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Conventionalmethodsof treating superbcialheadand neck tumors, such as the
wedgepair techniqueor the useof multiple electronbeldsof varying enepies,can
resultin excellenttumor control. However in somecasesthesetechniquesrradi-
atehealthytissueunnecessarilgnd/orcreatehot andcold spotsin junctionregions,
particularlyin patientswith complexsurfacecontourmodibcationor varying plan-
ning target volume 'PTV" thickness.The objectiveof this work is to demonstrate
how boluselectronconformaltherapycanbe usedfor thesepatients. Two patients
treatedusing this techniqueare presentedThe Prst patient was diagnosedwith
malignantbbroushistiocytomainvolving theright earconchaandwastreatedwith
12-MeV electronsThe secondpatientwasdiagnosedvith acinic cell carcinomaof
the left parotid gland and was treatedwith 20-MeV electronsafter having under
gone a complete parotidectomy Each patient® bolus was designedusing bolus
designtools implementedin an in-housetreatment-planningystem!TPS'. The
bolus was fabricatedusing a computercontrolled milling machine As part of the
guality assurancerocesgo ensureproperfabricationand placemenbf the bolus,
the patientsunderwenta secondcomputedomography! CT" scanwith the bolusin
place.Using that data,the Pnal dosedistribution was computedusing the Philips
Pinnaclé TPS!Philips Medical SystemsAndover MA". Resultsshowedthat the
90% isodosesurface conformedwell to the PTV and that the doseto critical
structuressuch as cord, brain, and lung was well below tolerancelimits. Both
patientsshowedno evidenceof diseasesix monthspost-radiotherapyin conclu-
sion, electronbolusconformaltherapyis a viable optionfor treatingheadandneck
tumors, particularly patientshaving a variablethicknessPTV or surfaceanatomy
with sumical defects. © 2003 AmericanCollegeof Medical Physics.
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I. INTRODUCTION

Whenradiationtherapyis prescribedor patientswith headandneck cancey it is conventionally
deliveredvia low-enegy photonbeams,electronbeams,or a combinationof the two. Electron
beamsare commonly usedin the treatmentof lip cancey cervical lymph nodes,and laterally
locatedtumors,suchastumorsin the parotidglandandbuccalmucosa In the past,electronshave
receivedmuchlessattentionthanx raysprimarily dueto a lack of accuracyin planningelectron
treatments,and the large penumbrathat developsat the edge of the beld. Further matching
electronbeldsof differing enegy can be problematicdue to not having matchedpenumbras,
leadingto doseinhomogeneityhot andcold spots in the abutmentregions.However the advan-
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tageof electronbeamsin radiationtherapyis that their Pnite rangein tissuedeliversthe desired
doseto the target volume while sparingdistal organsat risk. This propertyalone,gives electron
beamsthe distinct advantagen treatingtumorslocatedat limited depth.

Wedge-pairarrangementsising photon beamssparethe oppositeside of the oral cavity in
unilateralizedesions,suchasthoseof the buccalmucosaor parotid gland. However the volume
of tissueirradiatedto full doseis excessiveincreasinghe probability for future complicationsin
addition,for postoperativerradiationof a radically dissectecheck,anterior and posteriorphoton
beamscannotbe usedbecauseheir usewould leadto overirradiationof the mucousmembranes
of the mouth and throat. With electronbeams,unilateral irradiation of the buccal mucosa,or
parotid gland, or radical neck dissectioncan be achievedwith minimal doseto deepstructures.
Also, after sugical proceduresvherethereis a high risk of recurrenceglectronbeamsare the
mostappropriatemodality becausdreatmentis difbcult to achieveusing photonbeams:

