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Clinical Challenges for Brachytherapy

» Anatomy Limitation
+¢ Critical structures are too close to the target
s Narrow physical space will not allow to put in larger equipment
» Source Limitation
+» Radiation source will irritate radiation in 47 geometry
¢ Source is hard to modulate
¢ Source will decay
» Time Limitation
s Allow short time for planning
» Applicator Limitation

s Limited applicators available




Introduction

= Scenario that you may want to use IMBT
To reduce the dose to adjacent normal tissue
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Introduction

= Current approaches of IMBT
No commercial TPS
Directional sources

Use partial blocks to create a “fan beam” irradiation

‘Target’ region (relative
weighting 2.0)

X (mm)
30 40 s

‘Normal tissue’ region
— (relative weighting 1.0)

Figure 4. 2D single source case considered. The grey region is the “target” region. The source
was centred at the origin (0, O).

M A Ebert, Phy. Med. Biol. 47:2495-2509. 2002 Petrokokkinos etc. Med. Phys. 38(4) 2011




Introduction

= Current approaches of IMBT

Directional sources
Use partial blocks to create a “fan beam” irradiation
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Objectives

* The aims of this study are:

Propose a standardized dosimetry algorithm for 2D
intensity modulated sources and a source
characterization method for the application of this
dosimetry algorithm

Develop a treatment planning system prototype
utilizing this dosimetry method

Use this system to study the feasibility of 3D IMBT in
improving plan quality




Materials and Methods

1. How to define
the intensity map
of a source?

. How to calibrate
a intensity
modulated
source?

. Forward planning
. Inverse planning

1) Define
optimization
criteria

2) Optimization
algorithms

. Source

intensity
modulation
correction:

TG43 formulism?

. Monte Carlo

method?




Materials and Methods

= How to define the intensity distribution of a source
Divide into 18*36 segments, each 109 x 100
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1/72 of the total sphere

= How to calibrate a IMBT source?
Total 9 “beamlets”,
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Materials and Methods

= Treatment planning

Inverse IMBT planning-optimization criteria
Prescribe to:
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Materials and Methods
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Materials and Methods

= Dosimetry
Monte Carlo

Previous study have showed that for low energy
brachytherapy sources, the presence of tissue
inhomogeneities and patient boundary will cause large dose
discrepancies

Previous, we developed a Monte Carlo based dose calculation
and evaluation system for brachytherapy, this system has
recently upgraded to include IMBT simulation capability




Materials and Methods
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Results and Discussions
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Results and Discussions

(a) DVH comparison for case 3 (group E)
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Results and Discussions

(c) DVH comparison for case 6 (group C)
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Results and Discussions

(a) PTV V100

M original
B jsotropic
IMBT
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Results and Discussions

(b) PTV V200
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Results and Discussions

(c) maximum dose to skin
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Results and Discussions

(d) maximum dose to ribs
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Conclusions

> A dosimetry method has been proposed for IMBT and ten APBI
cases were studied with IMBT

»IMBT can further improve dose uniformity in the target and
sparing to normal tissue as compared against the current clinical
practice

»However, the optimization and delivery time are prolonged

»Delivery of IMBT plans depends on the further development of
current technologies in source and applicator design




Future work

C. window
for
irradiation

D. Connected to
controllers

A. Cylinder
holder for
source

B. 6 Sliding
bar for
window open
control
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