2 eLife

*For correspondence:
mlalu@toh.ca

Competing interest: The authors
declare that no competing
interests exist.

Funding: See page 17

Preprinted: 27 March 2019
Received: 12 December 2021
Accepted: 08 March 2023
Published: 09 March 2023

Reviewing Editor: Carlos Isales,
Augusta University, United States

© Copyright Hunniford et al.
This article is distributed under
the terms of the Creative
Commons Attribution License,
which permits unrestricted use
and redistribution provided that
the original author and source
are credited.

RESEARCH ARTICLE

3 ®©

A systematic assessment of preclinical
multilaboratory studies and a comparison
to single laboratory studies

Victoria T Hunniford"?, Agnes Grudniewicz?, Dean A Fergusson'**5,
Joshua Montroy', Emma Grigor'?, Casey Lansdell’, Manoj M Lalu"*%7#*, On
behalf of The Canadian Critical Care Translational Biology Group

'Clinical Epidemiology Program, Blueprint Translational Research Group, Ottawa
Hospital Research Institute, Ottawa, Canada; *Telfer School of Management,
University of Ottawa, Ottawa, Canada; *Faculty of Medicine, University of Ottawa,
Ottawa, Canada; “Department of Surgery, University of Ottawa, Ottawa, Canada;
>School of Epidemiology and Public Health, University of Ottawa, Ottawa, Canada;
®Department of Anesthesiology and Pain Medicine, The Ottawa Hospital, University
of Ottawa, Ottawa, Canada; 'Regenerative Medicine Program, The Ottawa Hospital
Research Institute, Ottawa, Canada; ®Department of Cellular and Molecular Medicine,
University of Ottawa, Ottawa, Canada

Abstract

Background: Multicentric approaches are widely used in clinical trials to assess the generalizability
of findings, however, they are novel in laboratory-based experimentation. It is unclear how multilab-
oratory studies may differ in conduct and results from single lab studies. Here, we synthesized the
characteristics of these studies and quantitatively compared their outcomes to those generated by
single laboratory studies.

Methods: MEDLINE and Embase were systematically searched. Screening and data extractions were
completed in duplicate by independent reviewers. Multilaboratory studies investigating interven-
tions using in vivo animal models were included. Study characteristics were extracted. Systematic
searches were then performed to identify single lab studies matched by intervention and disease.
Difference in standardized mean differences (DSMD) was then calculated across studies to assess
differences in effect estimates based on study design (>0 indicates larger effects in single lab
studies).

Results: Sixteen multilaboratory studies met inclusion criteria and were matched to 100 single lab
studies. The multicenter study design was applied across a diverse range of diseases, including
stroke, traumatic brain injury, myocardial infarction, and diabetes. The median number of centers
was four (range 2-6) and the median sample size was 111 (range 23-384) with rodents most
frequently used. Multilaboratory studies adhered to practices that reduce the risk of bias significantly
more often than single lab studies. Multilaboratory studies also demonstrated significantly smaller
effect sizes than single lab studies (DSMD 0.72 [95% confidence interval 0.43-1]).

Conclusions: Multilaboratory studies demonstrate trends that have been well recognized in clin-
ical research (i.e. smaller treatment effects with multicentric evaluation and greater rigor in study
design). This approach may provide a method to robustly assess interventions and the generaliz-
ability of findings between laboratories.
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Editor's evaluation

This study provides new insights into the strengths of multi center laboratory studies in enhancing
rigor and possibly more realistic effect sizes. These insights provide potential paths forward for
future studies.

Introduction

The impact of preclinical research using animal models is conditional on its scientific validity, repro-
ducibility, and representation of human physiology and condition (Landis et al., 2012, Chalmers
et al., 2014; van der Worp et al., 2010). Improving the quality of the design, conduct, and reporting
of preclinical studies may lead to a reduction in research waste (Chalmers et al., 2014; loannidis
et al., 2014), as well as increase their utility in informing the development of novel therapies (Begley
and Ellis, 2012, Langley et al., 2017). One method to do so may be the application of multicenter
experimentation in preclinical studies. This is analogous to what is done in clinical trials where posi-
tive findings from a single center study are usually evaluated and confirmed in a multicenter study
(Chamuleau et al., 2018; Bath et al., 2009; Bellomo et al., 2009). Multicenter studies allow for the
comparison of effects between centers, which provides insight into the generalizability of effects
across institutions (Cheng et al., 2017). Thus, they inherently test reproducibility while also increasing
efficiency in attaining sufficient sample sizes (Bath et al., 2009). In addition, rigorously designed and
reported multicenter studies may enhance the confidence in study findings and increase transparency
(Maertens et al., 2017). This approach has been adopted in other fields such as social and develop-
mental psychology (Visser et al., 2022; Baumeister et al., 2022).

Multiple calls from the biomedical science community have been made to adopt and apply multi-
center study design to preclinical laboratory-based research (Langley et al., 2017, Chamuleau et al.,
2018; Maertens et al., 2017; O'Brien et al., 2013; Boltze et al., 2016; Dirnagl and Fisher, 2012).
Some recent examples have been published that exemplify the successful implementation of this
approach (Llovera et al., 2015; Jones et al., 2015; Maysami et al., 2016). Indeed, multilaboratory
studies may offer a method to test issues of reproducibility that have been highlighted by several
studies (Begley and Ellis, 2012; Errington et al., 2021b). As interest in preclinical multilaboratory
studies grows, and major funders begin to invest in this approach (Federal Ministry of Education
and Research, 2022), a systematic evaluation of this method is needed. This will inform and optimize
future multicenter preclinical studies by producing a synthesis of current practices and outcomes,
while also identifying knowledge gaps and areas for improvement (Dirnagl and Fisher, 2012; Llovera
and Liesz, 2016; Fernandez-Jiménez and Ibanez, 2015). Moreover, it is currently unknown how the
results obtained from a preclinical multilaboratory study compare to a preclinical study conducted in a
single laboratory. This comparison is of interest as multiple clinical meta-epidemiological studies have
shown that single center clinical trials have a higher risk of bias and overestimate treatment effects
compared to multicenter trials (i.e. smaller clinical trials at single sites have a higher probability of
methodological shortcomings, lower inferential strength, and may provide inaccurately high estimates
of treatment effects) (Unverzagt et al., 2013; Dechartres et al., 2011, Bafeta et al., 2012). For this
reason, results from single center studies are generally used cautiously for clinical decision-making
(Bellomo et al., 2009). Currently, there has been no empirical investigation into whether this trend
occurs in the preclinical domain. This knowledge would provide greater insight into the potential
value of the multilaboratory design in preclinical research.