It is well known that irradiation of patientsurfacesthat have sumgical defectswith electron
beamswill leadto signibcantdoseheterogeneityn underlyingtissue? This doseheterogeneity
canleadto planningtargetvolume!PTV" underdoseandunwantedsideeffectsandcomplications.
A commontechniqueto solving the problemof doseinhomogeneitywhentreatingheadandneck
tumors with electronsis to use bolus as a missing tissue compensatorThe objective of this
techniquds to makethe patientsurfaceanatomyasmuchlike awaterphantomaspossible which
would resultin a more homogeneousiose distribution®® In addition to the irregular patient
surfacecommonlyseenin headand neck patients,the PTV thicknessis not usually uniform and
may sometimessary from lessthan1 cm to greaterthan5 cm. If a singleelectronbeam!with or
without a uniform thicknessboluson the patient®surfacé wereusedto treatsuchpatients critical
underlyingtissuewould be unnecessarilyrradiated.Therefore suchcaseamight employ multiple
electronbeamsof differentenegiesusedsimultaneoushyto irradiatedifferentsectionsof a target
with variabledepth.This technique however is associatedvith junction problemsresultingfrom
abutting adjacenttreatmentbeldsthat could lead to hot and cold spots'’ Also, using a greater
numberof treatmentbeldsresultsin a greaterconformity of the 90% dosesurfaceto the PTV, at
the expenseof multiple entriesin the treatmentroomto setupindividual Pelds A clinical solution
to irregularpatientsurfaceand nonuniformPTV thicknesss the useof conformalelectronradia-
tion therapyusing variable thicknesswax bolus, which is customizedfor the individual patient.
The custom-designeelectronbolus allows shapingof the 90% dosesurfaceto the PTV while
simultaneoushexcludingas much surroundinghealthytissueas possible.

Intensity modulatedx-ray therapy!IMXT" is usedoftenin the managementf headand neck
cancey as its ability to conform the doseto the PTV limits the doseto critical structuresor
pre-irradiatedareasA typical IMXT treatmentplan consistsof multiple x-ray beamsincidenton
the patient at multiple anglesand has beenproven highly useful in head and neck radiation
therapy Clearly, electronconformaltherapycannottreat mid-line tumors; however due to the
Pnite rangeof electronsin tissue,bolus electronconformaltherapycan offer someadvantages
over IMXT in pediatricpatientsor in adultswherethe PTV is within 6 cm of the surface.With
bolus electronconformaltherapyonly one beamis used,usually reducingthe amountof unnec-
essarylow doseto healthytissuesurroundingthe tumor receives.

The use of custom-shapealectronbolus at M. D. AndersonCancerCenteris not a new
techniqueThetechniquewasdemonstratedt our clinic by Low et al. in the treatmenbf paraspi-
nal muscle& andby Perkinset al. in post-mastectomjrradiation? This manuscriptdescribeghe
treatmentplanningand delivery of a customthree-dimensional3D" electronbolus for electron
beamradiationtherapyfor tumorslocatedin the headandneckregionin orderto demonstrat¢éhe
usefulnes®f thistechniqueTwo patientsarepresentedonepatientwasdiagnosedvith malignant
Pbroushistiocytomainvolving the right earconchaandthe otherwith acinic cell carcinomaof the
left parotid gland.

Radiationtherapyusing custom3D electronbolusfor headandnecktumorsis more challeng-
ing and involved than other tumor sites. Design of electronbolus for headand neck tumorsis
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uniguein thatthe PTV hasa more complexshapethe critical structuresandtheir relationshipto
the PTV are different, and the patient surfaceis more irregular In this manuscriptwe have
describedch new commerciallyavailablebolusfabricationprocessFor the bolusquality assurance
IQA" andbnaltreatmeniplan, for the brsttime a commercial3D treatmenplanningsystem TPS'
Pinnaclé !Philips Medical SystemsAndover MA" was used.

