
Introduction
Electronicportalimagingprotocolshaveevolvedconsiderably

overthelastdecade.�,2,3,4,5Thisstudydiscussestheexperiencesat
theBallarat-AustinRadiationOncologyCentreandcomparesand
contraststherelativeadvantagesanddisadvantagesofacombina-
tionoffline/onlinecorrectionpolicywiththatofacompleteonline
correction policy. Both policies involved daily electronic portal
imaging(EPI)andthusacomprehensiveanalysisofset-uperror
couldbeperformed.Anatomymatchingsoftwarewasutilisedto
assessfieldplacementaccuracy,withbonyanatomyusedasthe
primarymatchingmechanism(Figure�).Bythismethodtheset-
uperrorforeachfractioncouldbeassessed.Thoroughanalysisof
set-uperrorisvitalwhenconsideringdoseescalation.

For thepurposesof thisstudy,anofflinecorrection indicates
that EPIs were evaluated after treatment has been delivered.
However,anonlinecorrectionprotocolindicatesthatimageswere
taken pre treatment, assessed and field placement intervention
madeifrequired.

The aimsof bothprotocols are identical, that is tominimise
and manage set-up error. There are two components to set-up
error,thosebeingsystematicandrandom.Asystematicerrorcan

bedefinedasanerrorthatisintroducedatplanningstageand,if
unaddressed,wouldoccurforeachtreatmentfraction.Arandom
errorhoweveroccursonlyonceandasthenameimpliesisunpre-
dictable.2
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inorderforanonlinecorrectionprotocol tobeemployed,andaddressesmanyof thepractical issuesthatneedtobe
resolved.Managementofset-uperrorisparamountwhenseekingtodoseescalateandonlyanonlinecorrectionprotocol
canmanagebothcomponentsofset-uperror.Bothsystematicandrandomerrorsareimportantandcanbeeffectively
andefficientlymanaged.
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Forthepurposesofthisstudy,systematicerrorisatreatment
preparationerror,whilearandomerror isa treatmentexecution
error.�

Ithasbeennotedpreviouslythatthereare�7potentialsources
oferror in the treatmentpreparationand treatmentexecutionof
acourseofradiotherapy2(Table�).Ofthese�7sourcesoferror,
EPI can address �3, with tumour delineation and margin being
radiation oncologist dependent. With the advent of Gold Seed
fiducials andother similar approaches, tumourmotion cannow
alsobe addressedbyEPIon adailybasis.However, this study
utilises only bony anatomy. With so many possible sources of
error,EPIprotocolsneedtobedesignedtomanageandminimise
set-uperror,andathoroughunderstandingofthecomponentsof
set-uperrorassistinthisprocess.Anofflinecorrectionprotocol
addresses only the systematic component of set-up error, while
anonlinecorrectionprotocol isable tomanagebothsystematic
andrandomcomponentsofset-uperror.Theserelationshipsare
illustratedinFigures2aand2b.

Method

Offline/online correction protocol
Onthefirstdayoftreatment,ananteriorandrightlateralEPI

was takenpre-treatment and, ifoutsideadefinedaction thresh-
oldof5mmonanyoftheorthogonalaxes,anonlinecorrection
wasperformed.Treatmentwasthendeliveredwiththetreatment
fieldsinthecorrectposition.Allcorrectionswerecarriedoutvia
Varian’s Vision® software anatomy match. If intervention was
made,thenthepatientwouldrequirepre-treatmentimagesagain
for thesubsequent fraction.Once thiscorrectionhadbeenveri-
fiedcorrectfortwofractions,anteriorandrightlateralEPIwere
takendailyduringtreatment.Theseimageswerethenassessedin
theofflineenvironmentand,ifoutsidetheactionthreshold,pre-
treatment imageswere required the following fraction.Data for
�0patientswerecollectedusingthisprotocol, resultingindaily
anterior and right lateral imagesor 740datapoints.Daily field
placementdata,bothpre-interventionandpost-intervention,were
thenexportedtoaspreadsheetforfurtheranalysis.

Commencementtimeofset-upwasrecordedforeachpatient
on a daily basis and beam on/beam off time was extracted
directly from Varian’s Varis Version 6.�® database for further
analysis.

The stabilisationutilised for this offline/onlineprotocol con-
sistedofanun-indexedkneefixandfeetfixarrangementwithtwo
5cmspongesundertheheadunindexed(Figure3).