The first objective of this systematic review was to identify, assess, and synthesize the current
preclinical multilaboratory study literature. The second objective was to empirically determine if
differences exist in the methodological rigor and effect sizes between single lab and multilaboratory
studies.

Materials and methods

Synthesis of preclinical multilaboratory studies
This systematic review was reported in accordance with the Preferred Reporting Items for System-
atic Review and Meta-Analysis (PRISMA) guidelines (Moher et al., 2009; Page et al., 2020). A copy
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of the PRISMA checklist is provided in the supporting information (Reporting standard 1). The
protocol was registered with the International Prospective Register of Systematic Reviews (PROS-
PERO CRD42018093986). All data can be accessed in supplementary files.

Preclinical multilaboratory eligibility criteria

Population

The population of interest was preclinical, interventional, multilaboratory, controlled comparison
studies. Preclinical was defined as research conducted using nonhuman models that involve the evalu-
ation of potential therapeutic interventions of relevance to human health. Multilaboratory was defined
as cooperative research formally conducted between multiple research centers (sites). Models were
limited to in vivo experiments but were not limited by the clinical scope or domain of the preclinical
study.

Intervention, comparators, outcomes
Interventions were restricted to agents with potential effects when considering human health. There
were no limitations to the comparator or outcomes of individual studies included.

Study design

Eligible preclinical studies including in vivo, controlled, interventional studies of randomized and
non-randomized designs. In vivo experiments needed to be conducted at two or more independent
sites for the study to qualify as multicentric. The sites needed to also share more than just general
study objectives to be considered multicentered. Features that met the ‘multicenter’ criteria included:
shared design, specific hypothesis, a priori protocol, animal model, intervention protocol, method
of analysis, primary endpoints tested with or without identical measurement apparatuses; separate
centers for coordination, protocol development, and data analysis; and study objective, timelines,
protocols, and dissemination strategies developed a priori. Veterinary clinical trials, in vitro and ex
vivo studies (with no in vivo component), and retrospective data analysis from multiple sites were
excluded.

Preclinical multilaboratory search strategy

The search strategy was developed in collaboration with our institute’s information specialist (Risa
Shorr MLS, The Ottawa Hospital). Embase (Embase Classic and Embase), and MEDLINE (Ovid
MEDLINE Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid Medline Daily and
Ovid Medline) were searched (last updated November 25, 2020). A second, independent librarian
peer-reviewed the search strategy according to the Peer Review of Electronic Search Strategy (PRESS)
framework (McGowan et al., 2016). No study scope, date, or language limits were imposed, though
all search terms were in the English language. The search strategy is presented in the supporting infor-
mation (Supplementary file 1), as well as the PRESS review (Supplementary file 2).

Preclinical multilaboratory screening and data extraction

The results from the literature search were uploaded to Distiller Systematic Review Software (Distill-
erSR; Evidence Partners, Ottawa, Canada). DistillerSR is a cloud-based program that facilitates the
review process by managing studies through customized screening, auditing, and reporting. Dupli-
cate references were removed, and two reviewers (VTH and CL/EM/JM) independently screened titles
and abstracts based on the eligibility criteria. Any disagreements were resolved by consensus. For
the second stage of screening, two reviewers (VTH and MML/JM) independently screened the full-
text reports of included references based on the eligibility criteria. Disagreements were solved via
consensus.

Data were extracted using a standardized extraction form developed in DistillerSR that was piloted
by the primary reviewer (VTH) on five studies and revised based on feedback from a senior team
member (MML). Qualitative data included characteristics of the studies: publication details (authors,
year published, journal), the country(ies) where the study was conducted, sources of funding, the
number of centers involved (experimental and non-experimental), the disease model, animal species
and sex, treatment/exposure, all study outcomes (primary, secondary, or undefined), the reported
results, statements of barriers and facilitators, and statements of recommendations and suggestions
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for future testing of the specific therapy being investigated. Quantitative data included the measures
of central tendency and dispersion, the sample sizes for the outcome used in the meta-analysis and
for the control group, and the total number of animals analyzed. Numerical data were extracted from
raw study data or using Engauge Digitizer (version 12.0 Mitchell et al., 2020) if data was presented
in a graphical format.

Assessing preclinical multilaboratory study completeness of reporting
and risk of bias

Risk of bias and completeness of reporting in the preclinical multilaboratory studies were assessed
independently by two reviewers (VTH and MML), and disagreements were resolved via consensus.
For both assessments, the main articles along with the supporting information (when provided) were
consulted. All randomized, interventional studies were assessed as high, low, or unclear for the 10
domains of bias adapted from the SYRCLE ‘Risk of Bias' assessment tool for preclinical in vivo studies
(Hooijmans et al., 2014). The ‘other sources’ of risk of bias domain was divided into four sub-domains
(funding influences, conflicts of interest, contamination, and unit of analysis errors). An overall ‘other’
risk of bias assessment was given based on the following: overall high risk of bias if one or more of the
four other sources were assessed as high; overall unclear risk of bias if two or more of the four other
sources were assessed as unclear (and no high risk); and overall low risk of bias if three of the four
other sources were assessed as low (and no high risk).

Completeness of reporting of the multilaboratory studies was assessed using a checklist modified
from various sources: consolidated Standards of Reporting Trials (CONSORT Moher et al., 2010); the
National Institutes of Health (NIH)’s principles and guidelines for reporting preclinical research Landis
et al., 2012; and the Good Clinical Practice (GCP) Guidance Document: E6(R2) (Health Canada,
2016). The checklist is provided in the supporting information (Appendix 1—table 5) with details on
the sources for each item.

Effect size comparison between preclinical multilaboratory and single
lab studies

We compared the effect sizes of the multilaboratory studies we identified with single lab studies that
investigated the same intervention. We only performed comparisons for the multilaboratory studies
that evaluated the efficacy of an intervention. Single lab studies for each of the included multilabora-
tory study comparisons were identified using rapid review methods, which consisted of the search of a
single database, and having a single reviewer screen, extract, and appraise studies while an additional
reviewer verified study exclusions, extracted data, and appraisals (Khangura et al., 2012, Varker
et al., 2015). The protocol for the effect size comparison was developed a priori and posted on Open
Science Framework (https://osf.io/awvs9/).