Il. MATERIALS AND METHODS

Thetreatment-planningnddelivery methodsusedfor boluselectronconformaltherapyfor our
two patientsarefully integratedandare describedasa seriesof specibcsteps.Thesestepsare:!i"
acquisitionof a 3D modelof the patientusingcomputedtomography!CT", lii" developmentf a
treatmentplan usinga 3D treatment-planningystemequippedwith propertools, liii" physician
approvalof thedoseplan,!iv" fabricationof the electronbolusandotherpatient-specibtreatment
hardwarev" QA to assesshe quality of the electronbolusand plan, and!vi" patientsetupand
delivery

A. Computed tomography data acquisition

First, eachpatientwas placedin the treatmentposition on the simulatortable. The patient®
headand neck were thenimmobilized using a perforatedthermal plasticimmobilization system
IAquaplast,Wycoff, NJ' immobilization systemwhile the patient®body was supportedwith a
Vac-Fix vacuumbag ! Soule Corporation, Tampa,FL". After 24 h, eachpatientunderwenta CT
scan,with the preliminary treatmentbeld markedon the patientusing radio-opaquewvires. Mul-
tiple CT slices!3 mm slice width and 3 mm separatiohwere acquiredandtransferredo the 3D
TPS Pinnaclé. Once the CT imagesof the patient were loaded into the TPS, the radiation
oncologistoutlined the PTV, i.e., the target volume that should receive 90% of the given dose
lgiven doseis the maximumcentral-axisdosedeliveredin a water phantomat the samesource-
to-surfacedistance! SSD' and with the smallestrectangularbeld that encompassethe irregular
peldusedon the patient.!® The patient®skin surfaceand associatedritical structuresverealso
outlined.The CT dataandcontourswerethenexportedin the RadiationTherapyOncologyGroup
format to the in-houseTPS COPPERPIaf™*2

B. Initial plan for bolus design

The beamparametersvere chosenonceall the CT dataand contourshad beenimportedinto
COPPERPIarThe gantryanglewaschosersothat, from the beamé€perspectivethe distal side of
the PTV was approximatelyperpendiculaito the beamdirection. The SSD was setto approxi-
mately105cmto allow for the electronbolusto be placedon the patientwithout collision with the
applicator Basedon the maximumdepthof the PTV, the electronbeamof leastenepy, suchthat
its Rgg !central-axisdepthof 90% dosé was greaterthan the maximumdepth of the PTV, was
chosen.The beld size was then determinedin beam@eye view !BEV"; an irregular beld was
drawnwith a magin of 1 to 2 cm aroundthe PTV.

Bolus designoperators,which assistthe treatmentplannerin conforming the 90% isodose
surfaceto the distal surfaceof the PTV andreducedoseto critical structureshavebeendeveloped
by Low etal. and havebeenimplementednto COPPERPIan® Threeclasseof bolusoperators
wereused:a creationoperatorcreatedheinitial thicknessof the bolusbasedon the physicaldepth
of the tamget volume, modibcationoperatoranodibedthe bolus shape and an extensionoperator
extendedthe bolus outside of the pbeld to accountfor beampenumbra.The bolus shapeand
resultingdosedistributionwerethencomputedn COPPERPIanthe latter usinga 3D implemen-
tation of the electronpencil-beanmalgorithmto calculatedose™** The 3D planningsystemmodels
the bolusasa combinationof two surfacesthe distal surfaceandthe proximal surface.The distal
surfaceis the surfacethatis in contactwith the patientandis obtainedby ray tracing from the
electronsourceto the patient®surface.The proximal surfacelies closerto the sourceand is
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computedusingthe operatorsmentionedabove.Treatmenfplanswith electronboluscanbe evalu-
atedby viewingisodosecontoursin transversesagittal,andcoronalplanesaswell asdose-volume
histograms!DVHs". After a satisfactorytreatmentplan was obtainedit was approvedby the
physician.

C. Bolus fabrication

Using the approvedtreatmentplan, the electronbolus was fabricatedwith a computerdriven
milling machine.The bolus was machinedfrom modelingwax, which hasa density of approxi-
mately0.92gm/cn?.81° The surfacecoordinatesf the proximal anddistal surfacesobtainedfrom
the TPS were readinto the computeraided design-computeaided manufacturing! CAD-CAM"
software! EdgeCAM; PathtraceSystemsinc., Southbeld MI". Using this input, EdgeCAM gen-
eratedthe necessansurfacemodelsand then createdthe machinetoolpath data. This datawas
thentransferredisingthe Servosoftware! ServoProductsCompanyPasadenaZA" to the Bridge-
port milling machine!BridgeportMachinesinc., Bridgeport,CT" for the productionof the pPnal
machinedbolus. It took abou 4 h to mill the proximal and distal surfacesof eachbolus.

