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SUMMARY  

Purpose Activesurvei比川CeOfpopuJation－basedhealthnetworksmaylmprOVethetime】inessofdetectionofadversedrug  
evems（ADEs）・AclivemonjtorjngrequiTeSSequentialanalysismetho（ls・Ouro切ectiveswereto（1）evaluatetheutilityof  
automatedhealthcareclaimsdatafort－e㌍real－timedrugadverseeventsurvei11anceand（2）identifykeyrnethodological  
issuesrelatedtotheuseofhealthcarecLalmSdatafbrreal－timedrugSafetysun′ei】1al】Ce．  
Methods Weassessedtheability10delectADEs uslnghistoricaldatafromninehealthplansirrvoIvedil－theHMO  
Res？ZtrChNetwork’sCenterforEduca（ionandResearchonTherapeutics（CERT）・AnaIyseswere 

． 

aIldtwopalrSrePreSelltlllg－negativecontro］s’wereanaJyzed．   
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Rcsults Statisticallysigni爺cant（P＜0，05）signalsofexcessriskwerefoundinR）urOrthe丘vedrug－eVentPairsrepresenting  
knownassociations；nOSlgt－aIswerefoundforthenega也vecontroIs・Signalsweredetectedbetween13and39monthsafter  
thestaTtOfsurveillance、TherewassubstantialvariationinthenumberofexposedandexpeCtedeventsatslgnaldetcction，  
Conc】usねns Prospectjve，pehodic evaluation ofroutinely collecteddata can provide populatior）一based estimates of  

medication－relatedadverseevenlratestosupportroutine，timelypost－marketingsurveillanceforseIectedADEs．Copyright  
⑥2007JohnWiley＆Sons，Ltd．   
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ADEsignals．ThegoalsweI●etOuSehjsto）－ica】datato  
（1）evaluatetheutiliLyofautomatedhealthcareclaims  
datafornearreal－timedmgadverseeventsuTVeillance  
and（2）identifykeymethodoIogicalissuesrelatedto  
the use ofhealthcare claims data fbrl・eal－1ime d  

Safetysurveillance．  

METHODS   

Ovgrl壷w  

WeassessedtheabililyofsequentialanalysIStOdetect  
ADEs uslng historicaldata from nine healthplans  
invoIvedin theHMOResearchNetwork’sCenter氏〉r  
EducationandResearch onTherapeutics（CERT）．7  
Multipledrug－eVen【palrSWereSe］ectedfbTanalysIS．  
We de丘ne a‘s．ignal’as a statistically slgni6cant  
association between a dnlg and selected diagnosis  

1i  

themethodologyareTepOrtedandkeymethodologJCa】  
issuesarediscusse正  

両袖／＼・／，り咽Jll／んり川仙ノ－ノりJ‘川り…－・  

The study cohort was drawn from health plaT）  
I71embers who were enrolled at any time from  
lJaTluary2000to31December2005inoneofthe  
nine health plansinvoIvedin the HMO ResearCh  
NetworkCERT・Ther）inehealthp）ansarelocatedin  
di能rentgeographicreglOnSaCrOSStheU．S．   
Eachofthenineparticipatinghealthplanscreated  
fourdatasetscorrespondingto demographic，health  
planenrollment，dispenSlngaJlddiagnosisinformation  
based on speci丘catjons provided by【he study  
COOrdinatlng Center fbr theperiodlJanuary2000  
through31December2005．The demographic且Ie  
coI】（aineddateofbirthandsexandtheenrollment嵐1e  

contained start and stop dates for health plan 
enrollment and an indicator for whether or not the 

mRODUCTION  

Currel】tprOSpeCtivepost－marketingdrugmOnitonng  
intheU．S．reliesprlnCIPallyonpassivesurvei11ance  

Welトrecognizeddrawbacks，includingunderreporting，  
reportingbjas，incompletedataandlimitedinfbrma－  
tionontheexposedpopulationandalackofdenomina－  
tors，therebymakingitdi惰cuJttoknowifthespont2uleOuS  
representanincreaseinincidenceoverbaseL  
Addilior）ally，paSSive surveillance systems  

