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KeyPoints...

➤Busulfanisachemotherapeuticagentusedinpretransplant
conditioningregimens.

➤IVbusulfanofferssignificantadvantagesoveroralbusulfan.

➤AdherencetodosingandadministrationprotocolsforIV
busulfan,aswellasthetimingoflaboratorydraws,ensuresac-
curatepharmacokineticmonitoring,leadingtomoresuccessful
outcomes.

Hematopoieticstemcelltransplantation(HSCT)has
becomeatreatmentofchoiceformanydiseasesin
childrenandadults.Aconditioningorpreparative

regimenisanimportantdeterminantofasuccessfuloutcome.
Thetwomostcommonpreparativeregimensarecyclophos-
phamideinadditiontototalbodyirradiation(TBI)orbusulfan
pluscyclophosphamide.
SimilartoTBI,busulfanworkstoeradicatemalignantor
abnormalcellsinthebonemarrowpriortotheinfusionof
healthyhematopoieticcells.Regimenscontainingbusulfan
areusedfrequentlyininfantsandyoungchildrentoavoidor
minimizelate-occurringsideeffectsassociatedwithTBIand
toeliminatetheneedforsedationoranesthesiaateachdose
(Afify,Shaw,Clavano-Harding,&Cowell,2000).
Theuseofbusulfaninchildrenandinfantsundergoing
HSCTrequiresspecialconsiderationbecauseofage-and
weight-dependentdifferencesindrugmetabolismandclear-

ance.Optimaltherapeuticbloodlevelsofbusulfanmustbe
maintained,anddose-to-dosevariabilitymustbekepttoa
minimumtoreduceorgantoxicity.Anunderstandingofthe
therapeuticwindowandpharmacokineticparametersthat
caninfluencebloodlevelsprovidesnurseswithguidelines
regardingproperdoseadministrationofbusulfan.Thisarticle
brieflyconsidersthegoalsofpretransplantconditioningfor
autologousandallogeneicHSCTandexaminesthediffer-
encesbetweenthepharmacokineticprofilesoforalbusulfan
andIVBusulfex®(ESPPharma,Inc.,Edison,NJ),theonly
formofIVbusulfanapprovedbytheU.S.FoodandDrug
Administration(FDA).
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PretransplantConditioninginAdultsandChildren:
DoseAssuranceWithIntravenousBusulfan
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andSuzanneL.Nuss,RN

Purpose/Objectives:Toprovideclinicalinsightsintodosingand
administrationofIVbusulfan,aconditioningagentforhematopoietic
stemcelltransplantation(HSCT).

DataSources:Reviewofpublishedliteraturerelatedtobusulfan
pretransplantconditioningusingMEDLINE®.Meetingabstracts,inves-
tigationalprotocols,andpharmaceuticalmanufacturers’packageinserts
alsowerereviewed.

DataSynthesis:Busulfanisaneffectivemyeloablativeconditioning
agentforHSCT.TheIVformulationincreasesdoseassuranceandthe
abilitytotargetatherapeuticwindow.Therapeuticdrugmonitoring
ensuresthattargetedbloodlevelsareachieved,especiallyinchildren,
therebypreventingunderdosing,whichcanleadtodiseaseprogression
orrejection,aswellasoverdosing,whichcancauseanincreasedrisk
oftoxicsideeffects.

Conclusions:IVbusulfanisaconvenient,safe,andeffectivecon-
ditioningagentusedinHSCTthathasapredictablepharmacokinetic
profile.

ImplicationsforNursing:Anunderstandingofthepharmacokinetic
principlesunderlyingtherelationshipbetweenthetherapeuticwindow
forbusulfanandoptimalHSCToutcomeswillfacilitateproperdosing
andadministrationofIVbusulfan.
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GoalsofPretransplantConditioning
Dosimetry
Thegoalofpretransplantconditioningissuccessful
myeloablationwithminimaltoxicity.Iftheintensityof
theconditioningregimenistooweak,thediseasemaybe
treatedinadequately;conversely,iftheconditioningregimen
istoostrong,theincidenceoftoxicitiesmaybeincreased.
Withalkylatingagentssuchasbusulfan,targetinganarrow
therapeuticrange(window)ofdrugexposureisessentialto
positivelybalancedosingandoutcome(Dixetal.,1996;
Grochow,1993;Grochowetal.,1989;Hassanetal.,1989;
Meresseetal.,1992).
Accuratedosimetryisdeterminationbyscientificmethods
tocorrectlypredictthebiodistributionofthechemotherapeu-
ticagent.Whenthedosimetrytechniqueisused,areliable
assessmentoftheIVbusulfandoseisneededfortreatment
planningaswellasassessingclinicalresults.Followingthe
distributionoftheagentinthebloodovertimeandcreating
anareaundertheplasmaconcentrationtimecurve(AUC)
usuallyaccomplishthisgoal.