Electronboluscould alsobe milled by a third party, as arecompensatordVe recentlysigneda
contractwith .Decimal, a division of SoutheasterrRadiation Productsinc., !Sanford, FL" to
fabricatebolusfor us.A Pble containingthe surfacecoordinatef the proximal anddistal bolusis
emailedto .Decimal,andwithin 24 h, the milled bolusis shippedto us.

D. Bolus quality assurance and final plan

To ensureproperfabricationandplacementf the electronbolus,the patientunderwentanother
CT with the bolusin place.The secondCT actsasa QA tool to ensurethat the bolusis properly
manufacturecand to provide the CT datathat is usedfor the bnal treatmentplan®!’ Fiducial
markswere madeon the bolusto assistwith the alignmentof the bolus on the patient®surface.
BB@® wereplacedalongthe bducialmarksaswell. Carewastakenwhile placingthe boluson the
patientso that minimal air-gapswere introducedbetweenthe bolus and the patient.Air-gaps, if
presentcouldalterthe intendeddosedistribution.Oncethe CT scanwascompletedthe datawas
transferredo the 3D TPSPinnaclé, andthe dosedistributionwas computed This dosedistribu-
tion was visually comparedwith the dosedistribution of the bolus designplan originally calcu-
latedusing COPPERPIario ensureagreemenbetweerthe two. The tolerancewe havesetfor our
bolus electronconformal therapytreatmentplans,is 90% of the isodosesurfacemust agreeto
within =2 mm and the dosewithin the 90% isodosesurfacemust agreeto within £3%. The
radiationoncologistwasaskedto approveandsign the Pnaldoseplan, which wasplacedinto the
patient&treatmenthart.If it turnsout thatthe differencemanginally exceedsour criteria, the plan
may still be clinically acceptableaslong asthe radiationoncologistis satispedvith the plan.

E. Daily treatment

The patientswere treatedwith the electronbolusin place,usinga single beld.Accurateand
reproduciblepositioning of the bolus on the patienton a daily basisis critical. The bolus was
placedon the patientandthe bdicualmarkson the boluswerealignedwith the skin marksusing
the positioninglasers.The bolus was immobilized using the lips on the maskor with masking
tape.The boluswascarefully dockedwith the skin surfaceandwasassuredo bein closecontact
with the skin. Carewastakento placethe boluscorrectlyon eachday of treatmentlf bolusbptis
suspectt anytime during the treatmentprocessthenre-CTis requiredto verify its acceptability
althoughthis hasnot beenrequiredfor any of the patientstreatedthusfar.
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Fic. 1. !Color' View of Patientl immobilization.A thermalplasticpatientimmobilizationsystem! AquaplastWycoff, NJ'
is usedto immobilize the patient®headand neck.

lll. RESULTS AND DISCUSSION
A. Patient 1 (ear concha case)

The patientis a 52-yearold man who was diagnosedwith malignant Pbroushistiocytoma
involving the right ear concha.Physicalexaminationin the areaof the right ear showedpost-
sumgical changedrom previoussumgerieswith partial loss of his right earand the presenceof a
split-thicknessgraft in the preauriculararea.A 4.5-cmx4.5-cm splint-thicknessskin graft was
presentin the right preauricularregion. Previousgraftingswere presentin the right concha.The
externalauditory canalshowedno suspicioudesions.Therewasa 1-cm areaof healingtissuein
the superiorportion of the concha,which hadno recurrentdiseaseThe postauricularegionhad
no recurrenceTherewere no palpableneck nodesor parotid nodespresent.

