Corresponding author mail id: zachary.seymour@beaumont.org

Long-term Follow-up After Radiotherapy for Prostate Cancer with and without Rectal Hydrogel

Spacer: A PoolediProspective Evaluation of Bowel Associated Quality of Life

Zachary A. Seymour, MD?Y", Daniel A. Hamstra, MD, PhD'", Stephanie Daignault-Newton, MS?,
Walter Bosch, DSc3, Jeffery Michalski, MD, MBAS3, Hiram A. Gay, MD?3, and Michael Pinkawa,
MD, PhD*

1, Beaumont'Health Department of Radiation Oncology, Dearborn, Ml and Oakland University
William Beaumont School of Medicine, Rochester, Ml

2, University of Michigan, Department of Radiation Oncology, Ann Arbor, Ml

3, Washington.University, Department of Radiation Oncology and School of Medicine, St. Louis,
MO

4, RWTH Aachen University, Department of Radiotherapy, Aachen, Germany

*, signifies equal contribution to this publication

Presentation: Poster Presentation ASCO GU 2019, San Francisco, CA

Conflicts of Interest:

Zachary A. Seymaour, MD — Augmenix has provided grant for dosimetric analysis unrelated to
this publication

Daniel AfHamstra, MD, PhD and Stephanie Daignault-Newton, MS as consultant for Augmenix

Walter Bosch, DSc, Jeffery Michalski, MD, MBA, Hiram A. Gay, MD - none

This is the author manuscript accepted for publication and has undergone full peer review but has
not been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as doi:
10.1111/BJU.15097

This article is protected by copyright. All rights reserved


https://doi.org/10.1111/BJU.15097
https://doi.org/10.1111/BJU.15097
https://doi.org/10.1111/BJU.15097
mailto:zachary.seymour@beaumont.org

Michael Pinkawa, MD, PhD - none

Author Manuscript

This article is protected by copyright. All rights reserved



DR.ZACHARY A SEYMOUR (Orcid ID : 0000-0002-7117-1638)

Article types#™ “Qriginal Article

Article category:irological Oncology

Abstract

Purpose: Hydrogel spacers are a tool to improve dosimetry and overall quality of lifein men receiving
radiotherapyforprostate cancer. This study is a pooled analysis of a prospective cohort with long-term
quality of life(@@L) follow-up data with or without hydrogel spacers to minimize the dose to adjacent

organs at risk.

Methods and*Materials: QOLwas examined using the Expanded Prostate Cancer Index Composite (EPIC)
and meanchanges from baseline to EPICdomains were evaluated. A total of 215 patientsfroma
randomized multi-institutionaltrial of radiation with or without hydrogel spacer witha QOL end-point
were pooledwith 165 non-randomized patients from asingle institution with prospective QOL collection
in patients with onwithout hydrogel spacer. The proportions of men with minimally important
differences (MiDs) relative to pre-treatment baselinein the bowel domain were tested using repeated
measure logistic models with a pre-specified threshold for clinically significant declines (>/=5equivalent

to MIDx1 and >/= 10 equivalentto MIDx2).

Results: A total of 380 men were evaluated (64% with spacerand 36% without) with QOLdatabeing
available for 199/men beyond 24 months of follow-up (median: 39.5 months, range: 31-71.4 mo).
Treatmentwith spacer was associated with less decline in average long-term bowel QOL(89.4 for
control and 94.7 for experimental) with differences at> 2 years meeting the threshold of MID difference
between cohorts (Bowel Score Difference from baseline: control=-5.1spacer= 0.3 Diff=-5.4 p=0.0003).

When evaluated overtime men without spacer were more likely to have MIDx1 (5 points) declinesin
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bowel QOL(p=0.01). At long-term follow-up MIDx1was 36% without spacervs 14% with spacer
(p=0.0006; OR=3.5, 95% Cl=1.7 — 6.9) while MIDx2was seenin 19% vs 6% (p=0.0081; OR=3.6, 95% Cl=
1.4 -9.1). The use of spacerwas associated with less urgency with bowel movements (p=0.002) and
fewerloose stools (p=0.009) as well as less bother with urgency (0.007) and frequency of bowel

movements{(p=0.009).

Conclusionsalnthis pooled analysis of QOLafter prostate radiotherapy with up to 5-years of follow-up,
utilization of arectal spacerwas associated with preservation of bowel QOL. This QOL benefit was

preserved with long-term follow-up.