Online correction protocol
Pre-treatmentimagesweretakendailyontheanteriorandright

lateralfields.Adefinedactionthresholdof4mmwasusedand,if
fieldplacementexceededthisonanyorthogonalaxes,anonline
correctionwasperformed.Again,allrequiredinterventionswere

diagnosedbyVarian’sVision®softwareanatomymatch.Anaddi-
tional�0patientsprovideddatafor thisprotocol,providing740
datapoints(anteriorandrightlateralEPIdaily).Again,dailyfield
placementdata,bothpre-interventionandpost-intervention,were
exportedtoaspreadsheetforfurtheranalysis.Dailytimetakento
setupandtreateachpatientwasalsoextracteddirectlyfromthe
informationmanagementsystem.

Thisonlinecorrectionprotocolhadstabilisationconsistingof
anindexedpelvicboardandpersonalisedVacfixbagwithtwo5
cmspongesundertheheadunindexed(Figure4).

Results

Offline/online correction protocol
Analysis of data using this protocol supports previous

research3,4,5,6 thatanofflinecorrectionpolicy isveryeffective in
managingthesystematiccomponentofset-uperrorbuthaslittle
effect on the random component, this is illustrated in Table 2.
Statistical analysis of this data indicated that there were larger,
more frequent systematicerrors in the right to leftplane,while
random errors were much more prevalent in the sup-inf direc-
tion.Themeanabsolutedisplacementwasgreaterinthesup-inf
plane,indicatingthattherewerelargerandmuchmorefrequent
set-uperrors in thisdirection.Thereductioninsystematicposi-
tionalerrorsevidentinthesedatahasbeenachievedwithamainly
offlineapproach,7,8but therehasbeennegligible impacton ran-
dompositionalerrors.Thisisdueineffecttoanofflinecorrection
protocolbeingonlyanindirectandincompletedeterminationof
thetargetvolumeatthetimeoftreatment.9

Figure 5 illustrates an individual treatment course from the
entirepopulation,withtheellipsesrepresenting95percentcon-
fidence intervals for bothpre-intervention andpost-intervention
data.Thedistancefromthecentreoftheellipsetotheoriginof
thegraphpresentsthesystematicerrorwhilethesizeoftheellipse
representstherandomerror.Withintheconfinesofacombination
offline/onlinecorrectionprotocol,itisevidentthattherehasbeen
animpactonthesystematiccomponentofset-uperrorbutthere

Table 1

Figure 2a

Figure 2b
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hasbeennoimpactontherandomcomponent.
Theaveragetimetakentoset-upandtreatapatientunderthe

conditionsofthisprotocolwas�0.06min.

Online correction protocol
Data provided by the complete online correction protocol

illustratethatbyusingdailyEPIandpossibleintervention,there
hasbeensignificantreductionsinboththesystematicandrandom
componentsofset-uperror(Table3).Suchanapproachcansim-
plyidentifybothsystematicandrandomvariationsandanalysis
oftreatmentfieldpositioncanprovidethemeanstoachieverapid
pre-treatment corrections.3,5,6 Both systematic and random com-
ponentsweregreater inmagnitude in the right to leftdirection,
whilethemeanabsolutedisplacementwasgreatestintheant-post
direction.Themanagementandsubsequentreductionofboththe
systematicandrandomerrorsevidentinthesedatahighlightthe
advantagesofatrulyonlineapproach.

The ellipses in Figure 6 again show an individual treatment
course extracted from the total population and highlight the
impactonbothsystematicandrandomerrorsthatareachievable
withanonlinecorrectionprotocol.

Utilisingtheextractedtimedataitwasfoundthattheaverage
dailytimetakentoset-upandtreatusingafullonlinecorrection

protocolwas�0.54min.

Discussion 
Forbothstudies, therewererelativelysmall treatmentprepa-

ration (systematic) errors, however, there was a large range of
treatmentexecution(random)errors.Thiscontrastswithprevious
studies thatsuggest that thereis littlebenefit in implementinga
protocoltocorrectforrandomerrors.�0However,thereisonlyone
way to effectively manage random errors, and that is to utilise
dailyimagingandonlinecorrections.

A frequently posed question has been: Are random errors
important?Anoftenusedapproachistoaddressthemwithyour
stabilisation.Theresultsobtainedfromtheoffline/onlinecorrec-
tiondata led toachange inset-up forprostatepatients.This in
turn resulted immediately in a reduced 95 per cent confidence
intervalforfieldplacement.Theoriginalpatientset-upprovided
a95percentconfidenceintervalof±7mm,whiletherevisedand
improvedset-upreducedthisto±5.3mm(Figures7aand7b).

However,thereisonlysomuchthatcanbeachievedpurelywith
achangeinset-up.Theremustbeanacceptancethatbothsystem-
atic and randomerrorswill occur, theycannotbe eliminatedbut
theycanbemanaged.Currenttechnologyhasgiventhecapacityto
accuratelyandefficientlymanageallcomponentsofset-uperror.