The treatmentplan wasto irradiateall areasthat had beenpreviouslysumically violated and
resectedusing an appositionalelectronpeld of 12 MeV. A doseof 60 Gy was prescribedo the
90%isodosesurface which wasto conformascloselyaspossibleto the distal surfaceof the PTV.
Initially, a 2-cm taperedbolus placedin the upperpart of the peld to decreasehe doseto the
underlyingbrain tissuewas consideredHowever the physicianwantedgreaterdoseconformity;
which could be achievedusing a custom3D electronbolus. The custombolus would provide
betterdosecoverageof the PTV while minimizing doseto surroundingcritical structuresWater
was usedto Pll in the externalauditory canal,eliminating air so thata more homogeneouslose
distribution could be achieved.Figure 1 showsthe immobilized patient and surfaceanatomy
relativeto the beldborder The patientCT datawastransferredo the COPPERPIlaiTPSandthe
PTV, skin surfaceandcritical structuredbrain, right orbit, spinalcord' were contoured Figure 2
showsthe varying PTV thicknessandskin surface-gradienon threeaxial CT slices.The electron
beamwasfor a gantryangleof O degreesi.e., from top to bottomin Fig. 3 transverselaneview.
The rectangulaibeld circumbscribingthe irregular Peldwas 15 cmx 15 cm, andthe patientSSD
was 105 cm. The calculateddoseunderthe designedolusis shownin Fig. 3 in a transverseand
sagittalplane.The 60 Gy contour!turquoisé representshe 90% isodosecontour andit conforms
well to thedistal PTV surface.The dosein the PTV rangesfrom 60BD70 Gy with the exceptionof
a small volume exceeding70 Gy, which is dueto the irregular surfaceof bolus. The doseinho-
mogeneitycould be reducedusing intensity modulationif it were available®

The manufacturedolusproximal anddistal surfacesare shownin Figs.4!a" and4!b", respec-
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Fic. 2. !Color" TransverseCT slicesof Patientl showingthe location, depth,and shapeof the parotid PTV at various
levels.

tively, andFig. 5 showsthe bolusin treatmenposition.Our QA procesgequiredthata secondCT
scanbe performedwith the bolus placedon the phantomto obtainthe bnaldoseplan. Figure 6
showsa comparisorbetweenthe isodosedistribution on the centralaxial slice with the custom
bolusin placeandthe dosecoveragdor the bolusdesignplan. The 90%isodosdine in the design
plan matcheswell with the 60 Gy prescriptionline in the Pnalbolus QA plan. Figure7 showsthe
DVH for the PTV and critical organs.The small volume !approximately4%" underthe 60 Gy-
prescribeddoseis not a resultof the bolusdesign,but rathera resultof the Peldedgebeingclose
to the interior borderof the PTV asseenin Fig. 3. Had therebeena clinical decisionto increase
the beldsize, this would not haveexisted.The increasein doseabove66 Gy !given dosé is due
to scatterfrom theirregularsurface aspreviouslydiscussedDoseto the right eyeis lessthan12
Gy, doseto the spinalcordis lessthan10 Gy, anddoseto the brainis lessthan40 Gy, with only
about5% above20 Gy.

Due to the introduction of the electronbolus, the skin doseincreasesPhysicalexamination
during treatmentrevealedbrisk erythemaof the treatedbeld. However there was no apparent
moistdesquamatiorSix monthsafter radiationtherapy the patienthadno evidenceof recurrence.

B. Patient 2 (parotid gland case)

The patientis a 61-yearold woman.Shewasdiagnosedvith acinic cell carcinomaof the left
parotid gland and had a completeparotidectomywith lymph nodedissectionwith 0/14 positive
nodes.She presentedor postoperativeadiationtherapy In additionto the sumgical defectand
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Fic. 3. !Color" Transverseandsagittalisodosedistribution! Gy" for initial bolusdesignplanfor Patientl. A doseof 60 Gy
was prescribedo the 90% of the given doseusing 12 MeV electronsThe PTV is indicatedwith the yellow contour

large gradientson the surfaceskin contourshownin Fig. 8, the PTV thicknessvariedfrom <1 cm
to >5cm, shownin Fig. 9. Hence,insteadof usingsegmentealectronpelds!two abuttedpelds
of different enegies', it was decidedthat conformal electron radiation therapy using custom
electronboluswould be usedasthe treatmentechniquefor this patient. The treatmenplanwasto
the postoperativesite using a left openlateral technique.To show the advantage®f the use of