DrugAssurance
Usingdosimetryasaguideline,establishingdrugassurance
foramyeloablativeorchemotherapeuticagentispossibleand
isdoneeasilywithIVbusulfanbecauseofits100%bioavail-
ability,whichresultsinimmediateandcompletesystemic
exposure.BecauseIVbusulfandemonstratespredictable
pharmacokineticswithlowintrapatientvariabilityfromdose
todose,drugconcentrationiscontrollablewithinthetargeted
therapeuticwindowtoachievedrugassurance(Anderssonet
al.,2002).
Incontrast,oralbusulfanhashighlyvariableinter-and
intrapatientbioavailability;therefore,systemicexposureis
unpredictableanddifficulttocontrolwithoutrepeateddose
adjustment.Ifdrugexposureistoohigh,theincidenceof
treatment-relatedmortalityincreases(Anderssonetal.,2002;
Ljungman,Hassan,Bekassy,Ringden,&Oberg,1997)as
wellastheoccurrenceofadverseevents,particularlyseri-
ousregimen-relatedtoxicity,suchashepaticveno-occlusive
disease(HVOD)(Dixetal.,1996;Grochowetal.,1989).If
thesystemicexposureistoolow,theriskofgraftfailureor
diseaseprogressionincreases(Slatteryetal.,1995).

PretransplantConditioningRegimens
TotalBodyIrradiation
Themostcommonlyusedpretransplantconditioning
therapyiscyclophosphamideplusTBI,sometimeswiththe
additionofothercytotoxicagents(Anderssonetal.,2002).
AlthoughthedeliveryofTBIisveryprecise,itisassociated
withlatecomplicationssuchascataracts,secondarytumors,
growthretardation,andcognitiveimpairmentinchildren
(Chouetal.,1996;Cohenetal.,1996).Thedesireddosage
ofTBIcanbeadministeredinsingleordivideddosestomini-
mizetoxicity.AccuratedosimetrycanbeensuredwithTBI
becauseitsadministrationcanbepreciseandcontrolled.
BecauseTBIachievespersistentpenetrationofthecentral
nervoussystem,somephysicianspreferthiscondition-
ingregimenforpatientswithacutelymphocyticleukemia
becauseoftheincreasedriskofdevelopingcentralner-
voussysteminvolvementduringthecourseofthedisease.

However,TBImaybeinappropriateforpatientswhohave
receivedpreviousradiationorforsmallchildrenwhorequire
sedationoranesthesiabeforeeachradiationdose.Asare-
sultoftheincreaseinlong-termsurvivalfollowingHSCT,
delayedtoxicitiesofTBI-basedconditioningregimensare
becomingevident,especiallyinpediatricpatients,whose
treatmentoccursduringrapidorgandevelopment(Giorgiani
etal.,1995).

Busulfan
AsanalternativetoTBItherapy,oralbusulfanpluscyclo-
phosphamidewasstudiedasaconditioningregimeninadult
patients(Santosetal.,1983).Researchersfoundthatbusul-
fanpluscyclophosphamidefollowedbyallogeneicHSCT
couldproducelong-termremissionofacutenonlymphocytic
leukemia,therebyprovidinganeffectivealternativetocyclo-
phosphamideplusTBI.
Asinadults,conditioningregimensinchildrentypically
consistofmyeloablativedosesofradiation-basedtherapyor
chemotherapy-onlyregimens(e.g.,busulfan)incombination
withanimmunosuppressiveagent(e.g.,cyclophosphamide).
Severalbusulfan-containingconditioningregimensareused
priortoHSCTforvariousmalignantandnonmalignant
diseasesinadultsandchildren.Conventionalmyeloablative
busulfanconditioningisadministeredwithcyclophosphamide
accordingtothedoseschedulesdepictedinTable1.

RationaleforIntravenous
BusulfanDevelopment

AnIVbusulfanformulationwasdevelopedtoaddress
thepracticalandclinicalissuesassociatedwithoralbusul-
fanadministrationsuchasemesis,doseassurance,proper
myeloablation,andadverseevents(e.g.,HVOD)(Kashyap
etal.,2002).Oralbusulfan(Myleran®,GlaxoSmithKline,
ResearchTrianglePark,NC),approvedbytheFDAin1954
aslow-dosetreatmentforchronicmyeloidleukemia,is
availableonlyin2mgtablets.Thebusulfandosageinthe
conventionaloralbusulfan-plus-cyclophosphamideregimen
forchildrenisonedoseeverysixhoursforfourdaysfora

Table1.DoseSchedulesforAdministration
ofConventionalMyeloablativeBusulfanConditioning

Daya

BusulfanPlus
Cyclophosphamide(2Days)

BusulfanPlus
Cyclophosphamide(4Days)

DrugDrug
Dose

(mg/kg)
Dose

(mg/kg)

–9
–8
–7
–6
–5
–4
–3
–2
–1

Busulfan
Busulfan
Busulfan
Busulfan

Cyclophosphamide
Cyclophosphamide
Cyclophosphamide
Cyclophosphamide

Rest

0.8
0.8
0.8
0.8
50.0
50.0
50.0
50.0
–

–
–

Busulfan
Busulfan
Busulfan
Busulfan

Cyclophosphamide
Cyclophosphamide

Rest

–
–
0.8
0.8
0.8
0.8
60.0
60.0
–

a Hematopoieticstemcelltransplantationtakesplaceonday0.
Note.Busulfandosesareforadults;forchildren< 12kg,busulfandosesare
1.1mg/kg.
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totalof16dosesof1.0mg/kg.Therefore,apatientweigh-
ing50lb(about22kg)mustingesteleven2mgtabletsper
dose,whichequals44tabletsperdayor176tabletsinfour
days.Asaresult,clinicians,particularlynurses,havehadto
becreativeregardingadministrationofbusulfantabletsto
patientsundergoingHSCT.The2mgtabletscanbepulver-
izedandaddedtosoftfoods(e.g.,applesauce),gelcapsules
canbeusedtoreducethenumberoftablets,orasuspension
canbeadministeredvianasalgastrictube.Addingtothe
challengeoforalbusulfanadministrationisthedifficultyof
redosingbasedonpillcountafteremesis.Thevariableand
erraticabsorptionoforalbusulfanintothegastrointestinal
tractisonechallengeassociatedwiththeoralingestionof
thedrug.Absorptioniscompromisedfurtherbythevarious
butnecessaryformsoforaladministration,makingclinical
comparisonsamongpatientsandstudiesdifficult.

