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Safety in Lifecycle of a Drug/Biologic productSafety in Lifecycle of a Drug/Biologic product
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Databases of Spontaneous Databases of Spontaneous ADRsADRs

 FDA Adverse Event Reporting System (AERS)FDA Adverse Event Reporting System (AERS)
 Online 1997 Online 1997 –– replace the SRS replace the SRS
 Over 250,000 Over 250,000 ADRs ADRs reports annuallyreports annually
 15,000 drugs - 16,000 15,000 drugs - 16,000 ADRsADRs

 CDC/FDA Vaccine Adverse Events (VAERS)CDC/FDA Vaccine Adverse Events (VAERS)
 Initiated in 1990Initiated in 1990
 12,000 reports per year12,000 reports per year
 50 vaccines and 700 adverse events50 vaccines and 700 adverse events

 Other SRSOther SRS
 WHO - international pharmacovigilance programWHO - international pharmacovigilance program
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Weakness of SRS DataWeakness of SRS Data

 Passive surveillancePassive surveillance
 UnderreportingUnderreporting

 Lack of accurate Lack of accurate ““denominatordenominator””, only , only ““numeratornumerator””
 ““NumeratorNumerator””: No. of reports of suspected reaction: No. of reports of suspected reaction
 ““DenominatorDenominator””: No. of doses of administered drug: No. of doses of administered drug

 No certainty that a reported reaction was causalNo certainty that a reported reaction was causal
 Missing, inaccurate or duplicated dataMissing, inaccurate or duplicated data
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Existing MethodsExisting Methods

 Multi-item Gamma Poisson Shrinker (MGPS)Multi-item Gamma Poisson Shrinker (MGPS)
 US Food and Drug Administration (FDA)US Food and Drug Administration (FDA)

 Bayesian Confidence Propagation Neural NetworkBayesian Confidence Propagation Neural Network
 WHO Uppsala Monitoring Centre (UMC)WHO Uppsala Monitoring Centre (UMC)

 Proportional Reporting Ratio (PRR and Proportional Reporting Ratio (PRR and aPRRaPRR))
 UK Medicines Control Agency (MCA)UK Medicines Control Agency (MCA)

 Reporting Odds Ratios and Incidence Rate RatiosReporting Odds Ratios and Incidence Rate Ratios
 Other national spontaneous reporting centers and drugOther national spontaneous reporting centers and drug

safety research unitssafety research units
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Existing Methods (ContExisting Methods (Cont’’d)d)

 Focus on 2X2 contingency table projectionsFocus on 2X2 contingency table projections

 15,000 drugs * 16,000 15,000 drugs * 16,000 AEs AEs = 240 million tables= 240 million tables
 Most Most NNij ij = = 0, even though 0, even though NN.. very large.. very large

 AE j = 
Yes 

AE j = 
No 

Total 

Drug i = Yes a=20 b=100 120 

Drug i = No c=100 d=980 1080 

Total 120 1080 1200 
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The Different MeasuresThe Different Measures
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Relative Reporting RatioRelative Reporting Ratio
((RRRRijij=N=Nijij/E/Eij ij )

 AdvantagesAdvantages
 SimpleSimple
 Easy to interpretEasy to interpret

 DisadvantagesDisadvantages
 Extreme sampling variability when baseline andExtreme sampling variability when baseline and

observed frequencies are smallobserved frequencies are small
((NN=1, =1, EE=0.01 v.s. =0.01 v.s. NN=100, =100, EE=1)=1)

 GPS provides a shrinkage estimate of RR thatGPS provides a shrinkage estimate of RR that
addresses this concern.addresses this concern.

RRij=Nij*N../Ni.N.j

N..N..N.N.jj

NotNotDrugDrugii

NNii..NNijijDrugDrugii

Not Not AEAEjjAEAEjj
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d=49d=49c=5c=5NotNotDrugDrugii

b=5b=5a=1a=1DrugDrugii

Not Not AEAEjjAEAEjj

d=980d=980c=100c=100NotNotDrugDrugii

b=100b=100a=20a=20DrugDrugii

Not Not AEAEjjAEAEjj

d=9800d=9800c=1000c=1000NotNotDrugDrugii

b=1000b=1000a=200a=200DrugDrugii

Not Not AEAEjjAEAEjj

Same Relative Reporting Ratio!Same Relative Reporting Ratio!

Chi-square = 0.33Chi-square = 0.33

Chi-square = 6.58Chi-square = 6.58

Chi-square = 65.8Chi-square = 65.8
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GPS/MGPSGPS/MGPS

 Denote by Denote by ρρijij  the true RR for Drug the true RR for Drug ii and AE  and AE jj
 Assumes the Assumes the ρρijij’’ss  arise from aarise from a  particular 5-parameterparticular 5-parameter

distributiondistribution
 Use empiricalUse empirical  Bayes Bayes toto  use the data to estimate these fiveuse the data to estimate these five

parameters.parameters.
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GPS-EBGMGPS-EBGM
 Define Define λλij ij = = µµij ij / / EEijij  , where, where

   NNijij  ∼∼ Poisson(  Poisson( µµij ij ))

   λλij ij ||  λλ  ∼∼ p * g( p * g(λλ; ; αα11,,ββ11) + (1-p) * g() + (1-p) * g(λλ; ; αα22,,ββ22))

a mixture of two Gamma Distributionsa mixture of two Gamma Distributions

 EBGM = Geometric mean of Post-Dist. of EBGM = Geometric mean of Post-Dist. of λλijij

 Estimates of Estimates of µµij ij / / EEijij

 ““ShrinksShrinks””  NNijij /E /Eijij    →→ 1 1

 Smaller variances than Smaller variances than NNijij /E /Eijij


