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DISCUSSION

ABSTRACT INTRODUCTION RESULTS

Radiation therapy optimization Implementing multi-objective optimization allows design trade-offs in The optimization was run for 50 generations with a population TopasMOO allowed for the multi-objective

problems frequently involve multiple radiation therapy optimization problems to be properly evaluated and size of 20 for a total of 1,000 evaluations, requiring 544 core- optimization of a 10 MeV x-ray small-animal

competing objectives, making multi- visualized. We developed TopasMOO, an open-source Python package hours. The final Pareto front contained 25 solutions with a final irradiator for preclinical FLASH experiments,

objective optimization an important tool that allows for the optimization of TOPAS MC3 simulations for multiple raw hypervolume size of 6.98%103 (0.923 normalized). See below generating a 25-solution Pareto front. A final

for navigating trade-offs. This work objectives. In X-ray FLASH beamline design, the competing demands of for the optimized setup with Pareto-optimal parameter ranges design can be chosen from the Pareto front based
maximizing dose rate while minimizing surface dose and field leakage to and objective value ranges. on experimental priorities and constraints.

integrated a Non-Dominated Sorting
Genetic Algorithm (NSGA-II)! optimizer
with TOPAS Monte Carlo (MC)3

create a useful field cannot be reconciled by manually tuning parameters in . L
HoeTULT ! y Hatly tuhing p | This optimization also reveals the

isolation, motivating a multi-objective, Monte Carlo-driven optimization. . .. .
’ 2 J ’ P interdependency of the three objectives: field

We demonstrated the capabilities of TopasMOO by optimizing a 10 MeV X- @ 10 MeV electron source .
simulations to identify optimal . T . . . . leakage, surface-dose ratio, and dose rate. The
ray FLASH small-animal irradiator beamline using the Non-Dominated ! most significant correlation was between surface-
geometries for a simple 10 MeV X-ray Sorting Genetic Algorithm (NSGA-II)! algorithm. Tungsten target . . .
FLASH small-animal beamline. 7 S , —L [0.33-0.59mm] dose ratio and dose rate. This makes physical

_ Copper electron filter
— [3.75-4.98 mm] sense, as reduced electron filtration ought to yield

A 10 MeV electron source with an X-ray a higher dose rate, at the cost of greater electron

contamination. The correlation between field

Collimator position
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conversion target, electron filter, and
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divergent tungsten collimator was leakage and dose rate is also physically motivated,

Tungsten collimator

| | | | Collimator aperture

[0.47 - 0.94 cm] There was no correlation between surface-dose
TopasMOO, an open-source Python package extending TopasOpt? for ratio and field leakage.

simulated in TOPAS MC. Five geometric as tighter collimation blocks more of the

TOPASMOO

parameters were optimized: tungsten generated photon fluence to shape a smaller field.

SSD
[20.01 - 28.67 cm]

target thickness, copper electron filter To integrate multi-objective optimization with TOPAS MC, we developed

thickness, SSD, collimator position, and , o ,
multiple objectives. NSGA-II’s population-based approach enables robust

collimator aperture size. Multi-objective While TopasMOO provides a set of Pareto-optimal

optimization with noisy Monte Carlo results, allowing lower-statistic

imizati ' . . L. . ield-size deviati solutions, a decision-making method is still
optimization was performed using simulations for faster optimization evaluations. 2% 2 e field . 0 15amml | g.
TopasMOO, an open-source Python v . Surface dose (hofd needed to select a single design. One common
package extending TopasOpt,2 || ..., [ SO [9.1-30.7 %] approach is to select the "knee point"™: the
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