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Quality in Radiation Therapy :Quality in Radiatio n Therapy:
what is it and how do you achieve it?what is it and how do you achieve it?

1.1. Overview of definitions and approaches to QualityOverview of definitions and approaches to Quality
PawlickiPawlicki

2.2. ROSISROSIS
KnKnööööss

3.3. Peer Review Quality AuditsPeer Review Quality Audits
HalvorsenHalvorsen

4.4. The RegulatorThe Regulator’’s Viewpoints Viewpoint
ZelacZelac

5.5. QA in IGRTQA in IGRT
BissonnetteBissonnette

6.6. Evidenc e Based QAEvidence Based QA
DunscombeDunscombe

Evaluation of Li near AcceleratorEvaluation of Linear Accelerator
PerformanceStandardsusing anPerformance Standardsusing an

OutcomeOriented ApproachOutcome Oriented Approach

Alejandra Rangel,NicolasPloquin,
Ian Kay, Peter Dunscombe

6. EvidenceBasedQualityAssurance

Medical Physics35, (2008)2513- 2518

ObjectiveObjective

To quantify thedosimetric changesresultingTo quantifythedosimetricchangesresulting
from subfrom sub--optimal machineperformanceoptimal machineperformance

6. EvidenceBasedQualityAssurance

Linac performance standards*L inac performancestandards*

•• PerformancestandardsPerformancestandards
arestatedin termsofarestated in termsof
tolerance& action levelstolerance& action levels

•• TolerancelevelsareTolerance levels are
considerednot toconsiderednot to
compromisetreatmentcompromisetreatment
qualityquality

•• Action levelsrequireanAction levels requirean
interventionintervention

** P. Dunscombe, C. Arsenault, JP. Bissonnette, et. al. "The development of quality control 
standards for radiation therapy equipment in Canada," J. Appl. Clin. Med. Phys 8, 108-118 
(2007)
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Materials & MethodsMaterials & Methods

•• Output constancyOutput constancy

•• Gantry anglereadoutsGantry anglereadouts

•• Collimatorangle readoutsCollimatoranglereadouts

•• Laser alignment(x3)Laser alignment (x3)

•• Field sizeindicatorField sizeindicator

•• BeamflatnessBeamflatness

Linac performancecharacteristics

6. EvidenceBasedQualityAssurance

Materials & MethodsMaterials & Methods

7 4-field conformal plans 
(15 MV beams)

7 3-4 field conformal plans
(6 MV beams)

7 3-8 field conformal plans
(6 MV beams)

7 2-field tangential plans
(6 MV beams)

28 3DCRTplans

6. EvidenceBased Quality Assurance

Materials & MethodsMaterials & Methods
Evaluation of Levels of Performance

Simulation of aSimulation of a
Linac performance Linac performance 

deviationdeviation

ToleranceTolerance

ActionAction

Positive deviationPositive deviation

Negative deviationNegative deviation

Positive deviationPositive deviation

Negative deviationNegative deviation

CAPCAstandards

Test Tolerance Action

Output constancy 2% 3%

6. EvidenceBasedQuality Assurance

Materials & MethodsMaterials & Methods

XX 88 Linac performance characteristicsLinac performance characteristics

XX 22 levelslevels

XX 77 plansplans

XX 22 directionsdirections

~~ 900900 SimulationsSimulations

6. EvidenceBasedQualityAssurance
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Materials & MethodsMaterials & Methods

28 reference plans+ ~900testplans28 referenceplans+ ~900testplans

Equivalent Uniform Dose

Calculation of EUD

6. EvidenceBasedQualityAssurance

Results:Results:Brain CTV

•• Bars= AverageBars= Average∆∆EUD percourse of treatmentEUD percourseof treatment

•• Error bars= 1 Stddev for n = 7Error bars= 1 Stddev for n = 7

Brain Treatment
CTV1 & CTV2
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6. EvidenceBasedQualityAssurance

•• 11stst barin eachsection=barin eachsection= Brain Stem effects

• 2nd barin eachsection= Optic Chiasmeffects

Results:Results:Brain OARs

Brain Treatment
Brainstem & Optic Chiasm
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6. EvidenceBasedQualityAssurance

Results:Results: Prostate CTV

•• Bars= AverageBars= Average∆∆EUD percourse of treatmentEUD percourseof treatment

•• Error bars= 1 Stddev for n = 7Error bars= 1 Stddev for n = 7

Prostate Treatment
CTV
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Results:Results:ProstateOARs

• 1st barin eachsection= Bladdereffects

• 2nd barin eachsection= Rectum effects

Pros tate Treatment
Bladder & Rectum
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6. EvidenceBasedQuality Assurance

Sensitivity analysisSensitivity analysis

•• TheThe ““ aa”” value usedin thecalculationof thevalueusedin thecalculationof the
Equivalent Uniform Dose is not knownEquivalent Uniform Doseis not known
accuratelyaccurately

•• For aFor a ±±20%changein20% changein ““ aa”” our results vary byour resultsvary by
•• <0.1<0.1 GyGy for theorgansat riskfor the organsat risk

•• <0.1%for the targets<0.1%for thetargets

6. EvidenceBasedQualityAssurance

ConclusionsConclusions

•• CAPCA ToleranceLevels areshownto maintainCAPCA ToleranceLevels areshownto maintain
averageEUD deviationsto within 2% and2averageEUD deviationsto within 2% and2 GyGy..

•• However theyshow markedlydifferent effectsoverHowever theyshow markedly differenteffectsover
therangeof 2% or 2therangeof 2% or 2 GyGy..

•• Theefficiencywith which resourcesareallocatedTheefficiency with which resourcesareallocated
within a linacquality control program canbewithin a linacquality control program canbe
enhancedby analyzing therelative importanceof theenhancedby analyzing therelative importanceof the
variousperformancestandards.variousperformancestandards.

6. EvidenceBased qualityAssurance

Final ThoughtsFinal Thoughts

•• Will theseresultsprovokea reWill theseresultsprovokea re--write of TG 40?write of TG 40?
NONO

•• Will theseresultsguidethedistribution of QCWill theseresultsguide thedistribution of QC
resources?resources?

MAYBEMAYBE

•• Will therebemorework on putting QA programsonWill therebe morework on putting QA programson
an objectivebasis?anobjectivebasis?

HOPEFULLYHOPEFULLY

6. EvidenceBasedQualityAssurance
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….radiationoncology researchersneedto
furtherdevelopmethodologyfor
critical assessmentof health
technologiesas a complementto
randomizedcontrolled trials.

SSøørenren BentzenBentzen.. ““ Randomizedcontrolled trials inRandomizedcontrolled trials in
health technology assessment: Overkill orhealth technologyassessment: Overkil l or
overdue?overdue?””

Radiotherapy and Oncology 86 (2008) 142Radiotherapy and Oncology 86 (2008) 142--147147

6. EvidenceBasedQuality Assurance
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