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Purpose/Objectives:Toupdateinformationconcerningtheantiangio-
genicagentbevacizumab,discusssideeffects,andprovideinformation
onnursingmanagementofthesideeffects.

DataSources:Publishedarticles,abstracts,andresearchdata.
DataSynthesis:Inclinicaltrials,theadditionofbevacizumabto

standardchemotherapyincreasedsurvivalinpatientswithmetastatic
colorectalcancerandadvancednon-smallcelllungcancerandin-
creasedprogression-freesurvivalinpatientswithmetastaticbreast
cancer.Bevacizumabalsoisbeingevaluatedincombinationwithother
targetedagentsinvarioustumortypes.Commonlyreportedsideef-
fectsassociatedwithbevacizumabincludehypertension,proteinuria,
andminorbleeding.

Conclusions:Thevalueofbevacizumabintreatingmetastatic
colorectalcancerhaslongbeenestablished.Clinicaltrialdatahave
demonstratedthebenefitofusingbevacizumabincombinationwith
standardchemotherapyinthetreatmentofnon-smallcelllungcancer
andmetastaticbreastcancer.Becauseofbevacizumab’sexpandingrole
incancertreatment,nursesneedtoknowhowtouseit,beawareof
possiblesideeffects,andanticipateinterventions.

ImplicationsforNursing:Nursesplayanimportantroleinthe
identificationandmanagementofadverseeventsassociatedwith
bevacizumab.
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KeyPoints...

➤Cytotoxictreatmentsforcancerarelimitedbytheirinability
toselectivelytargettumorcells,producingwell-characterized
sideeffects,suchasfatigue,hairloss,andbonemarrowsup-
pression.Thislimitsthedosagegivenandtherebytheoverall
effectivenessoftreatment.

➤Bevacizumabisthefirstapprovedtargetedagentthatspecifi-
callyinhibitsthevascularendothelialgrowthfactorthatplays
akeyroleinangiogenesis,tumorgrowth,andmetastases.

➤Bevacizumabisthefirstantiangiogenicagenttoconsistently
increaseoverallorprogression-freesurvivalindifferenttumor
types,includingmetastaticcolorectalcancer,advancednon-
smallcelllungcancer,andmetastaticbreastcancer.

➤Oncologynursesplayavitalroleintheassessmentandmoni-
toringofcommonandraresideeffectsassociatedwithbevaci-
zumabtherapy.

NursingConsiderationsofBevacizumabUse
inMultipleTumorTypes

BarbaraHolmesGobel,RN,MS,AOCN®

P atientswithadvancedstagesofcancerhavepoorprog-
noses,andthegoaloftreatmentistoprolongsurvival
andimprovequalityoflife.Chemotherapyhasbeen

themainstayoftreatmentforadvancedcancerformanyyears,
butcytotoxicagentsarelimitedbytheirinabilitytoselectively
targettumorcells.Thenonspecificityoftenresultsindamage
tohealthycellsandproduceswell-characterizedsideeffects,
suchasfatigue,hairloss,andbonemarrowsuppression.The
nonspecificityofchemotherapyalsocanlimitthedosages
thatcanbegivenand,therefore,theeffectivenessoftreat-
ment.Moreeffectiveandbetter-toleratedcancertherapies
areneeded.Newtherapeuticagentsthatactdirectlyontumor
cellsorthecellssupportingtumorgrowtharereferredtoas
targetedtherapies.Theimprovedspecificityoftargetedagents
meanstheyarelesslikelytoaffecthealthycells,whichshould
resultinfewersideeffects.
Animprovedunderstandingofthemultistepprocessin
cancerdevelopmenthasledtotheidentificationofvarious
potentialtherapeutictargets.Angiogenesis,theformation
ofnewbloodvessels,isakeytargetintumorgrowthand
metastaticspread.Proliferatingtumorcells,similartonor-
malcells,mustbesuppliedbybloodvesselstoprovidevital
nutrientsandoxygenrequiredforgrowth.Smalltumorscan
growto1–2mmbyabsorbingnutrientsandoxygenthrough
simplediffusion,butavascularbloodsupplyisrequiredfor
furthergrowth(Ferrara,2004).Anewbloodsupplynormally

