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Most novel therapies which are highly effective in 
preclinical models fail when tested in clinical trials. 
In some fields attrition = 100 %



90 % of researchers surveyed by Nature think they are 
experiencing a ‚reproducibility crisis‘



Errington et al. https://elifesciences.org/articles/71601

https://elifesciences.org/articles/71601


“85% of health research is wasted.”
Perrin S (2014) Nature 407:423-4



Preclinical studies often are not robust, key findings can
not be reproduced, and translation into effective
therapies in patients fails

1. Internal validity is low, bias is rampant
2. Statistical power is exceedingly low
3. Questionable statistical practices are frequent
4. Only ‚positive‘ resultats are published

(‚Publication bias‘)



Preclinical studies have low internal validity (Selection-, 
performance-, attrition- und and many other biases are insufficiently 
controlled)

Rigor and transparency in reporting of preclinical 
research
(Analysis of 1.6 million papers 1997 – 2019) 

Randomization

Blinding

iScience. 2020 Oct 20;23(11):101698. doi: 10.1016/j.isci.2020.101698.
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Preclinical studies have exceedingly low statistical power, hence 
false positive and false negative results are frequent, and effect 
sizes are overestimated (if there there is a true effect)

Power

doi: 10.1002/ana.25643.

doi: 10.1016/j.isci.2020.101698



Researchers try out several statistical analyses and/or data eligibility
specifications and then selectively report those that produce significant
results. 

E.g. by
• conducting analyses midway through experiments to decide whether to

continue collecting data
• recording many response variables and deciding which to re-port post 

analysis, 
• deciding whether to include or drop outliers postanalyses
• ex-cluding, combining, or splitting treatment groups postanalysis
• including or excluding covariates postanalysis
• stopping data exploration if an analysis yields a significant p-value
• Perfoming multiple statistical tests without prespecification and reporting

only the significant one(s)

Questionable but frequent statistical practices:
p-Hacking

"If you torture the data long enough, it will confess to anything "
Darrell Huff How to Lie With Statistics (1954).



Questionable but frequent statistical practices:
Hypothesizing after the results are known (HARKING) 



PLoS Biol. 2010; 8 e1000344

"Only ten publications (2%) [of 
525] reported no significant 
effects on infarct volume and 
only six (1.2%) did not report at 
least one significant finding."

Publication bias: ‘positive’ results  are overrepresented in 
the literature



PLoS Biol. 2018;16:e2006343. doi: 
10.1371/journal.pbio.2006343

Preclinical research of low scientific quality is unethical 
(with respect to animals AND humans!)



• animal welfare alone does not suffice to make 
animal research ethical if the research does not 
have sufficient scientific value

• The scientific value of animal studies strongly 
decreases if they are not sufficiently robust, if their 
questions have already been sufficiently addressed 
or if the results are selectively reported

3 Rs are conspicuously incomplete



Conclusion: From 3R to 6R

Guiding principles
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