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Abstract

Purpose:Thepresentstudyevaluatedtheshort-termcharacteristics(<3days)ofahydrogelspacer丘omthetimeofinjectionduring
stereotacticbodyradiati･ntherapy(SBRT)fbrprostatecancer.

MethodsandMatel･iaIs:FifteenpatientstreatedwithSBRTviatheCyberKnifbsystem(36.25Gy/5fifactions)wereenronedinthisret-
rosPectivesmdy.Twomagneticresonance(MR)imageswereobtainedwithahydrogelspacer:oneonacomPutedtomograPhy(CT)

smulationday(MRpretreatment[MRpre])andtheotheronthelasttreatmentday(MRposttreatment[MRp｡stl).Twomedicalphysi-
cistscontouredthehydrogelsPaceroneachMRimage.Thechangesoftheshapesandthevolumefbrthehydrogelspacerbetween2
MRimageswereevaluated.

Results:ThemedianperiodbetweenhydrogelspacerinjectionandCTsimulationwaslday(range,1-9days).Themedianperiod
betweenCrsimulationandthelasttreatmentwasl7days(range,14-25days)Regardmgthevolumechangeofthehydrogelspacer,

the2observersObservedsignificantdifrbrencesbetweenthqvolumesofthehydrogelsPacerontheMRpreandMRp｡st.However,the
averagevolumediHtrencebetweenthemwaslessthanlcm3.'I11eaveragedicesimnaritycoefficientbetWeentheMRpreandMRp｡s@to
comparetheshaPewasmorethan0.83.Inaddition,noclearcorrelationwasconhrmedbetweenthevolumechangeandtheperiod
ftomhydrogelSpacerinjectiontoCTs血mllation.

Conclusions:AsingledayisanacceptableintervalbetweenhydrogelspacerinjectionandtreatmentplanningibrSBRTibrprostate
CanCer．

◎2022AmericanSocietyfbrRadiationOncology.PublishedbyElsevierlnc.Anrightsreserved.
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Ahydrogelspacer(SpaceOARSystem,Augmenixlnc,

Waltham,MA)wasrecentlyintroducedandusedfbr
externalbeamradiationtherapyinpatientswithprostate
CanCer・Aphase 3 trial fbr image-guidedmtensity
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prostateandtherectumfbrapproximately3months.

FinaUy,thesPacerisabsorbedbythebodyduringaPeriod
ofapproximately6months.

Toevaluatethechangesinthecharacteristicsofthe
hydrogelspacer,2magneticresonance(MR)imageswere
obtainedwithahydrogelspacer:oneonaCTsimulation

day(MRpretreatment[MRprel)andtheotheronthelast
treatmentday(MRposttreatment IMRp｡stl)Inroutme
clinicalsettmgsatourmstitution,anMRimageandsimu-

lationCrareusuanyacquiredldayaiterhydrogelspacer
injection.

modulatedradiationtherapyshowedthebenefitofa

hydrogelspacerinreducingtherectaldOse,toxiceffects,

anddeclinemqualityoflife.! Inaddition,ahydrogel
spacerhasadosmetricbenefitfbrpatientstreatedwith

almostanexternalbeamradiationtherapytechniques､21n
cImicalsettings,imagmgfbrtreatmentplannmgshould

ideallybeperfbrmedshortlyafterthehydrogel spacer

injectionfbrbettertimemanagement.However, thisis

notrecommendedbecausethepositionandvolumeofa

spacercanchangeshortlyaftertheinjection.Waitmgfbr

aperiodof3to5daysafterthemjectionbefbreacquirmg

treatmentplannmgcomputedtomograPhy(CT) scans

waspreviouslyrecommended,basedonacomparison

betweenobtamingthefirstCTscanshortlyaitertheinjec-

tionofahydrogelspacerandthesecondCTscanafterl

to2weeks.3However, thecharacteristicsofonly3
Patientswereevaluatedinthatpreviousstudy,andno
smdieshaveinvestigatedtheshort-termcharacteristics