－  

CannOt prOvide quantitadveinfbrmation about the  
frequencyorrelativeriskofreportedreactions．These  
PrOblems are particularly tl■Oubli－1g for reported  
adverse reactions thatare also commoI】OCCurrenCeS  

intheabsellCeOfthedrugexposure．   
Actjve survei）1ance of health plans populations  
maylmprOVethe timelinessofdetectionofadverse  
drugeVentS（ADEs）．Tbrealizethefullpotentialof  
prospeCtivesurveillance，theaccumulateddrugexpo－  
Sureandeventexperienceshouldbeevaluatedasit  
accumu】ates．Frequer）tprOq）eCtiYemOnitonngrequ）reS  
newcapac）tyLbrextractlnginibrmationfromhealth－  
Caredatasystems，fbraggregatlngLinformation丘om  
multiplesourcesandfbranalyzlngthisinformationin  
a manner that avoids problems associated with  
repeatedstatisticaltestsoTlthesamedata．TheCDC  
SpOnSOred Vaccine Safely Datalink（VSD）has  
described such aprospectivemonitonngsystemfbr  
adversevaccinereactions，uSingdatafiomeighlhealth  
planS・5・6Applying血ismethodologytosurveillance  
fbTADEsisconsjderablymorecomplicatedthanitis  
forvaccines，inpartbecausemanydrugexposuresare  
Chronicorintermittenl，incontrasttovaccineswhich  
are usua11y administered on］y once or Lwice．In  
addition，riskwindows fordrugeXpOSuremay Vary  
COZISiderabJybydrt）gtyPeandlengthofexpost）Te．   
Thisreportdescribesourapplicatio－10fsequential  
aLlalysISwithin a welトdefined population to detecl  
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anditis expected that future active sulVeillance  
studles mlght involve dnlgs with no relevant 
COmparatOr・  

仇如才β血gぴわ∫gn▲，gdα乃〟g叩gCfどdco〟蛸  

We performed analyses that simulated monthly  
prospectivesurveillance・Foreachmonththemaxi一  
mized sequentialprobability ratio test（maxSPRT）  
requlreSinfoITnationaboutthenumberofobserved  
adverse events during the month and the expected  
numberundertheassumpt10nthatthenulJhypothesis  
ofno excessIIskiscorrect．   

D所nitiondincidenteスpOSufY・¶lisstudyfocused  
Onincident users of the drug Ofinterest or the  
comparatoragenL9Tncident usewasde伽ed as a  
dispensingforwhichtherewasr）OOtherdispenslngOf  
thedrugOfinterestoracomparatordrugduringthe  
prior181days（i・e・，181－dayexposure－free period）・  
Memberswhotbiledtomeettheincidentdispenslng  
Criteria，either due to continuous drug eXpOSure Or  
insufficjentmembershiptlme，WereeXCluded丘omthe  
relevantcomparisondruganalyses・Multipleincident  
dispenslngS during the membership period were  
allowed aslol－g aS the requlrement Ofa18l－dav  
exposure－freeperiodwassatisfied・  

member had drug COVerage during the enro11ment  
period・ThedispenSlrlg丘Iecontainedalldispenslng  
records for the cohorts ofinterest andincluded  
dispenSedate，nationaldrugCOdefbrthedispenSlng，  
unitsdispensed，dayssuppliedandgenericnalne・The  
diagrrosisnlecontainedrecordsfora）IambuJatoryand  
lnpatientdiagnosesrecordedonhealthplanautomaled  
claims，includingeachICD－9－CMcoderecorded了date  
ofdiagnosisandanindicatorforwhetherthecarewas  
providediれanlnpatientoroutpatientsettlng・   
Au health plan members who had atJeast on  
membershipperiodwithdrugCOVerageOfgreaterthan  
270dayswereincludedintheanalyses・Membership  
gaps of60days oriess were bridged to create  
continuousmembershipperiods・ForaJlalyticsimpli－  
clty，0nlythe6rstvalidmembershippeTiodwasused・  
The study was apDroved by the hulnan subjects 
commiueesateachhealthplan・  

