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Sources of Bias in Meta-
analysis of RCTs
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Disclaimer

 The views expressed in this talk are 
those of the presenter

 I am giving this talk as a private 
individual and not as an affiliate with an 
employer, and as such, the principles, 
ideas, and perspectives provided during 
the talk are my own and not necessarily 
those of my employer
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Objectives
 Examine sources of bias in meta-

analyses of RCTs that may obscure or 
overestimate risk estimates of a safety 
signal

 Show that many challenges in MA are 
not statistical in nature 
– Meta-”Analysis”, a misnomer? 

Context…

 Nothing is “ground-breaking” in any of 
the issues that I will discuss, however:

 Examining these aspects is rarely done/ 
reported in the published meta-analyses

 The potential collective effect on risk 
estimates derived from meta-analysis of 
RCTs in drug safety
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If You Want the Car to Run, You Have to 
Inspect and Assemble Each Piece

It Is Almost As Simple As 
Putting this Car Together!

How Hard Is it to Evaluate or 
Conduct Meta-analysis of RCTs?

“IKEA” paradigm
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I- Design and Conduct of 
Individual Trials 

A. Frailty of Randomization
and Blinding
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Randomization Creates Equal Distribution of 
Known and Unknown Factors That Might Affect 

the Comparison

 Dropout rate can be significant in some 
trials, more than 50% sometimes
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Hammad TA, Laughren T, Racoosin J. Archives 
of General Psychiatry. 2006; 63:332-339
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Frequency of Discontinuation by Trial

Randomization Creates Equal Distribution of 
Known and Unknown Factors That Might Affect 

the Comparison (continued)

 Dropout rate can be significant in some trials, more 
than 50% sometimes

– The longer the follow up period, the higher the 
dropout rate

– Confounding Effect: due to imbalance between 
comparison groups, eg, in follow up time, age, 
gender, co-morbidity, etc

 May adjust for known confounders, but not for 
unknown ones

 Relying on person-time assumes constant risk
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Differential Premature Discontinuation

Drug 

Placebo

Discontinued

Risk factors

Drug Group

Placebo Group

Time

17

50%

60%

Imbalance:
1. Person-years
2. Distribution of risk factors (known and unknown)

3. Capture of morbidity and mortality
4. Attribution of cause-specific mortality

Randomization Creates Equal Distribution of 
Known and Unknown Factors That Might Affect 

the Comparison (continued)

 Dropout rate can be significant in some trials 
(continued)

– Informative censoring effect: If patients with 
chest pain, for example, tend to drop out, then 
capturing myocardial infarction might be a 
challenge

 Reason for dropping out is not readily available

 Follow-up after drop out is not always done
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II- Design and Conduct of 
Meta-analyses

A. Selection of Trials 

20
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Are We Seeing the Full Picture 
When it Comes to RCTs?

21

 In 2007 the US government began requiring that researchers 
register trials conducted in the US and abroad and report the 
results on ClinicalTrials.gov

 Michael R. Law, Yuko Kawasumi, and Steven G. Morgan. doi: 
10.1377/hlthaff.2011.0172 HEALTH AFFAIRS 30, NO. 12 (2011): 2338–2345

– Trials funded by industry, three times as likely to 
report results than trials funded by NIH 

– 39% of trials registered late after the mandate’s 
deadline (21 days of 1st patient enrollment)

– Only 12% of completed studies reported results 
within a year, as required by the mandate

22



10/2/2014

12

II- Design and Conduct of
Meta-analyses

D. Use of Simple (Crude) Pooling 
Approach

23

Simple (Crude) Data Pooling

 All data are pooled together, not respecting 
randomization boundaries:
– Publications based on FOI sources
– Integrated Summary of Safety (ISS) in NDA

Sometimes controlled and uncontrolled 
phases of trials, and also data from 
earlier phases, which would include 
healthy volunteers

 This approach fails to preserve the 
randomization effect and might introduce 
bias through “confounding by study”
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Example of a Scenario That Might Lead to 
Confounding by Study With Simple Pooling of 

Randomized Clinical Trials
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Trial 1

Drug
N=300

Placebo
N=100

Trial 2

Drug
N=150

Placebo
N=150

70% Males n=210 n=70 30% Males n=45 n=45

Pooled data

Drug
N=450

Placebo
N=250

Males
n=255
ie, 57% 

n=115
ie, 46%

Hammad TA, Pinheiro SP, Neyarapally GA. Secondary Use of Randomized Controlled Trials to Evaluate Drug 
Safety: a Review of Methodological Considerations. Clinical Trials. 2011;8(5):559-570. 

The Emerging Question…

How Many Published Meta-analyses 
of Drug Safety Actually Address the 

Issues Raised in This Lecture?

26
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27 MA
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Need Empirical 
Evidence…?

Examples of Discrepancies

Tiotropium (Spiriva®)

 Singh et al meta-analysis of 15 trials (JAMA
Sept 24, 2008) raised questions about the 
safety of the inhaled anticholinergic agents 
regarding:

– Increased risk of all-cause and 
cardiovascular mortality

– Increased risk of cardiovascular events

32
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“Fail-Safe” Number

 To reverse the significantly increased risk 
seen in the long-term trials, using 
Rosenthal’s method, 16 non-significant long-
term trials, each with a sample size of 1450
participants, would be required

 What does this mean?

33

What Do You Think the FDA Should Do and in 
What Order? 

(Remember it Is a JAMA Paper!)

1. Early communication? (1-2 months)

2. Re-do the meta-analysis? (1-2 years)

3. Conduct another clinical trial? (4-5 years)

4. Conduct an epidemiological study? (2-3 
years)

5. Lots of prayers (few minutes)

34

Votes?
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Look at The Power of Prayers:
Two Weeks Later

35

UPLIFT Trial (1/2)

 One large randomized (as large as ALL the 
trials in the meta-analysis combined), 
double-blind trial was published (UPLIFT, 
NEJM, Oct 9, 2008) 

 The study suggested that long-term use of 
tiotropium was associated with decreased 
risk of cardiovascular events and all-cause 
mortality
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UPLIFT Trial (2/2)

 Multicenter, multinational RCT comparing
4 years of tiotropium/placebo therapy in COPD 
patients (N=2,986 tiotropium, N=3,006 placebo)

 Vital status: collected on all patients who 
prematurely discontinued
– Known for 97% of placebo 98% of tiotropium 

groups 
– The primary cause of death was adjudicated

by an independent committee

 Safety endpoints collected: all adverse events, 
including serious adverse events, and all-cause 
mortality (during study plus 30 days)
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Challenges and Final 
Thoughts…

Challenges…
 What if:

– Some trials “fail” in efficacy for a particular 
indication; how should we deal with the 
safety information?

– The specific caveats are not evaluable? e.g. 
reason for discontinuation,…

– The impact of the caveat can not be 
quantified and controlled? e.g. informative 
censoring,…

– These caveats are non-consequential?

 In short: considering that time crunch is a 
leading challenge: when trying hard is NOT 
good enough?
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Final thoughts…

 Meta-”analysis”, a misnomer ? most of the challenges 
in MA are not statistical in nature. 

 “Statistics serve as fallible pattern-recognition 
devices. Explanation of the origin of observed 
patterns is beyond the scope of these devices 
(Greenland, 1998)”

 Meta-analysis is mostly , by definition, a post-hoc 
endeavor and should be evaluated with caution
– Newly published meta-analyses should be viewed 

as “preliminary/inconclusive evidence” until 
thoroughly reviewed/investigated