isrecruitedfromneighboringmaturevasculature,which
formsnewbloodvesselsthatgrowtowardandeventually
intothetumor.Thetransitionofasmallavasculartumorto
alargevascularizedtumorwithincreasedgrowthpotential
isknownasan“angiogenicswitch.”Theangiogenicswitch
istriggeredbyanincreaseinproangiogenicfactors,suchas
vascularendothelialgrowthfactor(VEGF),basicfibroblast
growthfactor,andtransforminggrowthfactor-alpha,and
adecreaseinantiangiogenicfactors,includingangiostatin,
endostatin,andthrombospondin(Ferrara&Kerbel,2005),
asseeninFigure1.
VEGF,alsoknownasVEGF-A,hasemergedasakeyan-
giogenicfactorinvolvedinregulatingtheangiogenicswitch.
VEGFisaligandthathasnumerousrolesinangiogenesis.
Forexample,itdirectlyincreasesthepermeabilityofblood
vesselsthatmaycontributetoangiogenesisandtumorgrowth.
Inaddition,VEGFpromotesangiogenesisbybindingtotwo
receptors,VEGFR-1(Flt-1)andVEGFR-2(Flk-1/KDR).The
receptorsarefoundpredominantlyonthesurfaceofendothelial
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cellsthatformtheliningofbloodvessels(Gerber&Ferrara,
2005).BindingofVEGFtoitsreceptorsactivatesintracellular
signaltransductionpathways,whichpromoteendothelialcell
proliferationandsurvival,resultinginnewbloodvesselforma-
tion.Thenewvasculaturenotonlyallowstheprimarytumor
togrow,butalsoprovidestheopportunityfortumorcellsto
accessthecirculation,enablingmetastaticspread.
ManytumorsoverexpressVEGF,includingcancersofthe
colon,lung,breast,andkidney.Increasedexpressionhasbeen
showntocorrelatewithhightumorvascularity,invasiveness,
metastasis,increasedriskofdiseaserecurrence,anddecreased
survival(Ferrara&Davis-Smyth,1997).Therefore,thepivot-
alroleofVEGFintumorgrowthandmetastasishasprovided
therationalefortargetingthemoleculeincancertherapy.
AnumberofstrategieshavebeendevelopedtotargetVEGF.
Themostprogresshasbeenmadewithmonoclonalantibodies
andtyrosinekinaseinhibitors.Monoclonalantibodiestarget
theVEGFligand,blockingVEGFfrombindingtoitsrecep-
tor,whereastyrosinekinaseinhibitorsblockthereceptor(s),
preventingintracellularsignaling.Bevacizumab(Avastin,
GenentechBioOncology,Inc.),ahumanizedmonoclonalan-
tibodydirectedagainstVEGF,isthefirstantiangiogenicagent
tobeapprovedasananticancertherapy.In2004,theU.S.
FoodandDrugAdministration(FDA)approvedbevacizumab
incombinationwithIV5-fluorouracil(5-FU)–basedche-
motherapyforpatientswithpreviouslyuntreatedmetastatic
colorectalcancer,makingasignificantimpactonthetreatment
ofthedisease.Approvaloftheagentwasbasedprimarilyon
datademonstratingthatpatientstreatedwithbevacizumab
plusirinotecan,5-FU,andleucovorin(LV)chemotherapy
(IFL)survivedapproximatelyfivemonthslongercompared
withpatientstreatedwithchemotherapyalone(Hurwitzetal.,
2004).Bevacizumabalsohasbeenapprovedasasecond-line
treatmentforpatientswithmetastaticcolorectalcancer.

TheMechanismsofAction
ofBevacizumab

Tounderstandhowcoadministrationofbevacizumabwith
chemotherapycanenhancetheefficacyofstandardtreat-
ments,healthcareprofessionalsmustdifferentiatebetween
normalvasculatureandtumorvasculature(seeFigure2).
Tumorvasculatureshowsstrikingstructuralandfunctional
differencescomparedwithitsnormal,healthycounterpart.
Duringtumorangiogenesis,theimbalancebetweenpro-and
antiangiogenicfactorsresultsinrapidgrowthofbloodvessels
(Jain,2005).Theresultingtumorvasculatureisdilatedand
irregularlyshapedandresemblesimmaturebloodvessels.
Thestructuralabnormalitiescontributetoirregulartumor
bloodflowandincreasedinterstitialfluidpressure,which,
inturn,reducechemotherapydeliverytothetumor,limiting
itseffectiveness(Jain).Bevacizumabactivityisnotaffected
appreciablybyincreasedinterstitialfluidpressurearoundthe
tumorbecauseitdoesnotneedtoreachorpenetratetumor
tissueitself,onlytheimmediatevascularenvironment.How-
ever,bevacizumabmayenhancetheeffectofchemotherapy
by“normalizing”orpruninginefficientandimmatureblood
vessels.Thiscreatesimprovedconditionsforchemotherapy
accessibilityandgreaterpenetrationintothetumorresulting
inimprovedclinicaloutcomes(Huetal.,2002;Sweeneyet
al.,2001;Wildiersetal.,2003).
Bevacizumabalsohasbeenshowntohavedirecttumor
antivasculareffectsbecauseitcausesregressionofexisting
microvesselsandinhibitstheneovascularizationnecessary
forthegrowthoftumorsbeyond2mm.Preclinicalstudies
showedthatanti-VEGFmonoclonalantibodiesreducedtumor
vesseldiameterandmadebloodvesselslesstortuousinvarious
animalmodels(Yuanetal.,1996).Clinicalstudiesconfirmed
thedirectantivascularactivityinhumancancer(Willettet
al.,2004).Asingleinfusionofbevacizumabinpatientswith
rectalcarcinomadecreasedvolumeofbloodflow,microvessel
density,andinterstitialfluidpressureandnormalizedtumor
vasculature.

Figure1.TheAngiogenicSwitch

Angiogenesisswitchedon

=Proangiogenicfactors(e.g.,vascularendothelialgrowthfactor
(VEGF),basicfibroblastgrowthfactor,transforminggrowthfac-
tor-a)
=Antiangiogenicfactors(e.g.,endostatin,angiostatin,thrombo-
spondin-1)

Note.Themechanismcontrollingangiogenesisisreferredtoastheangio-
genicswitch.Thebalancebetweenpro-andantiangiogenicfactorsisshifted.
IncreasesinthelevelofproangiogenicfactorssuchasVEGFcanactivatethe
switch,leadingtothegrowthofnewbloodvessels.