J）川ぐ・t・l川り州JTJ仙J川′′－JM小川ハ  

We construCted seven drug－eVent palrS tO aSSeSS  
the stability andperformance characteristics ofthe  
rr）ethQdoJogy（Thblel）・The drugTeVentpairs were  
selected by Lhe authors k12003and2004・Five of  
thedrug－eVentpalrSWereSelectedasknownassoci－  
ationsbetweenadrugandaseriousADEandtwowere  
selectedasnegativecontroIsfbrwllichnoassociation  
wasexpected・Therewere atleasttwocomparjson  
cohoIIs fbreachdrug－eVentPair：（a）a11heaJthplan  
members who did not use Lhe dnlg Ofinterest  
（non－uSerS）and（b）allhealth plan members who  
wereincidentusers（definedbelow）ofapre－Selected  
comparison dnlgOrdrugclass・Thecomparisonto  
non－uSerS WaSincJudedbecause activecoTr）ParatOrS  
arenotcommonlyavailableiT）Othersafetysurveiト  
】anceanddataminingactiviLies（e・g・，AERSanalyses）  

TiLblel・Lis（iれgOfa11comparisonsiTICJudedintheeva］uatioTl  

D4initi（）nqf．incldentoutcome・1もbeconsideredarl  
ADE，thediagnosiscodeofinterestwasrequiredtobe  
assignedin anlnpatient settlng；this neednot be a  
criterionforuseofthistechnique，butwasadopte（‖わr  
this demonstratiolltOimprove thelikelihood of  
detectior）OfseriousoccurreTICeS．Additionally、【hese  
ever）tShadtomeetourincidentADEcriteriathatwe  

defincdashavi一一gnOObservedinpaticntoroutpatient  

DrugOrin［ereSt  DrugcompalatOrS  Outcome  t）efinilionofoutcome  

Acutemyocardialinrarction：410・X  
Acuternyocardia】i－1farcljoIl＝410LXX  
Acutel11yOCaTdialinねl■Ction：410・XX  
Angioedema‥a11e∫glC，弧ySite，Wj山  
ulicada：995．I  
Rhabdomyolysis：728．89  
Thrombocytopenia：287・4and287・5  
Ery【hematouscoTlditions‥695・Otoxic  
elγthelTla；695．1eけ山emamultifom－e  

AculemyocardialinfarctiorL  
Acu【emyoca∫dialinfゝrclion  
Acutemyocardialillfarctio11  
Angioedema   

Rhabdol11yOlysIS  
Thrombocytopenia  
Stevens－Jobnsonsyndr（）1ne，  

toxicepiderTna】necroIvsis  

Diclorenac，¶aPrOXen  

Dic】ofenac，llaprOXe月  

Diclofenac．naproxen  
ARBs  

Otber statins 
Fexofもnadineandlorat∂dine  

LoratadjIle  

Celecl）Xib  
R（）fecoxib  

Valdecotiib 
Lisinopril   

CeriYaStatjll  
Ceti∫izine  

Clemastine  

・DiagnosiscodesbasedonICD－9－CMc）assifica－ions・Basedonthcstudycriteria，OnlylnPa（icntdiagnoseswereincltIdedasadverseeve一一tS・  
事象Theserepresentnega－ivecontTOIs；nOaSSOCiationbetweentlledrugandeventwasexpec†edL  
AR臥ang10【ensinnan【agOnisIs・  
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palWOrdruguseTT・Wecalculatedtheprobabilityof  
anincidentAEforapersonexposedtothecomparison  
drugbydividingthenumberofADEduringexposure  
tothecomparisondrugwiththenumberofexposed  
daystothecomparisondrugfbreachhealthplan，SeX  
and age group stratum・We then mulLiplied the  
PrObabilityofanincidentADEamongthecomparison  
druguSerSwithiTleaChhealthplan，SeXandagegroup  
stratumbythenumberofdaysofexposuretothedrug  
ofinterestwitbineach stratum．Thisproductisthe  
numberofincidentADEsexpectedineachstratumif  
members exposedtothedrugOfinteresthad been  
exposedtothecomparator・Thenumberofincident  
ADEs was then summed across the strata to the  
monthlylevelto genel・atethe numberofexpected  
iT）CidentADEspermonth．   

Thisapproachforcalculatingexpectedcountsis  
validifthereis（i）asuf6cientnumberofADEswhe  
exposedtothecomparatordrugand（ii）ifthereare  
COnSiderably more ADEin the comparator group  
（includinghistoricaldata）・   