Single lab study eligibility criteria
Population - We included all animal species used to model the disease of interest in the multilabora-
tory study. We only included studies modeling the exact human condition/disease of the multilabo-
ratory study, but did not limit this to the method and timing of disease induction, nor by additional
co-morbidities modeled in the animals.

Intervention — We included studies investigating the same intervention being evaluated in the
multilaboratory study.

Comparator — We only included studies that had the same comparator to the multilaboratory study
in terms of active versus placebo controls.

Outcome — We considered only the main outcome that was evaluated in the multilaboratory study.

Design - Eligible preclinical studies including in vivo, controlled, interventional studies of random-
ized, and non-randomized designs.

Date limitations — No date limitations were applied.

Single lab study screening and data extraction

We first searched for preclinical systematic reviews of the therapies being tested and disease modeled
in the multilaboratory studies. If no systematic review was identified, we searched for single lab studies
through a formal literature search. Search strategies using the eligibility criteria outlined above were
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developed with our institute’s information specialist. The references of previous single lab studies
cited in the multilaboratory studies were retrieved and used to refine the searches. The database
MEDLINE (Ovid MEDLINE Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
Medline Daily, and Ovid Medline) was searched from inception (1946). A validated animal filter limited
results to animal studies (Hooijmans et al., 2010). A single database was used as per rapid review
methods (Haby et al., 2016).

The results of the searches were uploaded to DistillerSR. Duplicate references were removed, and
one reviewer screened titles, abstracts, and full-text based on eligibility criteria. If after the screening,
there were greater than 10 eligible single lab studies identified (either through a systematic review or
through a literature search), we selected the 10 single lab studies most similar to the respective multi-
laboratory study (in terms of animal species, timing and dose of intervention, time of measurement/
humane killing, publication year). Given the large number of searches required, we chose to compare
a maximum of 10 single lab studies for feasibility reasons. If more than 10 eligible studies were equally
similar to the multilaboratory study, then 10 were randomly selected using a random-number gener-
ator (https://www.random.org/).

Data from the eligible single lab studies were extracted by one reviewer (VTH) and audited by a
second reviewer (JM). Any disagreements were resolved through further discussion. Extracted data
included: the first author, year of publication, the quantitative outcome data along with the measures
of variation (e.g. means, standard error/deviation, and sample size) for the shared outcome with the
multilaboratory study, the animal species and sex, the study sample sizes (intervention and control
groups). Numerical data were extracted from reported study data or using Engauge Digitizer if data
was presented in a graphical format.

Data analysis
Multilaboratory and single lab study quality

Study quality for both multilaboratory and single lab studies was assessed by one reviewer (VTH)
and confirmed by a second (JM); disagreements were resolved by consensus (Jadad et al., 1996).
Specifically, for each study, we evaluated five key practices that are recognized to reduce bias in labo-
ratory experiments: randomization to treatment groups, low risk of bias methods of randomization
(Reynolds and Garvan, 2021), blinding of personnel (O’Connor and Sargeant, 2014), blinding of
outcome assessor (Bello et al., 2014; Macleod et al., 2008), and complete reporting of all outcome
data (Holman et al., 2016). Each practice was assessed as ‘0’ for not performed/reported, or a ‘1
for having performed the practice. We used a Mann-Whitney U test to compare the total quality esti-
mates between multilaboratory and single lab studies. We did not individually compare the five key
practices between multilaboratory and single lab studies.

Statistical analysis - effect size comparison

The multilaboratory study’s effect size (i.e. treatment effect) of their respective primary/shared
outcome was compared to the pooled effect size of the corresponding set of single lab studies.
We extracted quantitative outcome effect measures and measures of variation from each single lab
study (e.g. means, standard error/deviation, and sample size). We used Engauge Digitizer if data was
presented in a graphical format. Summary effect sizes (ES) were calculated for the multilaboratory and
single lab studies using Comprehensive Meta-Analysis (version 3; Biostat Inc, USA). The effect size
ratio (ESR) for the multilaboratory versus single lab studies was obtained by dividing the single lab
summary effect size by the effect size of the corresponding multilaboratory study. This was expressed
as a percentage. For each meta-analysis i, this was calculated as:

ES(single lab studies)l,
ES (multilaboratory study)

ESR; =

This quantified the difference between the effect size of matched multilaboratory and single lab
studies, regardless of the metric used to demonstrate the outcome effect. An ESR of 1 indicates
no difference, an ESR greater than 1 indicates single lab studies produce a larger summary effect
size compared to multilaboratory studies, and an ESR less than one indicates that the single lab
studies produce a smaller summary effect size compared to multilaboratory studies. To obtain a more
metric-relevant comparison, and for cases where the single lab studies measure the effect of the
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same outcome in different ways, we also calculated the difference of standardized mean difference
(DSMD). Because all multilaboratory outcomes were continuous, standardized mean differences were
calculated using a random effects inverse-variance model and presented with accompanying 95%
confidence intervals. Standardized mean differences were used due to the variety of measurement
methods reported for the outcomes of interest. We calculated the standardized mean difference for
all single lab studies, collective, and for the multilaboratory study. These values, indicated as d, were
used to calculate the DSMD as follows:

DSMD; =d (single lab studies) —d (mutlilaboratory study)

i i

Synthesis of preclinical multilaboratory qualitative data and
assessments

Descriptive data of the multilaboratory study was synthesized and presented through tabulation
of textual elements (Popay et al., 2006). A synthesis of any statements and examples pertaining
to barriers and facilitators in conducting a multilaboratory study was also performed. Studies were
arranged in tables based on study design, basic characteristics, and risk of bias assessments.

Synthesis of multilaboratory and single lab data
Study quality estimates and effect size comparison assessments from each of the sets of the selected
single lab studies and corresponding multilaboratory studies were synthesized and presented inde-
pendently in a tabular format. Forest plots were used to compare the effect sizes of individual single
lab studies with the respective corresponding multilaboratory study.

Records identified through Updated Updated Updated
systematic search of search 1 search 2 search 3
MEDLINE and Embase Apr. 24, May 8, 2019 Nov. 25,
Jan. 31, 2018 2018 2020
(n=2332) (n=2) (n = 816) (n = 643)

Records screened by title
and abstract

(n=3793) (n =3652)

'

Full-text articles assessed for
eligibility *  Not preclinical (n = 37)
(n=141) *  Not multicentered (n = 38)

* Notinvivo (n=21)

*  Not interventional (n = 29)

Records excluded as inapplicable

Full-text articles excluded (n = 125)

A 4

Y

Records included in final
report
(n=16)

[ Included ][ Eligibility ][ Screening ][ Identification ]

Figure 1. Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram for study
selection.
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Deviations from protocol

The original protocol submitted to PROSPERO indicated that the degree of collaboration would be
evaluated. After expert feedback, it was decided not to evaluate the degree of collaboration as the
methods for this assessment were not feasible to apply to the preclinical setting.

