Assessment tool to quantify and visualize treatment plan
robustness regarding patient setup
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Introduction

 Currently treatment plan evaluation is based on isodose
lines and dose volume histogram parameters
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Introduction

 Currently treatment plan evaluation is based on isodose
lines and dose volume histogram parameters

« Generally, robustness is not taken into account in this
evaluation process

* This work investigates the treatment plan robustness due
to systematic and random setup errors and aims in a tool
to quantify and visualize them
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Systematic Setup Error

Translation
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Random Setup Error
3D Gaussian error distribution

o, = (1 mm, 1 mm, 1 mm)
o, = (2 mm, 2 mm, 2 mm)
o, = (3 mm, 3 mm, 3 mm)

probability
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Swiss Monte Carlo Plan (SMCP) Structure

« SMCP is interfaced to a commercial
treatment planning system

Patient/beam
data

Monte Carlo

Eclipse

i

* No need for cumbersome handling of
scripts or processes due to automation
and graphical user interface

» Benefits of a commercial TPS are
available (contouring, beam arrangement, |
evaluation, documentation, backup, etc.)

Fix et al., PMB 52 (19) 2007
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Swiss Monte Carlo Plan Extension

Patient setup errors in SMCP

Particle transformations
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SMCP user interface
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Robustness of Treatment Plans
Head and Neck case (H&N), VMAT 2 and 4 arcs

1.1.1. - TreatmentApproved - Transversal - ROl 1.1.1. - TreatmentApproved - Model View - ROl

P 3. %
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Setup Error Phase Space
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Robustness Assessment and Visualization
rTool

Robustness Analysistool V-0.5.0.1b

Patient HNO

Plan Robustness Maps Evaluate

WYL ./ sys Op5cm_trans - Go |

sys_3deg_rot
|| 4arcs [ sys_Op5cm_trans_rand_Op3 ] _ Go |
Calculate new Robustness Map
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Robustness Assessment and Visualization
rTool
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Robustness Assessment and Visualization
rTool

® O O 2arcs :  sys_OpScm_tran I
Robustness-Map: translation: systematic DVH Variation ROI Dose Parameter Difference Meter
T T T 1 T I_ 2
\\ : : B ‘g
0.9 . dashed = current ] ;L5
. SEPSelement 2
0.75 ~ TERR T \‘": g 1 B
E g 1 g g
S E o6 S os
g S NN 12
g 5 045t B & \ g °f
NN : R b 1
0.3 - \\j ..‘. .......... \‘ g _0.5 :
0.15 + - .sé....‘_;_; R - -1 i : : : :
H "*.\ : P. P
1 1 1 1 L1 0 1 1 1 by | dfy 0/0’7 p)]( / 7 U, O(\/:‘_ .Q’O(,:’
-0.5 -03 -0.1 0.1 0.3 0.5 0 10 20 30 40 50 60 Sty - i ‘e
lateral [cm] Dose [Cy] "7"7
Robustness-map display DVH live display Dose parameter live display
Current SEPS element
axial [em] @ 0.00 () transversal ( )coronal () sagital

| Set Constraints | | Set Evaluation Range | | ShowDose | | Comparewith... | | Show Summary | | SavePlots | | Show More... |

Robustness of Treatment Plans — M.K. Fix, PhD



Division of Medical Radiation Physics

Robustness Assessment and Visualization
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Robustness Assessment and V|suaI|zat|on
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Robustness-Map: translation: systematic

| 2arcs | 4arcs
» Myelon-Stamm Min Max Min Max
> PTV I.1.1. Min Max Min Max
» Parotis li Min Max Min Max
v Parotis re Min Max Min Max
V95 0.0 50.0 0.0 47.5
D02 33.4 54.8 25.8 56.0
Mean 12.8 29.0 10.5 27.5
Median 10.1 27.1 8.5 20.7
Min 0.0 7.7 0.0 5.8
Max 45.5 58.0 43.9 58.9
v Robustness
Frac. within eval.-range 0.038 0.217
Frac. within mach-precision 0.223 0.590
Robustness Index 4 22

4arcs is likely to be more robust than 2arcs !
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Summary and Conclusion

* Implementation of different approaches to assess
treatment plan robustness with respect to systematic and
random setup errors

 Tool to quantify and visualize treatment plan robustness
for different setup errors

« Support comparisons of the robustness for different
treatment plans
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