
mily Sena, Gillian Currie, Hanna Vesterinen, Kieren Egan, Nicki Sherratt, Cristina Fonseca, Zsannet Bahor, Theo 
rst, Kim Wever, Hugo Pedder, Katerina Kyriacopoulou, Julija Baginskaite, Ye Ru, Stelios Serghiou, Aaron McLean, 
atherine Dick, Tracey Woodruff, Patrice Sutton, Andrew Thomson, Aparna Polturu, Sarah MaCann, Gillian Mead, 
anna Wardlaw, Rustam Salman, Joseph Frantzias, Robin Grant, Paul Brennan, Ian Whittle, Andrew Rice, Rosie 
oreland, Nathalie Percie du Sert, Paul Garner, Lauralyn McIntyre, Gregers Wegener, Lindsay Thomson, David 
owells, Ana Antonic, Tori O’Collins, Uli Dirnagl, H Bart van der Worp, Philip Bath, Mharie McRae, Stuart Allan, Ian 
arshall, Xenios Mildonis, Konstantinos Tsilidis, Orestis Panagiotou, John Ioannidis, Peter Batchelor, David Howells, 
anne Jansen of Lorkeers, Geoff Donnan, Peter Sandercock, A Metin Gülmezoglu, Andrew Vickers, An-Wen Chan, 
en Djulbegovic, David Moher,, Davina Ghersi, Douglas G Altman, Elaine Beller, Elina Hemminki, Elizabeth Wager, 
ujian Song, Harlan M Krumholz, Iain Chalmers, Ian Roberts, Isabelle Boutron, Janet Wisely, Jonathan Grant, 
nathan Kagan, Julian Savulescu, Kay Dickersin, Kenneth F Schulz, Mark A Hlatky, Michael B Bracken, Mike Clarke, 
uin J Khoury, Patrick Bossuyt, Paul Glasziou, Peter C Gøtzsche, Robert S Phillips, Robert Tibshirani, Sander 
reenland, Sandy Oliver, Silvio Garattini, Steven Julious, Susan Michie, Tom Jefferson, Emily Sena, Gillian Currie, 
anna Vesterinen, Kieren Egan, Nicki Sherratt, Cristina Fonseca, Zsannet Bahor, Theo Hirst, Kim Wever, Hugo 
edder, Katerina Kyriacopoulou, Julija Baginskaite, Ye Ru, Stelios Serghiou, Aaron McLean, Catherine Dick, Tracey 
oodruff, Patrice Sutton, Andrew Thomson, Aparna Polturu, Sarah MaCann, Gillian Mead, Joanna Wardlaw, Rustam 
alman, Joseph Frantzias, Robin Grant, Paul Brennan, Ian Whittle, Andrew Rice, Rosie Moreland, Nathalie Percie du 
ert, Paul Garner, Lauralyn McIntyre, Gregers Wegener, Lindsay Thomson, David Howells, Ana Antonic, Tori O’Collins, 
i Dirnagl, H Bart van der Worp, Philip Bath, Mharie McRae, Stuart Allan, Ian Marshall, Xenios Mildonis, Konstantinos 
ilidis, Orestis Panagiotou, John Ioannidis, Peter Batchelor, David Howells, Sanne Jansen of Lorkeers, Geoff Donnan, 

eter Sandercock, A Metin Gülmezoglu, Andrew Vickers, An-Wen Chan, Ben Djulbegovic, David Moher,, Davina 
hersi, Douglas G Altman, Elaine Beller, Elina Hemminki, Elizabeth Wager, Fujian Song, Harlan M Krumholz, Iain 
halmers, Ian Roberts, Isabelle Boutron, Janet Wisely, Jonathan Grant, Jonathan Kagan, Julian Savulescu, Kay 
ckersin, Kenneth F Schulz, Mark A Hlatky, Michael B Bracken, Mike Clarke, Muin J Khoury, Patrick Bossuyt, Pau  
asziou, Peter C Gøtzsche, Robert S Phillips, Robert Tibshirani, Sander Greenland, Sandy Oliver, Silvio Garattini, 
even Julious, Susan Michie, Tom Jefferson, Emily Sena, Gillian Currie, Hanna Vesterinen, Kieren Egan, Nick  