The protocol to evaluate the effect sizes of multilaboratory and single lab studies was posted on
Open Science Framework. This protocol indicated that we would use SYRCLE's Risk of Bias tool (Hooi-
jmans et al., 2014) to evaluate the studies’ quality estimate. After expert feedback, it was decided to
focus on elements with empirical evidence supporting their importance in the lab setting (i.e. random-
ization Reynolds and Garvan, 2021, blinding O’Connor and Sargeant, 2014; Bello et al., 2014;
Macleod et al., 2008, and complete reporting of all outcome data Holman et al., 2016).

Peer reviewers requested additional analysis to qualitatively assess identified single laboratory
studies that were conducted by the same authors of matched multilaboratory studies.

Results

Preclinical multilaboratory search results and study characteristics

The database searches identified a total of 3793 papers after duplicates were removed (Figure 1).
There were no non-English articles identified in the search. Sixteen articles met eligibility criteria
following title, abstract, and full-text screening (Tables 1 and 2).

The identified studies fell into seven clinical domains: traumatic brain injury (n=6), myocardial
infarction (n=2), stroke (n=2), traumatic injury (n=2), effects of stimulants/neuroactive medication
(n=2), diabetes (n=1), and autism spectrum disorder (n=1). Twelve of 16 studies were published
in 2015-2020. Five studies were international (studies with labs located in multiple countries), and
eleven studies were conducted solely in the USA (all labs located in the USA). The median number
of total labs involved per multilaboratory study was four (range: 2-6), and the median number of
experimental labs performing in vivo work was three (range:2-5). Nine studies (56%) reported having
non-experimental centers involved, such as a coordinating center, data processing center, biomarker
core, or pathology core. Five different species of animals were used in the studies: rats (n=7), mice
(n=6), swine (n=3), rabbits (n=1), and dogs (n=1). One study used three species of animals for their
experiments. The median sample size was 111 (range 23-384 animals), and a total of 2145 animals
were used across the sixteen studies, 91% of which were lab rodents (mice and rats).

Reported preclinical multilaboratory outcomes

Five of the studies (31%) reported that the treatment showed statistically significant, positive results
(i.e. favoring the hypothesis); seven studies reported that the treatment showed non-significant or null
results; four studies reported that the results were mixed across different treatment specifics (Alam
et al., 2009), animal models of the disease of interest (Llovera et al., 2015), or outcome measures
(Wahlsten et al., 2003; Jha et al., 2020; Table 2). Based on their respective results, thirteen studies
made explicit statements of recommendations or future directions for the intervention tested. Seven
studies stated that they would conduct further testing or recommended that further preclinical testing
be done. Four studies indicated they would not continue testing or recommended that no further
preclinical testing be done. Three studies recommended to proceed with clinical trials. Brief synopses
of the sixteen studies can be found in supporting information (Appendix 1), along with sample state-
ments of their future recommendations (Appendix 1—table 1).

Risk of bias of preclinical multilaboratory studies

None of the 16 studies (0%) were considered low risk of bias across all ten domains (Table 3). Fifteen
studies randomized animals to experimental groups and four of these reported the method of random
sequence generation — one of which used pseudo-randomization methods at one of the participating
labs (thus was given a high risk of bias assessment). Thirteen studies had a low risk of detection bias
by blinding of outcome assessors. Eleven studies were at low risk of performance bias by blinding
personnel administering interventions. All but one study were unclear if animals were randomly
housed during the experiments. Six studies from the same research consortium (Operation Brain
Trauma Therapy) had a high risk of bias for ‘other sources’ of bias due to potential industry-related
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Centers
Performing Non-Experimental Animal, Sample
Author, Year Center location Journal Funding In Vivo Work  Centers* Sex size
Reimer et al.,
1985 us Circulation Research ~ Government (NHLBI) 3 1 Dog, both 51
Crabbe et al., Mouse,
1999 Canada, US Science Government 3 0 both 384
Journal of Trauma:
Alam et al., Injury, Infection and
2009 us Critical Care Government (US army) 3 0 Swine, F 60
Spoerke et al.,
2009 us Archives of Surgery Government (US army) 2 0 Swine, NA 32
Mouse, M 47
Jones et al., Rabbit, M 23
2015 us Circulation Research  Government (NHLBI) 3 3 Swine, F 26
Llovera et al.,  France, Germany, Science Translational ~ Government, academic
2015 Italy, Spain Medicine and charitable 5 1 Mouse, M 315
Finland, France, Journal of Cerebral Government (FP7/

Maysami et al., Germany, Hungary, Blood Flow & 2007-2013, INSERM),
2016 UK, Spain Metabolism academic 5 1 Mouse, M 241
Bramlett et al., Journal of
2016 us Neurotrauma Government (US army) 3 1 Rat, M 140
Browning et al., Journal of
2016 us Neurotrauma Government (US army) 3 1 Rat, M 130
Dixon et al., Journal of
2016 us Neurotrauma Government (US army) 3 1 Rat, M 135

Government,
Gill et al., 2016 US Diabetes charitable 4 0 Mouse, F NR
Mountney Journal of
et al.,, 2016 uUs Neurotrauma Government (US army) 3 1 Rat, M 128
Shear et al., Journal of
2016 us Neurotrauma Government (US army) 3 1 Rat, M 142

Government

(FP7/2007-2013),
Arroyo-Araujo Netherlands, industry (EFPIA),
et al., 2022 Switzerland, US Scientific Reports charitable 3 0 Rat, M 72

Journal of

Jha et al., 2020 US Neurotrauma Government (US army) 3 1 Rat, M 111
Kliewer et al.,  Australia, Germany, British Journal of Government (NHMRC,
2020 UK Pharmacology NIH), NGO 3 0 Mouse, M 108

Legend: EFPIA - European Federation of Pharmaceutical Industries and Associations; FP7/2007-2013 — European Union Commission seventh Funding
Program; INSERM - Institut national de la santé et de la recherche médicale; NGO — Non-government organization; NHLBI — National Heart, Lung, and
Blood Institute; NHMRC - National Health and Medical Research Council; NIH — National Institutes of Health; NR - not reported; UK — United Kingdom;
US - United States.
‘Non-experimental center: A site/lab not involved with the in vivo experiment (data processing, coordinating, biomarker, or pathology centers).
tCenter that was both an experimental center and a coordinating center.

influences (Table 3). The four ‘other sources’ of risk of bias assessments for each study can be found
in the supporting information (Appendix 1—table 2).

