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Drug Safety Meta-Analysis



Drug Safety MA: Eligibility

• All placebo or standard-care controlled trials of TNF-
 

inhibitors

•Adalimumab
•Etanercept
•infliximab 

• Sponsored by Abbott, Amgen/Wyeth, Centocor/Schering- 
Plough, or other corporate sponsors of same products



Drug Safety MA: Data
• For each trial, sponsor created patient-level dataset including

– Study data

• condition, agent, control, location, exclusion, pre-trial work-up

– Patient data

• gender, age, disease duration, prior and concomitant therapy

– Treatment data

• time and doses of study drug, duration of intended and actual 
treatment, date and reasons for withdrawal, and date of last patient 
contact

– Outcomes

• adjudicated events with person-time and narratives



Drug Safety MA: Statistical Analysis

• Hazard ratios from piecewise exponential Bayesian model

• Models for class effects and drug-specific effects

• Assessed differences in baseline risk stratified by type of drug 
trial

• Models adjusted for age, gender, concurrent treatment, 
condition and disease duration

• Stratification by trial not possible because of rare events



Drug Safety MA: Follow-Up

• Most follow-up short-term



Drug Safety MA: Counts

•Number of events sensitive to definitions
•Small once strict criteria applied



Drug Safety MA: Choice of Priors

• Initial vague priors on model 
parameters 

• Because several control arms had 
< 3 events, data did not provide 
sufficient information to accurately 
estimate posterior distributions with 
no prior information

• Three weakly informative priors 
imposed weak restrictions on size 
of  treatment effect

• Because this is a safety study, 
priors 1 and 3 conservatively 
assumed prior increased risk in 
treatment compared with control

Mean 
HR

95% PI Risk 
Increase 
with Tx

Precise

1 2.0 0.04-110 Yes No

2 1.0 0.02-55 No No

3 2.0 0.5-8.2 Yes Somewhat



• Regression analysis to identify correlations between treatment 
effects (outcomes) and covariates of interest (predictors) 

• Unit of analysis is the individual study

• Correlation implies treatment interaction

• Factors may be study-level or subject-level

• Study-level factors: blinding, randomization, dosage, protocol

• Subject-level factors: age, gender, race, blood pressure
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Meta-Regression



• Data points proportional to study size
• Line is meta-regression

Meta-Regression with Study-Level 
Summary of Patient Level Covariates



Problems with Meta-Regression

• Requires heterogeneity of treatment effects

• Number of studies usually small

• Data may be unavailable (not conceived or not reported) 

• Covariates pre-selected (biased?) 

• Little variation in range of mean predictor

• Subject-level factors can be affected by ecological bias

• Causality uncertain



• Group averages don't represent individuals well
• Changes in male/female mixture proportions vs. comparing 

individual males and females

• Low SES subjects might perform worse than high SES ones 
but clinics with low SES patients might do better because of 
targeted intervention experience with these patients

• Averages have little between-study variation

• Averages do not account for within-study variation, e.g., 40 year 
average age can mean different things

• Events concentrated in high-risk subgroup
– May want to construct group-level variable to represent this

E.g., percentage of elderly, rather than mean age

Ecological Bias
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Rare events are a major feature of safety data



 

Bayesian models with informative priors may be needed to 
overcome lack of data



 

In Phase IV type observational studies, need to carefully control 
for potential heterogeneity introduced by lack of experimental 
design



 

Lack of explicit balancing mechanism between treatment and 
control groups requires adjustment for confounding



 

Meta-regression may allow discovery of factors that change 
treatment effects



 

When adjusting for group effects, beware of ecological bias

Conclusions
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