Fic. 4. !Color' !a" Customelectronbolus proximal surfaceusedto treat Patient1. The proximal side is designedto
modulatethe penetrationof the electronbeamto matchthe PTV. !b" Customelectronbolus distal surfaceusedto treat
Patientl. The distal sideis designedo matchthe patientskin surface.
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Fic. 5. !Color" The custom3D electronbolusin treatmentpositionfor Patientl.

customelectronbolusin this particularinstanceinsteadof the conventionaltreatmenttechnique
usingtwo patchedpelds,a conventionatreatmeniplan wasalsocreatedwith electronenegies of
12 MeV and 20 MeV.

Then,to achievea morehomogeneoudosedistributionprior to the CT scan,moldableTX-150
wasplacedinsidethe patient®auditory canaland aroundthe externalearto eliminateair pockets
betweerthe patientandbolus!cf. Fig. 8". Onebeldwasusedcombininga 20-MeV electronbeam
and6-MV x-ray beamwith a4:1 mix of givendoseto 54 Gy in 27 fractions.The dosedistribution

Fic. 6. !Color' Comparisorof isodosedistributionwith bolusin placeQA planandbolusdesignplanfor Patientl !Note:
Prescription60 Gy at 90%i.e. 90% 2D plan equals60 Gy 3D plart'.

Journal of Applied Clinical Medical Physics, Vol. 4, No. 4, Fall 2003



329 Kudchadker et al.: Utilization of custom electron bolus in.. .. 329

10
09
08
07
06
05
04 ff
03
02
0.1 1\_
00

PTV

Nom. Volume

s S

0 2000 4000 6000 8000

Dose (cGy)

Fic. 7. Dosevolumehistogramdor the customizecklectronbolusplanfor Patientl. The histogramshowthatthe electron
bolustreatmentplan coversthe target volume well while minimizing doseto the critical organs.

from the electroncontributionalong an axial and sagittalslice is shownin Fig. 10. Following a
Peldreduction,the dosewastakento 60 Gy. Dueto the higherenepgy electronbeam,the surface
doseis higher leadingto moreintenseskin reactionsAlso, dueto the introductionof the electron
bolus,the skin doseincreasesThe intensity of the skin reactionsat the higher enegies makesit

Fic. 8. !Color" View of Patient2 immobilization A thermalplasticpatientimmobilizationsystem! AquaplastWycoff, NJ'
is usedto immobilize the patient®©headand neck.
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Fic. 9. !Color" TransverseCT slicesof Patient2 showingthe surfaceanatomicaldefectandthe location,depth,andshape
of the parotid PTV at variouslevels.

Fic. 10. !Color" Transverseandsagittalisodosedistribution!%" for initial bolusdesignplanfor Patient2. The maximum
depthof the PTV is suchthat 20 MeV electronswererequiredfor the bolus electronconformaltreatmentplan. The PTV
is indicatedwith the greencontour
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A

Fic. 11. !Color' Ia" Customelectronbolus distal surfaceusedto treat Patient2. The distal sideis designedo matchthe
patientsurface.!b" Customelectronbolus proximal surfaceusedto treat Patient2. The proximal side is designedto
modulatethe penetratiorof the electronbeamto matchthe PTV.

necessaryto combineelectronswith megavoltagephotonst Hence,the 6-MV x-ray beamwas
introducedinto the treatmentfor onefraction eachweekto minimize the effect of erythemaand
moist desquamation.