Completeness of reporting in preclinical multilaboratory studies

Overall, the completeness of reporting of checklist items across all sixteen studies was high (median
72%, range 66-100%). The domains with the highest completeness of reporting included replicates
(biological vs. technical), statistics, blinding, and discussion (Appendix 1—table 3). The domains
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Disease Reported Recommendations for
Author, Year model Intervention Study Outcomes  Secondary Outcomes Results Future Research
Mortality, hemodynamic
measures, pathological/
Reimer et al., Myocardial Verapamil and histological features,
1985 infarction ibuprofen Infarct size regional blood flow Null Not reported
Crabbe et al., Stimulant
1999 exposure Cocaine Locomotor activity Mixed Further preclinical testing
Mixed across
Alam et al., Hemodynamic resuscitation
2009 Polytrauma Blood transfusion ~ parameters Mortality products Further preclinical testing
Mortality, hemodynamic
measures, total blood
Spoerke Residual clotting loss, coagulation profiles,
et al.,, 2009 Polytrauma Lyophilized plasma  activity inflammatory measures Positive Further preclinical testing
Hemodynamic measures,
regional blood flow, heart
Jones et al., Mpyocardial Ischemic weight, troponin |, mean
2015 infarction preconditioning Infarct size arterial pressure Positive Further preclinical testing
Functional outcome, Mixed across
Llovera et al., Anti-CD49d invasion of leukocytes to models (positive,
2015 Stroke antibody Infarct size brain null) First-in-human clinical trial
Maysami Interleukin-| Odema, functional
etal., 2016  Stroke receptor antagonist Infarct size outcome, mortality Positive Extensive clinical trial
Cognitive outcomes,
biomarkers,
Bramlett Traumatic motor outcomes,
et al.,, 2016  brain injury Erythropoietin neuropathology Null No further preclinical study
Cognitive outcomes,
biomarkers, Further preclinical testing
Browning Traumatic motor outcomes, and first-in-human clinical
etal, 2016 brain injury Levetiracetam neuropathology Positive trial
Cognitive outcomes,
biomarkers,
Dixon et al., Traumatic motor outcomes,
2016 brain injury Cyclosporine neuropathology Null No further preclinical testing
Combined
Gill et al., anti-CD3 +IL-1
2016 Diabetes blockade Blood glucose Null Pause clinical trial
Cognitive outcomes,
biomarkers,
Mountney Traumatic motor outcomes,
etal., 2016 brain injury Simvastatin neuropathology Null No further preclinical study
Cognitive outcomes,
biomarkers,
Shear et al., Traumatic motor outcomes,
2016 brain injury Nicotinamide neuropathology Null No further preclinical study
Arroyo- Autism
Araujo et al., spectrum mGluR1 antagonist
2019 disorder (UNJ16259685) Behavioural activity Positive Not reported
Mixed across
Cognitive outcomes, models and
biomarkers, outcomes
Jha et al., Traumatic motor outcomes, (positive, null,
2020 brain injury Glibenclamide neuropathology Glucose level, drug levels  and negative)  Further preclinical testing
Opioid-
induced
Kliewer respiratory
et al, 2020 depression Morphine Respiratory rate Constipation Null Not reported
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for standards, randomization, sample size estimation, and inclusion/exclusion criteria were variably
reported. The introduction and abstract domain had the lowest completeness of reporting, as 8 of the
16 studies did not report that the study was multicentered in the title (or use a synonym) and less than
half indicated the number of participating labs in the abstract. Reporting assessment for all 29 items
across the 16 studies can be found in the supporting information (Supplementary file 3).

Single lab study rapid review search results

We next identified single lab studies that were matched to fourteen of the identified multilaboratory
studies (these fourteen were used since they evaluated the efficacy of an intervention). Systematic
reviews were identified for two interventions (Wever et al., 2015; Peng et al., 2014), thus systematic
searches were designed and undertaken for the remaining twelve studies. In total, 978 articles were
screened for eligibility, and data from 100 eligible single lab studies were extracted. Full details of the
identification and selection process can be found in Supporting Information, Appendix 1—table 4.

Single lab characteristics

Across the single lab studies, the median number of animals used (number of animals used for all
experiments) was 19 (range: 10-72 animals) and the total number of animals used across all studies
was 2166. Studies were published between 1980 and 2019. The disease model, treatment, and
comparator group were the same in the single lab studies and the respective corresponding multilab-
oratory studies. Seventy-three percent of the comparisons were made with single lab studies using the
same species in the multilaboratory study. Summary characteristics of the included single lab studies
are presented in Table 4.

Study quality assessments

Study quality was significantly higher in multilaboratory studies versus single lab studies (p<0.001;
Mann-Whitney U test). Across all quality domains, the median score of the multilaboratory studies was
assessed as three (range: 1-5), while single lab studies were assessed as two (range: 0-4). Sixty-nine
percent of multilaboratory studies compared to 22% of single lab studies had total scores of three and
above. Percentage of multi- and single lab studies performing each element assessed are presented in
Table 4; assessments for each multilaboratory and single lab study can be found in the supplemental
information (Supplementary file 4).

Differences in the intervention effect size between single lab and
multilaboratory studies

In 13 of 14 comparisons, the intervention effect size (i.e. treatment effect) was larger in single lab
studies than in multilaboratory studies. In the pooled analysis of all 14 comparisons, the effect size
was significantly larger in single lab studies compared to multilaboratory studies (combined DSMD,
0.72[95%Cl, 0.43-1]; p<0.001) (Figure 2). A scatterplot of the study effect sizes for each comparison
is presented in Figure 3; and the forest plots of each of the 14 comparisons can be found in the
supplemental information (Figure 2—source data 2). Of note, 8 of the 14 multilaboratory studies had
95% confidence intervals that fell outside of the pooled single laboratory 95% confidence intervals.

Effect size ratio

The ESR was greater than 1 (i.e. the single lab studies produced a larger summary effect size) in 10
of the 14 comparisons. The median effect size ratio between multilaboratory and single lab studies
across all 14 comparisons was 4.18 (range: 0.57-17.14). The ESRs for each comparison along with the
mean effect sizes and the ratio of the mean effect sizes are found in the supplemental information
(Supplementary file 4).