herratt, Cristina Fonseca, Zsannet Bahor, Theo Hirst, Kim Wever, Hugo Pedder, Katerina Kyriacopoulou, Julija 
aginskaite, Ye Ru, Stelios Serghiou, Aaron McLean, Catherine Dick, Tracey Woodruff, Patrice Sutton, Andrew 
homson, Aparna Polturu, Sarah MaCann, Gillian Mead, Joanna Wardlaw, Rustam Salman, Joseph Frantzias, Robin 
rant, Paul Brennan, Ian Whittle, Andrew Rice, Rosie Moreland, Nathalie Percie du Sert, Paul Garner, Lauralyn 
cIntyre, Gregers Wegener, Lindsay Thomson, David Howells, Ana Antonic, Tori O’Collins, Uli Dirnagl, H Bart van der 
orp, Philip Bath, Mharie McRae, Stuart Allan, Ian Marshall, Xenios Mildonis, Konstantinos Tsilidis, Orestis 
anagiotou, John Ioannidis, Peter Batchelor, David Howells, Sanne Jansen of Lorkeers, Geoff Donnan, Peter 

              
                

              
                  

               
     

 
 

CAMARADES: Bringing evidence to translational medicine 

            

Study design, internal and external 
validity, explorative versus 

confirmatory studies 
Malcolm Macleod 

Collaborative Approach to Meta-Analysis and Review of 
Animal Data from Experimental Studies 

and 
University of Edinburgh 

 

Vorführender
Präsentationsnotizen
35-40 minutes Biomedical research: Is failed replication always a bad thing?
Failed replication in biomedical research may occur if the originator study was falsely positive (by chance, or because the experimental design placed the study at risk of bias); if our understanding of the literature is polluted by publication bias; or in the presence of some unknown (latent) independent variable which influences the phenomenon under study. By definition, this latter explanation promises the discovery of a previously unknown facet of the process being studied. Approaches to replication studies might focus on the parallel tasks of increasing the probability that published research is true; and then exploring the possible causes for unexplained conflicting results.
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I am not in the 
office at the 

moment. Send 
any work to be 

translated. 
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Winner of the 2012 Ignoble Prize for Neuroscience 
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1026 interventions in 
experimental stroke 

O’Collins et al, 2006 

In vitro and in vivo - 1026 

Tested in vivo - 603 

Effective in vivo - 374 

Tested in clinical trial - 97 

Effective in clinical trial - 
1 
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Reproducibility and replication 

“Reproducibility” related to the 
re-analysis of existing data 
following the same analytical 
procedures.  
 
“Replication” was held to 
require the collection of new 
data, following the same 
methods.  
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Replication studies 

1. Retrospective – Pharmaceutical companies 
sharing their historical experience when they have 
attempted replication  
– Bayer      33% of 67 
– Amgen     11% of 53 
 
Selection bias (2 companies out of ?) 
? Recall Bias 
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Replication studies 

2. Prospective - Academic led, great attention given 
to faithfulness to original study design, adequate 
statistical power, preregistration 

 

– Psychology    36% of 97  ESR=49% 
– Cancer biology   40% of 10 
– Economics     61% of 18  ESR=66% 
– Social sciences    62% of 21  ESR=54% 

 

? Selection bias (how did they choose what to try 
to replicate?) 
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Claim 

• Lack of reproducibility of experimental 
findings has been observed across such a 
wide variety of settings that it can be 
considered a general phenomenon 

• Therefore, unless a field can demonstrate 
that it doesn’t have a problem, it is 
reasonable to expect that it does 
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Take 250 in vivo studies … 
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Psychology Replication Project 
(hat tip Anna Dreber) 

For each study,  
• p1 is the ”prior” for the  replication effort (derived from market) 
• p0 is the calculated original ”prior” 
• p2 is the posterior 
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… 

• p1 ∝   
– strength of original evidence 
– expert critical appraisal 

• For each study, also know power of replication study, so 
can predict probability of successful replication 
(=p1*power) 

• Averaging across 41 studies,  
 p(rep) = 0.53, p(non-rep) = 0.47 
 ∴  expected non-replication  = 19 studies 
  observed non-replication  = 25 studies 
  attributable non-replication  = 76% 
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• Infarct Volume 
– 11 publications, 29 experiments, 408 animals 
– Improved outcome by 44% (35-53%) 

Macleod et al, 2008 

E
ffi

ca
cy

 
 

Randomisation Blinded 
assessment of 

outcome 

Blinded conduct 
of experiment 

Risk of bias in animal studies 
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You can usually find what you’re 
looking for … 

Group Day 
1 

Day 
2 

Day 
3 

Day 
4 

Day 
5 

“Maze 
bright” 

1.33 1.60 2.60 2.83 3.26 

“Maze 
dull” 

