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Reproducibility in Science

Only 11% (6) out of 43 landmark preclinical 
studies were reproducible by scientists in Amgen. 

Only 25% out of 67 preclinical studies were 
reproducible by scientists in Bayer. 70% were 
oncology studies.



Errington TM, Denis A, Perfito N, Iorns E, Nosek BA. Reproducibility in cancer biology: challenges for assessing replicability 
in preclinical cancer biology. Elife. 2021 Dec 7;10:e67995.
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Reproducibility in Science



Kilkenny C, Parsons N, Kadyszewski E, Festing MF, Cuthill IC, Fry D, Hutton J, Altman DG. Survey of the quality of 
experimental design, statistical analysis and reporting of research using animals. PloS one. 2009 Nov 30;4(11):e7824.
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Reporting



Avey MT, Moher D, Sullivan KJ, Fergusson D, Griffin G, Grimshaw JM, Hutton B, Lalu MM, Macleod M, Marshall J, Mei SH. 
The devil is in the details: incomplete reporting in preclinical animal research. PloS one. 2016 Nov 17;11(11):e0166733.
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Reporting



Du Sert NP, Ahluwalia A, Alam S, Avey MT, Baker M, Browne WJ, Clark A, Cuthill IC, Dirnagl U, Emerson M, Garner P. 
Reporting animal research: Explanation and elaboration for the ARRIVE guidelines 2.0. PLoS biology. 2020 Jul 

14;18(7):e3000411.
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Reporting



Successful interaction between statisticians and basic scientists

Lyden PD, Bosetti F, Diniz MA, Rogatko A, Koenig JI, Lamb J, Nagarkatti KA, Cabeen RP, Hess DC, Kamat PK, Khan MB. 
The Stroke Preclinical Assessment Network: Rationale, Design, Feasibility, and Stage 1 Results. Stroke. 2022 Mar 31:10-

161.
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Six interventions were selected 
assuming that dose-response 
studies had determined the 
optimal dose.



The Stroke Preclinical Assessment Network
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Good practices:

• Blinding;

• Randomization;

• Introduction of controlled variability;

• Adaptive sample sizes;

• Reporting followed ARRIVE 2.0.

Opportunities of improvement:

• Several drugs failed due lack of 

adequate dose-response studies.



Randomization and Blinding

Bebarta V, Luyten D, Heard K. Emergency medicine animal research: does use of randomization and blinding affect the 
results?. Academic Emergency Medicine. 2003 Jun;10(6):684-7.

9Hirst JA, Howick J, Aronson JK, Roberts N, Perera R, Koshiaris C, Heneghan C. The need for randomization in animal trials: 
an overview of systematic reviews. PloS one. 2014 Jun 6;9(6):e98856.

Unconscious bias leads to more 
optimistic and non-reproducible 
results.



Experiments with adaptive sample size

Neumann K, Grittner U, Piper SK, Rex A, Florez-Vargas O, Karystianis G, Schneider A, Wellwood I, Siegerink B, Ioannidis 
JP, Kimmelman J. Increasing efficiency of preclinical research by group sequential designs. PLoS biology. 2017 Mar 

10;15(3):e2001307.
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Experiments with adaptive 
sample size allow more efficient 
use of animals.



Adaptive experimental designs require planning and clear pre-established rules. Sample 

sizes cannot be increased arbitrary such as

Weber F, Hoang Do JP, Chung S, Beier KT, Bikov M, Saffari Doost M, Dan Y. Regulation of REM and non-REM sleep by 
periaqueductal GABAergic neurons. Nature communications. 2018 Jan 24;9(1):1-3.
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Experiments with adaptive sample size
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Experiments with adaptive sample size

Without adequate statistical methods, 
sequential testing increases the false 
positive rate.

Albers C. The problem with unadjusted multiple and sequential statistical testing. Nature Communications. 2019 Apr 
23;10(1):1921.



Introduction of controlled variability

Voelkl B, Vogt L, Sena ES, Würbel H. Reproducibility of preclinical animal research improves with heterogeneity of study 
samples. PLoS biology. 2018 Feb 22;16(2):e2003693. 13

Multi-laboratory studies are more 
reproducible than single-
laboratory studies.



Introduction of controlled variability

Richter SH. Systematic heterogenization for better reproducibility in animal experimentation. Lab animal. 2017 Sep;46(9):343-
9.. 14

Variability can be introduced in 
single laboratory studies with 
more than one mouse 
model/strain and mini-batches of 
experiments.



Dose-Response studies

Hass U, Christiansen S, Axelstad M, Scholze M, Boberg J. Combined exposure to low doses of pesticides causes decreased birth weights in 
rats. Reproductive Toxicology. 2017 Sep 1;72:97-105.
Ye, Sf., Li, J., Ji, Sm. et al. Dose-biomarker-response modeling of the anticancer effect of ethaselen in a human non-small cell lung cancer 
xenograft mouse model. Acta Pharmacol Sin 38, 223–232 (2017). https://doi.org/10.1038/aps.2016.114
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MCP-Mod approach is the current recommended 
statistical method by FDA to perform dose-response 
studies in humans.



Do all comparisons matter?

16

- We often consider all pairwise comparisons using Tukey test or Dunn test.

- However, some comparisons are less important.
- Hierarchical test procedures can helpful.

- Fixed sequence procedure: H1 is more important than H2, and H2 is 
more than important than H3;

- In this case, H1 can be tested at 5% significance level; 
Otherwise, we stop.

- If we reject H1, then H2 can be tested at 5% significance level; 
Otherwise, we stop

- If we reject H3, then we stop.



Do all comparisons matter?
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- Hierarchical test procedures can helpful.
- Fallback procedure: H1 is more important than H2, and H2 is more 

than important than H3;
- H1 is tested at 1.66%.
- H2 is tested at 3.22% if H1 is rejected; Otherwise, H2 is tested 

at 1.66%
- H3 is tested at 5%, if H1 and H2 is rejected; Otherwise, H3 is 

tested at 1.66%



How should we handle missing data?

- Should we ignore animals that die before the collection of an endpoint of interest?

- Example: Animals with large stroke receiving ineffective drugs die before Day 30 assessment.

- Is the missing data informative?

Lachin JM. Worst-Rank Score Methods—A Nonparametric Approach to Informatively Missing Data. JAMA. 2020 Oct 
27;324(16):1670-1.

18



Opportunities of Interaction

- Design of experiments

• Strategies for randomization and blinding;

• Strategies to introduce controlled variability in experiments;

• Power Considerations including experiments adaptive sample sizes.

- Data analyses for in-vitro and in-vivo studies

• Statistical rigor to conduct test of pre-established hypotheses;

• Code for analysis available to share with publication;

• Reporting according to ARRIVE guidelines.
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Behav 3, 886 (2019).



Opportunities of Interaction

Questions?
Marcio.diniz@cshs.org
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