The electronbolus was then fabricated;the proximal and distal surfacesare shownin Figs.
11'a" and 11!b", respectively The electronboluswas usedthroughoutthe treatmentfor the elec-
tron componenbf the treatmentTheisodosedistributionin representativéransversendsagittal
planesis shownin Fig. 12. The dosein the PTV rangesfrom approximately40b55 Gy with the
exceptionof a small volume under40 Gy, which is dueto the slightly smallermaigin appliedto
generatahe electroncutout.A slightincreasan the maigin would haveensuredettercoverageof
the PTV. A DVH comparisorof the conventionapatchedelectronpeldtechniqueandthe custom
electronbolustreatmentechniqueis shownin Fig. 13.As seenin the bgure the PTV coveragds
better and the cord and brain dosesare substantiallylower in the electronbolus treatmentplan,
whereaghe left lung doseis comparablewith both treatmentplans.

Physicalexaminationduring treatmentrevealedbrisk erythemaoverlying the treatmentbelds
with no adenopathyr massegalpatedwithin the operativebed. Examinationof the oral cavity
and buccal cavity during treatmentalso revealedslight patchy mucositisin the superiorbuccal
cavity. The patientsskin recoveredapproximatelytwo weeksafter radiationtherapy Six months

Fic. 12. !Color" Isodosedistributionwith bolusin place QA planfor Patient2.
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Fic. 13. Dose-volumehistogramsor the PTV, spinalcord, left lung, andbrainfor the custombolustreatmentplan !black
lines' anda two-Peldplan with a 20 MeV electronssuperiorlyand 12-MeV electronsinferiorly !gray lines'.

afterradiationtherapythe patientpresentedvith no evidenceof diseaseandno complaintsrelated
to mucositisor skin dermatitis.

IV. CONCLUSIONS

The presentwork illustrateshow easily bolus electronconformaltherapycan be plannedto
treatsuperbciaheadandneckcancersThe treatmenfor the two caseshistiocytomaof theright
ear conchaand acinic cell carcinomaof the left parotid gland, showedsignibcantconformity of
the 90% dosesurfaceto the PTV with little doseto critical structuressurroundingthe PTV. In
comparisonconventionatechniqguesuchasthe wedge-paittechniqueor multiple electronbelds
of varying enegy leadto more healthytissuebeingunnecessarilyrradiatedor the introductionof
hot and cold spotsin junction regions.

Bolus electron conformal therapy offers a useful method for achieving electron conformal
therapyin headand neck cancey especiallyin caseswhere the patient® surfaceanatomyhas
sumical defectsandwherethe PTV is nearthe patient®surfaceandhasa variablethickness The
increaseddosedueto bolusis easilymanaged.

Bolus electronconformaltherapycould be widely usedby the radiotherapycommunityif TPS
manufacturersvould include the bolus designtechnologyof Low etal.!® into their TPS.On the
otherhand,the bolusfabricationissuehasnot beenso bad.As mostclinics could not supportthis
technologywe haveidentibeda third party, .Decimal,which canreceive mill, andovernightmail
a machinedbolusto the clinic within 24 h.

Futurework shouldinclude demonstratinghe utility of bolus electronconformaltherapyin
additionto intensity modulatedx-ray therapyin patientswith headand neck cancerfor tumors
locatednearthe surface.

*Email addressrkudchad@mdandersongpr

IN. V. Tapley, Clinical Applicationsof the Electon Beam!JohnWiley & Sons, Inc., Houston,TX, 1976'.

2K. R. Hogstrom, @Dosimetrpf electronheterogeneitie )l edical PhysicsMonographNo. 9: Advancesin Radiation
TherapyTreatmentPlanning,editedby A. Wright andA. Boyer!Americaninstitute of Physics,New York, 1983, pp.
223p243.

3K. R. Hogstrom,@reatmentplanningin electronbeamtherapy@Frontiersof RadiationTherapyand Oncology edited
by J. M. VaethandJ. L. Meyer !Karger PublishersNew York, 1991, pp. 30B52.

4K. R. Hogstrom,@Tlinical electronbeamdosimetry:Basicdosimetrydata,0Advancesn RadiationOncologyPhysics,
editedby J. Purdy Proceedingof the SummerSchool of the AAPM !Americaninstitute of Physics New York, 1991",
pp. 390D429.

