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Disclosures

– UK Commission for Human Medicines

– EMA Neurology SAG

– UK Reproducibility Network

– Independent Statistical Standing Committee, CHDI 
Foundation

– Project co-ordinator, EQIPD IMI

– Minimum Standards Framework development group
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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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Most studies are not described 
well enough to enable replication 

efforts
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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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Both studies may be correct
Reaction norms (Voelkl 2016)
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Lifespan in worms

Lucanic et al Nature Comms 2017

Source of 
variation

Developmental 
Rate

Fertility

Genetic 83.1% 63.3%

Between labs 8.3% 7.9%

Within labs 3.8% 5.6%

Individual 4.8% 23.3%
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Experiments which are 
at high risk of bias
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• Infarct Volume

– 11 publications, 29 experiments, 408 animals

– Improved outcome by 44% (35-53%)

Macleod et al, 2008
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Evidence from various 
neuroscience domains …

Blinded assessment of behavioural outcome
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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”



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
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Experiments which are 
too homogenous

Experiments at high risk 
of bias
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Small group sizes and publication 
bias conspire together

Simulation: 1000 studies 
Complete publication bias (anything p>0.05 unpublished)
True effect size 10, SD 10

Number of animals per 
group

5 10 15 20

% of studies published 30% 54% 76% 86%
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Take 250 in vivo studies …

Macleod and Mogil, Nature, 2017
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…with p<0.01, power @ 80%

Macleod and Mogil, Nature, 2017
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How does that work?
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Experiments which are 
too homogenous

Experiments at high risk 
of bias

Experiments which are 
too small
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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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Minnerup et al, 2016

Research Improvement at 
Journals
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Ramirez et al Circ Res 2017
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Experiments which are 
too homogenous

Experiments at high risk 
of bias

Experiments which are 
too small

Journals committed to 
research improvement
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In vitro experiments

0% 20% 40% 60% 80% 100%
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Randomisation
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Reporting exclusions
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Experiments which are 
too homogenous

Experiments at high risk 
of bias

Experiments which are 
too small

Poorly conducted non 
animal alternatives

Journals committed to 
research improvement
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IICARUS (PI Sena)

Protocol: Open Science Framework (February 2017)
Data Analysis Plan: Open Science Framework (September 
2017) 
Funding: MRC, NC3Rs, BBSRC & Wellcome Trust
Ethics: BMJ Ethics Committee
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Experiments which are 
too homogenous

Experiments at high risk 
of bias

Experiments which are 
too small

Poorly conducted non 
animal alternatives

Journals committed to 
research improvement

Using evidence to 
inform improvement
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Edinburgh Research 
Improvement Project

IRB/AWERB 
Approval

Conduct Publication

Improvement
Opportunity

PUREEvaluation
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Measuring institutional 
performance
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Experiments which are 
too homogenous

Experiments at high risk 
of bias

Experiments which are 
too small

Poorly conducted non 
animal alternatives

Journals committed to 
research improvement

Using evidence to 
inform improvement

Institutions and funders 
committed to research 
improvement
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Trans-lational research



CAMARADES: Bringing evidence to translational medicine

Cis-lational research
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If Σ(knowledge) < threshold   cis – lation

If Σ(knowledge) > threshold   trans - lation



CAMARADES: Bringing evidence to translational medicine

Experiments which are 
too homogenous

Experiments at high risk 
of bias

Experiments which are 
too small

Poorly conducted non 
animal alternatives

Journals committed to 
research improvement

Using evidence to 
inform improvement

Institutions and funders 
committed to research 
improvement

Routine systematic 
evaluation of what is 
already known
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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