For 10 multilaboratory studies, researchers also had authored 11 matched single lab studies.
Median effect size ratio of this smaller matched cohort was 2.50 (mean 4.10, range 0.35-17.63).
Median quality assessment score for this cohort of 10 multilaboratory studies was three (range 1-5);
median quality score of the 11 single laboratory studies matched by authors was one (range 1-4).

Reported barriers and enablers to preclinical multilaboratory studies
Five of the 16 studies (31%) explicitly reported on the barriers and facilitators to conducting a multilab-
oratory study. The most frequently reported barrier identified in all five studies was the establishment
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Table 4. Comparison of characteristics between single lab and multilaboratory studies.

Multilaboratory studies (n=16)

Single lab studies (n=100)

Median sample size (range) 111 (23-384) 19 (10-72)
Total animals used 2,145 2,166
Publication date range 1985-2020 1980-2019
Disease model n (%) n (%)
TBI 6 (38) 46 (46)
Myocardial infarction 2(13) 20 (20)
Stroke 2(13) 16 (16)
Traumatic injury 2(13) 10 (10)
Stimulant exposure 2(13) NA
Diabetes 1(6) 2(2)
Autism spectrum disorder 1(6) 6 (6)
Animal species n (%) n (%)
Rat 7 (44) 42 (42)
Mouse 6(38) 31(31)
Swine 3(19) 12(12)
Rabbit 1(6) 30
Dog 1(6) 99
Monkey 0 2(2)
Cat 0 1(1)
Animal sex n (%) n (%)
Male 10 (63) 69 (69)
Female 2(13) 13(13)
Both 3(19) 12(12)
Not reported 1(6) 6 (6)

Quality domain

Percent of studies that performed each measure (%)

Randomization 94 57
Randomization methods 19 7

Blinding of personnel 69 24
Blinding of outcome assessment 75 53
Complete outcome data 38 38

of a consistent protocol, with attention to exact experimental details across research labs (Llovera
et al., 2015; Jones et al., 2015; Maysami et al., 2016; Reimer et al., 1985; Gill et al., 2016). In
addition to the challenge of the initial protocol development, studies reported difficulty in labs strictly
adhering to the established protocol throughout the entirety of the study. One study (Maysami et al.,
2016) had considerable issues in adhering to the protocol, and in effect had to modify its methods

through the course of the study.

Three studies (Llovera et al., 2015; Jones et al., 2015; Maysami et al., 2016) reported differ-
ences in equipment and resources across labs as a barrier that made it difficult to conduct a collab-

orative project and to communicate what measurements and endpoints would be assessed. Specific
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Study name Statistics for each study Difference in SMD and 95% CI

Difference Lower Upper
in SMD limit  limit

Browning 0.46 -0.41 1.33 —T
Mountney 0.31 -045 1.07 —i—
Shear 0.22 -0.65 1.09 —
Dixon 1.13 -1.12  3.38 .
Gill 0.59 0.07  1.11 -
Llovera 0.70 -0.46 1.86 T
Maysami 0.24 -1.50 1.98 =
Bramlett 1.96 0.37 3.55 "
Reimer 0.68 -0.72 2.08 =

Alam 0.91 -0.84 2.66 =
Spoerke 0.88 -0.14 1.90 T
Jones 1.83 097 269 ——
Jha 1.11 -0.20 242 o
Arroyo-Araujo -0.31 -2.29 1.67 =
OVERALL 0.72 0.43 1.00 <

-4.00 -2.00 0.00 2.00 4.00

Favours Multi Favours Single

Figure 2. Difference in standardized mean difference between single lab and multilaboratory preclinical studies.
The online version of this article includes the following source data for figure 2:
Source data 1. Source data for comparision of single lab and multilaboratory studies.

Source data 2. Standardized mean differences for all 14 singlevs multilaboratory comparisons and sub-groups by total quality score.

experimental conditions that investigators were unable or unwilling to harmonize across all partici-
pating laboratories included animal models of the disease, animal housing conditions, the separate
labs’ operating and measurement procedures, equipment, and institutional regulations. There was
also inconsistent funding across research labs. Different labs had separate budgets with different
amounts of funding that could be allocated to the study. If the protocol was to be harmonized, then
it had to be adapted to fit each lab’s budget accordingly (e.g. the lab with the smallest budget set
the spending limit in Maysami et al., 2016). Alternatively, labs developed a general protocol but
adapted it to fit their own respective budget with what resources they had. Of note, recent work has
suggested that harmonization reduces between-lab variability, however, systematic heterogenization
did not reduce variability further (Arroyo-Araujo et al., 2022); this may suggest that, even in fully
harmonized protocols, enough uncontrolled heterogeneity exists that further purposeful heterogeni-
zation has little effect. Another barrier identified was ethics approval for animal experiments at all the
labs (Llovera et al., 2015). This was especially significant when labs were located in multiple countries,
as each country had different regulations for ethical approval (Llovera et al., 2015; Maysami et al.,
2016).

Jones et al., 2015 suggested collaborative protocol development was facilitated by employing
pilot testing through all the labs. Developing a defined experimental protocol also included estab-
lishing an agreed-upon timeline, laboratory setup, and method of analysis and measurement. Maysami
et al., 2016 and Reimer et al., 1985 suggested that a similar approach might have enhanced the
conduct of both of their studies. Another study reported that the use of a centralized core for admin-
istration and data processing was a facilitator (Llovera et al., 2015; Jones et al., 2015). The validity
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Figure 3. Standardized mean differences of single lab and multilaboratory preclinical studies.

of reports depends on the control of statistical and data management, and having one lab coordinate
these operations reduces the chances of error or bias in the analysis. Other facilitators were related
to the interpersonal aspect of collaboration. These included having investigator leadership through
regular conferences and check-ins from the beginning to the end of the project (Mondello et al.,
2016) and building upon previously established personal/professional relationships between investi-
gators (Jones et al., 2015).

