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Introduction

Objectives for automatic beam angle
selection:

Reduced workload related to finding good beam
angles

Improved gquality in treatment plans

The GEOS algorithm:
Based on Eclipse IMRT optimization engine

Unified DVH —based objectives in beam angle
optimization and in fluence optimization

Two optimization modes: global and local
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Normal Tissue Objective

A new type of optimization objective calculated for all body
points

Takes into account the decrease in the dose level as the distance
from the PTV(s) is increased

Normal Tissue Objective
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Global Beam Angle Optimization (1 / 2)

Two geometries for beam angle optimization:
2D (coplanar) initial field geometry

3D (non-coplanar) initial field geometry

Number of initial fields i1s user-selectable
Up to 400 fields

Validity checks performed for the initial field
geometry:

Fields going throuh the end(s) of the CT stack shall be
removed

Possibility to define forbidden gantry and / or couch angles
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Coplanar (2D) geometry
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Non-coplanar (3D) geometny
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Global Beam Angle Optimization (2 / 2)

One global beam angle optimization iteration
contains the following steps:

Calculate a few fluence optimization iterations

Calculate the values of the objective function by
removing each of the fields separately

Remove the fields which cause the smallest
Increase in the value of the objective function

Stopping criteria:
Desired number of final fields is reached

The value of the objective function is increased
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Initial field setup: 72 coplanar fields
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From 72 down to 39 fields
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From 39 down to 22 fields
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From 22 down to 14 fields
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From 14 down to 10 fields
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From 10 down to 8 fields
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From 8 down to 7 fields
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From 7 down to 6 fields
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Result of dose calculation with 5 fields
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Local Beam Angle Optimization

Starts with pre-defined field directions:
The result of global beam angle optimization

Plan in Eclipse Field Setup workspace

Two optional algorithms:
The downhill Simplex method

The Powell method
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Study for 10 prostate cases

Beam angles optimized for treatment plans including
5, 7 and 9 fields
Two references used.:

Equispaced field positioning

Class-solution field positioning [1]

Process for beam angle optimization:

The initial field geometry in beam angle optimization
consisted of 72 fields in a 2D (coplanar) field geometry

After global beam angle optimization, 40 iterations of
Simplex algorithm were run

[1] Scheibmann et al.: "Feasibility study of beam orientation class-solutions for prostate IMRT", Med. Phys., 31(10):2863 (2004).
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DVH —based objectives for prostate

PTV, , . Femoral heads
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Class-sollutiom S fiied Setup
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Optimized 5 field setup
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Results

Table 1. Normalized Objective Function values (in percentages) for class-solution plans and for optimized plans.

5 fields [%] 7 fields [%0] 9 fields [%0]
Case Class Optimized Class Optimized Class Optimized
1 65 60 93 50 43 95
2 80 73 75 55 62 62
3 59 56 62 51 56 48
4 75 52 68 47 55 49
) 82 55 63 44 o1 39
6 45 22 39 18 23 25
7 79 86 67 65 60 67
8 64 o7 63 48 24 55
9 o1 44 52 46 39 37
10 55 46 48 30 34 39
Average 66 55 59 45 48 48
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DVH —based comparison
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DVH —based comparison (2 / 2)
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Conclusions

GEOS algorithm produces good beam angles
for IMRT treatment planning

Improved plan quality found for other anatomical
sites and for non-coplanar field geometries

The workload of the personnel constructing
the IMRT plans may be significantly reduced

The runtime of the novel beam angle
optimization algorithm (~15 — 60 min) makes
It usable In routine clinical work
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