(<3days)ofaspacer･Therefbre,thecurrentsmdyaimed

toevaluatetheshort-termcharacteristicsofahydrogel

sPacerfromthetimeofinjectionduringstereotacticbody
radiationtherapy(SBRT)fbrprostatecancer

Evaluationofthechangesinthecharafteristics

ofthehydrogelspacer

Toevaluatethechangesmthecharacteristicsofthe

hydrogelsPaceronbothMRprcandMRp｡s( images,2
e]q)erimentalmedicalphysicistsfbrProstatetreatment

planningcontouredthehydrogel spaceroneachCr
imagebyusingMIMMaestrosoftware(MIMSoftware
Inc,Cleveland,OH).Wemeasuredthevolume(cm3) in
eachMR1mageandcalculatedthedicesimUaritycoeffi-
cient(DSC)toevaluatethedifferenceoftheshapes.Sta-

tisticalanalysiswasperfbrmedusingJMPPro,version

16.0(SASInstitutelnC,Cary,NC),withalevelofsignifi-
canceofP<､05.

MateriaIsandMethods

Studydesign

Thecurrentretrospectivestudywasapprovedbythe

institutionalreviewboardofourhospital(receiptnumber:
1946)BetweenMarch2020andNovember2020,15

patientswhounderwentprostateSBRTwiththehydrogel
sPacerwereenroned.AUthepatientsweretreatedwith

SBRT(36.25Gy/5ftactions,dosedeliveredto95%ofthe

plannmgtargetvolume)usmgtheCyberKnifbsystem.

Theeligibilitycriteriafbrhydrogelspacerinjectionmthe

currentstudywereasfbnows:(1)patientsreceivingtreat-
mentwithSBRT,(2)patientswithahighriskofhemor-
rhage,suchasthosewithdiabetesmellitusorreceiving

anticoagulants,and(3)patientswithalargeprostatevol-
umeneartherectIIm_

Results

TableEl shows thecharacteristicsofthepatients

enrolledinthisstudy.ThemeanPatientagewas71.9=t

7.80years, themeanprostate-specificantigenlevelwas

9.12士5.30ng/mL,themeanGleasonscorewas6.62J=
1.00,andthemeanclinicaltargetvolumewas38．0±10．9

句

CnloThemeanperiodbetweenhydrogelspacerinjection

andCTsimulationwas2.87士2.47days,andthemedian
PeriOdwaslday(range,1-9days).Similarly,themean

periodbetweenCTsimulationandthelasttreatmentwas

18.2JE3.28days,andthemedianperiodwas l7days

(range,14-25days).

Figurelshowsthetypicalvolumechangesconsidering
thecontoursofahydrogel spaceronanMRimage

obtainedldayafierhydrogelspacerinjection(MRpre)
andtheMRimageobtainedl8daysafteracquisitionof

thefirstimage(MRp｡st)fbrboththeobservers.Thevol-
umedifferenceofthehydrogelspacerbefbreandafterCT

fbrthispatientwas1．18cm3(9.41cm;[MRpre]-10.59
cm3[MRp｡stl)and2．56cm3(1075cm3-13:31cm3)fbr
observersland2,respectively.Tablelshowsthechanges

inthehydrogelspacervolumefbrallpatientsandthe

DSCbetween2MRimages.Regardingthevolumechange

ofthehydrogelspacer,the2observersobservedsignifi-
cantdifferencesbetweenthevolumesofthehydrogel

sPaceronMRpreandMRp｡st.However, theaverage

ProcedurefOrhydrogelspacerinjectionand
thetimingofobtainingCTscans

Detansofthemethodfbrhydrogelspacerinjection
havepreviouslybeendescribed.4'51nourinstitute, radia-
tiononcologistsinsertedthespacer.Inbriefithepatientis

Positionedinthedorsallithotomyposition,withatrans-

rectalultrasoundprobepositionedintherectum.Then,a

needleissubsequentlyadvancedtothemidPoint(baseto

apex)oftheprostategland,andthespaceris injected

betweentherectumandprostateundertransrectalultra-

soundguidanceandbyusingastepperdevice.Thespacer

solidifiesinsecondsandmaintainsaspacebetweenthe
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Fig.1 V･lumechangeofthehydrogelspacerbetweenthemagneticresonance(MR)imageobtainedldayaiferhydrogel
spacerinjection(MRpre)andtheMRimageobtamedl8daysaftertheacqUisitionofthecomputedtomograPhysimulation
scan(MRp｡st).EachcolormustratesthecontourofthehydrogelspacerObservedonbothimagesfbr2observers(MRpre,
red;MRp｡st,blue).