SW. H. Morrison, P. F. Wong, G. StarkschallA. S. GardenC. ChildressK. R. Hogstrom,andL. J. Peters@Vaterbolus
for electronirradiation of the earcanal,Qint. J. Radiat.Oncol., Biol., Phys.33, 4799483 11995'.

6K. K. Ang, J. H. Kaandersand L. J. Peters Radiotherapyfor Head and Neck CancersNIndicationsand Techniques
ILea & Febiger Malvern,PA, 1994,

Journal of Applied Clinical Medical Physics, Vol. 4, No. 4, Fall 2003



333 Kudchadker et al.: Utilization of custom electron bolus in .. .. 333

7J. 0. ArchambeauB. Forell, R. Doria, D. O. Findley, R. Jurish,and R. Jackson@se of variablethicknessbolusto
control electronbeampenetratiorin chestwall irradiation,&int. J. Radiat.Oncol., Biol., Phys.7, 8355842 11981".

8D. A. Low, G. StarkschallN. E. ShermanS. W. Bujnowski,J. R. Ewton,andK. R. Hogstrom @Computezideddesign
and fabricationof an electronbolus for treatmentof the paraspinamuscles@nt. J. Radiat.Oncol., Biol., Phys.33,
1127P113811995',

9G. H. Perkins,M. D. McNeese J. A. Antolak, T. A. Buchholz,E. A. Strom,and K. R. Hogstrom,@Acustomthree
dimensionalelectronbolus techniquefor optimization of post-mastectomyrradiation,dint. J. Radiat. Oncol., Biol.,
Phys.51, 1142P1151 12001

10K, R. Hogstrom R. S. SteadhamP. Wong, andA. S. Shiu, Monitor unit calculationsfor electon beamseditedby J. P
Gibbons!AdvancedMedical PhysicsPublishersMadison,WI, 2000, pp. 113D126.

1G. StarkschallS. W. Bujnowski,L. L. Wang,A. S. Shiu,A. L. Boyer, G. E. Desobry N. H. Wells, W. L. Baker andK.
R. Hogstrom,@Afull three-dimensionatadiotherapytreatmentplanningsystem@ed. Phys.18, 647 119971".

12G. starkschall,S. W. Bujnowski, J. A. Antolak, L. L. Wang, and K. R. Hogstrom,®®ols for 3-D electron-beam
treatmeniplanning,CProceedingf the Xlth International Confeenceon the Use of Computersin RadiationTherapy
ManchesterUK HandleyPrintersLimited, Cheshire 1994', pp. 126D127.

13D, A. Low, G. Starkschall,S. W. Bujnowski, L. L. Wang,andK. R. Hogstrom,@lectronbolusdesignfor radiotherapy
treatmentplanning: Bolus designalgorithms GMed. Phys.19, 1150124 11991".

14K. R. Hogstrom,M. D. Mills, andP. R. Almond, @lectronbeamdosecalculations@hys. Med. Biol. 26, 4450459
11987".

15D, A. Low and K. R. Hogstrom,@Determinationf the relative linear collision stoppingpower and linear scattering
powerof electronbolus material,GPhys. Med. Biol. 39, 1063D1068!1994'.

163, A. Antolak, G. Starkschall,E. R. Bawiec Jr,, J. R. Ewton, and K. R. Hogstrom,@Implementatioof an automated
electronbolus fabricationsystemfor conformalelectronradiotherapy@Proceedingsof the 11th InternationalConfer
enceon the Use of Computersn RadiationTherapy 1625163 11994'.

7E. R. Bawiec, @he effects of accuracyin milling of electronboluson dosedelivery@M. S. thesis, The University of
Texas GraduateSchoolof BiomedicalSciencesHouston,TX, 1994.

18R, J. KudchadkerK. R. HogstromA. S. Garden,M. D. McNeeseR. A. Boyd, andJ.A. Antolak, @lectronconformal
radiotherapyusing bolus and intensity modulation,@nt. J. Radiat.Oncol., Biol., Phys.53, 102391037 12002..

Journal of Applied Clinical Medical Physics, Vol. 4, No. 4, Fall 2003