BusulfanPharmacokinetics
Theplasmapharmacokineticprofileofadoseofbusulfan
wasevaluatedtodeterminetheoptimaltherapeuticwindow
inadultsandchildren.SeeFigure1fordefinitionsofclini-
callyrelevantpharmacokineticparameters.Theoptimaldose
reducestheoddsofunder-oroverdosing,leadingtoeffective
engraftmentwhileminimizingorgantoxicityandadverse
eventscausedbyfirst-passeffectstotheliver(Anderssonet
al.,2002).Thetherapeuticwindowisestablishedbypharma-
cokineticparametersdefinedasbusulfanbioavailabilityand
clearance.Plasmaconcentrationsofbusulfanareshownas
AUC,expressedasµM-min,oraveragesteady-stateplasma
drugconcentration(Css),expressedinng/ml(Slatteryetal.,
1995).Thevariousplasmaconcentrationmeasurements(i.e.,
minimum,maximum,average)aswellasAUCcharacterize
thesystemicexposureofadrug.TheAUCfororalbusulfan
isapproximately1.5timesgreaterthantheCssinpediatric
patients(Bolingeretal.,2001).
Aclinicallyacceptabletherapeuticwindowforbusulfan
wasidentifiedbasedonpharmacokineticanalysesfromadult
andpediatricpatientsundergoingHSCTwhoparticipatedin
clinicaltrials.Thetherapeuticwindowis800–1,500µM-min;
however,somecentersprefertonarrowthewindowto
900–1,350µM-min.Patientswhosebloodconcentrations
fallbelowthelowerlimitofthetherapeuticwindow(i.e.,
lowAUCorCss)mayexperiencediseaseprogressionor
graftrejection(Slatteryetal.,1995).Patientswithblood
concentrationsabovetheupperlimit(i.e.,highAUCor
Css)mayexperienceHVODandseizures(Dixetal.,1996;
Grochowetal.,1989;Hassanetal.,1989).
Inpediatricpatientswithmalignantdisease,therangeof
optimalbusulfanexposure,orthetherapeuticwindow,follow-
ingoraladministrationof0.8–1.0mg/kgeverysixhourswas
foundtobeanAUCof800–1,500µM-min(Dupuis,Najdova,
&Saunders,2000;Grochow,Krivit,Whitley,&Blazar,1990;
Tranetal.,2000;Vassaletal.,1990).ThecorrespondingCss
rangeis600–900ng/ml(Bolingeretal.,2001;McCuneetal.,
2002).Theoralbusulfandoseshouldbeadjustedtoachieve
thetherapeuticplasmaAUCof800–1,500µM-mininpedi-
atricpatients(Tranetal.).

VariabilityinBusulfanPharmacokinetics
Oralbusulfan:Variabilityinoralbusulfanpharmacoki-
neticsinfluencesefficacy,safety,andHSCToutcomes.Oral
busulfanproduceserraticandunpredictablegastrointestinal

Absorption:theextentandrateatwhichadrugleavesasiteofadministra-
tion

Areaundertheplasmaconcentrationtimecurve(AUC):ameasureofplasma
drugexposureinthesystemiccirculation;AUCdescribesthespectrumof
plasmadrugconcentrationsachievedoveradefinedtimeintervalfollowing
administrationofaspecifieddoseofadrug.

Bioavailability:thefractionofactivedrugabsorbedintothesystemiccircula-
tion

Clearance:ameasureofthebody’sabilitytoeliminateadrug;removalofa
drugfromthebloodorplasmausuallyoccursviathekidneysandliver.

Coefficientofvariation(CV):astatisticalmeasurethatquantifiesvariabilityfor
thecomparisonoftwoormoredatasets;CVallowsvariabilityinapharmaco-
kineticparameterobtainedwithonedrugorduringonestudytobecompared
withothers.CVusuallyisexpressedasapercentageinparenthesesfollowing
themedian(e.g.,99mm[16.7%]).AlowCVindicateslittlevariation.Instatisti-
calterms,CVisthestandarddeviation(SD)expressedasapercentageofthe
meanandiscalculatedbydividingSDbythemeanandmultiplyingby100.

Concentration:ameasureofplasmadrugexposureinthesystemiccirculation

Averagesteady-stateconcentration:theaverage(mean)plasmadrug
concentrationachievedduringsteadystate

Maximumorpeakconcentration:themaximum(peak)plasmaconcentra-
tionobservedoveradefineddosinginterval;somepharmacokineticanalyses
estimatethetimetoachievemaximumconcentration.