ForthisprelimlnaryWOrkweuseddatafromthe  
entiTe2000to2005period to calculate expected  
countsthroughoutdlePeriod．Thisbelpedgenerate  
stableexpectedcountsfbrthesepreliminaryanalyses・  
Prospective application of this methodmight use  
historical，COnCurrent Or Self－COntrOIs；allthree  
methods al・e either being used or considered fbr  
VaCCinesafttysurveillance．  

diagれOSeS during the181－dayperiod before the  
incidentdispenslng．  

EZigibleperson－1ime・Foreach comparison eligible  
perSOn－timebeganafterthehrst18トdayexposure－  
freeanddiagnosis－freepedodandendedatthe伝rst  
occurrence ofany ofthe followlng eVentS：end of  
membership，dispenSing ofacomparison drug（fbr  
analysesuslngaCOmparatOrdrug），theBrstobserved  
inpatientdiagnosisofinterest（e・g・，incidentdiagnosis  
ofacutemyocardialinfarCtion（AM7）or31December  
2005（endoftheobservationperiod）・   

Exposed and LmeXPOSedpeTTOn－ti7ne・Eligible perL  
son－time was classified as exposed or unexposed・  
ExposedtimebeganonthedayafteranincideJltdrug  
dispenslngandcontinuedaslongasthememberwas  

，  

dispenslngSWereCOmbinedbasedondayssupplied；  
exposuregapsof14daysorlesswereconsideredto  
representcontinuedmedicationexposure・Unexposed  
person－timewasdetinedasa11eligibleperson－time  
withoutanydrugexposure・  

r－1JJ川／‘山JJ．ぎ（叩…l・‘J‘仙J州＝／…′・‘J・山、‥′ⅢJ・／ん′lニー  

noses．Thenumi）erOfexposedandunexposeddays  
wassummedbystratade触edbyheaJthp】all，mO11th，  
Seモandagegroup（5yeargroupsstartingatOAand  
golngthrough86＋）separately fbr each drug of  
interest and comparator・The nuTnber ofincident  
diagnosesobservedduringexpose（1daysandunex－  
posed days also was summed separately by strata  
deLinedbyhealthplan，mOntb，SeXandagegroup・  

A〃αウ∫ビ∫  

乃e〝∽Ji椚たed、－叩Je〃血′p和みα摘f年和Jわre∫f・Se－  
quentialanalysis12－14isllSedwhentherearerePeated  
looksatdataovertime，OnaCOntinuous，dai1y，Weekly  
or moIltllbasis，aqjustingfor the multiple testlllg  
inherentinthemetbod．WeuseamaxSPRTldeve］oped  
byVSD researchersforuseinvaccinesaftty sur－  
veillance，inthissignaldetectionsLudy・15Thisisa  
refinemen（Oftheclassicalsequentialprobabilityratio  
test12－14in thatit uses a compositealternative  
hypothesis ofrelativerisk＞1ratherthan asIJlgle  
alternatiYe SuCh as relative risk＝2．With tbe  

maxSPRT adrugadverseevents7gnalisgene）’ated  
ifandwhenLheloglikelihoodratio（LLR）reachesa  
criticalvalue．The LLR test statistic at time tis  
calculatedas：  

CαJc〟Jβ血g叩eCrgd c〝〟乃J∫ご CO′岬αJ●f∫クJ＝0†iクか  

useTT．Wecalculatedtheprobabilityofanunexposed  
incidentADEwithineachhealthplan，SeX andage  
groupstratumbydividingthenumberofunexposed  
ir）CidentADEsbythenumberofunexposeddays・We  
then mulLiplied the probability o［an unexposed  
incidenlADE by the number ofexposeddays for  
thedrugOfinterestwithineachhealthplan，SeX，age  
groupandmonthstratum・Thisproductisthenumber  
ofi71CidentADEsexpectedineachstratumifmembers  
exposedtothedrugofinteresthadnotbeenexposed・  
The）1umber ofexpeCtedincide】1t ADEs was then  
Summedtothemonthlyleveltogeneratethenumber  
OfexpeCtedincidentADEspermonth・Thismonthly  
expected count was compared to the number of  
observedincidentADEs．  

