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Abstract

Purpose: To assess the efficacy of placing a polyethylene glycol (PEG) spacing hydrogel in patients undergoing proton beam radiation
therapy for prostate cancer. This study also aims to assess the effect on rectal radiation dose of prostate—rectum separation in various
anatomic planes.

Methods and Materials: Seventy-two consecutive prostate cancer patients undergoing conventionally fractionated pencil beam scan-
ning proton radiation therapy with and without hydrogel placement were compared. Magnetic resonance images taken after hydrogel
placement measured prostate—rectum separation and were correlated to rectal dosing and rectal toxicity. Univariate analysis of clinical
variables and radiation dosing was conducted using nonparametric Wilcoxon rank-sum test with continuity correction between groups
(hydrogel spacer vs controls). Spearman's rank correlation coefficient assessed relationships between the various anatomic dimensions
of perirectal space and rectal radiation dosing.

Results: Fifty-one patients had hydrogel placement before therapy and 21 did not. There was a 42.2% reduction in rectal dosing (mL*
rectum) in hydrogel patients (P < .001). Increasing midline sagittal lift resulted in a greater mitigation of total rectal dose (P = .031).
The degree of prostate surface area coverage on coronal plane did not correlate with further reductions in rectal radiation dose
(P = .673). Patients who had PEG hydrogels placed reported more rectal side effects during treatment compared with those patients
who did not (35.3% vs 9.5%, P = .061). At median 9.5-month follow-up, there was no difference in reporting of grade <2 rectal
toxicity between the 2 groups (7.7% vs 7.1%, P = .145).

Conclusions: Polyethylene glycol hydrogel placement before pencil proton beam radiation therapy for prostate cancer reduced rectal
radiation dose. The most important factor reducing total rectal dose was the degree of sagittal midline separation created by the PEG
hydrogel. This is the largest study with the longest follow-up to investigate hydrogel placement in the proton beam radiation setting.
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Introduction

Polyethylene glycol (PEG) hydrogel (SpaceOAR,
Augmenix, Bedford, MA) is a slowly resorbing hydrogel
injected into Denonvillier's space before external beam
radiation (EBRT) for prostate cancer to limit radiation
exposure to the rectum. The gel undergoes hydrolysis and
dissolves by 6 to 12 months'-” and was approved by the
US Food and Drug Administration (FDA) in 2015.° Most
large series published to date focus on patients undergo-
ing conventional photon beam EBRT” where utilization
of this adjunct has become commonplace.

Displacement of the rectal wall from the prostate by
approximately 1 cm allows for a reduction of rectal ra-
diation dose up to 60.6%.' Recognition of this fact has led
to deliberate (saline hydrodissection) efforts to create the
space between the prostate and rectum with the hydrogel.

Proton beam radiation therapy (PBRT) is available
as an option for men with prostate cancer who choose
definitive radiation treatment.” Proton beams release en-
ergy at the Bragg peak, resulting in the benefit of limiting
the dose to normal tissue with potential improvement in
side effects.” The rectum has been identified as the dose-
limiting collateral structure for traditional photon beam
prostate radiation therapy.’ In a randomized trial
comparing conventional dose PBRT and high-dose
PBRT, Zietman et al reported acute grade 2 or higher
gastrointestinal (GI) toxicity as 45% and 64%, respec-
tively. Currently, the Prostate Advanced Radiation
Technologies Investigating Quality of Life (PARTIQoL)
trial (NCTO01617161) is ongoing to compare proton
therapy to intensity-modulated radiation therapy (IMRT)
for low or intermediate risk prostate cancer, with change
in bowel function as the primary endpoint. No random-
ized trials have compared the efficacy and toxicity of
PBRT to photon EBRT. Given the proposed advantage of
PBRT, the additional benefit of perirectal spacing
hydrogel has been questioned. Analysis of Medicare data
has previously demonstrated comparatively increased
rates of rectal toxicity in PBRT for prostate cancer
compared with IMRT during its early adoption,”* and
hence there is justification for the use of a perirectal
spacing agent in this setting.

