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* Rectal spacer hydrogels are used in prostate cancer patients to create Relationship between spacer density and bladder in each subject after either a simulated spacer shift of 2 mm (left) DIR ECTIONS

space between the prostate and the rectum (1). the Change Dan/D'I f0r eaCh OARﬁarget ora set_up error of 5 mm ln each ax|s dlrectlon (rlght)
in this subject (legend ordered max A)
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This work has provided initial evidence showing
iodinated spacer hydrogels provide significant
increase in CT contrast to aid in spacer
delineation while causing minimal dosimetric
changes compared to water-equivalent
hydrogels.

® Hydrogels are typically water-equivalent, requiring an MRI for

delineation. lodinated hydrogels (SpaceOAR Vue, Augmenix, Inc.) are )

being commercialized to allow visualization on CT alone. This was The target & OAR dosimetry was evaluated as a

particularly helpful during the COVID-19 pandemic to minimize the time function of spacer density, which was overridden For both hydrogels,
and points of contact for patients in the hospital. in RayStation for the cadaver subject. With a dosimetric changes of

. . e . >20% were observed for
simulated doubling of iodinated HU in the some OARs after simulated
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* A potential concern is the effect of the denser hydrogel on the robustness °
of the modulated treatment plan. Small changes in patient set-up or organ cadaver, D1 and Davg changed by <1.5% Smm set-up errors, but

motion could cause significant dosimetric changes due to a larger amount across all targets and OARs. Uncertainties in PTV D1 and Davg
of MUs delivered through denser materials overlapping with the target. spacer density may be present as the gel is exhibited less than a 5%
This is a known issue for hip prostheses (2). injectable and can coalesce creating especially change. For 2mm spacer-
dense inhomogeneities; the gel is also broken shifts, all OAR/arget
. dosimetric changes were
oal of this Work down and absorbled by the body so there is <5% except for the rectum.
concern the density may change over the course For both setup and spacer-

»To simulate and investigate the dosimetric effects of density of treatment. shift analyses, all
02 - dosimetric changes were

variations, setup errors, and spacer shifts for patients with insignificant between
iodinated spacers compared to water-equivalent spacers. I water-equivalent and
iodinated spacers (p=>0.01).
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lodinated spacer hydrogels had a significantly higher
average HU value on the planning CT compared to water-

i I L equivalent hydrogels (<HUavg> 113 for 3 patients vs 20 for
[ i Illllll ] 4 patients, p < 0.003)
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Dosimetric changes for all targets and OARS were
statistically insignificantly different (p > 0.01) for robustness
studies with iodinated hydrogels and water-equivalent
hydrogels (with an n of 7 patients)
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MRI was not needed to delineate the iodinated hydrogel in

the planning CT for this study, and delineating on CT alone

A clinically deployed RayStation 8A planning system was used to create a Decams oliF siandard clinical Workiow: cliring tha- GCOVID:S
¥ deploy y P gy Above: The % change in the D1 and Davg from baseline for the Rectum, PTV (prostate & SVs), and Bladder are displayed for all 19 pandemic. Studies of spacer motion and changes

standard-of-care pros_tate VMAT plan f(_)r patients with an implanted hydrogel spacer. 7 subjects. Red asterisks indicate a p-value between 0.01 and 0.05 for an unpaired t-test between the water equivalent spacers during treatment as seen on daily CBCT are ongoing.
All plans were 6MYV single arc VMAT with two dose levels: a standard dose to a ‘ Rectal Spacer (blue) and iodinated high-Z spacers (teal & green).

prostate and seminal vesicles (SVs) PTV and a boost dose 1o a prostate PTV. The B g
PTV expansion was 5 mm in all directions, except 4 mm in the posterior direction. O

The fractionation was either a simultaneous integrated boost (SIB) of 28 fractions of —— Rectal ANT
Rectum

180 cGy to the prostate+SVs and 250 cGy to the prostate (n=5), or a sequential P I I
boost of 28 fractions of 180 cGy to the prostate+SVs and 16 fractions of 180 cGy to —— Rectal POST Correlations between rectum D, and Davg change after an Ant or Post
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:)r:‘itgrcoostate (n=2). Patients were included on an IRB-approved dosimetric study . : = - - | . ) Corralations batween spacer shift with either spacer volume or average HU R E FER E NC ES

