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Objectives

The objective of this presentation is to
suggest simple strategies that may
potentially change “WYSINWYG” to
‘WYSIWYG”

WYSINWYG - “What You See Is Not What You Get”
WYSIWYG — “What You See Is What You Get”

Modified from the acronym WYSIWYG, coined by R Mohan (2008)
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Representing Uncertainty

NOU: Non-spatial Uncertainties

N O U SO U »Output, Algorithms, MLC Leakage, etc
SOU: Spatial Uncertainties

‘ »Setup, Motion, Delineation, etc.
Dose
Dose Gradient
Length-to-D

Convolution

WYSIWYG

A Simple Dose Uncertainty Model

Potential Uncertainty — Information that was forgotten

A novel dose uncertainty model and its application for dose verification

Jin et al. 2005
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Assumptions

Spatial proportional to the gradient of Dose
|(cGy)

Dose Uncentamty,
Dose gradient at r
2 2 2
Oi =0 =+ G ) Space oriented SD of spatial
Bs & dose uncertainty displacement at r
at point, r
Relative uncertainty is inversely

proportional to the level of Dose
onEspaticl

Implementation of random positioning error in compu
radiation treatment planning systems as a result of
fractionation

Joseph Leong
ation Medicine, Mus
SUSA

Expected Dose = Dose (%) Spatial Probability Density Function

Application of Convolution Meth Margin Determination

Target margins for random geometrical treatment uncertainties
in conformal radiotherapy

A. Bel,® M. van Herk, and J. V. Lebesque
Netheriands Cancer Institute, Antoni van Leeuwenhoek Huis, Plesmanlaan 121, 1066 CX Amsterdam,

The Netherlands
Bell et al. 1996

INCLUSION OF GEOMETRICAL UNCERTAINTIES IN RADIOTHERAPY
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Stroom et al. 1999

THE PROBABILITY OF CORRECT TARGET DOSAGE: DOSE-POPULATION
HISTOGRAMS FOR DERIVING TREATMENT MARGINS IN RADIOTHERAPY
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Geometric Errors

For many fractions

Random errors (treatment execution errors)
= day-to-day variations

ead to a blurring of dose distribution
= denoted with o

Please note that some treatment execution errors
can also be systematic

many patients
Systematic errors (preparation errors)
= systematic for a single radiotherapy course of a
single patient, but stochastic over a group of
patients (i.e., for a patient population)
= lead to a displacement of the dose distribution
with respect to the target (CTV)
= denoted with

Margin for Random Errors

Target margins for random geometrical treatment uncertainties
in conformal radiotherapy

A. Bel,) M. van Herk, and J. V. Lebesque
Netherlands Cancer Institute, Antoni van Leeuwenhoek Huis, Plesmanlaan 121, 1066 CX Amsterdam,

The Netherlands Bell et al. 1996
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INCLUSION OF GEOMETRICAL UNCERTAINTIES IN RADIOTHERAPY
TREATMENT PLANNING BY MEANS OF COVERAGE PROBABILITY

Joep C. STROOM, M.Sc..* Haxns C. . pE BoEr, M.Sc..* HENk Huizenca, Pr.D.." axp
ANDRIES G. VISSER, Pr.D.*

*University Hospital Rotterdan den Hoed Can 1 Physics
TUns f Nymegen, f Rad Y en, The Nedl

Stroom et al. 1999
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Vi
— probability for each point to be covered (occupied) by the CTV
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Conventional Conformal vs. IMRT

Jieti)

Dose Uncertainty at each point?

Dose Uncertainty Model

Planning Delivery
Inherent uncertainty (I(r)) Statistical uncertainty (o (r))

Grid size effect (Ig;iy(r)) Space-oriented Uncertainty (SOU;
Ssou)

. Algorithm effect (I,4,(r))

. Non-space-oriented Uncertainty
Off-axis effect (mg,(r)) (NOU; &you)

Jin et. al. Med. Phys. 35, 2008

1-D IMRT Simulation

3-Segmented IMRT Field

Beam set 1 Beam set 2
Different beam width Same beam width
Same beam fluence Different beam fluence
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Results (1-D: 3 IMRT Beam Fields)

Beam set 1 Beam set 2
Different beam widths Same beam widths
Same beam fluences Different beam fluences

Uncertainty Model Validation

Dose difference distribution between Overall dose uncertainty of 95.4%
calculation and measurement confidence level

(a) pyramid, (b) valley, (c) wedge, (d) checkerboard

All dose difference points in the test patterns were contained
within the overall dose uncertainty distribution of 95.4%

Jin et. al. Med. Phys. 35, 2008

Verification

(Dose Difference vs. Predicted Uncertainty)

Dose Difference

AN

Uncertainty
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Verification

(Dose Difference vs. Predicted Uncertainty)

For 32 IM fields

Jin et al. Med Phys., 35(3), pp 982-996, 2008

Confidence-Based Planning
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Confidence-Based
Planning Evaluation Tools
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Confidence-weighted dose volume histogram

= CWDD
Confidence-weighted dose distribution

= DUVH
Dose uncertainty volume histogram




Confidence-weighted dose distribution (CWDD)
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Summary

> Each step of the radiation therapy process
has spatial and dosimetric uncertainties,
which can be quantified for each treatment
protocol and possibly for each patient.

> Uncertainties arise in 4 stages:
>1) treatment planning,
> 2) patient setup (including inter-fractional motion),
> 3) treatment delivery system, and

>4) patient intra-fractional motion (including
deformation).
» uncertainties from patient intrafractional motion and

deformation are temporally variant and are both patient and
disease-site specific.

Summary

> Spatial uncertainty can be converted to dose
uncertainty with acceptable accuracy,

> A priori knowledge of potential uncertainties in
the form of an uncertainty map in conjunction
with the conventional dose distributions
provide an opportunity to evaluate
comparative plans and select one that
satisfies all planning goals with the most
accurate dose delivery to patients.
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