Tablel ChangesinhydrogeIspacervolumemeasuredbyMRI"

3),mean SD(N=SpacerV⑥血me(cm 15）

PvalueDifrenCe(MRIp｡St-MRIprC) DSCObserver MRIpre MRIpost

0.87土1.09

0.89士1.74
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11.9士1．15

122士1.29

12.8i1.74

13.2士1.78

1

2

A助rF''jZztiO":DSC=dicesimUaritycoefficient;MRI=magleticresonanceimage;POst=posttreatment;Pre=Pretreatment;SD=standarddeviation
･

Resultsfbrbothobserversareshown.EachPvaluewascalculatedusingtheWilcoxontestandisconsideredstatisticallysignificant.
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Fig.2 Ascatterplotshowingthevolumechangeofthehydrogelspacerbetweenthemagneticresonance(MR)images

Pretreatment(MRpre)andpostreatment(MRp｡st)versustheperiodfromhydrogelspacermjectiontocomputedtomogra-
phy(CT)simulation(days)EachColorplotillustratestheresultfbreachobserver(observerl,red;observer2,blue).
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volumediffもrencebetweenthemwaslessthanlcm3.The

averageDSCbetweenMRpreandMRp｡sttocomParethe
shapewasmorethan0.83.

Figure2showsascatterplotofthevolumechangeof

thehydrogelspacer(cm3)versustheperiodftomhydro-
gel spacerinjectiontoCTsimulation(days)Fromthe

figure,noclearcorrelationwasconfirmedbetweenthe

volumechangeandtheperiodfifomhydrogel spacer

injection.

Condusion

Weevaluatedtheshort-termcharacteristicsofahydro-

gelsPacerfbrprostatecancer.Thechangeinvolumeand
shapefbrthehydrogelspacerwereclmcallynegligible
whenthesimulationCTwasperfbrmedmorethanlday

afterinjection.Ourresultssuggestthatanintervalofjust

ldayisacceptablebetweenhydrogelsPacermjectionand

treatmentplanningfbrSBRTofprostatecancer.

Discu"ion

SupplementarymateriaIs

Inthe current study, 2observers contouredthe

hydrogel spacer toensureconsistencyintheresults.
RegardingthevolumechangeofthehydrogelsPacer,
the2observersobservedsignificantdiffbrencesbetween

thevolumesofthehydrogel spaceronMRpr｡and
MRp｡st. However, the average､volume diffbrence
betweenthemwaslessthanlCm｡.Inaddition, there

wasnocorrelationbetweenthevolumechangeofthe
hydrogelspacerandtheperiodfifomhydrogel spacer
injection.Therefbre, theresultssuggest thatprostate
SBRTcanbePerfbrmedusingasimulationCTfbr
treatmentplanningthatisperfbrmedmorethanlday
afterinjection. Ingeneral,changes inthevolumeand
shapeofthehydrogel spacerareconsideredtobe
causedbychangesmthecontainedgasvolume,butno
changesofthiswereobservedinthisstudy･Inthecur-
rentstudy,wehadsomelimitationsas fbUows. First,
thisstudywasPerfbrmedbyonly2observers.Second,
themisalignmentofbodypositionandbladdervolume
betweenMmpreandMRIp｡stmayhaveaffectedthe
accuracyofmeasurement.Third,CTevaluationofthe
samecasewasnotperfbrmed,sothedifferencebetween

the2onCTimagesandthedosimetriCeffectcouldnot
beevaluated.

Supplementarymaterialassociatedwiththisarticlecan
befbundintheonlineversionatdoi:10.1016/j.pr'-o､2022
01.004.
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