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Reproducibility crisis and the lack of translation

13.12.20237

T. M. Errington et al., (2021) eLife 10:e67995.

Kane PB, Kimmelman J. Is preclinical research in cancer biology reproducible enough? 
Elife. 2021 Dec 7;10:e67527. doi: 10.7554/eLife.67527.



Failure to connect two worlds, or rather multiple reasons for 
translational attrition? 

• Complexity 

• Someone else was there already: Low 
hanging fruits have been picked 

• Lack of robustness and transparency of 
preclinical research results 

• Lack of robustness and transparency of 
clinical study results 

• Lack of resources (including time!) 

• … 
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Non-reproducibility as an indicator for cutting edge research?

13.12.20239
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Typical Experiment

Are you studying 
something that is rather 
unlikely (cutting edge?)

False positives: 
5% (α = 0.05)

False negatives: 
20% (β = 0.80 →power)



Replication versus Non-replication

What does it mean if you do not replicate?

Original results false positive? 

Replication false negative? 

Does successful replication mean that the original results were correct? 

Could both results be false positives? 

Was the study technically competent? 

Hidden moderators 

13.12.202310



Bias

Systematic error, intentional or unintentional, within the research process 

The quality of the study is determined not by the prevention of bias itself, but by the 
degree to which bias is avoided and possible bias is addressed 

There is no one-size-fits-all solution to avoid distortion

13.12.2023 Cartoon: Practical 
Psychology https://www.youtube.com/watch?v=mQKhAue2Js0
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Hypothesis-driven research -gut feeling and expectations

13.12.202313

https://sketchplanations.com/survivorship-bias-silent-evidence

Stephen Sigler, Nature May 1989

https://sketchplanations.com/survivorship-bias-silent-evidence


Hypothesis-driven research -gut feeling and expectations

13.12.202314

https://sketchplanations.com/survivorship-bias-silent-evidence

Stephen Sigler, Nature May 1989

Bias can occur at ANY phase of research

https://sketchplanations.com/survivorship-bias-silent-evidence


How to minimize risk of bias? 
Do we really measure what we want to measure? 

Internal validity refers to how far measurements in an 
experiment reflect causal conclusions or mechanisms

Proper experimental design will aim for high internal 
validity reducing potential risks of bias 

13.12.2023 Internal Validity15

Illustration by Dirk Jan-Hoek (CC-BY), via www.bayesianspectacles.org



Common figure to
understand validity 
and reliability
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Which experiment
is valid?
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Trustworthy: Robust and Rigorous

Useful: Registration and Reporting 

Ethical: 3 (+3) Rs  

Responsible and robust evidence generation

18

Würbel, H.; Lab Anim 46, 164–166 (2017). 
https://doi.org/10.1038/laban.1220

Strech D, Dirnagl U.; BMJ Open Sci. 2019 Jul 4;3(1):bmjos-2018-000048. doi: 10.1136/bmjos-2018-000048.

3Vs: scientific validity 

(internal, external, construct)

https://doi.org/10.1038/laban.1220


Randomization

• Process of randomly allocating subjects to comparison groups in a study

• Each subject has the SAME chance of receiving each of the possible interventions

• Probability that a subject will receive a particular intervention is independent of 
the probability that any other subject will receive the same intervention

• Random allocation ≠ random sampling

• Equal distribution of the benefits and risks of the interventions

13.12.2023 Internal Validity19 https://arriveguidelines.org/arrive-guidelines/randomisation/4a/explanation

https://arriveguidelines.org/arrive-guidelines/randomisation/4a/explanation


Types of Randomization

13.12.202320 Experimental Design for Laboratory Biologists by Stanley Lazic, 2016 https://doi.org/10.1017/9781139696647

Random number table: 
Textbook 
Computer generated 
Random allocation 
software

Number of participants in each 
group within a desired ratio 
(usually “equal”) 

https://doi.org/10.1017/9781139696647


Limitations in preclinical studies?