Discussion

Multiple calls for the use of multilaboratory study design in preclinical research have been published
(O’Brien et al., 2013; Dirnagl and Fisher, 2012; Llovera and Liesz, 2016; Fernandez-Jiménez and
Ibanez, 2015; Mondello et al., 2016). Here, we have synthesized characteristics and outcomes from
all interventional preclinical multilaboratory studies published in our search period. Our results suggest
that this is an emerging, novel, and promising area of research. The sixteen identified multilaboratory
studies had investigated a broad range of diseases, promoted collaboration, adopted many methods
to reduce bias, and demonstrated high completeness of reporting. In addition, we found that multi-
laboratory studies had higher methodological rigor than single lab studies, demonstrated by the
greater level of implementation of several key practices known to reduce bias. We observed that
multilaboratory studies showed significantly smaller intervention effect sizes than matched single lab
studies. This approach addresses pressing issues that have been recently highlighted such as repro-
ducibility, transparent reporting, and collaboration with data and resource sharing (Errington et al.,
2021b; Kane and Kimmelman, 2021; Errington et al., 2021a).

The differences between single and multilaboratory preclinical studies observed here have also
been noted in clinical studies. Several comparisons between clinical single-and multilaboratory RCTs
have been performed, all finding that single center RCTs demonstrate larger effect sizes (Bellomo
et al., 2009; Unverzagt et al., 2013; Dechartres et al., 2011; Bafeta et al., 2012). These studies
also found that multicenter clinical RCTs had larger sample sizes and greater adherence to practices
such as allocation concealment, randomization, and blinding. This difference in sample size and meth-
odological quality, which we have also observed, may explain the discrepancy in effect sizes. It has
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been shown that smaller studies included in meta-analyses provide larger intervention effects than
larger studies (Zhang et al., 2013; Fraley and Vazire, 2014). Furthermore, preclinical studies with
a high risk of bias (i.e. low methodological quality) may produce inflated estimates of intervention
effects (Landis et al., 2012; Collins and Tabak, 2014). Interestingly, the discrepancy in methodolog-
ical quality between single and multilaboratory studies was larger in our preclinical comparison than in
previous clinical comparisons. This could be explained by the fact that practices such as blinding and
randomization are better established in clinical research, thus, even small single center clinical trials
are more likely to adhere to them.

A second, somewhat less intuitive issue that may have contributed to larger effect sizes in single lab
studies is the smaller sample sizes that may lead to skewed results. It has been suggested that, even
in the absence of other biases, under-powered studies have a greater likelihood of effect inflation
and generate more false positives than high-powered studies; a lower probability that any observed
differences reach the minimum threshold for asserting the findings reflect a true effect; and have a
greater likelihood of effect inflation (Button et al., 2013). Perhaps the low power of these single lab
studies, combined with well-recognized issues of publication bias (Sena et al., 2010), contributed to
the larger effect sizes we observed.

Completeness of reporting in the multilaboratory studies was also noted to be high across many
domains. This is in stark contrast to previous preclinical systematic reviews of single lab studies by our
group and others that have found significant deficiencies in reporting (Landis et al., 2012; Fergusson
et al., 2019, Avey et al., 2016). Within our sample of multilaboratory studies, replicates, statistics,
and blinding were overall transparently reported in the majority of studies. ltems specific to multilab-
oratory designs, such as indicating the number of participating centers in the abstract and identifying
as a multilaboratory study in the title were less frequent. One potential explanation for this finding is
that guidelines and standards for multilaboratory preclinical studies are just emerging, and there have
yet to be any reporting recommendations specific to a preclinical multilaboratory design.

The difference in observed methodological quality and high completeness of reporting in preclin-
ical multilaboratory studies could be explained by the routine oversight and quality control that were
employed by some of the multilaboratory studies included in our sample. Though not all multilab-
oratory studies reported routine oversight, we expect that this is inherent in collaborative studies
between multiple independent research groups. As reported by several studies, the coordination of
a successful preclinical multilaboratory study requires greater training, standardization of protocols,
and study-level management when compared to a preclinical study within a single laboratory. Another
barrier was the issue of obtaining adequate funding for a multilaboratory study. As a consequence
of limited funding, we would speculate that these studies may have undergone more scrutiny and
refinement by multiple investigators, funders, and other stakeholders. Indeed, comparison of single
lab studies that had been conducted by authors of multilaboratory studies suggested differences in
the conduct and outcomes of these studies (despite having the some of the same researchers involved
in both). However, this post hoc analysis was qualitative with a limited sample; thus, future studies will
need to explore these issues further.

Due to the greater methodological rigor and transparent reporting, the inferred routine oversight,
and larger sample sizes, we speculate that preclinical multilaboratory studies may provide a more
precise evaluation of the intervention’s effects than do single lab studies. As research groups globally
consider adopting this approach, the biomedical community may benefit by emulating successful
existing networks of multicenter studies in social psychology (https://psysciacc.org/), developmental
psychology (https://manybabies.github.io), and special education research (https://edresearchaccele
rator.org/). Moreover, identified barriers and enablers to these studies should be further explored
from a variety of stakeholder perspectives (e.g. researchers, animal ethics committees, institutes, and
funders) in order to maximize future chances of success.

Strengths and limitations

A strength of this systematic review is the in-depth synthesis of published preclinical multilaboratory
studies that summarizes and assesses the state of this field of research, along with a quantitative
comparison between single and multilaboratory studies. The application of rigorous inclusion criteria
limited the eligible studies to interventional, controlled-comparison studies, which could omit valuable
information that may have come from the excluded studies of non-controlled and/or observational
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designs, or studies focused on mechanistic insights. Another limitation is that our assessment of the
risk of bias relies on complete reporting; reporting, however, can be influenced by space restrictions
in some journals, temporal trends (e.g. better reporting in more recent studies), as well as accepted
norms in certain fields of basic science. However, with the increasing prevalence of reporting check-
lists and standards in preclinical research (Percie du Sert et al., 2020), future assessments will be less
susceptible to this information bias (Ramirez et al., 2020). We also note that our quantitative analysis
included only 16 studies, and thus our results might be better regarded as a preliminary analysis that
will require future confirmation when more multilaboratory studies have been conducted. We would
note, however, that despite the diversity of included multilaboratory studies, overall trends were quite
similar across these 16 studies (e.g. more complete reporting, lower risk of bias, and smaller effect size
than comparable single laboratory studies).

An additional limitation is that we calculated the effect sizes of the comparable single lab studies
using standardized mean differences. We acknowledge that using mean difference would provide a
more readily interpretable comparison, however, the use of standardized mean difference allowed us
to compare the same outcomes between studies irrespective of the unit of measurement reported.
Another limitation is the restriction to a maximum of 10 studies for each multicenter comparison in
order to maintain the feasibility of this study. However, we do not expect that this would influence the
results or trends we observed.