Figure2.NormalandTumorVasculature

Note.Tumorvasculatureshowsstrikingstructuralandfunctionaldifferences
comparedwithitsnormalhealthycounterpart.Tumorvasculatureischarac-
terizedbyhighpermeability,irregularshapes,andaninsufficientnumberof
supportingcells.Thesestructuralabnormalitiescontributetoirregulartumor
bloodflowandincreasedinterstitialfluidpressure,reducingdeliveryofche-
motherapyintothetumor.
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Bypreventingtumorgrowthandneovascularization,bevaci-
zumabexertsaprimarilycytostaticeffect.Thismayservepa-
tientsintermsofoverallsurvivalandprogression-freesurvival
ratherthanactualtumorshrinkage.Importantly,theresponse-
independentsurvivalbenefitwasobservedinaretrospective,
exploratoryanalysisinpatientswithmetastaticcolorectal
cancer(Mass,Sarkar,Holden,&Hurwitz,2005).Masset
al.showedthatpatientswhodidnotrespondtobevacizumab
treatment,asmeasuredwiththeResponseEvaluationCriteria
inSolidTumors,wereneverthelessabletoderiveclinicalben-
efitintermsofprogression-freesurvivalandoverallsurvival.
Thedatasuggestthatdiscontinuingbevacizumabinpatients
whodonothaveanobjectivetumorresponsemaycompromise
theclinicalbenefitwithrespecttooverallsurvival.

ClinicalTrialUpdate
FollowingthepivotalbevacizumabphaseIIItrialinpatients
withmetastaticcolorectalcancer,moretrialshaveevaluated
bevacizumabnotonlyinthetreatmentofmetastaticcolorec-
talcancer,butalsoinothertumortypes.Thefeasibilityof
theuseofbevacizumabhasbeenexploredincombination
withstandardchemotherapyregimens,aswellaswithother
modalitieswithdifferentmechanismsofactionsuchasother
targetedagents.EfficacyandsafetydataofrecentphaseIII
clinicaltrialsandotherkeystudiesinmetastaticcolorectal
cancer,advancednon-smallcelllungcancer(NSCLC),and
metastaticbreastcanceraresummarizedinTable1.

BevacizumabinMetastaticColorectalCancer
Bevacizumabisapprovedincombinationwith5-FU–based
therapyasfirst-linetherapyformetastaticcolorectalcancer
andnowisthestandardofcare.Itisusedmostcommonlyin
combinationwithinfusional5-FU–basedregimenssuchas
FOLFOX(5-FU/LVplusoxaliplatin)(Kozloffetal.,2006),
whicharemoreeffectivethanbolus5-FU–basedregimens
suchasIFL(Goldbergetal.,2004).
TheEasternCooperativeOncologyGroup(ECOG)random-
izedphaseIIItrialassessedtheclinicalbenefitofFOLFOX4
plusbevacizumab(10mg/kgevery14days)in579patients
withpreviouslytreatedmetastaticcolorectalcancer(Gianto-
nioetal.,2005).Theadditionofbevacizumabsignificantly
increasedoverallsurvival(12.9versus10.8months),progres-
sion-freesurvival(7.2versus4.8months),andresponserate
(21.8%versus9.2%)comparedwithFOLFOXalone(see
Table1).
Treatmentoptionsarelimitedforpatientswhohavere-
lapsedonirinotecan-oroxaliplatin-basedchemotherapy;
clinicalstudieshaveshownthatbevacizumabplus5-FU/LV
isaviableoptionforsuchpatients(Hurwitzetal.,2005;
Kabbinavaretal.,2005).Anotherapproachthatmayhave
potentialforpreviouslytreatedpatientsisthesimultaneous
inhibitionofpathwaysinvolvedintumorgrowthanddevel-
opment,usingtargetedagentswithdifferentmechanismsof
action.TheBOND-2clinicaltrialassessedthefeasibilityof
dualpathwayinhibitionwithtwosuchtargetedagents,beva-
cizumabandcetuximab,inpatientswithpreviouslytreated
metastaticcolorectalcancer(Saltzetal.,2005).Cetuximab,
arecombinantmonoclonalantibodythattargetsanother
proteinimplicatedincancer,thehumanepidermalgrowth
factorreceptor,isapprovedforuseinpatientswithprevi-
ouslytreatedmetastaticcolorectalcancereitherincombina-

tionwithirinotecanorasmonotherapyifpatientsareunable
totolerateirinotecan.Combinationtherapywithtargeted
agentsmaybeavalidoptionforpatientswhohaverelapsed
onchemotherapy.

BevacizumabinOtherSolidTumorTypes
Theefficacyofbevacizumabalsohasbeenevaluated
inanumberofothersolidtumors,includingNSCLCand
metastaticbreastcancer.AnEasternCooperativeOncology
GrouprandomizedphaseIIItrial(E4599)demonstratedthat
theadditionofbevacizumab(15mg/kgeverythreeweeks)to
paclitaxel/carboplatin(thecurrentstandardofcare)increased
responserate(27.2%versus10.0%),progression-freesurvival
(6.4monthsversus4.5months),andoverallsurvival(12.5
monthsversus10.2months)comparedwithpaclitaxel/car-
boplatinaloneinpatientswithpreviouslyuntreatedadvanced
non-squamousNSCLC(Sandleretal.,2005).Basedonthe
data,bevacizumabincombinationwithcarboplatin/paclitaxel
isnowthenewECOGreferencestandardforpatientswith
previouslyuntreatedadvancedNSCLC(Sandleretal.).
AnECOGrandomizedphaseIIItrialalsodemonstrated
thattheadditionofbevacizumab(10mg/kgeverytwoweeks)
topaclitaxelsignificantlyimprovedresponserates(29.9%
versus13.8%)andprogression-freesurvival(11.40versus
6.11months)comparedwithpaclitaxelaloneinpatientswith
previouslyuntreatedmetastaticbreastcancer(Milleretal.,
2005b).Interimresultssuggestthatbevacizumabalsomay
increaseoverallsurvival,althoughthefindingsneedtobe
confirmed.
Inaddition,bevacizumabhasbeenassessedinrenalcell,
ovarian,pancreatic,hepatocellular,andgastriccancers.The
studiesexaminedbevacizumabasmonotherapyorincombi-
nationwithstandardtherapyorwithothertargetedagents.
Preliminaryfindingsareencouraging.Ongoingandplanned
studieswillprovidefurtherinformationontheefficacyof
bevacizumabinsuchtumortypes.