Minimumortroughconcentration:theminimum(trough)plasmaconcentra-
tionobservedfollowingsingle-doseadministrationoroveradefineddosing
intervalformultiple-doseadministration

First-passeffect:Orallyadministereddrugsfirstpassthroughthehepatic
circulationafterabsorptioninthegastrointestinaltractbeforeenteringthe
systemiccirculation.Thisphenomenonalsoiscalledfirst-passmetabolism
orfirst-passelimination.

Half-life:thelengthoftimenecessaryforadrug(usuallyitsplasmaconcentra-
tion)tobereducedinthebodyby50%

Pharmacokinetics(pharmacokinetic):thebranchofclinicalpharmacology
thatquantitativelydescribestherelationshipbetweenadrugandthebody’s
effectonadrugovertime;pharmacokineticreferstotheabsorption,distribu-
tion,metabolismorbiotransformation,andexcretionofdrugs.

Standarddeviation(SD):astatisticalmeasureofthevariabilityofthedistribu-
tionofadataset;SDisadescriptivestatisticthatsummarizesthevariabilityin
adatasetthatisnormallyorapproximatelynormallydistributed.SDusuallyis
expressedwiththemeanas+somevalue(e.g.,1,224+290).

Steadystate:theperiodduringwhichadrug’splasmaconcentrationisrela-
tivelyconstant;atsteadystate,therateofdrugadministrationequalstherate
ofdrugelimination.

Variability:thedegreeofvariabilityassociatedwithagivenpharmacokinetic
parameter;maybeexpressedquantitativelyasstandarddeviation(typically
associatedwiththemeanoraverage)orasacoefficientofvariation(typically
associatedwiththemedian)

Interpatientvariability:thevariabilityinapharmacokineticparameternoted
betweenpatientswithcomparablebaselinecharacteristicstakingaspecific
drugdoseonaspecificdosescheduleundernear-identicalconditions;
quantitativelycalculatedascoefficientofvariation

Intrapatientvariability: thevariabilityinapharmacokineticparameternoted
betweendosesinthesameindividual;quantitativelycalculatedascoefficient
ofvariation

Volumeofdistribution:ameasureoftheapparentspaceinthebodyavailable
tocontainadrug

Figure1.DefinitionsofKeyPharmacokineticParameters
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absorption,anditsconcentrationinplasmavariesbetween
doses,causingintra-andinterpatientvariability(Bearman,
2001;Grochow,1993;Grochowetal.,1989;Hassanetal.,
1989;Schuleretal.,1994;Vassaletal.,1993;Vassal,Gouy-
ette,Hartmann,Pico,&Lemerle,1989).Clearanceratesalso
varywidely,rangingfrom0.8–20ml/min/kg(Vassal,1994).
Inchildren,theoralbioavailabilityofbusulfanshowsalarge
interpatientvariation(Hassanetal.,1994).
Drugmetabolism,age,weight,hepaticfunction,comor-
bidities,andconcomitantdrugadministrationalsocanaffect
busulfanpharmacokineticsinadultsandchildren(Hassan
etal.,1991;Vassal,1994).Circadianrhythmsmayinflu-
encesystemicdrugexposures,especiallyinyoungchildren
(Hassanetal.,1991;Vassal).Thenocturnalconcentration
ofbusulfaninsomeyoungchildrenwasfoundtobeas
highasthreetimesthatobservedduringtheday(Hassan
etal.,1991).Totalbodyclearancewassignificantlyhigher
inyoungchildren(7.3ml/min/kg)ascomparedtoolder
childrenandadults(3.02and2.7ml/min/kg,respectively)
(Hassanetal.,1991).

Intravenousbusulfan:BecauseIVbusulfanentersthe
systemiccirculationimmediatelywhenadministered,its
pharmacokineticvariabilityismuchlowerthanthatreported
withoralbusulfan(Grochow,1993,2002;Hassanetal.,
1994;Walletal.,2000).Witha0.8mg/kgIVbusulfandose,
researchersbelievedthatthemajorityofadultpatientswould
attainabeneficialtherapeuticwindowwithouttheneedfor
therapeuticdrugmonitoring(Anderssonetal.,2002).Ina
phaseIItrialofIVbusulfaninadultpatientswithhemato-
logiccancers,86%ofpatientswhoreceived16dosesof0.8
mg/kgofthedrugeverysixhourswerewithinthetarget
therapeuticwindow(800–1,500µM-min)withoutrequiring
doseadjustment(Anderssonetal.).
Variabilityisstillaconcerninspecialpopulations,such
aspediatricpatients(Walletal.,2000).Interpatientvari-
abilityisobservedwithIVbusulfaninchildrenbecauseof
ongoingorgandevelopmentandthedifferentialmaturation
ofdrugmetabolizingenzymes(Walletal.).Thevariabil-
ityisreducedwithIVbusulfan,aswasdemonstratedin
apharmacokineticstudybythePediatricBloodandMar-
rowTransplantConsortium(Walletal.).Pharmacokinetic
analysesofthedatarevealedthat,basedonthefirstdose,
17of24subjectsachievedtargetplasmabusulfanAUCcon-
centrationsof900–1,350µM-min(+5%).Theremaining
sevenpatientsreceiveddoseadjustments:Fivereceiveddose
increases,andtworeceiveddecreases.Pharmacokineticsat
doses9and13revealedthat21of23patientswithavailable
datahadsteady-stateAUCvaluesthatfellwithinthetarget
range.Thefindingsconfirmthat,inchildrenasinadults,
dose1pharmacokineticsaccuratelypredictdose9anddose
13AUCwithorwithoutdoseadjustmentandthatdose-
to-doseAUCremainswithinthetherapeuticwindow.This
findingprovidesdoseassurancefortheclinicaleffectiveness
andsafetyoftheFDA-approveddoseofIVbusulfanwith
therapeuticdrugmonitoring.