P（c∫tRR＝′）  

LLR（り＝maXln          r＞1   P（c′lRR＝1）  

ク加汀′∽Cク叩～ゐ椚わわ幻，α乃dβmg∫（酵α，2007；1¢：1275－12糾  
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Wherec，istheobservednumberof－adverseevents   
upuntilandincludingtlmet．ForthisanalysISuSlnga   
largecohortofhist0日calcontroIsweusedaPoisson  

＿ distributiontoca】culatetheLLR．15  

Cri（icalvalues・ThenuJlhypothesisis，qeCtedthe   
石rst the tbe LLR exceeds a cTiticalvalue，B（i．e．，   

WhenLLR（1）＞B）．TbestablishLhecriticalvalue，ilis   
necessarytospecifythealphalevel，Whichwechoseto   
beO．05，andapre－SPeCi色edupperlimitontheleflgth   
of surveillance defined in terms of the expected 
number of observations（everltS）under the nu11   
hypothesis・Forthisretrospectiveanalysisofmultiple   
COmParisorlS，adifftrentupper！imitwaschosenfc．r   
eachdrug－eVentpalrinsuchawaythatthelengthof   
SurVei11ancewouldbeapproximately72months，but   
WithaminilnumrequlrementOffiveexpectedevents   
underthenull．Thecriticalvaluesweregeneratedvia   
SimulationsarIdareavailablefromtablesprovidedby   
Kt】11dor仔eiαJ．I5  

generatestableestimates・TheseresultsarepreserlLed  
forillustration aL）d to highlightissues re）ated to  
Selectionofcomparators．   
WT）en－T）fecoxjbuserswerecomparedtonon－uSerS、  
thesignalwasdetectedinmol】th39．with390t）SerVed  

and23expectedAMIs（Figure3）．Thiswas5months  
laterthanwhenrofbcoxibwascomparedtonaproxen．  
Themonthofsignaldetectionwasunchangedfbr山e  
Otherdrug－eVentPalrSWhenthecomparisonwasmade  
agalnSt nOn－uSerS．As showninl払ble 2，eaCh  
COmParison tonon－uSerS WaS based on hundredsif  
r）Otthousandsofobservedoutcomes，therebyprovid－  
1ngStableestimates fbrthecalculaLion ofexpected  
Ol】tCOmeS．  

DISCUSSION  

WeusedheaJthplanautomatedclaimsdatatoconduct  
aproofofprincipleevalualionofaprospectivesafbty  
monitonngsysteml）ndersomeofthecircumstances  
that would applyif this method was applie（l  
prospeCtively．Additionalworkwi11be requil・ed to  
implementthisrnethodfbractivesurveillance．Inthis  
dataset，repreSent）ngaPprOXimately13mi11ionperson  
yearsofexperience，prlnC】PallyinhealthplansthaLare  
relativelyslowadoptersofnewme（1icatiollS，aSlgnal  
Of excess risk was detectedin fo11r OF the 丘ve  

COmParisons ofknown drug－eVent aSSOCiations；We  
didnotobserveaslgnalinthetwonegativecontroIs．  
Our findings support tbe continuedinves［】gation of  
thesedataasapotentia11yimportantcontributionLo  
drugSafetystlrVeillanceuslngSequentialmethods．   
TheintentofsequentialanalysISisLoquicklyan（1  
e用cierltlydetectsignalsofexcessriskthatcanthenbe  
thorough1yinvestlgatedin clhicaltrials orbyother  
availableepidemioJoglCalmethods．Signaldetection  
uslng this methodologyis not a substitute for  
COnlirmatorystudies andisnoLirItended toimply a  
CauSalrelationship．Clearly，SequentialanalysISuSing  
automatedheal山careclaimsdatawillonlvbeusefulif  

ithasreasonablesensitlVltyanddoesnotgeneratear）  
unacceplablenumberoffalsepositives．Onewayto  
reducefa】seposiLivesistoonlyassessriskforthose  
Signalsthatare月aggedinpre－1icensurestudies，Orare  
OfparticularbiologlCrelevance．AdditionaJresearchis  
neededtoinvest】gatethepotentialforfalseslgnaling  
andthefactorsassociatedwithfalseslgna］ing．   
KeyimplementationdecisionsincJudetheidenti→  
伝ca（ionofexposedhealthplanmembers，Selectionof  
COmParatOrS，deteminatjon and de伝nition of ouト  
COmeSandtheclassificationofeligibleperSOn－time．  
Decisions related【o these specifications affbct the  
numberofexposedandunexposeddays aJldevents  