Introduction

Radiotherapyforprostate canceris associated with good results in terms of both limiting toxicity and
maximizing efficacy in men pursuing definitive therapy. Long term results in terms of cancer specific
outcomesforsurgery or radiotherapy appearsimilar. Patient reported outcomes (PROs) appearto be
divergent withworse bowel quality of life (QOL) with prostate directed radiotherapy.! Continued gains
inimage guidaneeand intensity modulation have allowed for more targeted modern radiotherapeutic
delivery utilizingboth smaller margins and higher doses which may theoretically lead to better PROs.
This approach"has'minimized dose to many surrounding organs at risk, exceptforthe immediately

adjacent plexus of nerves, vessels, and the anterior rectal wall.

A rectal spacer hydrogelis available to provide ageographicbarrier between the high dose immediately
adjacentto the prostate gland and the rectum. Data has been analyzed from several series, prospective
and retrospective, to assess for differences in toxicity and patient reported quality of life (QOL), but the
reports to.datehave been with limited follow-up.?? It was unclearif gains in middle-term QOLwith the

rectal spacerwould be maintained oronly delay declinesin PROs.

EPIC is a standardized and validated measure of QoL for prostate cancer patients. The EPICbowel
domain consists'efibowel function, bowelbotherand a composite overall QoL evaluation. Initially within
the literature were two series with and without hydrogel spacerin men receiving radiotherapy, however
limited follow up was evaluable at orbeyond 2 yearsin either cohort and therefore reduced capacity to

evaluate QoL beyond thisinitial follow up period. Presented here is a pooled analysis of these two series
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of hydrogel rectal spacer patientseries with longer term follow-up of bowel related QOL: a prospective
phase Il multi-centered randomized trial and a prospective non-randomized singleinstitution analysis of

patients sequentiallytreated with or without a hydrogel spacer. 23

Methods and Materials

Patient Selection and Treatment Parameters

The details ofithesphase Il trial and non-randomized patients were previously reported.3,4 Men with
National Comprehensive Cancer Network—determined low- orintermediate-risk prostate canceranda
Zubrod performance status of 0 to 1 were enrolled in a multi-institutionalinstitutional review board—
approvedsingle-blind phase Ill trial (Clinical Trials ID: NCT01538628) from 20 separate institutions. The
exclusion criteriaincluded prostate volume 280 cm?3, extraprostatic extension, >50% positive biopsy
cores, previousiorplanned use of ADT, and/or previous treatment of prostate cancer. The patients were
randomized2:47to the spaceror control group, with all menreceiving fiducial markers for IGRT. The
patients were unaware of the treatment allocation and had the fiducial markers or markers plus the
hydrogel spacerplaced without knowing to which treatment they had been randomized. Magnetic
resonance imaging (MRI)-based planning was used, with the post-fiducial marker computed
tomography«(€T)sean fused with the magneticresonance imaging scan. The radiation plans were
evaluated by anindependent core laboratory before treatment for compliance to the protocol
guidelinesanddetermination of the dosimetricendpoints. The clinical target volume was the prostate
with or without the seminal vesicles at the physician's discretion. A planning target volume (PTV) margin
of 5to 10 mmwas used. The radiation dose was 79.2 Gy in 1.8-Gy daily fractions, delivered 5 days
weekly. Based upoh previously published dosimetricanalysis, rectal dose constraints were all less than
rectum Vs, of 50% and rectum V-, of 20% regardless of the presence of rectal spacer.? CT based daily

image guidance was utilized for treatment delivery with alignment to the fiducials.

In the non-randomized cohort, all 114 patients were treated from 2010 to 2011 with external beam
radiation therapyto the prostate without pelviclymph nodes. Treatment plans were basedona
computedtomography scaninthe supine position with afull bladder, within 3to 5 days after hydrogel
injection. Additionally, T2-weighted MRI scans were performed forimage fusionin 27 patients after
hydrogel injectionsinthe initial experience and then CT scans alone we re used thereafter. Forthe
planningtargetvolume, 8-mm lateral and anterior, 5-mm superiorand inferior, and 4-mm posterior

margins were added to the clinical target volume (corresponding to prostate with or without seminal
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vesicles) contours. Treatment was performed with a 5-field intensity modulated radiotherapy to a total

dose of 76 Gy (n=96) or 78 Gy (n=18, all with hydrogel). The same objectives and constraints were used
forinverse intensity modulated radiation therapy treatment planning for all patients: maximum rectum
V50 = 50%, maximum rectum V,, = 20%.3 Ultrasound-based image guidance was applied before each

fraction.