0.72 1.10 2.23 1.83 1.83 

Δ +0.60 +0.50 +0.37 +1.00 +1.43 

Rosenthal and Fode (1963), Behav Sci 8, 183-9 

• 12 graduate psychology students 
• 5 day experiment: rats in T maze with dark arm alternating at random, and the 

dark arm always reinforced 
• 2 groups – “Maze Bright” and “Maze dull” 
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Evidence from various 
neuroscience domains … 

Blinded assessment of behavioural outcome
No Yes

Im
pr

ov
em

en
t i

n 
be

ha
vi

ou
ra

l o
ut

co
m

e
 (S

ta
nd

ar
di

se
d 

E
ffe

ct
 S

iz
e)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Multiple Sclerosis Parkinson´s disease 

Alzheimer´s disease Stroke 



CAMARADES: Bringing evidence to translational medicine 

1173 publications using non 
human animals, published in 2009 
or 2010, from 5 leading UK 
universities 

“an outstanding contribution to 
the internationally excellent 
position of the UK in biomedical 
science and 
clinical/translational research.” 

“impressed by the strength 
within the basic neurosciences 
that were returned …particular 
in the areas of behavioural, 
cellular and molecular 
neuroscience”  

The scale of the problem 
RAE 1173 

Rand Blind I/E SSC 

Vorführender
Präsentationsnotizen
We were told it was unselected institutions
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Trans-lational research 
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Cis-lational research 
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If Σ(knowledge) < threshold   cis – lation 

If Σ(knowledge) > threshold   trans - lation 
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Precision of estimation of effect of species, a 
known variable of interest 

Cumulative random effects meta-
analysis of tPA in stroke 
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I2 Impact of known and latent variables: 
As new studies are published (x-axis) then 
heterogeneity, estimated by Q or I2 
increases, and the variance of the overall 
effect s2 falls. However, 𝜏𝜏2 (the “between 
study variance”) shows a different pattern, 
with an initial peak, then a second rise, 
then falling again. We see this also in the 
IL-1 RA dataset. It may be that the second 
fall in 𝜏𝜏2 corresponds to a dataset where 
possible heterogeneity has been 
adequately sampled.  

Cumulative random effects meta-
analysis of tPA in stroke 
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A little bit of statistics 

• p-threshold – the probability of observing 
an effect that big, or more extreme, if the 
null hypothesis is correct 
– Traditionally p<0.05 

• Power – the probability of observing an 
effect of a given magnitude if it is present 
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It’s a 2 x 2 table 

Test +ve Test -ve 

Truly +ve a b Power = a/(a+b) 

Actually -ve c d p = c/(c+d) = 0.05 

PPV = 
a/(a+c) 

NPV = 
d/(b+d) 

Prevalence =  
(a+b)/(c+d) 



CAMARADES: Bringing evidence to translational medicine 

Take 250 in vivo studies … 



CAMARADES: Bringing evidence to translational medicine 

…with p<0.01, power @ 80% 
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• New prior = 0.0004 
• Power = 90% 
• Different p thresholds: 

– Posterior | sig@0.01   = 0.035 [alt 0.99996] 
– Posterior | sig@0.001 = 0.265 [alt 0.99996] 
– Posterior | sig@0.0001 = 0.783 [alt 0.99996] 
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Features of confirmatory 
experiments 

• Clear a priori hypothesis 
• Clear primary outcome measure 
• Clear statistical analysis plan 
• Well defined intervention 
• Credible sample size calculation 

– What is the minimum effect size of interest? 
– Enough power to answer the question one 

way or another 
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Take things with a pinch of salt 

• …unless you can be confident that primary 
outcome measure and statistical analysis plan 
were articulated before they saw the data 

• … unless the outcome is clinically significant 
• … if it’s a post hoc test  
• … don’t rely on p<0.05 
• … the more incredible the finding (ie the lower 

the prior), the less likely it is to be true 



CAMARADES: Bringing evidence to translational medicine 

Researchers are different … 
nu

m
be

r 

quality 

F.F.P. 

HARKing 
 

Open 
Science 

Preregistration 

Risks of 
bias 
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How we do research integrity 
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Research Improvement Strategy 
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Biomedical research investment 

• $300bn globally, €50bn in Europe 
• Glasziou and Chalmers claim 85% wasted 
• Even if waste is only 50%, improvements 

which reduced that by 1% would free $3bn 
globally, €500m in Europe, every year. 

• Investing ~1% of research expenditure in 
improvement activity would go a long way 
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If you are planning a systematic review or meta-
analysis of animal data, CAMARADES are here to 

help: malcolm.macleod@ed.ac.uk 
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