias with respect to physician experience;
greater experience generally improves
outcomes. In this study, both physicians
had little experience with IB placements,
but PEG data were aggregated from
one physician who had performed over
500 placements. Complication rates and
symmetry after PEG placement have
demonstrated improvement after the
first 20 cases.21 The IB data based on
the first 13 cases likely underestimate
the technology’s potential performance.
Another bias relates to prostate volume
differences (mean 95 cc in IB group
vs 66 cc in others). Randomization
would have been ideal, but both
devices are rapidly evolving. Beyond
PEG and perirectal balloons, hyaluronic
acid spacers have demonstrated rectal
dose-sparing with supportive prospective
evidence. Hyaluronic acid spacers have
also demonstrated rectal dose-sparing
and are now commercially available.14

Future comparison studies that include
this RDD type are warranted.

Table 3. Clinical Characteristics of Implants

CHARACTERISTIC IB PEG

Implant size (cc) 16-20 10-12

Imaging modalities where implant
is visible

MRI, CT MRI, CT when contrast is added

Abbreviations: IB, inflatable balloon; PEG, polyethylene glycol.

Figure 4. Depiction of the implantation of a rectal displacement device (RDD) into the perirectal
space. Ultrasound imaging is used during the procedure to guide and validate RDD placement.
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Conclusion
We report the dosimetric analysis of

2 RDDs, a PEG gel implant and an IB
implant, for reduction of radiation dose
to the rectum during prostate cancer
treatment using external beam RT. Both
implants are well-tolerated, with a low
but possible risk of complications.14 Both
demonstrated statistically significant
reduction of received dose to the
rectum compared to the absence of
implants in control patients. The IB
implant demonstrated superior dose
reduction to the rectum than the PEG
implant. RDDs are a new technology
and are under continued development
and improvement. Further investigation
and comparison of RDDs is warranted as
technology improves.
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