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Safety in Lifecycle of a Drug/Biologic y y g g
product



Drug SafetyDrug Safety

Pre-Approval:

• High quality data (but small)

pp

• No "data mining"

• Low quality data (but lots of  it)
Post-Approval:

• Extensive use of  "data mining"g





Problems with Spontaneous Problems with Spontaneous 
Reports

• Under-reporting
D li t  t• Duplicate reports

• No temporal information
• No denominator

• But, at least a suspicion of causation



Monitoring Spontaneous Drug Safety Reportsg p g y p

• Most reports contain several drugs and 
several AEsseveral AEs

• FDA, vendors, PhRMA, focus on 2X2 
contingency table projectionscontingency table projections

– 15,000 drugs * 16,000 AEs = 240 million 
tablestables



Think about this…

R iRosinex

Nausea Ganclex

 
  Nausea No Nausea 
Rosinex Ganclex 81 9 
Rosinex No Ganclex 9 1 
No Rosinex Ganclex 1 9 
No Rosinex No Ganclex 90 810 
 



Rosinex

Both RR’s are big!
Nausea Ganclex

Both RR s are big!

 
 Nausea No Nausea Nausea No Nausea Nausea No Nausea 
Rosinex 90 10 
No Rosinex 91 819 
 

Nausea No Nausea 
Ganclex 82 18 
No Ganclex 99 811 

RR = (90/100)/(181/1010)
= 5.0

RR = (82/100)/(181/1010)
= 4.6

 N N N Nausea No Nausea 
Rosinex Ganclex 81 9 
Rosinex No Ganclex 9 1 
No Rosinex Ganclex 1 9 
No Rosinex No Ganclex 90 810 



Rosinex

Need a conditional analysis
Nausea Ganclex

y

Rosinex users Rosinex non-users
 
 Nausea No Nausea 
Ganclex 81 9 
No Ganclex 9 1 

 Nausea No Nausea 
Ganclex 1 9 
No Ganclex 90 810 

Rosinex users… Rosinex non users…

 

RR = (81/90)/(90/100)
= 1 0

RR = (1/10)/(91/910)
= 1 0= 1.0 = 1.0

“Holding Rosinex constant the RR for Ganclex and Nausea is 1”

 N N N

Holding Rosinex constant, the RR for Ganclex and Nausea is 1

 Nausea No Nausea 
Rosinex Ganclex 81 9 
Rosinex No Ganclex 9 1 
No Rosinex Ganclex 1 9 
No Rosinex No Ganclex 90 810 



Another perspectivep p

Pr(MI)

"bad drug" dose



Another perspectivep p

Pr(MI)

"bad drug" dose

more drug less chance of MI Bad drug is good???more drug…less chance of  MI. Bad drug is good???



Another perspectivep p

daily aspirin

d il pi i
Pr(MI)

no daily aspirin

"bad drug" dose

bad for aspirin users, bad for non-users! 
Need a conditional analysis



Logistic Regression

• log [P/(1-P)] = intercept + β (each drug effect )
P  P ( t ith th  d  ill h  th  AE)– P = Pr(report with these drugs will have the AE)

• Maximum likelihood logistic regression unstableMaximum likelihood logistic regression unstable
– 10,000+ predictors (drugs)

• Bayesian/Regularized Logistic Regression
– Put a prior on coefficients (β1,…, βp), and shrink 

their estimates towards zerotheir estimates towards zero
• Stabilize the estimation when there are many predictors
• Efficient coordinate-wise algorithms for finding posterior modes
• Interactions?• Interactions?



Benefits of  Regression: Confounding

•LLR (�) and IC ( ) results for 

enefits of  Regression: Confounding

•LLR (�) and IC ( ) results for 
hemorrhagic cystitis paired 
with anticancer drugs and 
mesnamesna

•Agreement only for top drugs

•Suspect confounding for 
the restthe rest

•Consider mesna:

•Only used with ifosfamide
d l h h id  and cyclophosphamides 

to prevent this AE

Noren et al., 2010



Benefits of  Regression: Maskingenefits of  Regression: Masking

Pr(AE|Drug)
T i l 2 X 2  b d 

( | g)

Pr(AE)
Typical 2 X 2 measures based on:

•Masking means that the background rate is 
distorted (too high) due to massive reporting on AE 
with one drug or drug groupwith one drug or drug group

•Example: Rhabdomyolysis and cerivastatin
-Background rate distorted because of  media 
attention 



Other Benefits of  Regression: MaskingOther enefits of  Regression: Masking

Lasso logistic regression 
(�) and IC ( )results for 
rhabdomyolysis paired rhabdomyolysis paired 
with antidepressants

Clear masking effect 
visible

Noren et al., 2010



Vioxx  Baycol  etcVioxx, Baycol, etc.
IOM IOM 

2007 FDAAA2007 FDAAA

S ti l  OMOP  EU ADRSentinel, OMOP, EU-ADR



Longitudinal Observational Databasesg



Self Controlled Case Series

] ] ] ]
MI VIOX

X ]

CV RISK = 0 CV RISK = 1

• assume diagnoses arise according to a non-

365 472 493 547 730

homogeneous Poisson process

feφi baseline incidence for subject ieφi

relative incidence associated with CV risk group 1eα1

relative incidence associated with Vioxx risk level 1eβ1

Poisson rate for subject 1, period 1λ1 = 107eφ1



overall Poisson rate for subject 1:overall Poisson rate for subject 1:

cohort study contribution to the likelihood:

diti l lik lih dconditional likelihood:



Self-Controlled Case Series Method
Farrington et al.

equivalent multinomial likelihood:

regularization => Bayesian approach

scale to f ll database?scale to full database?