RESUIJ’S  

Theninepart）CIPatinghealthplansextracteddatafrom  
administrative and membership records for over8  
million members overthe6yearstudy period・The  
average membership period ranged from approxi－  
mately800to1500daysacrossthesites：6．lm川ion  
membershadamembersbipofatkast270davsand  
（hereforequaliLiedforinclusionin theanalyscs．   
Table 2 presents summary dala for all study 
COmparisons・AsignalofexcessriskofANⅢamong  
Celecoxib usel’S COmPared to naproxen users was  
identifiediIlmOnth25，with 量30bserved and about  

5expeCtedAMs．ExcessriskofAM†amongroftcoxib  
usersascomparedtonaproxentlSerSWaSide11ti伝edin  
month34with280bservedand15・6expeCtedAMIs  
（Figurel）．Weidentified a signalofexcessriskof  
rhabdomyolysISamOngCerivastatinuserscomparedto  
usersofotherstatir）S，butthesignalappearedafteronJy  
］observedADE・AsexpeCted，Wedidnotidentifya  
Slgnalofexcessrisk fbr the twollegative controI  
COmParisons（Clemastineandcetirizine）・Clemastine  

hadOobservedandlessthanlexpeCtedADEsand  
Cetirizinehad60bservedandabout6expectedADEs  
（Figure2）・   

AJthough aslgr）alwasdetectedforthecelecoxib  
androftcoxibversusdiclofenac，andlisinopri1versus  
ARBs comparisons，therewere few exposedevents  
rT！Ongthecomparators（diclofenacandARBs）・This  

ISIJICOnSistentwiththerequlrementthatthedataused  
to generate expected counts beJarge enough to  
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FiguLel・ObservedandexpeCtedoutcomesforrofecoxibuserscompとtredtonaproxenusers：2OOO－2005，Outcome：aCutemyOCardial  
inrarc【iom．Adjusted丘）rage，Se又andheal血pla工l  

irlCludedin the analyses，therebyinfluenclng the  
timing ofsignaldetection・ForexaJnple，Shortenlng  
theexposureanddiagnosis－freeintervalwi11include  
morepeOpleintheanalysesattheexpe－1SeOfincor－  
POratlngless oftheir pr10r eXpOSure and diagnosis  
eXperlenCe・   

SignaJdetectionus】ngSequentiatanaJys】SiscloseJy  
tied topopulatior）Size：in generaJthe morepeopJe  

included the fasteraslgnalwi11be detected orthe  
SurVeillancewil）bestopped・Forexample，alJthings  
beingequal，doublingthepopulatiol－Shouldhalvethe  
tin－etOSignaldetection．SpeCi丘cationdecisionsa］so  
impactcohortsizeandthosedecisionsthereforemust  
balancethedesiretoincludeas manypeopleinthe  
analysesaspossibJewiththepotentialforconfoundir唱  
andbia5bycomparingdisparategroups．  
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brage，SeXandhea肋plan  
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Jl人・J申／…Jん肌一声川ぐ〃㈹・′JJい／MJりJんけJ  

WefocusedoniTICidenll】SerSWhohadnoexposureto  
thedrugOfinterestoranycomparatordrugSfbrthe  
6monthsbeforetheincidentdispenslng．Ourdecision  
toincludeonlyincidentuserswasmeanttoapproxi－  
matetheintendedapplicationofthemethodology－  
the prospeCtive monitoring of a newly rr）aTketed  
product. Although excluding prevalent users helped 
avoidsomebiases（e．g．，Survivorbias），9itisanopen  
questionastowhetherpreYalentuserscouldalsobe  
usedfbrthistypeOfanalysis．Ourchoiceofa6－mOnth  
exposure－freeperiodislikelyconservativeandother  
periodscouldbereasonablebasedondrug一叩eCificor  
Other factors・In addition，We did not stratifyby  
dosage；Webelievethatthislevelofprecisionwillbe  
importantinconfirmatorystudiesbutlesssoinslgnal  
detection．  