TherapeuticDrugMonitoring
Thewidespreaduseoftherapeuticdrugmonitoringis
basedontheprincipleofanoptimaltherapeuticwindow
foragivendrugandreliesonnearreal-timemeasurement
ofcirculatingdrugconcentrationsfollowedbysubsequent

doseadjustmenttoachieveapredeterminedtargetdrug
exposure.Therapeuticdrugmonitoringisimportantin
high-dosechemotherapyadministration,especiallywith
agentssuchasoralbusulfanthatshowerraticgastrointes-
tinalabsorption(Grochow,1993).Variabilityinabsorption
andsystemicexposurecanleadtounder-oroverdosing.
Targeteddosingisusedtoachieveoptimalbloodorplasma
drugconcentrations.
Thetimingofdrugsamplingiscriticalforaccurately
determiningplasmadrugconcentrations.Therapeuticdrug
monitoringusuallyisrecommendedfororalbusulfaninthe
pediatricandadultpopulationstomonitorandcontrolphar-
macokineticvariabilityandtoassistwithdoseadjustments
(Lindleyetal.,2004;McCune,Gibbs,&Slattery,2000);
however,therapeuticdrugmonitoringiscompromisedandis
metwithlimitedsuccesswithoralbusulfanbecauseasmany
as25%ofpatientsarenotevaluableforpharmacokinetics
(Dixetal.,1996).Targeteddosingisavaluabletoolthat
canensureconsistencyindosing,maximumefficacy,and
minimaltoxicity;italsocanminimizecoststopatientsand
hospitals.Althoughtargeteddosingisusedwithmanydrugs,
themostreliableresultsareobtainedwithdrugsthathavea
linearpharmacokineticprofileandachievepredictableblood
concentrations(Russelletal.,2002).Pharmacokineticstudies
ofIVbusulfanindicatethatdailydosesgivepredictablelinear
kinetics,withlessvariabilitythanoraldosing(Russelletal.).
Day1andday4curvesareverysimilar,withnoaccumula-
tionofthedrugfromonedosetothenext.Transplantcenters
generallyusedose1pharmacokineticresultstoassessplasma
busulfanconcentrationsandtodeterminedoseadjustments.
Someinstitutionsadministeratestdoseandwaitforthere-
sultsbeforebeginningafullIVbusulfanschedule.

IntravenousBusulfanDosage
andAdministration

Preparation
PreparationofIVbusulfanbypharmacystaffiscon-
ductedaccordingtothemanufacturer’sinstructionsand
theinstitution’sguidelinesforpreparingchemotherapeutic
agents(seeFigure2).Therecommendedadultdoseis0.8
mg/kgofidealbodyweightoractualbodyweight,which-
everislower,administeredeverysixhoursforfourdaysfor
atotalof16doses.Forobeseorseverelyobesepatients,IV
busulfanshouldbeadministeredbasedonadjustedideal
bodyweight.IVbusulfanmustbedilutedpriortousewith
0.9%sodiumchlorideinjection(normalsaline)ordextrose
5%inwater(D5W)injection.

Administration
IVbusulfanshouldbeadministeredthroughacentral
venouscatheterasatwo-hourinfusionwithacontrolrate
pump.Thesameportshouldbeusedforallinfusions.Once
thedoseandinfusionflowratearecalculated,drugadmin-
istrationisrelativelystraightforward.ThefirstdoseofIV
busulfanshouldbegiveninthemorningbecauseofthe
effectofcircadianrhythmsonplasmaconcentrations(Has-
sanetal.,1991).Wheneverpossibleforpediatricpatients,a
syringepumpshouldbeusedtofacilitatethemostaccurate
dosing.Whenpharmacokineticmonitoringisperformed,
samplingwilldependonwhetherthetubingisprimedwith
thedrugsolutionorwithnormalsalineorD5W.
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ConcomitantMedications
Busulfancrossestheblood-brainbarrierandisknown
tocauseseizuresinsomepatients(Hassan,Ehrsson,&
Ljungman,1996).Anantiseizuremedicationshouldbe
administeredthedaybeforeandthedayofIVbusulfan
dosing.Busulfanismetabolizedprimarilybyconjugation
withglutathionespontaneouslyandglutathione-S-transfer-
asecatalysisthatthenundergoesfurthermetabolisminthe
liver.Anumberofothermedications(e.g.,acetaminophen)
aremetabolizedviathesamepathwayandareknownto
decreaseglutathioneinthebody.Acetaminophenshould
notbeadministeredfor72hourspriortoorconcomitant
withIVbusulfaninfusion.Someantifungalagentsalsoare
metabolizedviathesamepathwayandmaydecreasethe
clearancerateofbusulfan,leadingtohigherbloodconcen-
trations.Cyclophosphamideshouldnotbeadministeredfor
atleastsixhoursafterthecompletionofthelastbusulfan
dose(ESPPharma,Inc.,2003).Commonlyusedantiemetics,
suchasondansetronandgranisetron,donotaffectbusulfan
bloodconcentrations.