Dose
Therecommendeddoseofbevacizumab,incombination
withIV5-FU–basedchemotherapy,asfirst-linetherapyfor
patientswithmetastaticcolorectalcanceris5mg/kggiven
onceevery14daysasanIVinfusionuntildiseaseprogres-
sionisdetected(Genentech,Inc.,2005).Bevacizumabdoes
notappeartodisplayaconsistentdose-responserelationship.
Thus,theaimforantiangiogenicagents,suchasbevacizumab,
istoachieveanoptimalbiologicallyactivedoseratherthan
tofindthemaximumtolerateddose,whichisneededfortra-
ditionalchemotherapyagents.Indeed,antiangiogenicagents
mayneedlong-term,continuousadministrationtoreach
maximumefficacy(Bergsland&Dickler,2004).Dosage
levelsemployedinphaseIItrialsofbevacizumabinpatients
withvariousadvanced,solidtumorshaverangedfrom3–20
mg/kgadministeredeverytwoorthreeweeks.However,in
allstudiesoutsidefirst-linemetastaticcolorectalcancer,the
dosethathasbeendemonstratedtobeefficaciousis5mg/kg
perweekequivalent.Therefore,ifbevacizumabisgivenevery
twoweeks,thedoseis10mg/kg;ifbevacizumabisgiven
everythreeweeks,thedoseis15mg/kg(Genentech,Inc.;
Giantonioetal.,2005;Sandleretal.,2005).Furtherstudies
mayberequiredtodefinetheoptimalbevacizumabdosein
varioustumortypesandsettings.
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Currently,noreliablemarkerofbevacizumabactivityhas
beenidentified.OneobviousmarkerisVEGF;however,a
relationshipbetweenplasmaVEGFconcentrationandbeva-
cizumab’ssurvivalbenefitwasnotobservedinpatientswith
metastaticcolorectalcancer(Holden,Ryan,Kearns,Holmgren,
&Hurwitz,2005).ElevatedVEGFlevelsareprognostic,but
theyhavenotbeendemonstratedtobepredictiveofresponse
tobevacizumab-containingtherapy;therefore,thesearchfor
areliablemarkercontinues.

AdverseEvents
AssociatedWithBevacizumab

Nurseshaveasignificantroleintheidentificationandmanage-
mentofsideeffectsassociatedwithcancertherapy(Rosiak&
Sadowski,2005).Intheory,inhibitingtumorangiogenesiswith
targetedanti-VEGFtherapyshouldresultinlessnonspecific
toxicitycomparedwithcytotoxicagents(Fernando&Hurwitz,
2004).Bevacizumabhasnotbeenassociatedwiththesideeffects
typicallyassociatedwithchemotherapy,suchasfatigue,hair
loss,andbonemarrowsuppression,althoughthesideeffectsstill
occurwhenbevacizumabisusedincombinationwithchemo-
therapy.Althoughconsideredtohaveapositiverisk-to-benefitra-
tio,treatmentwithbevacizumabisassociatedwithadverseevents
thatmayormaynotberelatedtoitsmechanismsofaction.

Bevacizumabhasbeengenerallywelltoleratedinallof
thetrialsdiscussedearlier.Theadverseeventsobservedwith
bevacizumabcanbedividedintocommonlyobservedside
effects,includinghypertension,proteinuria,andminorbleed-
ing,andseriousbutrareadverseevents,suchashemoptysis,
bowelperforations,arterialthromboembolicevents,and
wound-healingcomplications.

Hypertension
Hypertensionwasreportedinallstudiesinvolvingbevaci-
zumab.Theprescribinginformationforbevacizumabindicates
thethatincidenceofhypertension(definedassystolicblood
pressure>150mmHganddiastolicpressure>100mmHg)
amongpatientswithmetastaticcolorectalcancerreceiving
bevacizumabplusIFLwas60%,comparedwith43%observed
inpatientsnotreceivingbevacizumab(Genentech,Inc.,2005).
Severehypertension(definedassystolicbloodpressure>200
mmHganddiastolicpressure>110mmHg)wasnearly7%
inbevacizumab-treatedpatients,comparedwith2%inthe
placebogroup(Genentech,Inc.).Thedataincludeallpatients
witheitherasystolicordiastolicreadinggreaterthanthestated
valuesononeormoreoccasions.IntheHurwitzetal.(2004)
phaseIIItrial,NationalCancerInstituteCommonToxicity
Criteriaversion2.0wereusedtogradesideeffects.Theoverall
incidenceofhypertension(ofanygrade)was22.4%inthebe-

    Progression-Free Complete
   Overall Survival(PFS)orTime Response
TumorType   Survival toProgression(TTP) PlusPartial
(TrialName) Authors Regimen (Months) (Months) Response

Table1.OngoingBevacizumab(BV)ClinicalTrialsinAdvancedorMetastaticCancers

Colorectalcancer
(TREE-2)

Colorectalcancer
Colorectalcancer
Colorectalcancer

(E3200)
Colorectalcancer

(BOND-2)