inch）dingconfoundingbyindication，OrCO－mOrbidities，  
incorporatlrlgan aCtivecomparatorwasintendedto  
addresstheseissues andshouldbeconsideredwhen－  

everpossjble，However，theselectionofthbcompara－  
tormaylntrOduceothertreatmentselectioTlbiasesthat  
must be considcred．For this TeaSO】1，it may be  
desirable to perform sinlultaneous evaluation of 
di飴renlcomparatorgroupstobelp】mterpretSi即als．  
1nanyeVent，additionala句ustmentforconfou11dingis  
like†ytobeause知】托伽ementofthismetllOd．   
ExpeCtedcountsofeventsweregeneratedusinga  
COmpalisongroupidenti丘edduringthesameperiodas  
t）SerSOfthedrugOfiI】tereSt（i．e．，COnCurrentCOntrOIs）．  
ProspectiveapplicationofthismethodoIogymay］imit  
thesizeofaconcurr？ntCOntrOlgroup，eSPeCiallyifthe  
CO汀汀Olgroupis ♭ased on anin触quent】y used  
product・Therefore、itwillbeimportanttocarefu11y  
ba】ance血ebenef主【soracoⅢCu汀e－11contro】groupwitb  
thebellehtsofgeneratlngStableexpectedcountsuslng  
historica】exposureandeventdata．IlalsomayprDVe  
desirabletousetheselトcontroIcaseseriesmethodfbr  
somednlgSW油brierex卵Sureintervals・16，17   

♪grg〃扇J∽Jわ〝β〃dd所乃JJわ〝qrO以化0椚g∫  

Selectionofanappropnateoutcomeisanimportarl【  
aspect of studyimplementation．Clinically we11－  
de病ned outcomes are those that can beidenti鮎din  

∫gJecわわ乃q′c（）叩d和才or∫  

WecomparedtheusersofeachdrugOfinteresttoan  
active comparator cohort of heal山plan members  
exposedtoadrugOrdrugClassusedtotreatsimilar  
COnditionsaswellasagroupthatcomprlSeSallnon－  
usersofdledrugofinterest．Althoughwecontrolled  
for age，SeX and health pla11Variation，We did not  
SpeCi侃cally controlfor treatment seleetion bias，  

Copyrigbt◎2∝汀Jobn耶1ey＆So口S，L†d、  P′∽m∽Cく，甲f（お粥わわ幻，βdかmgざ（！声坊2（泊7；1占：1275－1284  

DOI：10．1（相即pds   



1283  EARLY DErECTlON OF ADVERSEl）RUG EVENTS  

medicalc】aimsdatawithahigh1evelofcertaintyalld  
little potentialfbrmisclass摘calion．Tb maximize  
SpeCi6city，WeSelec（edoutcomesthatwereclinically  
Serious aJld that required treatmentin aTllnpatient  
setting・6wespecihedthateachADEwasa’new，  
event，de后ned as not having the same eventin the  
6 months beLbre theincident dispenslng．These  
outcome decisions must be carefully considered to 
balance the speed of signaldetecdon with the  
possibility of false signals. For this demonstration 
WOrk，We did not confirm diagnoses by review of  
medicalrecords，and thereisJikelysomemisclassi一  
再cationbecauseoFthjs・Wean（icIPatethat，inpractice，  
itwi11benecessarytocon畠rmmanyoftheoutcomes  
idend丘ed through diagnosis orprocedure codes bv  
review of氏111text medicalrecordsorothermeans．  

gJ∫g仏Jeクem（，月－Ji椚g  

Class摘cationofeligibleperSOn－timeintoexposedand  

Sure may be conLinuous orintermittent ovel－Jong  
Pedods，aT）dmaymcludeexposuretomultipleagents  
eitherinsequenceorconcomitantly・Assigningdaysas  
exposed，uneXpOSed or non－COntributed for the  
Sequentialanalyses requlreS SUbsLantialclinicaland  
methodoIogicalconsiderationtobalancetheinclusion  
Ofmorepatientsversusthepotentialforconfour）ding  
and bias；additio11al workis needed to more  

thoroughlyunderstand山eseco11Sideratio】1S．   
Prospectiveevaluationofaccumulatingexperience  
Of de丘ned cohorts complements the passive safety  
surveillallCebecauseitaddressesthe mair）limitations  