This is the largest series with the longest follow-up
comparing patients with prostate cancer undergoing
pencil scanning PBRT with and without placement of
PEG hydrogel. The purpose was to determine the effect of
the PEG hydrogel on rectal proton beam radiation expo-
sure and relationship between exposure and the degree of
prostate—rectum separation. Additional aims were to

determine the subsequent effect of PEG hydrogel place-
ment on reducing rectal toxicities from proton beam ra-
diation at early patient follow-up.

Materials and Methods

After institutional review board approval, a retrospec-
tive review of patients who underwent conventionally
fractionated pencil beam scanning proton EBRT with and
without PEG hydrogel placement at Mayo Clinic Arizona
was performed.

Patients were positioned in dorsal lithotomy under
general anesthesia and 4 carbon fiducial markers were
inserted into the prostate. A 15-cm, 18-gauge bevel needle
was used to hydro-dissect the potential Denonvillier's
space with minimal normal saline (<2-3 mL) to confirm
good needle position before the hydrogel was injected
transperineally. A brachytherapy step device was used to
hold the rectal ultrasound probe (BK 3000, BK Ultra-
sound, Peabody MA), and a side-firing biplanar trans-
rectal ultrasound provided real-time visualization
ensuring accuracy of hydrogel placement in axial and
sagittal planes. A minimum of 1 vial of PEG hydrogel
(10 mL) was injected in each patient per manufacturer
recommendations.

PBRT was delivered with 2 lateral fields and with 67.5
to 79 Gy in 25 to 44 fractionations depending on the
clinical situation. All patients had an endorectal balloon
filled with 100 mL of water for each treatment cycle to
limit natural rectal displacement.

All patients had a post hydrogel MRI on a 3T platform
without an endorectal coil within 7 days to confirm location
of the PEG hydrogel and fiducial markers. The following
measurements were obtained: (1) Hydrogel thickness: this
was measured at the midline of prostate gland on both
sagittal and axial images (Fig la-b). (2) Maximal surface
area of the prostate (Aposae): This was obtained using a
reference plane that was 3.51 mm (3 1.17 mm slices on
MRI) anterior to the PEG hydrogel (Fig 1c). (3) Maximal
contact surface area of the PEG hydrogel (Apydrogel): This
was an average of the 2 largest surface area measurements
of the PEG hydrogel from coronal images. (4) The differ-
ence between points 2 and 3 above and the percentage of
prostate coverage were calculated (Aogyenap: Fig 2d).
Coronal cross-sectional images of the hydrogel and the
prostate were superimposed to determine coverage of the
prostate using Adobe Photoshop (Adobe Systems, San
Jose, CA; Fig 2). Measurements were verified by a single
radiologist with expertise in prostate MRI and imaging
processing techniques.
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Magnetic resonance images demonstrating measurements of polyethylene glycol hydrogel taken. (a) Sagittal thickness of

hydrogel in midline of prostate. The red line represents thickness measurement in cm. (b) Axial thickness of hydrogel in midline of
prostate. The red line represents thickness measurement in centimeters. (c) Coronal measurement of prostate surface area. The mea-
surement taken 3.51 mm anterior to hydrogel and red line represents area used for surface area estimation. (d) Coronal measurement of
polyethylene glycol Hydrogel maximal surface area. The yellow line represents area used for surface area estimation.

The effect of PEG hydrogel placement on rectal radi-
ation exposure was calculated using area under the curve
(AUC) for the histogram data of each patient to determine
the overall rectal dose based on each patient's individual
dosimetry histogram data (V40 Gy, V50 Gy, V60 Gy,
V65 Gy, V70 Gy, and V75 Gy; V indicates the volume of
rectum receiving specific radiation dose, eg, V40 Gy is
the volume of rectum receiving 40 Gy of radiation).
Although previous literature focused on the volume of
rectum exposed to the highest recorded radiation dose,’
the AUC calculation allowed us to estimate overall
dosage received by the rectum (Figure El; available on-
line at https://doi.org/10.1016/j.adr0.2019.08.007). Rectal
toxicity was graded prospectively by either the clinic
nurse or physician at the time of patient follow-up. The
follow-up protocol was not standardized and was based
on the National Comprehensive Cancer Network guide-
lines. Toxicities were graded prospectively by the Na-
tional Cancer Institute Common Terminology Criteria for
Adverse Events version 4.03.

