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Presentation outline

e Recap of disproportionality analysis
e Potential pitfalls
— Confounding
— Masking
— Innocent bystander biases
— Duplication
e Use of sophisticated computational methods

the UPPSALA
MONITORING
CENTRE



Acknowledgments

e The examples presented draw on various research
projects by past and present colleagues at the UMC

e See list of references for further reading

the UPPSALA
MONITORING
CENTRE



Individual Case Safety Repo

Reports of suspected adverse drug reactions in real
world clinical practice

Based on voluntary submission
— Physicians
— Nurses

— Pharmacists
— Patients

Anecdotal in nature
Of varying quality
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Report of Suspected Adverse Drug Reaction
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Courtesy of the Adverse Drug
Reactions Unit at the Therapeutic
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Large scale screening

e Six million reports and half a million added annually
e Nearly one million co-reported drug-ADR pairs
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Absolute reporting rates

e Each column represents a drug

e The height of each column represents the number of
reports on an ADR of interest for that drug
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Absolute reporting rates

e Excessively reported in absolute terms (here, more
than 3 reports)

'
CENTRE

I II-I IIII- s



Interpretation of absolute repor
rates

e 4 reports can mean different things

— 4 reports of rash (common event) for paracetamol (common
drug) would typically not be a major concern

— 4 reports of acute renal failure (rare event) for dronedarone
(new drug) may be!

e Challenge: no reliable information on
— Number of exposed patients
— Background occurrence of adverse event
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Basic disproportionality a

e Contrast the observed number of reports on ADR A
for Drug D to an expected number based on

— The overall reporting rate of ADR A in the database
— The total number of reports on Drug D
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Relative reporting rates
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Relative reporting rates
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Relative reporting rates

e Account for total number of reports on the drugs
e Measure relative strength of association
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Relative reporting rates

e Excessively reported in relative terms
e Beware of random variability!
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Disproportionality paradi

e DIS-PROPORTIONAL-ITY

— Not the same ...
e ... proportion (of reports on the ADR)
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Basic contingency table

ADR Y Not ADRY
Drug X n,,—a b f(x)=(a+b)/(a+b+c+d)
Not Drug X |c d

f(y)=(a+c)/(a+b+c+d)

Total number of reports
in the database
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Disproportionality measure

- Simple OF ratio: _ 1 (%Y) _ f (y[x)
Tt ly) 1y
 Proportional reporting ratio (PRR): f(y‘x)

f (y|—x)

e Reporting odds ratio (ROR):

f(y[x)
odds(y|x) (1 (y[x))

odds(yl-x) f (y\ﬂy M et oS
(1~ T (y]-x)) —




Disproportionality measure

OE, PRR, ROR can be re-expressed as ratios of the
observed count g to different expected counts:

(a+b)(a+c)
: EXp =
For OF: P = atb+crd)
For PRR: EXxp= (2+b)(c)
(c+d)

. bc
For ROR: Exp — F Aﬁ ;ﬂéﬁsﬁﬁﬁ



Norén et al
Stat Meth Med Res, 2011

Modified observed-to-expected ratio:

+1/2 pulls ratio towards 1 and protects against
chance findings when Exp is near O

Information Component (IC) is logarithm of above
formula for OE on previous slide

Logarithm -> Positive values correspond to excess

number of reports and vice versa AR
AN M R



Choice of baseline mo

All models are wrong — but some are useful

- G. E. P. Box ﬂ

How useful is this model?
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Poliovirus vaccine & gro
retarded

e Example from Jakobsson, 2008

Observed Expected IC 1C,5

17 7.0 1.21 0.45

e Positive IC value and lower 95% bound
e Unexpectedly many reports?
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Poliovirus vaccine & growt
retarded

e Each age group analysed separately
(excluding age groups with observed and expected = 0)

Ages Observed | Expected 1IC 1Coo5
<ly 14 23.2 -0.71 -1.57
1-4y 2 5.1 -1.16 -3.74
5-14y 0 10.4 -4.44 | -14.43
Unknown 1 0.2 0.01 -2.78

e Less reports than expected in all age groups when

considered separately! M MONITORING
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Confounding ‘
e Explanation




Poliovirus vaccine & myalg

e Another example from Jakobsson, 2008

Observed Expected IC 1C,5

360 625.4 -0.80 -0.95

e Negative IC value and upper 95% bound (not shown)
e Nothing to worry about!?
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Poliovirus vaccine & myalgi

Ages Observed Expected IC 1Coo5
<1 39 22.0 0.81 07
1-4 140 38.1 1.87 1.62

5-14 124 46.3 1.41 il

15-24 14 3.0 2.05 1.20

25-44 17 4.1 1.92 1.15

4564 14 2.5 2.25 1.40

65-74 3 0.5 1.86 -0.19

Unknown 9 15.1 -0.71 -1.81
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Poliovirus vaccine & myal

Age group (years)
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Masking

e The comparison to an overall reporting rate for the
ADR is fundamental to disproportionality analysis

— For example, 5.7% of all reports in VigiBase list rash

e The idea is that for most drugs the reported adverse
events are

— Coincidental
— Due to other drugs
— Due to the underlying disease
e And thus represent some form of 'background’
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Ideal reporting model

e Most drugs scattered around background rate
e Some with excessive rates and some with lower rates

e Overall reporting rate is a weighted average of the
Individual reporting rates
— Weighted by total number of reports
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Masking

e If there Is excessive reporting for a common
drug, the overall rate will be inflated

e -> other associations may be hidden

Etanercept
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Venlafaxine — Rhabdomyoly

e Example from Caster et al. 2008

e Apparently lower-than-expected reporting of
rhabdomyolysis for venlafaxine

Observed Expected IC 1C,5

48 58.3 -0.28 -0.73
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Venlafaxine — Rhabdomyoly

e Masking?

— A large proportion of the reports on rhabdomyolysis are for

statins

— The statins have excessive reporting rates of rhabdomyolysis

e Consider an overall reporting rate for rnabdomyolysis
excluding statin reports:

Observed

Expected

IC

! C025

45

15.5

1.51

1.05
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Montelukast - Photosensitiv

Observed Expected IC 1C,,5

19 29.5 -0.62 -1.35

e NO quantitative association!

— Stratification by country of origin, time of reporting,
patient age, and/or patient gender does not change
this

— Nor does shrinkage regression to eliminate masking

and confounding by co-reported drugs
nl the UPPSALA
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Montelukast - Photosensitl

e From Tengstrand et al. (2009)

e \What there Is

— Geographic spread: Australia, Austria, Canada,
Germany, France, UK, Netherlands, US

— 3 positive dechallenge interventions
— 2 positive rechallenge interventions
— On 18/19 reports, Montelukast is solely suspected
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Quality of reports

e All reports are equal — but some reports are
more equal than others ©

e The most important discrepancy between
methods for automated screening and the
clinical review of ADR reports:

— In clinical review, report quality is fundamental

— In automated screening, all reports are treated
equally

— Incredible room for improvement! T
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Steering clear of the pitfall

e Distortion from age, geography, time, ...

— Stratification — adjusted as well as subgroup analyses
(Hopstadius et al 2008)

— Computational implementation must be done with care!
e Masking

— Shrinkage regression — computationally sophisticated option
(Caster et al 2010)

— Simple unmasking (work in progress at UMC)

e Absence of gquantitative associations

— Computerized methods to detect strong case e IVBSATA
series (work in progress at UMC) CENTRE



Summary

e Disproportionality analysis is a valuable
supplement to manual clinical review

e Don’t over-interpret summary statistics!

e More sophisticated analysis methods can
help!
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