Non-smallcelllung
cancer(E4599)

Breastcancer
(E2100)

Hochsteretal.,2006

Bendelletal.,2006
Kopetzetal.,2006
Giantonioetal.,2005

Saltzetal.,2005,
2006

Sandleretal.,2005

Milleretal.,2005b

BV+mFOLFOX6
BV+bFOL
BV+CapeOx
BV+CapeOx
BV+FOLFIRI
BV+FOLFOX4vsFOLFOX4

BV+cetuximabversus
historicalcontrol(cetux-
imab)

BV+cetuximab/irinotecan
versushistoricalcontrol
(cetuximab/irinotecan)

BV+paclitaxel/carboplatin
versuspaclitaxel/carbo-
platin

BV+paclitaxelversus
paclitaxel

26.0(19.2)a

20.7(17.9)a

27.0(17.2)a

Notapplicable
Notapplicable
12.9versus10.8

Notapplicable

Notapplicable

12.5versus10.2

28.4versus25.2

TTP:9.9(8.4)a

TTP:8.3(6.9)a

TTP:10.3(5.9)a

PFS:10.7
PFS:12.5
PFS:7.2versus4.8

TTP:7.9versus4.0

TTP:5.6versus1.5

PFS:6.4versus4.5

PFS:11.4versus6.11

53%(43%)a

41%(22%)a

48%(35%)a

53%
74%
21.8%versus9.2%

37%versus23%

20%versus11%

27.2%versus10.0%

29.9%versus13.8%

aThesefindingswerecomparedwithdatafromTREE1,acomparisonofthesamechemotherapyregimenswithoutBV.
Note.bFOL—oxaliplatin85mg/m2everytwoweeks,leucovorin20mg/m2IVbolus,and5-FU500mg/m2IVbolusondays1,8,and15everyfourweeks;
CapeOx—oxaliplatin130mg/m2andcapecitabine1,000mg/m2ondays1–14everythreeweeks;cetuximabandcetuximab+irinotecan—cetuximab400mg/m2
loadingdose,then250mg/m2weekly,irinotecanatsamedoseandscheduleaslastgivenpriortostudyentry;FOLFIRI—irinotecan180mg/m2onday1,leu-
covorin400mg/m2onday1,5-FU400mg/m2IVbolusonday1followedby5-FU2,400–3,000mg/m2over46hourseverytwoweeks;FOLFOX4—oxaliplatin85
mg/m2onday1,leucovorin200mg/m2ondays1and2,and5-fluorouracil(5-FU)400mg/m2IVbolusfollowedby600mg/m2IVover22hoursondays1and2
everytwoweeks;mFOLFOX6—oxaliplatin85mg/m2onday1,leucovorin350mg/m2onday1;5-FU400mg/m2IVbolusonday1followedby2,400mg/m2via
IVover46hourseverytwoweeks;paclitaxel—90mg/m2ondays1,8,and15everyfourweeks;paclitaxel/carboplatin—paclitaxel200mg/m2,carboplatinarea
underthecurve=6onday1everythreeweeks.
Note.AccordingtoResponseEvaluationCriteriainSolidTumors,completeresponseisdefinedasdisappearanceofalldetectabletumor,partialresponseisdefined
asatleast30%tumorshrinkage,progressivediseaseisdefinedas20%increaseintumorgrowthorappearanceofnewtumors,andstablediseaseisdefinedas
neithersufficienttumorshrinkagetoqualifyforpartialresponsenorsufficientincreasetoqualifyforprogressivedisease.
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vacizumabplusIFLgroup,versus8.3%intheplacebogroup;
theincidenceofgrade3hypertension(requiringtherapyor
moreintensivetherapythanpreviouslyused)was11%versus
8.3%,respectively.Nohypertensivecrises(grade4hyperten-
sion)werereportedineithergroup.

Proteinuria
Anincreaseintheincidenceandseverityofproteinuriahas
beenobservedinpatientsreceivingbevacizumab,althoughit
wasmainlymildtomoderateinseverity(Kabbinavaretal.,
2003;Yangetal.,2003).Inaddition,themajorityofpatients
whodevelopedneworincreasedproteinuriawereasymptom-
atic(Yangetal.).Interestingly,reporteddatafromthepivotal
phaseIIItrialincolorectalcancersuggestedthatseverepro-
teinuriaisnotincreasedinpatientsreceivingbevacizumab
plusstandardchemotherapy(Hurwitzetal.,2004).

Bleeding
Twotypesofbleedinghavebeenidentifiedduringbevaci-
zumabtherapy(Genentech,Inc.,2005;Johnsonetal.,2004).
Thefirst,andmorecommonlyobserved,wasminorbleeding
suchasepistaxis.Thesecond,moreserioustypeofbleeding
wasrarebutsometimesresultedinlife-threatening,hemor-
rhagiceventsandoccurredprimarilyinpatientswithNSCLC.
Fiveof420patients(1.2%)withNSCLCreportedserioushem-
orrhagicevents,themajoritypresentingashemoptysis(Sandler
etal.,2005).Theeventsoccurreddespitepatientselectionfor
nonsquamouscellhistology,whichisthoughttohavealower
riskforpulmonaryhemorrhagiceventsbasedonaprevioustrial
(Johnsonetal.,2004).However,noserioushemorrhagicevents
wereseeninthemetastaticcolorectalcancerstudies.