Median and interquartile range values described pa-
tient demographic and clinical characteristics. Maximum
grade toxicity was compared between groups by use of %*
or Fisher exact test. Univariate analysis of clinical vari-
ables and radiation dosing (ie, AUC) was conducted using
nonparametric Wilcoxon rank-sum test with continuity
correction between groups (hydrogel spacer versus con-
trols). Among hydrogel spacer patients, Spearman's rank
correlation coefficient was used to assess relationships
between the various dimension of perirectal space and
rectal radiation dosing. R version 3.4.2 (R Software, Open
Source) was used for analysis. P values < .05 were
considered statistically significant.

Results

Seventy-two consecutive patients with prostate cancer
treated with pencil scanning PBRT from January 2016 to
August 2017. Fifty-one patients received PEG hydrogel
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Figure 2

Comparison of Hydrogel placement compared to area under the curve (AUC) rectal radiation dosage (cc3.Gy) with

Spearman rank correlation calculation (rho). (a) Sagittal thickness of hydrogel in midline (cm) versus AUC (P = .031). (b) Axial
thickness of hydrogel in midline (cm) versus AUC (P = .222). (c) Percentage of prostate coverage or overlap (Aoverlap) in the coronal

plane versus AUC (P = .673).

before therapy compared with 21 patients who did not.
Table 1 details baseline patient characteristics. There were
no differences between the 2 groups at median follow-up
of 9.5 (8.6-11.5) months after treatment.

Forty-seven (92.2%) patients had 1 hydrogel vial
(10 mL) injected, and 4 (7.8%) patients had 2 vials

injected. Mean volume of hydrogel injected was
10.75 £ 2.67 mL. All patients had concurrent placement
of 4 carbon fiducial markers. No patients experienced any
immediate complications.

Median midline separation produced by PEG hydrogel
was 10.5 mm (9.4-12.1) and 10.1 mm (8.6-11.42) on

Table 1  Baseline patient characteristics
PEG hydrogel placement (n = 51) Controls (n = 21) P Value

Median age (IQR) 73.9 (70.0-78.0) 74.9 (73.0-78.05) 291
Median BMI (IQR) 26.7 (4.8-30.1) 26.3 (24.9-30.0) 78
Median PSA (ng/mL) (IQR) 6.9 (4.5-10.2) 9.7(4.8-12.4) 222
Patient on ADT 26 (n = 40, 65%) 19 (n = 10, 95%) .027
Gleason score 361

343 10 (19.6%) 1 (4.8%)

3+4 15 (29.4%) 4 (19.0%)

443 15 (29.4%) 8 (38.1%)

444 7 (13.7%) 6 (28.6%)

445 2 (3.9%) 2 (9.5%)

5+4 1 (2.0%) 0

5+5 1 (2.0%) 0
Clinical stage .65
T1 (T1a, T1b, T2c) 22 (43.1%) 8 (38.1%)
T2 24 (47.1%) 12 (57.1%)
T3 (T3a, T3b) 5 (9.8%) 1 (4.8%)
Median radiation dose delivered Gy (IQR) 79.2 (79.2-79.2) 79.2 (79.2-79.2) .621
Median no. of fractions delivered 44.0 (44.0-44.0) 44.0 (44.0-44.0) 786

Abbreviations: ADT = androgen deprivation therapy; BMI = body mass idex; IQR
PSA = prostate-specific antigen.

= interquartile ratio, PEG = polyethylene glycol;
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sagittal and axial planes, respectively. Only 32 patients
had the necessary coronal images to calculate coverage of
prostate by the PEG hydrogel in the coronal plane. Me-
dian percentage of prostate covered by the PEG hydrogel
in coronal plane (Agyeriap) Was 49.0% (39.9-57.7).