Patient reported:QOL was obtained priorto radiotherapy andinfollow up after radiotherapy with

the Expanded,Prostate Cancer Index Composite (EPIC)score. The rectal portion consists of an overall
bowel Qol, referred to as EPIC Bowel QolL, score as well as a subsetscores for patient reported bowel
functionand bowel bother. Practice patterns of follow-up varied by each cohortinterms of follow up. In
the prospective randomized study, follow up occurred every 3months for two years and then every 6
months, whilethe'hon-randomized cohort obtained patient reported QOLsurveys priortotreatment, at
the completionofradiation, and at approximately median EPICscores for 2, 17, and 63 months after

treatment.

Overall, atotal of 380 men treated with baseline EPIC were evaluated. Specifically, 245 patients were
treated withandd35 were treated without rectal spacer. At 12 months of follow-up, 211 patients with
and 88 patients without rectal spacer were evaluable for PRO by EPIC (an overall 78% response rate).
Late follow=up7ator beyond 24 months was available in 128 patients with and 72 patients without (an
overall 53% response rate). Inthe patients with an evaluable ‘late’ EPIC questionnaire, the median time

was 40.9 months(range:31.1-71.4 months) from treatment.

Statistical Analysis

Demographicand patient characteristics were described between treatment groups and patient cohorts
separatelys Chi-square tests for stage and Gleason, t-tests for age and Wilcoxon rank tests for percent
positive coreswere provided. EPICwas evaluated by overall EPIC Bowel QoL, Bowel bother, and Bowel
Function as wellas by each individual question within the boweldomain. Based on standard
interpretation of the EPIC bowel QOL, a ‘significant’ score change of 5 points was defined as a minimally
important difference (MID) and scored as MIDx1 and a ‘severe’ score change of 10 points was
considered a MIDx2.° Due to alterationsin follow-up patterns between cohorts, ‘late’ follow-up was
defined as atleast 24 months post-treatment. The bowel domain analysis of the individual items

reports proportions and use fisher’s exact tests for comparison between treatment groups. Multiple
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comparison adjustments were not made as these are only used to identify the areas of the bowel score

that differfor descriptive purposes.

The bowel score differences from baseline were modeled using longitudinal repeated measures with
interestinthe effect of treatment differences overtime (months since treatment that the EPIC
guestionnaire wascompleted.) Treatment, months since treatment, and interaction effect were
includedin thesmedel. Repeated measures within a patient used an autoregressive correlation
structure. Treatment by month estimates and pairwise testing was done within the modeling
framework./[Each binary MID endpoint was presented with proportions and binomial confidence
intervals by treatment and questionnaire months. Analysis was performedin SAS, version 9.4 (SAS

Institute, Cary; NC).

Results

Patient Baseline Characteristics

All evaluablebaselinetreatment characteristics shared by the two patient cohorts are in Table 1 with
evaluation of differencesinthe baseline characteristics based on utilization of hydrogel and between
randomizedand:nen-randomized patient subsets. Baseline characteristics were similar between the
groups with or without rectal hydrogel spacer except for patients with hydrogelspacerbeing younger at
the time oftreatment. Comparing patients between randomized and non-randomized cohorts, there
were associations towards older patients, lower rates of cT2 stage, more Gleason grade 7, higher
percentage of positive cores on diagnosticbiopsy, worse baseline EPIC bowel function score. However
differencesbetween the baseline EPIC differences were not clinically meaningful based on MID and

overall bowel EPIC summary scores were not statistically or clinically different.

Patient Reported-Bowel Quality of Life

Radiotherapytothe prostate with rectal hydrogel spacer was associated with less declinein mean long-
term overall'Bowel EPIC summary score foroverall bowel QOL(89.4 for control and 94.7 for
experimental) with modelled differences at 1 year compared to baselinediverging statistically (p=0.005,
Figure 1). Beyondithis time point, differences continued to diverge while remaining statistically different.
At 2 years, differences between the control and hydrogel rectal spacer cohorts was meeting the
threshold aclinically meaningful difference (BowelScore Difference from baseline: control=-5.1spacer=

0.3 Diff=-5.4, p=0.001) as patients with hydrogel spacerappeared to have preserved baseline QOL. This
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threshold for clinically significant decline was maintained for MIDx1 difference between the cohorts
through 5 years of follow up (p=0.002). MIDx1 was trending towards significance at 12 months of follow
up (p=0.0735) and no difference in MIDx2. At 15 months of follow-up, MIDx1 and MIDx2 were both
more frequentin patients without rectal spacer (MIDx1at 15 months p=0.0371 and MIDx2 at 15
months p=0.0007). The model forbowel difference was associated better PRO of bowel function
(p=0.0282). Whenadjusting for multiple questionnaires being completed overtime, it confirmed
increasedriskefireduced bowel QOLovertimein patients without rectal spacer compared to those with

spacer (p<0.0001)-

Clinically relevant declines were noted beyond statistical differences and modeled data. Atlong-term
follow-up MIDx1 was 36% without spacervs 14% with spacer (p=0.0006, Odds Ratio=3.5, 95%
confidence interval 1.7-6.9, Figure 2) while MIDx2 was seenin 19% vs 6% (p=0.0081, Odds Ratio=3.6,
95% confidenceinterval 1.4-9.1). Differencesin MIDx1and MIDx2 between hydrogel spacerand

controlled corroborates statical differences atlater follow-up beyond one year (Figure 2).