BowelPerforation
Rarecasesofbowelperforationsfirstwerereportedin1.5%
ofpatientsbeingtreatedwithbevacizumabformetastatic
colorectalcancer(Hurwitzetal.,2004),consistentwithfind-
ingslaterreportedbyGiantonioetal.(2005)andtheBRiTE
study(Kozloffetal.,2006).IntheBRiTEstudy,aninterim
analysisshowedthatspecificbaselinecharacteristics(primary
tumorintact,recentpriorhistoryofsigmoidoscopyorcolo-
noscopy,orprioradjuvantradiotherapy)appearedtoresult
inaslightlyhigherincidenceofbowelperforation(Sugrue
etal.,2006).Inaddition,mosteventsoccurredearly(52%of
patientsreportedbowelperforationsinthefirstthreemonths
oftreatment).Thefindingsaresupportedbypreliminaryre-
sultsfromthefirstBEATstudy(aninternationalobservational
studythatenrolled1,927patientsin41countries),whichalso
showedthatpatientswithoutresectionoftheprimarytumor
mayhaveasmallincreasedriskofbowelperforationand
gastrointestinalbleeding(Kretzschmaretal.,2006).

ArterialThromboticEvents
Ananalysisoffiverandomizedbevacizumabclinicaltrials
inadvancedormetastaticcancers(metastaticcolorectalcancer,
advancedNSCLC,andmetastaticbreastcancer)notedthat
arterialthromboticeventswereincreasedinpatientsreceiving
bevacizumabpluschemotherapy(3.8%),comparedwiththose
receivingchemotherapyalone(1.7%)(hazardratio=1.99;
p=0.03)(Skillingsetal.,2005).Arterialthromoboticevents
wereeithercerebro-orcardiovasculareventssuchasstroke,
transientischemicattack,myocardialinfarction,angina,and
arterialthrombosis.Riskfactorsincludedapriorhistoryof

arterialthromoboticeventsandageof65yearsormore
(Skillingsetal.).Bevacizumabprovidesaconsistentsurvival
benefitinpatientswithmetastaticcolorectalcancerinall
prespecifiedsubgroups,includingthosewithanincreased
riskofarterialthromoboticevents.Importantly,venous
thrombosiswasnotincreasedbytheuseofbevacizumab
(Novotnyetal.,2004).

Wound-HealingComplications
Apotentialdifficultyassociatedwiththeuseofanantiangio-
genicagentsuchasbevacizumabistheriskofdelayedwound
healinginpatientsundergoingsurgery.Findingsfromthefirst
BEATstudyshowedthatminorsurgerysuchasimplantation
ofavenousaccessdevicedoesnotresultinincreasedriskof
wound-healingcomplications(Berryetal.,2006a).
However,analysisofpostoperativewound-healingcompli-
cationsamongpatientswithmetastaticcolorectalcancerwho
underwentmajorsurgerysuggeststhatbevacizumabtherapy
maybeassociatedwithaslightlyincreasedriskofwound
healinginpatientsundergoingsurgicalproceduresduringthe
courseoftreatment(Scappaticcietal.,2005).Asafeinterval
betweenterminationofbevacizumabandsubsequentsurgery
hasnotyetbeendetermined,butbecauseofthepotentialfor
impairedwoundhealing,bevacizumabtherapyshouldbe
suspendedforseveralweeksbeforeelectivesurgery(therec-
ommendationisbasedonbevacizumab’shalf-lifeof21days)
(Genentech,Inc.,2005).Similarly,theappropriateinterval
betweenmajorsurgeryandinitiationofbevacizumabtherapy
hasnotbeendetermined;however,bevacizumabshouldnot
beinitiatedforatleast28daysanduntilthewoundisfully
healed(Genentech,Inc.).Noseriouspostoperativewound
healingproblemswereobservedinpatientswhounderwent
surgery28–60dayspriortostartingbevacizumabtherapy
(Scappaticcietal.,2005).
Becausetheoptimaluseofbevacizumabrequiresprolonged
periodsofadministration,theincidenceoftoxicitiesrequires
furtherstudy.Theoverallsafetyprofileofbevacizumabin
patientswithmetastaticcolorectalcancerisbeingevaluated
intheBRiTEandfirstBEATobservationalstudies(Berry
etal.,2006b;Hedricketal.,2006).Interimanalysesfrom
thestudiesshowedthatthesafetyprofileofbevacizumabin
combinationwithvariouschemotherapiesusedinpreviously
untreatedpatientsappearstobeconsistentwiththatobserved
inthelargephaseIIItrials(Berryetal.,2006b;Hedricketal.;
Hurwitzetal.,2004).Datafromthetrialswillhelpelucidate
thesafetyprofileandefficacyofbevacizumabincombination
withdifferentchemotherapyregimens.

NursingManagement
ofBevacizumab-RelatedAdverseEvents
Theeffectivemanagementoftherapy-relatedadverseeventsis
importantforthewell-beingofpatientsandtheirfamilies.This
isespeciallyrelevantwithrespecttobiologicagentsbecause
anyinformationnursesobtainfrompatientscanbesignificant
indefiningthetoxicityprofileoftheagents(Reiger,2001).
Nursesalsoplayacrucialroleinpatienteducation,encourag-
ingmoreaccuratereportingofadverseeventsand,therefore,
bettermanagement.Advancedpracticenursesalsomayhave
prescriptiveauthoritytoselectandprescribeindicatedtreatments
forcommonlyoccurringbevacizumab-relatedevents,suchas
hypertension.Thefollowingsectionhasrecommendationsfor
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themanagementofeventsrelatedtotheuseofbevacizumab.The
recommendationsalsoaresummarizedinFigure3.