PharmacokineticSamplingandEvaluation
Pharmacokineticsampling(seeFigure3)isconductedto
determineplasmabusulfanconcentrations;parametersmea-
suredincludebusulfanpeakconcentration(Cmax)andclearance,
whichprovideanaccuratemeasurementofAUCovertime.
Documentationofthetimingofinfusions(i.e.,exactstartand
stoptimes)andsamplecollectioniscriticalforaccuratephar-
macokineticanalysis.Thetimingofthesamplingiscalculated
fromthebeginningoftheinfusionsothatthetwo-hoursample
istakenimmediatelyaftertheinfusioniscompleted.When
usingthecentrallineforlaboratorydraws,thelumenusedfor
drugadministrationshouldnotbeusedforpharmacokinetic
samplingbecauseoftheriskofcontaminatingthebloodsample
withtheinfusiondrug.Oncompletionoftheinfusion,blood
shouldbedrawnandcollected,placedonice,andsenttothe
laboratoryforanalysis.
Inthepediatricpopulation,avalidatedlimitedsampling
strategyisrecommendedforpharmacokineticsamplingwith
IVbusulfantoensureaccuratedosing.Conventionalsampling
strategiesfordeterminingAUCorCssafteroralbusulfan
administrationrelyonanumberofsamplescollectedaftera
fewadministereddoses.ThelimitedsamplingstrategyforIV
busulfaninpediatricpatientsincludesthreesamplesdrawn
two,four,andsixhoursafterthestartoftheinfusionofdose
1.Twohoursisimmediatelypostinfusionandsixhoursis
immediatelypriortothenextinfusion,whichallowforac-
curatedosingandtimelyadjustmentsandalsocanreduce
IVbusulfanlaboratorycostssubstantiallycomparedtoan
unlimitedsamplingschema.

PharmacokineticCalculations
Althoughsomecommerciallaboratoriesanalyzeresultsand
providetransplantprogramswithrawdata,AUCcalculations,
anddescriptivestatisticsforallpharmacokineticparameters,
manypharmacokinetictestinglaboratoriesonlyprovidebusul-
fantroughconcentrations(Cmin)andCmax,makingthetransplant
teamresponsibleforcalculatingAUC.Computerprogramsare
usedtoassistinthecalculation(e.g.,WinNonLin®[Pharsight
Corporation,MountainView,CA],AdaptII[BiomedicalSimu-
lationsResource,LosAngeles,CA]).
Cliniciansmustrecognizebusulfanconcentrationsoutside
thetargetrangethatcouldreflecterrorsininfusion,collection,
orprocessingtechniques.Somelaboratoriesreportbusulfan
exposuresasCss(ng/ml),whereasothersreportthemasAUC
(µM-min).AUCisapproximately1.5timesgreaterthanCss.
Theformulaforconvertingthebusulfandose(everysixhours)
CsstoAUCisAUC(µM-min)=Css(ng/ml)x360minutes÷
246.3(busulfanmolecularweight)(e.g.,876 [µM-min]=
600[ng/ml]x360minutes÷246.4).Thetransplantteam
mustrecognizethedifferencebetweenCssandAUCinthe
analysisandreportswhenmakingdecisionsregardingthe
targeteddose.

DoseAdjustment
Doseadjustmentscanbemadeasearlyasthethirddose,
dependingontheavailabilityofpharmacokineticresults.
DoseadjustmentsforIVbusulfanintheclinicaltrialsetting
typicallyaremadebetweendoses5and7.Theformulafor
doseadjustmentis

Adjusteddose(mg)=actualdose(mg)xtargetAUC(µM-min)
  ActualAUC(µM-min)

Preparation
IVbusulfaninjectionisasingle-use10mlampouleof6mg/mlor60
mg/10ml.
Usingafilterotherthantheoneprovidedisnotrecommendedor
tested.
IVbusulfanshouldbedilutedbeforeusewithnormalsalineordextrose
5%inwater(D5W).
AddIVbusulfantothecalculatedvolumeofdiluent.
NeveradddiluenttoIVbusulfan.
Diluentquantityshouldbe10timesthevolumeofIVbusulfan.
DonotaddconcentratedIVbusulfantoanemptyIVbag.
FinalconcentrationofIVbusulfanshouldbe0.5mg/ml.
StabilityofIVbusulfanincludesthetwo-hourinfusion.
WhenmixedwithnormalsalineorD5W,stabilityisforeighthoursat
roomtemperature.
Whenmixedwithnormalsalineandrefrigeratedat2ºC–8ºC,stabilityis
for12hours.
Donotusepolycarbonatesyringes.
Donotusesolutionifitiscloudyorparticlesarepresent.

