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• Meta-analysis and the decision whether to do a new trial

• Ways in which meta-analysis can be used in the design 

of a trial

• Cumulative and sequential meta-analysis

• Powering a trial using meta-analysis
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• “One of the sources of controversy of the breast cancer overviews
was concern that such overviews would undermine the ability and 
motivation to conduct major multi-centre clinical trials.”

Richard Simon 

Workshop on Methodologic Issues in Overviews of Randomized Trials



The importance of building on 

existing evidence

The importance of building on 

existing evidence

“New research should not be designed or implemented without 

first assessing systematically what is known from existing 

research. The failure to conduct that assessment represents a 

lack of scientific self-discipline that results in an inexcusable 

waste of public resources. In applied fields like health care, 

failure to prepare scientifically defensible reviews of relevant

animal and human data results not only in wasted resources but 

also in unnecessary suffering and premature death.”

Iain Chalmers. The scandalous failure of science to cumulate 

evidence scientifically. Clinical Trials 2005: 2; 229-231



Systematic reviews, meta-analyses and 

clinical trial funding

Systematic reviews, meta-analyses and 

clinical trial funding







Using meta-analysis to design trialsUsing meta-analysis to design trials

• Meta-analyses may contribute:

– anticipated effect size

• example: early beta blockade therapy

– MIAMI trial sized using pilot of 1400 people: 36% 
reduction in mortality

– ISIS-1 trial sized using meta-analysis of 16,000 people in 
21 trials: 10% reduction in mortality

– results: reductions in vascular mortality were 

» 13% (MIAMI) [not significant because too small]

» 15% reduction (ISIS-1) [statistically significant]
as described in

Hennekens, Buring and Hebert. Stat Med 1987; 6: 397-402



Using meta-analysis to design trialsUsing meta-analysis to design trials

• Meta-analyses may reveal:

– conflicting evidence

• conflicts among trials, or between trials and expectations

– new research questions

• e.g. promise of an effect in a subgroup; suggestion that a 
particular mode of administration may be better

– existing evidence is sufficient (or insufficient)



Is the meta-analysis conclusive?Is the meta-analysis conclusive?
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Higgins, Thompson and Spiegelhalter. 
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CDSR 2003, Art. No.: CD002893

Sublingual immunotherapy for allergic rhinitis: symptom scores



Heterogeneity between groups: p = 0.081
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Beyond the direct randomized evidenceBeyond the direct randomized evidence

• In the absence of direct evidence, might look at

– indirect comparison / multiple treatments meta-

analysis



Caldwell, Ades and Higgins. BMJ 2005; 331: 897-900 



Caldwell, Ades and Higgins. BMJ 2005; 331: 897-900 



Beyond the direct randomized evidenceBeyond the direct randomized evidence

• In the absence of direct evidence, might look at

– indirect comparison / multiple treatments meta-

analysis

• carefully chosen trial designs can add a lot of insight

– Salanti, Higgins, Ades and Ioannidis. Stat Meth Med Res 2008; 17: 279-

301

– non-randomized (or weak randomized) evidence

• possibly with bias-adjusted analyses

– Turner, Spiegelhalter, Smith and Thompson. JRSS A 2009; 172: 21-47

– Welton, Ades, Carlin, Altman and Sterne. JRSS A 2009; 172: 119-136



Cumulative meta-analysisCumulative meta-analysis

Endoscopic

haemostasis with a 

control treatment for 

the treatment of 

bleeding peptic ulcers



Sequential meta-analysisSequential meta-analysis



Sequential meta-analysisSequential meta-analysis

Illustration of repeated 

confidence intervals 

from sequential 

random-effects 

meta-analysis

(O’Brien-Fleming 

boundary)

Higgins, Whitehead 

and Simmonds. 

Stat Med (to appear)



Powering a new trial around a 

meta-analysis

Powering a new trial around a 

meta-analysis

• “In the event that investigators and their advisors or peer 
reviewers decide that a new study is indicated in spite of 

the trends indicated by meta-analysis of past studies, 

there is no reason why the new large study should be 
sized as if there were no prior information.”

• “... one could estimate various outcomes of a new study 
necessary to make the confidence intervals avoid 0 or 1, 

depending on the model.”

Chalmers and Lau, Stat Med 1996; 15: 1263-68

Conference on Meta-analysis in the Design and Monitoring of Clinical Trials, June 1994



Bayesian predictive powerBayesian predictive power

• Usual random-effects meta-analysis model:

• Posterior distribution is:

• Fully Bayesian predictive power can be derived from this

DerSimonian, Stat Med 1996; 15: 1237-48
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Sutton’s simulation approachSutton’s simulation approach

“the updated meta-analysis will be of central importance and 
more influential than the results of the new studies on 

their own”

1. Use predictive distribution to simulate effect in new trial 

2. Generate data for the new trial

3. Repeat meta-analysis with new trial added

4. Test null hypothesis at pre-set significance level

5. Repeat 2-4 many times

6. Estimate power (proportion of simulations rejecting null)

• Iterate until desired power is reached

Sutton, Cooper et al. Stat Med 2007; 26: 2479–2500

Sutton, Cooper and Jones. BMC MRM 2009



Power of a meta-analysisPower of a meta-analysis

• From trial i have estimate = yi, variance assumed known

• We can work out the power of a meta-analysis to detect 
an effect µ
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Conditional powerConditional power
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• For future studies, we derive conditional power

– power to detect overall mean effect µ given the result 

of the existing meta-analysis

• Suppose there are to be m new studies,

each with (FE) weight W/m

• We can partition heterogeneity τ2 into ‘old’ and ‘new’ bits



Trials of sublingual immunotherapy: 

house dust mites 

Trials of sublingual immunotherapy: 

house dust mites 

Power of existing data to detect SMD = −0.3 is 11%

Power of existing data to detect SMD = −1.0 is 63%
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“one large beautiful trial is not necessarily going to 
convince the world, because of true between-study 

variability”

Thomas Louis, Stat Med 1996; 15: 1250

Conference on Meta-analysis in the Design and Monitoring of Clinical Trials, June 1994



m=1

m=5

m=10

0 20 40 60 80 100

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

Additional information size (% of observed)

C
o
n
d

it
io

n
a
l 
p
o

w
e

r

00

Influence of the number of studies m on the 
conditional power to detect a difference of -0.3 having 

observed a difference of -0.58



0 20 40 60 80 100

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

Additional information size (% of observed)

C
o
n
d

it
io

n
a
l 
p
o

w
e

r

00

m=1

m=5

m=6

m=10

Influence of the number of studies m on the 
conditional power to detect a difference of -1 having 

observed a difference of -0.58



τ2 = 0.98
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Pre-operative radiotherapy and curative surgery for 

the management of localized rectal carcinoma 

Pre-operative radiotherapy and curative surgery for 

the management of localized rectal carcinoma 
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Influence of the number of studies m on the 
conditional power to detect an OR of 0.78 having 
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Concluding remarksConcluding remarks

• Meta-analyses (or systematic reviews) should be done 
before a trial is planned

• Sophisticated methods of analysis may add insight

– understanding heterogeneity

– adjusting for bias and relevance

– indirect evidence

– expected value of information

• Meta-analyses inevitably ask a broader question than an 
individual trial

• However, policy may be determined primarily using meta-
analyses rather than individual trials

• Trials can be powered to tackle the meta-analysis 
question rather than the individual trial question

• Multi-centre trials, or multiple trials, may be indicated