Vioxx: A Case StudyVioxx: A Case Study



COX-2: The PromiseCOX 2: The Promise

• COX-2 inhibitors were designed to 
minimize GI complications of traditionalminimize GI complications of traditional 
NSAIDs — adverse effects attributed to 
suppression of COX-1pp

• COX-2 inhibitors include rofecoxib (Vioxx),COX 2 inhibitors include rofecoxib (Vioxx), 
celecoxib (Celebrex), and etoricoxib 
(Arcoxia)( )



Vioxx Key EventsVioxx Key Events

ApprovalApproval WithdrawalWithdrawal

1999 20041991

DiscoveryDiscovery ApprovalApproval WithdrawalWithdrawalDiscoveryDiscovery



withdrawn by Merck in Sept. 2004 because of this graph

$2.5billion in annual sales (> 10% of 2004 revenues)



Serious Consequences

• 88,000-139,000 excess myocardial 
infarctions in US

• 27,000-55,000 excess deaths

David Graham, FDA



CVT potential suggested early onCVT potential suggested early on

December 1997, International Consensus Meeting on the 
Mode of Action of COX-2 Inhibition

“although gastric intolerance was the most obvious 
[adverse event] renal and cardiac toxicity were[adverse event], renal and cardiac toxicity were 
important and a probable link between these two 
phenomena had been established. It is therefore 
i t t t it di id ff t ith l tiimportant to monitor cardiac side effects with selective 
COX-2 inhibitors.”



In November 1996In November 1996…

“

…Merck scientists feared that
because selective COX-2 inhibitors
like Vioxx did not inhibit COX-1, as
did NSAID h i i if“systemic examination of coronary ischemic 

events in the clinical trials with Vioxx and other 
MRL COX-2 inhibitors.”

did NSAIDs such as aspirin, if
patients on COX-2 inhibitors [e.g.,
Vioxx] in clinical studies were not
permitted to take aspirinpermitted to take aspirin…

“…there is a substantial chance that
significantly higher rates of CV AEsignificantly higher rates of CV AE
events (MIs, angina, strokes, TIAs,
etc.) will be observed in” them.



Against this backdrop…

• Vioxx received a 6-month priority review 
because the drug potentially provided a 
significant therapeutic advantage over 
existing approved drugs due to fewer 
gastrointestinal side effectsgastrointestinal side effects

• Approved May 1999
E id b d h t t RCT• Evidence based on many short-term RCTs

• Large RCT of RA patients was on-going



In 2000 Vioxx was the 
drug with the largest 
direct-to-consumer 
advertising campaign 

S $in the U.S. at ~$160m. 

More than BudweiserMore than Budweiser 
($146m)
or Pepsi ($125m)or Pepsi ($125m). 

Nature 436, 910-911 (18 August 2005) 



What do the clinical trials show?What do the clinical trials show?



Vioxx TimelineVioxx Timeline
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

097 (n=1058)RA/ l b

126 (n=758)

078 (n=1457)

096 (n=909)
068 (n=658)

097 (n=1058)
098/103 (n=660)

RA/placebo

017 (n=137)

029 (n=523)

091 (n=692)
( )

Alzheimer’s

033 (n=736)
040 (n=809)
045 (n=775)

044 (n=742)

058 (n=341)
083 (n=305)

085 (n=1042)

090 (n=978) 136 (n=1615)

OA/placebo 
010 (n=219)

116 (n=1082)
112 (n=1521) 219 (n=395)

220 (n=413)029 (n 523)

VIGOR (n=8076)
ADVANTAGE (n=5712)

APPROVe (n=2612)
naproxen

058 (n 341) 090 (n 978) 136 (n 1615)

034 (n=693)
035 (n=784)

( )

VICTOR (n=2433)
VIP (n=4402)

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

118 (n=160)
120 (n=380)
121 (n=310)

125 (n=172)

Other/placebo 

129 (n=17)



●
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CVT+Mortality Cumulative Risk Ratio, Vioxx versus Placebo

1998

«favors vioxx favors placebo»
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Posterior Probability (1) – block effect model

34

Jerry Cheng



Posterior Probability (2) – block effect model

35

Jerry Cheng



What about observational data?What about observational data?



Vioxx & MI: SCCS RRsVioxx & MI: SCCS RRs
i3 claims database

• Bayesian analysis N(0,10) prior + MCMC 

• Overall: 1.38 (n=11,581)
• Male: 1 41 Female: 1 36• Male: 1.41    Female: 1.36
• Age >= 80: 1.48
• Male + Age >= 80: 1 68• Male + Age >= 80: 1.68



overall (n=11,581)



males 80 and over (n=440)



June 30, 2000 RR=1.53 Pr(RR>1)=0.92



Dec 31, 2000 RR=1.51 Pr(RR>1)=1.0



What about spontaneous 
t ?reports?



Vioxx and MIVioxx and MIVioxx and MI
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Byetta (exenatide) and AcuteByetta (exenatide) and Acute 
Pancreatitis

• Label was changed in October 2007
• FDA alert issued in August 2008FDA alert issued in August 2008 





5

Exenatide and Pancreatitis

5

Exenatide and Pancreatitis

5

Exenatide and Pancreatitis
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Estrogen and MIEstrogen and MI
Initially thought to be cardioprotective…



Then the women’s health initiative RCT…



Estrogen and MIEstrogen and MIEstrogen and MI
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DiscussionDiscussion

• Spontaneous reports and observational• Spontaneous reports and observational 
studies can differ substantially
A bl t t id ll• A reasonable strategy considers all 
possible sources of evidence

• Clinical trials (or meta-analyses of 
clinical trials) provide the strongest 
source

• Ideally, formally combine all sources in y, y
a Bayesian framework