13.12.2023 Internal Validity21

Monique L. Smith, Naoyuki Asada, Robert C. Malenka,
Science 2021./doi/10.1126/science.abe3040

Social transfer of pain in rodents

Cage effects
Smith et al., Science 371, 153–159 (2021)

https://www.science.org/doi/10.1126/science.abe3040


Blinding/ randomization -limitations and feasible strategies

13.12.202322



Blinding –limitations?

13.12.2023 Internal Validity23

Preclinical studies often lack personnel 
–often no monitor who would be aware of e.g., potential adverse events

Other ways to reduce risk of bias: 

Automation 
Quality management
Core facilities (outsourcing) 
Preregistration

Cai J, Ma L., Genesis. 2011; 49(6):449-59. doi: 10.1002/dvg.20744

To avoid bias, the mouse was blinded when self-
reporting outcomes. Image credit: Lorris Williams.



Preregistration/ publish your protocol

13.12.202324

https://plos.org/protocols/
https://preclinicaltrials.eu/

https://www.animalstudyregistry.org

https://www.nature.com/srep/journal-
policies/registered-reports

Registered Reports (Peer-Reviewed)

https://osf.io/registries/osf/new

Video: Introduction to protocols.io

https://plos.org/protocols/
https://preclinicaltrials.eu/
https://www.animalstudyregistry.org/asr_web/index.action
https://www.nature.com/srep/journal-policies/registered-reports
https://www.nature.com/srep/journal-policies/registered-reports
https://osf.io/registries/osf/new
https://www.protocols.io/webinars/introduction-to-protocols.io-for-the-charit


Internal validity and reliability –outlier management versus 
attrition/drop out

13.12.202325 Internal Validity

a priori (preregistration) based on e.g. range of accepted values, physiological range, 
previous experience

• Need to be applied in a blinded fashion

Inclusion/exclusion criteria based on: 
• Animal welfare (severity assessment and humane endpoint)

• Scientific outcome (outlier management)

• Characteristics of the model (genotype, phenotype, stage of disease)

Outlier
• technical (failure); extreme values (i.e., >3 SD), animal attrition

Analysis plan



Attrition/Drop out
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Subject “leaves” during a study

Reason for attrition? 

Death?

Loss of follow-up?

Are those who leave different from 
those who remain?



Compared with what?

Control groups:
• Positive and negative control groups?

• Baseline measures possible?

Approved comparator drug/intervention in 
standard clinical care? 

What is the sample size calculation based on? 

Planning and analysis on the level of the 
experimental unit? 
• Relevant confounding variables/ effect modifier

13.12.202327

Oral treatment via food vs. gavage

Effect sizes controls vs treatment 

Naïve Treatment 3 Treatment 2 Treatment 1 



How generalisable are your 
experiments? 

Is the targeted 
mechanism 

described as causal 
for the disease in 

humans? 

Correlation or 
causation?

13.12.202328



External validity –generalizability of results

Systematic heterogenization and the 
“standardization fallacy”
Co-morbidities, different sexes, different strains
Secondary outcomes

Secondary outcomes/ Flanking experiments
Triangulation

13.12.202329

Nature 553, 399-401 (2018)



Are clinical biomarkers or companion 
diagnostics measured that reflect human 
conditions? 

Clinical relevance of route of administration

• Bioavailability (pharmacokinetics)

• (Drug) dosing 

Think clinical translation -similarity of the studied model system to 
human disease conditions

13.12.202330

Hiromichi Yoshimatsu, Kunikazu Ishii, Shinji Yamashita, Journal of Drug Delivery Science 
and Technology, Volume 58, 2020, 101743, https://doi.org/10.1016/j.jddst.2020.101743

Miles A. Miller et al., Sci. Transl. Med.7,314ra183-
314ra183(2015).DOI:10.1126/scitranslmed.aac6522

https://doi.org/10.1016/j.jddst.2020.101743
https://doi.org/10.1126/scitranslmed.aac6522


How generalisable are your experiments to humans and patients? 