Figure 3 Figure 4

Table 2

Figure 5
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 MM Pre-correction Post-correction

Systemic x y z  x y z
Mean -0.63 0.30 0.95 Mean -0.008 0.36 1.13
SD 1.98 1.41 0.96 SD 0.84 1.43 1.00

Random x y z  x y z
Mean 1.19 3.46 0.64 Mean 0.85 3.46 0.64
SD 3.19 5.91 2.79 SD 2.74 4.93 2.71

Table 3

 MM Pre-correction Post-correction

Systemic x y z  x y z
Mean -0.90 0.27 0.99 Mean 0.11 -0.33 -0.45
SD 2.68 2.36 1.64 SD 1.19 0.72 0.88

Random x y z  x y z
Mean -1.38 -0.23 -1.47 Mean -0.22 -0.09 -0.87
SD 4.08 3.96 2.96 SD 1.94 2.26 2.52
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Implementinganonlinecorrectionprotocolrequiresthorough
planning and preparation and an understanding of any clinical
workloadissuesthatmayarise.�0,��

The results of this study indicated an average time for daily
treatmentof�0.06min for theoffline/onlineprotocolwhile the
onlineprotocoltook�0.54min.Thus,therewaslittleimpacton
workload and a significant reduction in set-up error, indicating
thatonlinecorrectionsareindeedclinicallyviable.

Ofdirectrelationshiptoclinicalworkloadissues,isthechoice
ofanactionthreshold,whichiscloselyrelatedtothemagnitude
ofastudy’srandomdeviations.�Fortheoffline/onlinecorrection
protocolanactionthresholdof5mmwasused,purelybecauseof
itsrecognitionasastartingpoint.Themagnitudeoftherandom
deviationsofthisprotocolwas3.96mm,whichallowedthesub-
sequentonline correctionprotocol toutilise anaction threshold
of4mm.Withtheincorporationofanewpatientset-upthemag-
nitude of the random deviations was reduced to 3.36 mm, thus
indicatingthatafurtherreductioninactionthresholdto3mmis
possible.Ithasbeennotedthattootightanactionthresholdcan
resultinunnecessarycorrectionsandifitistoowideitmaynot
yield the required set-up accuracy.�2For example,with a4mm
action threshold using an online correction policy, corrections
werecarriedout32percentof the time,however, if theaction
threshold was reduced to 3 mm, corrections would have been
required55percentofthetime.

Inordertosuccessfullyimplementanonlinecorrectionproto-
colseveralissuesneedtobeaddressed;
� Equipment – An amorphous silicon EPID gives the required

imageclaritytoaccuratelyassessandintervene,whilestream-
linedanalyticalsoftwareprovidespowerfulimageprocessing.
Ofenormousbenefitisthecapacitytoexportimagemismatch
results directly to a spreadsheet, making data collection and
analysisverystraightforward;

2 Support of radiationoncologists–Get radiationoncologists’
support to take daily images, present the magnitude of the
systematicandrandomerrorsandaskthequestion;‘Canthey
be ignored?’ ‘Who are the only group of people logistically
capableofperformingonlinecorrections?’Gettingsupportfor
thisshouldbetheradiationtherapist’role;

3 Champion/champions–Theremustbemembersof the team
whobelieveinthebenefitsofonlinecorrections,andwillpur-
suetheirimplementation;

4 Training – Intensive training as a team, with all Radiation
therapistscapableofperforminganonlinecorrectionand;

5 Culture/change–Onlinecorrectionspresentamajorchallenge
and change for most radiation therapists. Empower the team
withevidencebasedknowledge,knowingthatwhengiventhe
power,managementofset-uperrorwilloccur.

Conclusion
Completeremovalofbothsystematicandrandominterfraction

set-up error can only be achieved by on-line position verifica-
tion.�3,�4Onlinecorrectionsareaneffectiveandefficienttoolinthe
questforgreateraccuracyinfieldplacementforlocallyadvanced
prostatecancer.Electronicportalimagingprotocolshaveevolved
significantly over the past decade, and this study indicates an
evidence based evolution. Imaging protocols have moved from
weeklyportalimaging,tomorefrequentimagingandananalysis
ofsystematicerror,todailyimagingwithofflineanalysis,todaily
imagingwithonlineintervention.Thisinturnhasresultedintotal
managementofset-uperror,bothsystematicandrandom.

Online corrections are a logical and feasible extensionof all
EPIprotocols,givingsignificantadvantagesthatfaroutweighthe
disadvantages.
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