eeeeeeeeeeeeee

COMSOL Conference, Boston, 10/8/2010

Parameter Optimization for FEM
based modeling of singlet
oxygen during PDT using COMSOL

Xing Liang, Ken Kang-Hsin Wang, and Timothy C. Zhu

Department of Radiation Oncology,
School of Medicine, University of Pennsylvania


http://www.comsol.com/conf_cd_2011_us

Outline

Introduction
Theory for PDT dosimetry model
Optimization results

PDT dosimetry quantity prediction for
prostate using COMSOL

Conclusions



Outline

Introduction

Theory for PDT dosimetry model and
optimization

Optimization results

PDT dosimetry quantity prediction for
prostate using COMSOL

Conclusions



Introduction

Photodynamic therapy (PDT) is an important treatment
modality for cancer and other localized diseases.

In PDT, photosensitizers excited by light react with ground
state oxygen, which leads to generation of singlet oxygen -
the major cytotoxic agent - to kill the surrounding tissues and
cells.

Compared with other treatment modalities, PDT has
advantages including non-ionizing, localized photon delivery
and better cosmetic outcome.
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Theory for PDT dosimetry model
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Theory for optimization model

Initial guess of [ £, 0, B, g] —>| Di :
lefer_ent|a| —> Solution for /10,/,.
> equations rx
 C—
In vivo mice —> Necrosis radius >
study
\ 4
e, 7
Minimize x| [1021x(rn) [ Z]rx(n)
deviation of [o].., <
— [ [OZ] rx,sd
T -
——

Fitting results [ & o, S, gl and [0,/



Outline

Introduction

Theory for PDT dosimetry model and
optimization

Optimization results

PDT dosimetry quantity prediction for
prostate using COMSOL

Conclusions



mice index

] ] ] ]
S o S o3
o o
72 e P B
e
|
) - ©
Q
(/p <
D "re T "
-
o o P2 o
- E
£
@) 8
Q
pop—— o © o ©’'g 0O o
e
ﬁ—m o o o
M < (@] < =<
H
Q. ’ ’
O o~ (o) N (o) — N
o o
I I I I
m m o <t N o o
e 2 (ww) 'si1g
< N .
(wo/pw) Yubuans (s) swn 210128N ANEo\>>EV ‘peJs "oau Je

924N0s ST aled aouan|}

juawiyeal]




Optimization results
Parameters Final fit Apr Fit AA?;;;a:i? Previous fit [1] | Published values
(cm? f;mw) 2.0X10% | 5.0X10% | 3.9X103 2.1X 103 3.7X103[2]
1 /:M) 11.2X10% | 6.6X10° | 11.5X10°5 7.6 1073 7.6X103[2]
(uﬁl)\/l) 11.9 11.9 11.9 e 11.9 [3]
(NI 0.8 0.62 0.56 0.69 .
[10,], ., (MM) 0.41 0.46 0.41 0.74 B

[1] Wang et al., J. Biophoton, 2010.
[2] Mitra et al., Photochem. Photobiol, 2005.
[3] Georgakoudi et al., Photochem. Photobiol. 1997.
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Optimization results
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Optimization results

Fitting results: apparent reacted singlet oxygen concentration

All data
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['O,],, prediction using COMSOL

Prostate geometry for prediction mode

Geometry




['0,],, prediction using COMSOL

PDT dosimetry quantities for treatment up to
300 s in a homogeneous prostate
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['O,] 4 o Prediction using COMSOL
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Conclusions

PDT model including light diffusion and
PDT kinetics equations

Optimized photo-chemical parameters in
the PDT model

PDT prostate model with homogeneous
properties

Prediction of PDT dosimetry quantities for
treatment




Thank you!