13.12.202331

Do I have convergent and discriminant 
evidence? (Triangulation)

Converging evidence

Different experimental approaches that 
support the same claim

Discriminant evidence

Exclude similar alternatives

Is the primary outcome adequate 
for the studied disease? 

Schmidt-Pogoda, A et al., (2020), Ann Neurol, 87: 40-51 https://doi.org/10.1002/ana.25643

Translational Validity 

https://doi.org/10.1002/ana.25643


How generalisable are your experiments to humans? 

Is the (animal) model appropriate? What are we modeling? What are limitations? 

13.12.202332
Bareham, B., Georgakopoulos, N., Matas-Céspedes, A. et al., Cancer Immunol Immunother 70, 2737–2750 (2021). https://doi.org/10.1007/s00262-021-02897-5

https://doi.org/10.1007/s00262-021-02897-5


Reverse translation

Understand mechanism
and action of successful
treatments

13.12.202333
Venniro, M., Banks, M.L., Heilig, M. et al. Improving translation of animal models of addiction and relapse 
by reverse translation. Nat Rev Neurosci 21, 625–643 (2020). https://doi.org/10.1038/s41583-020-0378-z

https://doi.org/10.1038/s41583-020-0378-z
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The immune system -wildlings to increase external validity

CD28-superagonist (CD28SA) trial: life-
threatening activation of inflammatory T cells 
and cytokine storms

Anti–tumor necrosis factor–alpha
(TNF-a) treatment during septic shock ⇨early 
termination of the study because of harm



No one-size-fits-all

13.12.202335



Take home… 

Reporting: be transparent about limitations

Robustness ≠ box ticking exercise

Registration: explore your options

13.12.202336

Think clinical translation early on
What is your next step, if you succeed? 
What are Go and No/Go Decision criteria?



Thank you!
Please do not hesitate to contact us!

37

QUEST Center for Responsible Research

Courses and Workshops

natascha-ingrid.drude@bih-charite.de

Responsible PrecliniX

https://www.bihealth.org/en/translation/innovation-enabler/quest-center/mission-approaches
https://www.bihealth.org/en/translation/innovation-enabler/quest-center/courses
mailto:natascha-ingrid.drude@bih-charite.de
https://www.bihealth.org/en/quest/service/service/responsible-preclinix


Critical questions to ask to ensure internal validity 

1. Are measures to avoid risk of bias implemented? 

• Randomization

• Blinding

• Inclusion/Exclusion criteria

2. Are critical control conditions included? 

3. Is the primary outcome defined? 

4. Are Quality control measures in place? 

• Are protocols established, standardized and available for review? 

13.12.2023 Internal Validity38
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Neglecting quality criteria contributes 
to an overestimation of treatment 
efficacy in experimental studies and 
early clinical trials

Blinding and Randomization



External validity… 

…refers to how well the outcome of a study can be expected to apply 
to other settings, such as other study conditions, animal 
strains/species. 

…refers to the extent to which a scientific finding can be translated 
from preclinical to clinical contexts.

13.12.202340

Translational validity… 

External/ Translational Validity 



Primary (and secondary) Outcome

Should be defined at the time of study design (a priori)

What is your most important measure? (The measure that you use to assess the effect 
of an intervention)

What did you base your sample size calculation on?

13.12.202341

https://catalyst.harvard.edu/wp-
content/uploads/regulatory/CTR3_OutcomeMeasures.pdf

https://catalyst.harvard.edu/wp-content/uploads/regulatory/CTR3_OutcomeMeasures.pdf
https://catalyst.harvard.edu/wp-content/uploads/regulatory/CTR3_OutcomeMeasures.pdf


Have pharmacodynamics and pharmacokinetics been 
investigated?

Route of Administration? What is clinically relevant?

Bioavailability

Pharmacokinetics

13.12.202342

Haumann, R., Videira, J.C., Kaspers, G.J.L. et al. CNS Drugs 2020. 
https://doi.org/10.1007/s40263-020-00766-w

https://doi.org/10.1007/s40263-020-00766-w
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