Of spontaneous reportlng，thatis、！10denominator．  
Whereas spolltaneous reporting systems often lack 
iIlfbrmatior）On Lhe exposed population，Our SyStem  
usesaknownpopulationwithdetailedexposureinfor－  
mation，thereby a1lowlngCalculationofrelativerisk  
amongvariouspopulationcohorts．Tbtheextentthat  
the relevaTlt OutCOmeS are rePOrted within claims－  
based systems、this method avoids 山e shortfa11s  
associatedwith both underreportlng and reportIr）g  
bias．   

KeybeneBtsofthemethodologyrelatetoitsuseof  
routinelyco11ectedhealthpla】一enCOunteranddispen－  
SlngdatathatarecommonlyusedinepidemioIoglCal  
research，mjnima］data requlrementSin terms of  

needed daLa elements，the ability to sirnultaneousIv  
appIythemethodologywithinnumerousdatasysLems  
arld the use of highly summarized data structure 
for aggregation across systems and analysis．Most  
PublicandprivatehealthinsurersintheU．S，havedata  

thatcouldsupportsequentialanalyses．Becauseonly  
highlysummarizeddataareneededforanalysJS，COn－  
CernS OVer Sharing confidenlialdata and patient  
COn負dentialityareminimized・Expanding the avai1－  
ablepopulationtopubliclyfundedsystemslikethe  
Vtterans Administration，TRICARE，Medicare and  
Medicaid and to pnvate healthinsurers would  
Substantia11ylmPrOVetheperformanceofthemeth－  
Odologybyincreaslngthesamplesize．Thiswouldbe  
especial1yimportantfbrmonitoringnewlymarketed  
PrOductsorthosethathavelimiteduse．   
Animportant studyJimitatior）WaS thelimited  
number ofobserved events for most comparisons，  
including the negative controIs and the aclive  
COmparatOrS・0therlimitationsrelatetotherelatively  
COmPlicatedsetofdecisionsthatneedtobemadefor  
implementation，pre－SpeC浦cation ofthe Tlumber of  
expectedeventstoco11tinuesurveillance，relianceon  
thequalityandtimelyavailabilityoftheunderlying  
healthplanclaimsdata，theneedforenoughhistorical  
OrCOnCurrentCOmParatOrdatatogeneratestableexpec－  
tedcountsandtheneedforfre9uentdat？updates・  
AddjtionaJly，thereislimitedpractlCalexperlenCeWith  
impJementatiol一，ar）alysIS and reportJng Of results・  
Guidelines wi11be needed to helpinvestJgatOrS  
establish methodological criteria to address issues 
Ofexposure，eVentSan（1settlngaminimumnumberof  
Observations befbre acceptlng a Slgnal．Additional  
rnethodoJoglC WOrk that willenhar）Ce Our unde卜  
Star）dingoftheutilityandlimitatior）SOfthismethod  
includeassessmentoftheimpactofassesslngmultiple  
outcomes for each new drug on the likelihood of 
i〔lemifyingaslgnal，rePOrtlngCOIl伝denceintervalsfor  
therelatjverisk，bettefdelineationofsensltlVltyand  
SpeCificity through simulation and comparison of  
maxSPRTtoothersequentiaJmethods．   
Thepresentstudysupports山euseofamorefully  
developedversionofthismethod丘〉J・aCtivelymol－i－  
toringdrugSafety・Activesurvei11anceisanimportant  
COmPlementtopassivesafetysuTVei11anceasithoJds  

KEY POINTS  

・SequentialanalysIS Ofnear－real－time’health   

Plannetwo）’kdatamaybeuse［ulfordrugSaftty   
surveillance．  

・There are a numbel●OfmethodologlCalissues   
associated with drug Safety surveillancein   
heaJthplannetworksthatmustbeaddressed．  
●The automated data needed to conduct near   

reaトtime dnlg SafbLy slgnaldelection are   
ro11tinelycollectedbyhealthplans・  
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