Specificaspectsoflbowel related quality of life were improved with rectal spacer placementrelative to
control (Table2)=Patients without hydrogel spacer were more likely to have significant declines at late
follow-upin patient reported function with more urgency with bowel movements (p=0.002) and more
loose stools(p=0:009) as well as more botherwith urgency (0.007) and frequency of bowel movements
(p=0.009). There were also trends towards more bother from watery bowel movements (p=0.06) and

incontinence (p=0.08) in men without hydrogelrectal spacer.

Evaluating differencesin PRO by comparing randomized datato non-randomized data did notreveal any
differencesin patient reported bowel QOLat any time points beyond 3 months of follow up and even at
that pointwere:not clinically relevant of MIDx1 and potentially due to baseline statistical differencesin

the cohorts that were eventually minimized with the effect of hydrogel separation overtime.

Discussion
The results of this analysis fit within the broad reproducible dataregarding rectal separation and
improved physician reported rates of toxicity and reduced declines in PROs. Declines in overall bowel

QOL appearedtobe increasingatleastupto 3 years of follow-up post-radiotherapy. This appeared to
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mirror continued accumulation of MIDs in patient reported bowel function from 12 to 36 months of
follow up where as MIDx2 did not appearto be substantially increased with increased follow up beyond
12 months. This suggests that many more significant declines in bowelfunction occurinthe middle term
of follow up and do not recover. Itis possible that continued decline in either group would be possible
with additional follow-up, but the accumulation of MIDx1 events may suggest that continued decline
with sufficient follow-up may ultimately increase late MIDx2 events. The natural history of these
declines reinforeeithat these declines are real and not occurring in a significantly delayed fashion that

would be limited.te only patients who are long term survivors.

Furtherfollow-upisneededtoassess continued QOLinthese cohorts, but togetherthisrepresentsa
preservationof bowelfunction with rectal spacer utilization in the face of continued declinein p atients
treated with'prostate-seminal vesicle only radiotherapy without arectal spacer. The plans utilized in
eitherthe randomized orthe non-randomized cohorts were quality radiotherapy plans by accepted

standards, but the results of are important to place into context of the intervention.*

With any intervention, thereis a potential learning curve to both placementand understanding
dosimetriefeasibility. Given that this represents the first experience with rectal separation, these results
may underrepresent differences in optimized plans with rectal spacers with adequate experience. While
placementgeometricevaluation had failed to provide hints atideal localization of rectal separation and
PROSQA analysis allowed for optimization of dosimetric constraints without rectal spacer, future
dosimetric dnalysis within patients with rectal spacers will provideimportantinformation for

practitioners.®

Furthermore, no patients have been ableto be found on subsetanalysis whom did not benefit from
rectal separatienwith regards to rectal quality of life. Prostate volume, pre -rectal gel placement
dosimetry, distance of rectal separation, geometry of placement, and prior pelvicand/orabdominal
surgery did Aetimpact QOL in previous analysis.®” All patients experienced such asignificant declinein
rectal dosesréceiving 70 Gy that all patients benefited from the placement with relative declines of >70%
across all patientsy While there are limitationsin a pooled analysis with regards to patient heterogeneity
as well as slight differences treatment planning and follow-up regimens, it appears that no other

planningtechnique or baseline characteristic would be able to modulate the risk of reductionsinlong
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term QOL reported here with perhaps exception of brachytherapy or stereotacticradiotherapy with
much smaller planning target margins.

Giventhe timelineto clinically meaningful difference in PRO, essentially all patients treated withouta
rectal spacer will be atincreased risk of these declines well within their lifetime. This may provide a
rationale forutilization of rectal spacersin patients with higherrisk diseaseratherthan the favorable
intermediate risk cohorts evaluated here. Feasibility albeit with at some risk of microscopicspread of a
gel insertioniimeases with significant micro- or macroscopicspread beyond the prostate will have to be
investigatedinithis higherrisk cohort. Prospective evaluations of utilizations within high risk prostate
cancer are also needed as this may minimize the risk of high dose region with less effect on more
moderate dose in patients with whole pelvis radiotherapy. These results continue to reinforce that

hydrogel rectal spacer did not merely delay inevitable declines in bowel function, but rather preserved

patientreportedquality of life.