Patients who had PEG hydrogel placement had
reduced radiation dose per volume of rectum at all his-
togram dosimetry levels compared with those with no
PEG hydrogel (P < .001; Figure E2; available online at
https://doi.org/10.1016/j.adr0.2019.08.007). Volume of
rectum exposed was reduced by 42.2% and 41.8% for
V70 Gy and V75 Gy, respectively. AUC analysis also
demonstrated a 42.2% relative reduction in overall rectal
dose delivery in hydrogel patients (P < .001; Fig 3).

When overall rectal dosimetry based on AUC calcu-
lation was compared with prostate—rectum separation
measurements, greater mitigation of rectal dosing was
seen with increased midline prostate—rectum separation
on sagittal MRI (P = .031). Increased coverage of the
prostate by PEG hydrogel in the coronal plane was not
associated with reduced rectal radiation dose based on our
measurements (Fig 4).

Patients with hydrogel placement reported more
toxicity during treatment compared with controls. At least
one grade 1 acute rectal toxicity was experienced in
35.3% of hydrogel patients compared with 9.5% of con-
trols (P = .061) during the course of therapy.

With longer follow-up (median 10.3 vs 8.7 months,
hydrogel vs control), the overall reporting of rectal
toxicity was not different between the 2 groups (Table 2).
There was no association between rectal toxicity at any
point and PEG hydrogel measurements.

800

600

o
S 400
<

200

Hydrogel Group Control Group

Figure 3  Area under curve (AUC) calculation of overall rectal
radiation dose (cc3.Gy) in patients with and without (control)
Hydrogel placement. Median Hydrogel AUC was 330.90 (IQR,
136.5-421.9). Median control group AUC was 572.97 (IQR,
494.3-721.0). There was a 42.2% relative reduction in the
Hydrogel group. Wilcoxon rank sum test with continuity
correction was used (P < .001).

Discussion

The success of PEG hydrogel spacers in significantly
reducing short- to medium-term rectal toxicity has been
well documented in the photon EBRT setting.” In this
pivotal trial that led to the approval of hydrogel by the
FDA, no rectal balloon was used. Placement of hydrogel
is well tolerated, improves GI quality of life scores at
5 years, and has been shown to be cost effective.'*!!
PBRT alone has previously demonstrated low rates of
rectal toxicity even without the use of a spacer.'” The
added benefit of placing a PEG hydrogel spacer in this
setting has not been well investigated and can be ques-
tioned given the theorized reduction in collateral radiation
from proton beam radiation. Only a single small series of
12 patients has previously demonstrated a relative
reduction in V70 Gy rectal radiation dose of 63% and
70% based on 2 separate proton radiation plans using an
alternative PEG Hydrogel (Duraseal, Covidien, Mans-
field, MA). We report the largest study to directly
compare PBRT patients treated with and without PEG
hydrogel placement.

Our study demonstrated a 42.2% relative reduction of
rectal exposure in PBRT patients with the use of the
hydrogel spacer during treatment. Each rectal dosimetry
level demonstrated significantly less radiation exposure.
This is consistent with previously published results in the
photon EBRT population, which have demonstrated a
relative rectal dose reduction of 25% to 59% in patients
who had PEG Hydrogel placed before therapy.'”"”

A median prostate—rectum separation at midline of
10.5 mm on sagittal imaging was achieved in the hydrogel
group and was positively correlated with dose reduction.
A statistically significant association was not seen be-
tween dose reduction and length of separation on axial
images. Pinkawa et al have previously demonstrated that
there was a learning curve required to obtain up to 15 mm
of separation from of the prostate to the anterior rectal
wall.'® Preclinical studies have shown that no further
reduction in V70 Gy occurred with separation >15 mm
after 20 mL of hydrogel injection.” Furthermore, these
results are consistent with data in the photon EBRT
population demonstrating separation of 10 to 13 mm is
most effective at reducing rectal exposure.'> Cadaver and
small clinical series of treatment planning with PBRT did
demonstrate that 7 to 9 mm of prostate—rectum separation
can result in reduced rectal radiation dose.'®"”