Hypertension
Promptnursinginterventionsandaplanforcareareneeded
tomanagepatientswithhypertension.Nursesmeasureblood
pressurebeforetreatmentinitiationandeverytwoorthree
weeksduringbevacizumabtreatment;patientswhodevelop
hypertensionmayrequirebloodpressuremonitoringatmore
frequentintervals(Genentech,Inc.,2005).Formanagement
ofhypertension,standardoralantihypertensiveagentssuch
ascalcium-channelblockers,angiotensin-converting-enzyme
inhibitors,anddiureticsmaybeprescribed(Hurwitzetal.,
2004).Hypertensiontreatmentmayneedtobeadjustedto
maintainnormalbloodpressureinpatientsalreadytakingan-
tihypertensives.Bevacizumabshouldbesuspendedtemporar-
ilyforpatientswithseverehypertension(>200/110mmHg)

thatisnotcontrolledwithantihypertensivesandshouldbe
discontinuedinpatientswithhypertensivecrisis(Genentech,
Inc.),withcontinuedregularbloodpressuremonitoring.

Proteinuria
Patientsreceivingbevacizumabshouldundergoserial
monitoringforproteinlevelspriortoandduringbevacizumab
therapy.Regularassessmentofproteinuriaisrequiredbecause
hydrationandnutritionaffecturinedensityandvolume.In
addition,comorbiditiesthatcancontributetoproteinuria,such
ashypertensionanddiabetes,shouldbeconsidered.Bevaci-
zumabshouldbediscontinuedpermanentlyinpatientswith
nephroticsyndrome(renaldiseasethatischaracterizedby
veryhighlevelsofproteininurine,edema,highcholesterol
levels,hypoalbuminemia,andhypercoagulability).
Althoughproteinuriatraditionallyisassessedbyurinary
dipstickor24-hoururinalysis,currentclinicaltrialsareem-

Monitoring
method

Observations

Actions


Observations

Actions

Hypertension
Infusion-related

hypersensitivityreactions

Bloodpressure
measuredevery

twotothreeweeks

Bleeding Adversethrombolyticevents(ATEs)

Proteinuria

Bowelperforations

<150mmHg
systolicand
100mmHg

diastolic
(normal
blood

pressure)

Severepulmonary
hemorrhage,he-

moptysis,gastroin-
testinalhemorrhage

150–200
mmHg

systolicand
100–110
mmHg

diastolic
(hypertension)

>200mmHg
systolicand
110mmHg

diastolic
(severe

hypertension)

>150mmHg
systolicand
100mmHg

diastolic(hy-
pertension)
withacute,

life-threaten-
ingsymptoms

Urinarydipstickorurine
protein:creatinineratio

everytwotothreecycles

<2gprotein
per24hours

>2gprotein
per24hours
(proteinuria)

Givepromptmedical
attentionanddiscon-
tinuebevacizumab.

Administer
oralantihy-
pertensives.

Increase
monitoring

asmedically
appropriate.

Administer
oralantihy-
pertensives.

Increase
monitoring

asmedically
appropriate.

Suspend
bevacizumab
ifbloodpres-

sureisnot
reduced.

Monitor
blood

pressure
regularly.

Monitoras
medically

appropriate.

Oralantihy-
pertensives;
discontinue

bevacizumab.

Newonsetor
worseningATE(i.e.,

stroke,transient
ischemicattack,

myocardialinfarc-
tion,angina,orarte-

rialthrombosis)

Suspend
bevacizumab
andmonitor

regularly.

Restart
bevacizumab
whenprotein
levelis<2g
per24hours.

Nephrotic
syndromeor
renaldisease

Discontinue
bevacizumab.

Continueto
monitoras
medically

appropriate
forresolution
ofnephrotic
syndrome.

Symptommonitoring
(i.e.,fever,chills,

rigors,andmyalgias)

Mildhyper-
sensitivity
reaction

Administer
anti-inflamma-

toryagents.

Adequate
information
onrechal-

lengeisnot
available.

Abdominalpain
associatedwithnau-
seaorconstipation
requiringmedical
and/orsurgical

intervention

Discontinue
bevacizumab.

Severehy-
persensitivity

reaction

Interrupt
bevacizumab
infusionand
administer

epinephrine.

Monitorhemo-
dynamicstatus
andvitalsigns
untilpatientis

stable.

Adequate
information
onrechal-

lengeisnot
available.

Discontinue
bevacizumab.

Figure3.SeriousAdverseEvents
Note.BasedoninformationfromGenentech,Inc.,2005;Gobel,2005;Hurwitzetal.,2004.
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ployingurineprotein:creatinine(UPC)ratio.UPCratiohas
beencorrelatedwith24-hoururinalysisresultsinpatientswith
renaldisease(Carroll&Temte,2000;Ralstonetal.,1988;
Rodbyetal.,1995;Saudan,Brown,Farrell,&Shaw,1997).

Bleeding
Nursesmusteducatepatientsaboutthemanagementof
minorbleeding(e.g.,forepistaxis,pressureshouldbeapplied
tothebridgeofthenose)andtheimportanceofreportingany
bleedingevents(Wilkes,2005).Eventssuchasepistaxismay
notneedtreatmentiftheylastlessthanfiveminutesandre-
solvespontaneously.Low-doseaspirin(<325mgperday)in
combinationwithbevacizumabdoesnotfurtherincreasethe
riskofbleedingeventsinpatientswithmetastaticcolorectal
cancer(Hambletonetal.,2005).Ifrequired,low-doseaspirin
ornonsteroidalanti-inflammatorymedicationsmaybegiven
topatients,exceptthosewithNSCLCorwithahistoryof
bleedingdiathesis(Franson&Lapka,2005).Moreseriouspat-
ternsofhemorrhagesuchaspulmonary(e.g.,hemoptysis)and
gastrointestinalhemorrhagerequirepromptmedicalattention
anddiscontinuationofbevacizumab(Genentech,Inc.,2005).
Patientswithadispositionforbleedingorwithcentralnervous
systemmetastasesshouldnotreceivebevacizumabtherapy.