Administration
Calculateandpreparetheprescribeddosebasedonpatients’actual,ideal,or
adjustedidealweight(1.1mg/kgfor<12kgor0.8mg/kgfor>12kg).
Useacontrol-rateinfusionpumpandinfusethroughacentralvenous
catheter.
SettheflowratetodelivertheentireIVbusulfandoseovertwohours.
BolusorrapidinfusionofIVbusulfanhasnotbeentestedandisnot
recommended.
DonotinfusewithotherIVsolutions.
Iftheregimencontainscyclophosphamide,waitatleastsixhoursafter
completionofthelastbusulfandosetoadministercyclophosphamide.

AdministrationIssuesforInfusionFollowedbyPharmacokineticSampling
Determinethepriming(hold-up)volumeoftheadministrationsetbeing
used.
Recognizethatthestarttimeisdependentonthesolutionusedforpriming
thetubing.
Ifprimedwithdrugsolution,thestarttimeisimmediate.
IfprimedwithnormalsalineorD5W,calculatethestarttimebasedon
busulfansolutionvolumeandtubingvolume.

Stoptimeiswhentheflushiscomplete.
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Figure2.PreparationandAdministrationofIntravenous
Busulfan

Adjusteddose(mg)=actualdose(mg)xtargetAUC(µM-min)
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Wheneveradoseadjustmentismade,pharmacokinetic
samplingmayberepeated.Ifsamplingisrepeatedafterthe
initialthreesamples,Cminalsoshouldbedetermined.Notethat
manycentersusethesameIVtubingforanumberofdays
andtheneedtoprimethetubingwiththedrugsolutioncan
beeasilyoverlooked.Nursesshouldreviewtheirinstitutions’
policiesfordose1pharmacokinetics.

Apediatriccase(seeCaseStudy)fromtheprospec-
tivePediatricBloodandMarrowTransplantConsortium
allogeneicHSCTclinicaltrial(Walletal.,2000)illustrates
themethodofdoseadjustmentcalculations.Thetrialevalu-
atedtwodosesofIVbusulfanbasedonpatients’ages(0.8
mg/kgforchildrenolderthanfouryearsand1.0mg/kgfor
childrenfouryearsandyounger).AllchildrenreceivedIV
busulfan(everysixhoursfor16doses)forfourdays,fol-
lowedbycyclophosphamide(50mg/kgdaily)forfourdays
asconditioningbeforeundergoingHSCT.Theinitialdoseof
IVbusulfanwasdeterminedbyage.Allchildrenhadhuman
leukocyteantigentissuetyping-matchedsiblingdonors.The
targetbusulfanAUCwas900–1,350µM-min.Thedosesof
patientswithvaluesoutsideoftherangewereadjustedto
1,125µM-min,themidpointoftherange.
FurtherstudyandsubsequentanalysesshowedthatIVbu-
sulfanshouldbedosedaccordingtoweight(Puozzo,Fuller,
Nguyen,&Lennon,2003).AnIVbusulfandoseof1.1mg/kg
wasfoundtobemoreappropriatethan1.0mg/kgforsmall
children.

SummaryandFutureConsiderations
Busulfanpluscyclophosphamideisusedwidelyformy-
eloablativeconditioningpriortoHSCT.Inadditiontoits
useinconditioningregimensforpatientswithmalignant
disorders,busulfanalsoisusedinconditioningregimens
fornonmalignantdisease,especiallyinpediatricpatients.
IVbusulfanwasdevelopedtoaddressthepracticalclinical
issuesoforaladministrationanddeliverbusulfandirectly
tothesystemiccirculation.Therapidandcompleteabsorp-
tionofIVbusulfancircumventstheerraticgastrointestinal
absorptionassociatedwithoralbusulfanandprovidesdose

Instructions
Knowtheexactstartandstoptimesoftheinfusion,includingthehold-up
volume.
Knowtheinstructionsforaninfusionprimedwiththedrugversusnormal
salineordextrose5%inwater(D5W)andpharmacokinetictiming.(Recorded
timesaredifferentfortubingprimedwiththedrugandtubingprimedwith
normalsalineorD5W.)
Knowtheexacttimingofblooddraws.
Exacttimingiscriticalforsuccess:Minutesmakeadifferenceinaccu-
racy.
Usethesameclocktoensureaccuracy.
Do notcollectpharmacokineticsamplesduringthetwo-hourinfusionifdraws
aredonethroughthecentralvenouscatheterlinebecausethesamplewillbe
contaminatedwiththedrug.
Usethemorningdoseforpharmacokineticstoavoidcircadianrhythmicity
effect.
Thecriticalcollectiontimepeaksatendofthetwo-hourinfusion.

RecommendedSamplingTimesforDose1
Timingfromstartofinfusion
Twohours(immediatelyfollowinginfusioncompletion)
Fourhours
Sixhours(immediatelybeforethenextdose)

Somelaboratoriesmayrequestadditionalsamples.
Ifsamplingafterdose1, drawabaselinesamplebeforebeginningtheinfu-
sion.

CriticalInformationforCollectionForms
Dateandexactstartandstoptimeoftheinfusion
Dateandexacttimeofblooddraws
TotaldoseofIVbusulfanadministered
Dosenumber(e.g.,dose1)
Weightofpatient(andweightusedfordosing,ifdifferent)
Targetareaundertheplasmaconcentrationtimecurve
Age,disease,andsourceofgraft
Contactinformationforthelaboratorytocallaphysicianordesignatewith
testresults
Individualinstitution’sformsmayrequirefurtherinformation.