Coronal coverage maps demonstrated that a median
of 49.0% of the contact surface area of the prostate was
covered by the PEG hydrogel. Often, <50% of the
contact surface of the prostate was overlapped by the
PEG hydrogel in the coronal plane due to displacement
of the hydrogel away from the midline. This suggests
that the hydrodissection of the potential space of
Denonvillier's may not be predictable or that hydrogel
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Figure 4 Comparison of Hydrogel placement with area under the curve (AUC) rectal radiation dosage (cc3.Gy) with Spearman rank
correlation calculation (rho). (a) Sagittal thickness of hydrogel in midline (cm) versus AUC (P = .031). (b) Axial thickness of hydrogel
in midline (cm) versus AUC (P = .222. (c) Percentage of prostate coverage/overlap (AOverlap) in coronal plane versus AUC

(P = .673).

placement is more unpredictable than wanted. It was
anticipated that the degree of prostate covered by the
hydrogel on coronal imaging would correlate with a
more uniform separation of the prostate from the rectum
and greater rectal dose reduction; our study did not
demonstrate this association. This questions the necessity
of ensuring even distribution of hydrogel in the peri-
rectal space rather than focusing on the goal of adequate
lift of the prostate at midline.

No relationship was found between the thickness of
prostate—rectum separation at midline on imaging and
rectal toxicity reported either during treatment or on
follow-up. Although increasing thickness of separation

may improve dosimetry scores, its clinical effect remains
uncertain. Mariados et al demonstrated that hydrogel
absorption began at 3 months and completely resolved
by 12 months.” It is difficult to assess the clinical effect
of initial separation given the variable rates of absorption
occurring between patients owing to differences in renal
clearance and proteolytic resistance.”’

During treatment, greater rectal toxicity was reported
in patients with PEG hydrogel placement than without. It
must be acknowledged that this is a near-significant
approximate 4-fold increase of in-treatment rectal
toxicity in those patients who received PEG hydrogel.
None of these patients needed intervention for these side
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Table 2 Reported rates of rectal toxicity during treatment
and then at subsequent follow-up (at completion of radiation
therapy) in PEG Hydrogel versus control group

Hydrogel group Control group P Value

During
treatment™
No. of patients 51 21 .061
No toxicity 32 (62.7%) 19 (90.5%)
Grade 1 rectal 18 (35.3%) 2 (9.5%)
toxicity
Grade 2 rectal
toxicity
Subsequent to
treatment'
Median follow- 10.3 (9.02-11.7) 8.7 (7.5-9) .004
up time (IQR)

1 2%) 0

(mo)
No. of patients 39 14 .145
No toxicity 36 (92.3%) 13 (92.9%)
Grade 1 rectal 3 (7.7%) 0 (0%)
toxicity
Grade 2 rectal 0 (0%) 1 (7.1%)
toxicity

Abbreviations: IQR = interquartile ratio, PEG = polyethylene
glycol.

* No patients experienced grade >3 rectal toxicity.

T No patients experienced grade >2 rectal toxicity.

effects and all toxicities were grade 1 and did not require
any intervention. This increased propensity for hydrogel
patients to experience rectal side effects may be due to
interaction between the rectal balloon and PEG hydrogel
in place concurrently with each radiation treatment
(Fig la-b demonstrating proximity of the 2 structures).
Rectal balloons have been used in PBRT to reduce vari-
ability in prostate position given the increased sensitivity
of PBRT to target motion owing to steep dose depletion
beyond the Bragg peak.” We have used an endorectal
balloon for PBRT patients as a method of reducing
intrafraction movement, extrapolating from previous
studies of IMRT for prostate cancer.”"”” Small studies
have described patients complaining about local side ef-
fects from PEG hydrogel placement. A recent retrospec-
tive review of 125 patients undergoing photon EBRT
revealed an increased rate of hemorrhoids in patients
who had hydrogel placement.”” Another study described
transient increase in rectal discomfort in 4 of 11 patients
who received PEG hydrogel before photon EBRT. These
side effects resolved within 12 weeks of hydrogel place-
ment.”* Interaction of the PEG hydrogel and rectal
balloon on the anterior rectal wall may represent a side
effect of the hydrogel as opposed to true radiation
toxicity. It is also possible that Common Terminology
Criteria for Adverse Events, version 4 is not sensitive
enough to differentiate rectal discomfort secondary to the
simultaneous use of the hydrogel and rectal balloon, and

the discomfort was graded as proctitis at the weekly
management visit during the treatment course. The con-
current placement of a PEG hydrogel and endorectal
balloon requires more investigation of its effect on
intrafraction prostate movement.

