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ABSTRACT INTRODUCTION METHOD AND MATERIALS

Introduction: Dose-optimized The Dynamic Collimation System (DCS; Fig. 1) was - 3intracranial patients planned for an - Physics modules:
oroton pencil beam scanning (PBS) developed for lateral penumbra reduction in low- uncollimated & DCS-collimated delivery - EM opt4, QGSP BIC HP, HP elastic, ion binary
treatments collimated with the energy pencil beam sc.anni.ng (PES) proton ’.cherapyl. - Spot weight optimization and initial dose cascade, stopping, decay.
Dynamic Collimation System (DCS) ?t u§gs orthogonal collimation trimmers to intercept calculation performed using the Astroid TPS?3 _ 3-mm dose and unrestricted dLET grid

g healthv-tissue dose individually scanned proton beam spots near the S o o | | o
can requce healthy-t ' target periphery. - HybridTrim, a DCS-specific optimization - MC simulation error 2% to voxels within 5% low-
but their effects on linear energy framework was used to perform additional dose threshold of plan

transfer (LET) are not well
understood.

trimmer aware optimization in DCS plans - MC dose validated against TPS with 3%/3-mm

- Dose and LET simulated in Geant4 Monte gamma; 5% low dose threshold of MC dose

Carlo (MC) for each treatment plan

) o) i
Methods: Three intracranial, three- 94.5% minimum gamma pass rate across plans

field IMPT plans were simulated in
a custom Geant4 Monte Carlo RESULTS
framework to compare dose and Compared DCS MC vs. uncollimated MC among Rind 10mm Target

dose-averaged LET (DLET) between
DCS-collimated and uncollimated
plans.

dose & dLET differences (Fig. 3) A mean dose (Gy) |A dLET90 (keV/um)|A dLET90 (keV/um)
-Healthy tissue within 10 mm of target: #| (DCS—NoDCS) | (DCS—NoDCS) | (DCS—No DCS)

Figure 1: Multi-pane image of DCS architecture. Right pane - mean dose decreased over 13%; (Table 1) -6.31 (-13.9%) +0.63 (+14.0%) +0.13 (+13.4%)

Recults: All Monte Carlo dose illustrates per-spot collimation functionality of the DCS _ dLET90 avg. increase: 1.16 (+0.60) keV/um _12.5 (~26.3%) +1.82 (+35.7%) +0.08 (+8.9%)

comparisons achieved gamma pass Clinical goal of DCS: improve healthy tissue sparing - Changes within Target dLET: -12.1 (-24.7%) +1.08 (+22.0%) +0.04 (+3.9%)

rates above 94%. DCS reduced the while preserving target coverage - dLET90 avg. increase: 0.08 (+0.05) keV/um Table 1: Mean Dose and dLET differences to the target and to
mean dose in the 10-mm PTV ring 1. Risk of critical organ damage increases with the healthy tissue 10 mm from target boundary (Rind10mm) .

by 20.3% + 5% but increased mean larger lateral dosimetric penumbra in PBS.
DLET bv 9.1% + 5% while OAR - DCS reduces mean dose to healthy tissue by Dose (Gy) dLET (keV/um) DVH JLETVH
N 20% within 10 mm of target boundary DCS - Uncollimated | DCS - Uncollimated (DCS vs. Uncollimated) (DCS vs. Uncollimated)

DLET changes varied by structure. -
5 Y 2. Risk of critical organ damage increases with Patient 1
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;?r»;\eitrhe::fgll Nfd' IDCT%S"J:?)F’)EOSMZG(” e olL__ . e Figure 3: Dose difference plots, dose-average LET (dLET) difference plots, dose-volume histograms (DVH), and dose-average
3 Bennett et.;\l pl\?l'ed P.hys 50(1y1)" 2023' T8 Off a)?is Vo) . LET volume histograms (dLETVH) for two dose-optimized uncollimated and DCS-collimated IMPT treatment plans.
Figure 2: The spot dose distributions for an uncollimated
(top left) and collimated (bottom left) beamlet. CONCLUSION DISCUSSION & INNOVATION
CorﬁSpO”d'“hg lateral dLET (Ora”g‘;) and dose (blue) Dose-optimized treatment plans utilizing the DCS - This study presents the first framework to simulate
protiles are shown adjacent to each distribution map. exhibit an accentuated LET environment compared dose and LET from the DCS during energy-specific
OBJECTIVE to those that were uncollimated. Our simulation collimation in PBS.
results indicate that dose-optimized DCS treatments 1. results and the tools from this study motivate

result in an average increase to the dLET90 of 0.1

CONTACT The purpose of this study was tc? eyaluate the dLET. keV/um within the target and 1.2 keV/um to the
distributions from a subset of clinically representative, adjacent healthy tissue. The biological impact and

and serve as a necessary step to enable DCS-specific
LET-informed optimization, respectively.

Albert Dy dOSGTOPt'm'ZEd DCS plans. The D_CS s currently a potential of this effect remains to be exploited; in Acknowledeements
University of lowa preclinical research prototype being prepared for addition to the dose distribution, this work as also g
albert-du@uiowa.edu clinical use. Although the DCS has shown dosimetric showed the potential of the DCS to Shape the dLET This work was supported by the National Cancer Institute of the National Institutes
. . . . f Health under Award Number R37CA226518 and Grant IRG-24-1291246-49 f
bGﬂOEflt, th.e LET d.IStI’IIE)UtIOnS that a.re prOduce.d distribution to steer hlgh LET further within the ’?he eAEr'nerilcj:gne(r:anvc\:I:: Socl:Jir;cy,eradministered thargughri?\e Holden Comprehenrs(i)\:z
durlng active collimation are an active area of interest t3 rget while providing enhanced sparing to LET- Cancer Center at The University of lowa. The content is solely the responsibility of

the authors and does not necessarily represent the official views of the National

given the biological implications of high LET radiation.  ¢qpsitive critical-organ volumes. Institutes of Health.

|G PHICS 800.790.4001 WWW.GENIGRAPHICS.COM



	Untitled Section
	Slide 1