StoringSamplesBeforeShipment
1–3mlingreen-top(heparinized)tubes
Placeinwetice.
Completethecollectionform.
Storeinarefrigeratorontheunit(2°C–8°C)untilthefinalspecimenis
drawn,orsendtothelaboratorywhereallofthespecimenswillbepro-
cessed,frozen,andshippedtothepharmacokineticstestinglaboratory.
Schedulewiththereceivinglaboratorybeforethepatientbeginstherapy.

Troubleshooting
Ifbusulfanexposuresareconsistentlyhigh,low,oroutsidethetargetrange,
verifythatsamplingproceduresareaccurate.
Ifbusulfanconcentrationsattwohoursareextremelyhigh,thedrugmay
havebeeninfusing(ornotcleared)atthetimeofthelaboratorydraw,con-
taminatingthesample.
Ifbusulfanconcentrationsareconsistentlylow,verifythattheentiredose
isbeinginfusedandthatthetimerecordedistheactualstoptimeofthe
IVbusulfaninfusionaswellastheactualblooddrawtime.
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Figure3.PharmacokineticSamplingInstructions
forIntravenousBusulfan

CaseStudy

Aone-year-oldgirlwithjuvenilemyelomonocyticleukemiareceived
IVbusulfanatadoseof1.0mg/kg(asperPediatricBloodandMarrow
TransplantConsortiumprotocol).Herweightwas7.4kg,andshewas
givenadoseof7.4mg(7.4kgx1mg/kg).
Thebusulfanconcentrationis6mg/ml,andthechild’sdoseis7.4

mgin1.23mlofundiluteddrug.Theratioofdiluent(normalsalineor
dextrose5%inwater)is10timesthevolumeoftheundilutedbusulfan,
hence12.3ml.Thetotalamountofdruganddiluentequaled13.53ml
(1.23mlundilutedbusulfanand12.3mldiluent).Theinfusionvolume
was13.53mlovertwohoursatarateof6.77mlperhour.
At7:53am,thetubingvolumewasprimedwith0.7mlofnormal

saline.At8am,theIVbusulfaninfusionwasstartedat6.77mlperhour.
At9:53am,aflushof0.7mlnormalsalinewasattachedtothetubing,
andtheIVbusulfaninfusionwascompletedat10am.
Thelimitedsamplingstrategycallsforblooddrawsathourstwo(10

am),four(12pm),andsix(2pm).Bloodsamplesforpharmacokinetic
testingweredrawninagreen-top(heparinized)tubeandimmediately
placedonice.Thevalidatedlimitedsamplingstrategywasapplied.The
bloodimmediatelywascentrifuged,frozen,andshippedtoacommercial
laboratory.Theresultswerereportedmid-afternoonthefollowingday,
whichwasclosetothetimeforbeginningdose6.Thepatient’sdose1
busulfanareaundertheplasmaconcentrationtimecurve(AUC)was644
µM-min,whichwaswellbelowthe900–1,350µM-mintargetAUCrange.
Thedosewasincreasedto12.9mg/kgbasedonthedoseadjustment
formula(i.e.,7.4mg[actualdose]x1,125µM-min[targetAUC]÷644
µM-min[actualAUC]=12.9mg).
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assurance.Inadditiontoitslinearpharmacokineticprofile,
IVbusulfanalsoisconvenientforpatientadministration.
ProperadministrationofIVbusulfanshouldbeagoalfor
allmembersofthetransplantteam.Thenursingstaffcancon-
tributetosuccessfulHSCToutcomesandbetterpatientcare
viaattentiontodetailandduediligenceinthepreparationand
administrationofIVbusulfanaswellasbloodcollectionfor
pharmacokineticsampling.Anychangeofvenueorstaffdur-
ingdrugpreparation,administration,orcollectionofsamples
introducesapotentialsourceoferror.Clearcommunicationis
importantinobtainingaccurateandreliablepharmacokinetic
results.Properinfusion,bloodcollectionandhandling,and
interpretationofpharmacokineticresultswillensurecorrect
dosingforpatients.
Ultimately,thesewillbehelpfulindeterminingwhether
acostbenefitexistsforIVbusulfanusecomparedwithoral
busulfanregardingpatientsatisfaction,reimbursementissues,
andpatientoutcomes.Currently,nodataexistregardingcost

comparisonswiththeseagents,butitisanimportantissue
forfurtherresearch.
PretransplantconditioningforpatientsundergoingHSCTis
evolvingrapidly.Moreconvenientdoseschedulesarebeing
investigated(includingonce-dailyIVbusulfan)thatcertainly
willleadtoahighernumberofpatientsreceivingHSCT
conditioninginanoutpatientsetting.Reduced-intensitypro-
tocolsfordiseasestatesnotrequiringfullmyeloablationareof
particularinterestbecauseofimportantpatientmanagement
issues,suchasreducedregimen-relatedtoxicity,potentially
shorterhospitalstays,fewertransfusionsfollowingHSCT,
andmorerapidhematologicrecovery.Withtheincreased
emphasisonoutpatienttreatment,understandingthereliability
andpharmacokineticpropertiesofpretransplantconditioning
agentsiscrucial.

AuthorContact:VickiL.Fisher,RN,MSN,CPNP,canbereachedat
vicki.fisher@uhhs.com,withcopytoeditoratONFEditor@ons.org.
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