RayStation’s built-in dose deformation tools (3), which are based upon a ety ove ide - p- o | rectum D1 and Davg
biomechanical finite element method (Morfeus algorithm) (4,5), were used to changes after an Ant or Post
simulate setup errors of 5mm, spacer shifts of 2mm, and changes in spacer density. spacer shift and either
The resulting changes in average dose and D1 were analyzed for all targets and spacer volume or average
OARs. The simulated setup error and spacer shift were repeated for n=4 clinical HU were all statistically
patients with water-equivalent spacers and the first n=2 clinical patients with lr_18|gn_|f|can_t, except for a
iodinated spacers plus a cadaver scan supplied by Augmenix, Inc (n,=3 with significant inverse

LI e 6 8 10 12 14 16 and radiotherapy : journal of Greatpoland Cancer Center in Poznan and

. . 2
iodinated spacers). relationship (r = -0.808, 0 B0y 50 fotonEnD Volume fec] HU Volume fec] i ) .
p<0.03) between spacer HU Roctal Spacer Rectal Spacer Rectal Spacer Rectal Spacer Polish Society of Radiation Oncology vol. 18,4 209-13. 28 Apr. 2013,
and the rectum D1 change doi:10.1016/j.rpor.2013.03.006
Fectal Spacer after an anterior spacer shift.
v PRaRR While this would suggest
||y Prosaessys that a spacer with a higher

—— CTVPrasiale HU results in a lesser risk of
Sladder a hotspot in event of a

= Rectal POST

METHOD

% A from Baseline

r=-0.216, p = 0.642 1. Hamstra, Daniel A et al. “Continued Benefit to Rectal Separation for
Prostate Radiation Therapy: Final Results of a Phase Ill Trial.” International
journal of radiation oncology, biology, physics val. 97,5 (2017): 976-985.
doi:10.1016/j.ijrobp.2016.12.024

r=-0.808, p = 0.028

r=-0.547, p = 0.203 r=-0.652,p =0.113
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2. Prabhakar, Ramachandran et al. “Volumetric modulated arc therapy for
prostate cancer patients with hip prosthesis.” Reports of practical oncology
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r=0.547, p = 0.204 r=0.491, p = 0.263

r=0.45,p=0.311

r=0.393, p =0.383
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3. hitps://www.raysearchlabs.com/globalassets/about-overview/media-
center/wp-re-ev-n-pdfs/brochures/web-raystation_brochure-2019.pdf.
Accessed Jan 31, 2020
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—— Rectum spacer shifting anteriorly. 4. Velec M, et al. “Evaluation of Biomechanical Deformable Image
, 0 20 40 50 80 100120140 Registration (DIR) in a Commercial Radiation Therapy Planning System.

——renelt more patients would be
12 14 16 18 2 y needed to substantiate this U cactat spacer Volume,, ot spacer [°°! HU ot pacer Volume e °€] International Journal of Radiation Oncology*Biology*Physics, 93,3 2015:

densiy over ride - p - gl hypothesis. (. .. ... ... ... ... ... $215-5216. hitp://doi.org/10.1016/.ijrobp.2015.07.519
Above: Zoomed in overlay of the original and deformed Sagittal view of the target, spacer, and Above: The % change in the Davg (Top) and D1 (Bottom) for
rectum, after a spacer of 2 mm in the inferior, superior, anterior, and pasterior directions. White each target and OAR as a function of the over ridden density
arrows indicate simulated spacer shift. of the hydrogel in the cadaver.
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Abaove: Scatter plots of the volume or average HU of each rectal spacer and rectum Davg (Left) or D1 (Right) % change after 5. Brock, KK, et al. Accuracy of finite element model-based multi-organ
an Ant or Post 2 mm spacer shift. Water-equivalent hydrogels shown as blue and iodinated hydrogels shown as teal & green. deformable image registration, Medical Physics, 32(6):1647-1659, 2005.
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