Thrombosis
Symptomsofthrombosisincludeanynewswellingorchanges
inthelegsorthighs,painintheabdomen,rapidheartbeat,chest
painorpressure,andincreasedheadachesorvisualdisturbances,
lightheadedness,ordizziness(Wilkes,2005).Forpatientswho
experiencenewonsetofseverearterialthromoboticeventsdur-
ingtreatment,bevacizumabshouldbediscontinuedpermanently
(Genentech,Inc.,2005).Thesafetyofresumptionofbevaci-
zumabafterresolutionofanarterialthromboticeventhasnot
beenevaluated.Low-doseaspirinisusedasstandardtherapy
forprimaryandsecondaryprophylaxisofarterialthromobotic
eventsinhigh-riskpatients.Inoneanalysis,concomitantuseof
low-doseaspirinandbevacizumabdidnotfurtherincreasethe
riskofbleedingevents,butthepotentialeffectofconcomitant
low-doseaspirinuseontheincidenceofarterialthromboembolic
eventsinpatientstreatedwithbevacizumabrequiresadditional
study(Hambletonetal.,2005).Patientswithunstableangina,
coagulopathy,significantperipheralvasculardisease,orahis-
toryofstrokeormyocardialinfarctionwithinsixmonthsshould
notreceivebevacizumab(Genentech,Inc.,2005).

BowelPerforation
Patientsneedtobeinformedofrarereportsofbowelper-
forationsassociatedwithbevacizumabtherapy.Factorsthat
maybeassociatedwithbowelperforationsincludeahistory
ofacutediverticulitis,abscess,obstruction,orabdominalor
pelvicradiation;tumoratthesiteofperforation;abdomi-
nalcarcinomatosis;orunresectedprimarytumor,although
noclearfactorsforincreasedriskhavebeenidentified
(Kretzschmaretal.,2006;Sugrueetal.,2006).Patientsshould
beinstructedtoreportanyabdominalpainassociatedwith
nauseaorconstipation(Wilkes,2005).Bevacizumabshould

bediscontinuedpermanentlyinpatientswhodevelopbowel
perforation(Genentech,Inc.,2005).

InfusionReactions
Bevacizumabinitiallyisinfusedover90minutes.Subsequent
infusionscanbereducedto60minutes,then30minutesifno
infusion-relatedreactionsoccur(Genentech,Inc.,2005;Miller
etal.,2005a).Nosignificantinfusion-relatedsymptomswere
notedintrialswithbevacizumab,andpremedicationisnot
required.Asingleinstitution’spracticeofusing30-minute
infusionsforalldosesofbevacizumab(5mg/kg)resultedin
nohypersensitivityreactionsin464patientswithmetastatic
colorectalcancer(Saltzetal.,2006).Thissuggeststhatbeva-
cizumabcanbeadministeredsafelyasa30-minuteinfusion
withouttheneedfortheinitial90-and60-minuteinfusions,
whichmaybemoreconvenientforpatientsandhospitalstaff.
Althoughbevacizumabisahumanizedmonoclonalan-
tibodyandnotachimericantibody,nursesshouldmonitor
patientsforhypersensitivityreactions,includingfever,chills,
rigors,andmyalgias,duringbevacizumabinfusion(Franson
&Lapka,2005).Ifaninfusionreactionoccurs,theinfusion
shouldbeinterruptedandstandardtherapyadministeredas
forotherbiologicagents.Patientswithmildinfusionreac-
tionsmaybenefitfromoralprednisoneordexamethasone
(Gobel,2005).Epinephrineisstandardtherapyforasevere
hypersensitivityreaction.Althoughnostandarddoseofepi-
nephrineisrecommended,asuggestedprotocolis0.3–0.5
mlsubcutaneouslyofa1:1000aqueousepinephrinesolution
dilutedin10mlofnormalsaline.Thedosecanbeinfused
over5–10minutes,resultinginatotaldoseof10µg(Gobel).
Hemodynamicmonitoringshouldbeobservedcloselyin
patientswithinfusionreactions.Vitalsignsshouldbetaken
everytwotofiveminutesuntilapatientisstableandevery
15minutesthereafter(Gobel).

Conclusion
Theclinicaldevelopmentofbevacizumabhascomea
longwaysincethereleaseofphaseIIIdatainpatientswith
untreatedmetastaticcolorectalcancer.Twoyearslater,phase
IIItrialsofbevacizumabincombinationwithstandardche-
motherapyhavedemonstratedincreasedoverallsurvivalor
progression-freesurvivalinpatientswithmetastaticcolorectal
cancer,advancedNSCLC,andmetastaticbreastcancer.Beva-
cizumabalsoisbeingevaluatedinadjuvanttrialsasapotential
therapyincolorectal,lung,andbreastcancerandinadvanced
stagesofseveralothercancers.Thevalueofbevacizumabin
treatingcancerwillbebetterelucidatedasclinicaltrialdata
becomeavailableandarepresentedatfuturemeetings.Given
theexpandingroleofbevacizumabincancertreatment,nurses
needtoknowhowtousebevacizumab,beawareofpossible
sideeffects,andanticipatenursinginterventions.
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