Conclusions

Rectal hydrogel spacer effectively preserves overall patient reported bowel functionin men undergoing
radiotherapy tathe prostate alone with longterm follow up beyond 2 years. There were fewer declines
interms of.boethstatistical decline and clinically meaningful QOLwhen hydrogelwas utilized. Specifically,
patients with hydrogel spacer placement had less functional decline and bother of bowel frequency and

loose stoolsatiatefollow up.
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Table 1 Baseline Patient Characteristics

Randomized

Prospective Data

Non-randomized

Prospective Data

p-value

(Hydroge spacerl vs

p-value

(Randomized vs

control) Non-randomized)
Hydrogel Control Hydrogel Control
Spacer Spacer
N 146 69 99 66
Mean Age 65.9(7.8) | 67.3(6.6) | 70.6(6.5) 71.8 (7.0) 0.03 <0.0001
(Standard
deviation)
Stage T2+ (%) 52 (36%) | 23(33%) 27 (27%) 16 (24%) 0.53 0.071
Grade 7+ (%) 51(35%) | 35 (51%) 52 (53%) 35 (53%) 0.066 0.014
% of Positive Cores [ 22.9 (12.7) 233 31.4 (25.3) 29.4 (19.6) 0.99 0.011
(Standard (15.3)
deviation)
Median Prostates|*50.9 (26.6 59.1 ( 51.5(19 - 55.0 (21 - 0.15 0.081
Volume (range) - 100.1) 25.9 - 180) 134)
111.5)
Baseline Bowel 93.4(8.1) | 94.5(6.3) | 94.3(10.3) 92.9(9.23) 0.66 0.27
EPICDomain
(Standard
deviation)
Baseline Bowel | 92.7(9.4) | 92.9(7.7) | 94.4(8.6) 93.0 (8.5) 0.24 0.03
Function EPIC
Domain (Standard
deviation)
Baseline Bowel 94.1(8.7) | 96.0(6.5) | 94.2(12.8) 92.6 (11.5) 0.96 <0.0001

Bother EPIC
Domain(Standard

deviation)
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Table 2 EPIC Rectal Quality of Life Domain Analysis OverTime by Individual Questions with * signifying
P > 0.05.

Control Hydrogel Spacer
3m 15m 15m 36m
BL (N=138) 36m (N=88) | BL(N=248) 3m (N=241)
Months (N=125) (N=129) (N=215) (N=134)
Urgency (21
7.3 16 6.2 13.6* 10.1 21.2 7.9 2.2%
day)
Leakage (21
0 3.2 1.6 34 2 33 3.7 1.5
day)
Loose Stools
10.1 16.7 13.2 13.6* 10.5 16.2 8.4 3.7%
(=1 half)
— Blood
g y
s Stools (21 0.7 3.2 6.2 1.1 0.8 1.7 0.9* 1.5
g half)
=}
[N
o] Painful
g
o Stools (21 2.2 8.7 3.8 2.3 2 5.8 1.9 0
half)
Frequency
(=3 13.8 32.5 20.8 18.4 7.3 24.1 11.2* 12.7
stools/day)
CrampyPain
1.5 5.6 3.1 2.3 2.4 5.9 1.9 2.2
(>1 day)
Urgency 2.9 8.9 5.4 8* 24 9.5 0.9* 0.8*
Frequency 1.5 7.4 3.9 5.7* 1.2 7.9 1.4 0*
Watery
< 1.5 4.1 3.9 3.4 0.8 5 1.4 0
- Bowels
£
B Incontinence 0 4.9 3.9 4.6 1.2 3.4 14 0.8
[an]
T;J Bloody
2 0 1.6 3.9 1.1 0.4 0.8 14 0
o Stools
Pain 0.7 0.8 3.1 1.1 1.6 4.2 0.5 0.8
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Figure 1 Mean bowel difference in EPIC bowel domain from baseline for patients with rectal spacer
(blue) and without rectal spacer (red) overtime with the standard deviation with pairwise p-value at

each evaluable time point.
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Figure 2 Proportions of patients experiencing aminimally important clinical difference (MID, a) and
MIDx2 (b) in overall EPIC bowel quality of life summary score with (blue) and without rectal spacer

(red) overtime with overall numbers of evaluable patients listed at each evaluated time point.
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MID 2K Proportion

Figure 1b
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