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Introduction

* Prostate permanent implantation is a
radiation treatment in which radioactive
seeds are directly implanted into the
prostate and left forever.

« Adjoint field of a region-of-interest ROI
(D@*re) and source influence fields (®,) are
used to find out a seed configuration which
delivers optimal dose distribution for the
prostate permanent implantation treatment
plan.
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Optimization based on dose to
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ROI e {tumor, urethra, normal tissue, rectum}
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(L, lower dose boundary for tumor

| U, upper dose boundary for urethra

U,, upper dose boundary for normal tissue
U, upper dose boundary for rectum
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Discrete ordinate transport code:
TWODANT

« DANTSYS (A Diffusion Accelerated
Neutral Particle Transport Code
System)

— Boltzmann transport equation for multigroup particles.

* Three group photon cross section
library

— The lowest three energy groups of the FENDL-2-42 group
cross section library
— 18t 20-30keV, 2" 10-20keV, 39 1-10keV
— Common Implantation brachytherapy seeds: %°| and 93Pd
e 1t group [20-30keV]

Isodose Curves & DVHs
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* 0.3mCi strength seed & 150Gy prescribed dose

* Dose constraints
Ly, = 180%, U, = 150%, U, = 125%, U,, = 80% of D,

Optimization

* Optimization goal is to find a seed configuration
achieving optimal dose distribution which delivers
high enough dose to the target while sparing
sensitive structures.

 Optimization system GAMS (caws dgevetopment corporation)
— General algebraic modeling system.
« Mixed-integer-programming (MIP).
— CPLEX solver.
— Branch-and-bound method.
— Binary variable 3, € {1, 0}.

Optimization based on dose to each
ROI and source influence fields
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Adjoint fields (@, ) of ROls
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Isodose comparison

Optimization based on Optimization based on
dose data for each pixel dose data for an entire ROI

and on source influence
fields

Source influence
fields (D)

An influence field
analogous to a repulsive
electric field pushes the
sources away from each
other resulting in a more
uniform seed
configuration as well as a
more uniform dose
distribution.
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Conclusion

*A new optimization model for the prostate implantation treatment
plan was investigated using the adjoint flux distributions of ROls

and the source influence fields.

—The adjoint fields of ROls allow calculation of dose to ROls providing data
reduction and faster optimization.

—The source influence field is an analogous concept of repulsive electric
field thus the seeds tend to spread out delivering move uniform dose to the
target.

Future Work

‘Implementing the adjoint fields in the optimization process needs
further investigation

*Finer group library (G-210) should be used to simulate actual

implantation seeds for accurate dose calculation in 3-D treatment plan

optimization.