Fifty-three patients (73.6%) had completed follow-up
at a median time of 9.5 (8.6-11.5) months. Of these, only
7.5% experienced grade <2 rectal toxicity. There was no
difference in rectal toxicity between the 2 groups at early
follow-up. The median follow-up time for the hydrogel
group was 1.6 months longer than the control group. A
possible explanation is that the physical discomfort
caused by the hydrogel and rectal balloon resolved after
resorption of the hydrogel in 3 to 6 months. Large series
of PBRT patients without hydrogel has variable reported
rectal toxicity rates ranging from 0% to 64%.> The
pivotal randomized controlled trial that led to FDA
approval of PEG hydrogel in photon EBRT demonstrated
no difference in acute toxicity rates (<3 months after
therapy) with 23% and 28% in hydrogel and control
groups, respectively. However, at late follow-up
(>3 months), there was a significant reduction in rectal
toxicity (grade <2) in those who had hydrogel placement
of 7% versus 2%.” This study demonstrates no difference
in rectal toxicity rates on longer follow-up (>3 months).
This was recently updated with 3-year follow-up and it
was demonstrated that patients with PEG hydrogel
experienced statistically significantly less rectal toxicity
compared with controls. They also demonstrated that
improved bowel quality of life scores (Expanded Prostate
Cancer Index Composite) were maintained at 3 years in
patients who had hydrogel placement. The authors
determined that the number needed to treat to spare grade
>1 and > 2 toxicity at 3 years were 1.3 and 16.7,
respectively, which raises the clinical significance of
these improvements. Our study requires longer term
follow-up to determine the effect of the decrease in rectal
dose secondary to PEG hydrogel placement on reporting
of rectal toxicity in PBRT.”® Although this study also
investigated the effect of PEG hydrogel on urinary
toxicity, this was not an endpoint of our study.

There were several limitations in this study. The
measured height of prostate—rectum separation at a single
midline point in the sagittal and axial planes was arbi-
trarily determined. Although this allowed us to measure
the length of separation in a standardized fashion, mea-
surements at other points of reference may have resulted
in different correlations between length of separation and
rectal radiation dose. The study was also limited by its
relatively small number of patients and may be under-
powered to detect differences between the groups.
Additionally, because both PEG hydrogel and pencil
beam scanning PBRT are relatively new therapies for
prostate cancer treatment, the patients in our study have a
relatively short follow-up. Additional follow-up is
required to compare the effectiveness of PBRT with
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hydrogel spacer to photon EBRT with hydrogel spacer in
reducing long term rectal toxicity. Finally, the retro-
spective nature of our review resulted in inconsistencies
of data reporting, particularly pertaining to toxicity
scores.

Conclusions

This is the largest study to investigate the effect of
PEG hydrogel placement in patients undergoing proton
beam radiation therapy for prostate cancer. PEG
hydrogel placement before pencil beam scanning PBRT
reduces overall rectal dose by 42.2%. Increased midline
separation in the sagittal plane correlates with reduced
rectal dosing. Placement of the hydrogel in Denon-
villier's space may not be predictable given the relatively
low overlap between hydrogel and prostate on coronal
imaging; however, this does not affect the efficacy of the
PEG hydrogel. Concurrent presence of the PEG hydro-
gel and rectal balloon during PBRT may result in
increased reporting of rectal toxicity during treatment,
which may represent a shortfall of the reporting system
to differentiate rectal discomfort from true radiation
toxicity. There was no difference between the rates of
rectal toxicity reported between patients with and
without PEG hydrogel at 9.5 months after completion of
PBRT. Additional follow-up will allow the determina-
tion if placement of PEG hydrogel in the PBRT setting
results in reduction in long-term rectal toxicity, as well
as ensuring there is no deterioration in the treatment
effect of PBRT.

Supplementary data

Supplementary material for this article can be found at
https://doi.org/10.1016/j.adro.2019.08.007.
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