Conclusion

This review demonstrates the potential value of multicentric study designs in preclinical research, an
approach that has been richly rewarding in clinical research. Importantly, this review provides evidence
that preclinical multilaboratory studies report smaller treatment effect sizes and appear to have greater
methodological rigor than preclinical studies performed in a single laboratory. This suggests that the
preclinical multilaboratory design may have a place in the preclinical research pipeline; indeed, this
approach may be a valuable means to evaluate the potential of a promising intervention prior to its
consideration in an early-phase clinical trial.

Acknowledgements

VTH was supported by a Government of Ontario Queen Elizabeth || Graduate Scholarship in Science
and Technology. MML was supported by The Ottawa Hospital Anesthesia Alternate Funds Associa-
tion, a University of Ottawa Junior Clinical Research Chair in Innovative Translational Research, and
the Canadian Anesthesiologists’ Society Career Scientist Award (Canadian Anesthesia Research Foun-
dation). We would like to thank Risa Shorr (Information Specialist, The Ottawa Hospital) for providing
assistance with the generation of the systematic search strategies and article retrieval. We would also
like to thank Dr. Alison Fox-Robichaud from the Canadian Critical Care Translational Biology Group for
providing critical feedback on the manuscript.

Additional information

Funding

Funder Grant reference number Author

QEIl Scholarship Graduate Student Victoria T Hunniford
Scholarship

Canadian Anesthesia Career Scientist Award Manoj M Lalu

Research Foundation

The funders had no role in study design, data collection and interpretation, or the
decision to submit the work for publication.

Author contributions
Victoria T Hunniford, Conceptualization, Formal analysis, Investigation, Methodology, Writing — orig-
inal draft, Writing — review and editing; Agnes Grudniewicz, Supervision, Writing — review and editing;

Hunniford et al. eLife 2023;12:e76300. DOI: https://doi.org/10.7554/eLife.76300 17 of 28


https://doi.org/10.7554/eLife.76300

e Llfe Research article

Medicine | Epidemiology and Global Health

Dean A Fergusson, Conceptualization, Supervision, Methodology, Writing — review and editing;
Joshua Montroy, Formal analysis, Writing — review and editing; Emma Grigor, Casey Lansdell, Investi-
gation, Writing — review and editing; Manoj M Lalu, Conceptualization, Resources, Supervision, Meth-
odology, Writing — review and editing

Author ORCIDs
Manoj M Lalu @ http://orcid.org/0000-0002-0322-382X

Decision letter and Author response
Decision letter https://doi.org/10.7554/elife.76300.sa
Author response https://doi.org/10.7554/¢elife.76300.sa2

Additional files

Supplementary files

* MDAR checklist

e Supplementary file 1. Preclinical multilaboratory search strategy.

e Supplementary file 2. PRESS review of search strategy.

¢ Supplementary file 3. Completeness of reporting of preclinical multilaboratory studies for 29
reporting items.

e Supplementary file 4. Quality scores, effect sizes, and effect size ratios of multilaboratory and
single lab studies.

¢ Reporting standard 1. PRISMA Checklist.

Data availability

The protocol for the effect size comparison was developed a priori and posted on Open Science
Framework (https://osf.io/awvs9/).Supplementary documents contains the search strategies, risk of
bias assessments, reporting checklists, quality scores, effect sizes, effect size ratios, and standardized
mean differences to generate the figures and tables.

The following previously published dataset was used:

Author(s) Year Dataset title Dataset URL Database and Identifier
Lalu M, Hunniford V.= 2020 Study Protocol: https://osf.io/awvs9/ Open Science Framework,
Quantitative comparison awvs9

between the effect sizes

of preclinical multicenter
studies and single center
studies

References

Alam HB, Bice LM, Butt MU, Cho SD, Dubick MA, Duggan M, Englehart MS, Holcomb JB, Morris MS,
Prince MD, Schreiber MA, Shults C, Sondeen JL, Tabbara M, Tieu BH, Underwood SA, Hemostatic
Resuscitation Research Group. 2009. Testing of blood products in a polytrauma model: results of a multi-
institutional randomized preclinical trial. The Journal of Trauma 67:856-864. DOI: https://doi.org/10.1097/TA.
0b013e3181b5ae75, PMID: 19820596

Arroyo-Araujo M, Graf R, Maco M, van Dam E, Schenker E, Drinkenburg W, Koopmans B, de Boer SF,
Cullum-Doyle M, Noldus LPJJ, Loos M, van Dommelen W, Spooren W, Biemans B, Buhl DL, Kas MJ. 2019.
Reproducibility via coordinated standardization: a multi-center study in a SHANK2 genetic rat model for autism
spectrum disorders. Scientific Reports 9:11602. DOI: https://doi.org/10.1038/s41598-019-47981-0, PMID:
31406134

Arroyo-Araujo M, Voelkl B, Laloux C, Novak J, Koopmans B, Waldron A-M, Seiffert |, Stirling H, Aulehner K,
Janhunen SK, Ramboz S, Potschka H, Holappa J, Fine T, Loos M, Boulanger B, Wiirbel H, Kas MJ,
Lino de Oliveira C. 2022. Systematic assessment of the replicability and generalizability of preclinical findings:
impact of protocol harmonization across laboratory sites. PLOS Biology 20:e3001886. DOI: https://doi.org/10.
1371/journal.pbio.3001886

Avey MT, Moher D, Sullivan KJ, Fergusson D, Griffin G, Grimshaw JM, Hutton B, Lalu MM, Macleod M,
Marshall J, Mei SHJ, Rudnicki M, Stewart DJ, Turgeon AF, Mclntyre L, Canadian Critical Care Translational

Hunniford et al. eLife 2023;12:e76300. DOI: https://doi.org/10.7554/eLife.76300 18 of 28


https://doi.org/10.7554/eLife.76300
http://orcid.org/0000-0002-0322-382X
https://doi.org/10.7554/eLife.76300.sa1
https://doi.org/10.7554/eLife.76300.sa2
https://osf.io/awvs9/
https://osf.io/awvs9/
https://doi.org/10.1097/TA.0b013e3181b5ae75
https://doi.org/10.1097/TA.0b013e3181b5ae75
http://www.ncbi.nlm.nih.gov/pubmed/19820596
https://doi.org/10.1038/s41598-019-47981-0
http://www.ncbi.nlm.nih.gov/pubmed/31406134
https://doi.org/10.1371/journal.pbio.3001886
https://doi.org/10.1371/journal.pbio.3001886

e Llfe Research article

Medicine | Epidemiology and Global Health

Biology Group. 2016. The devil is in the details: incomplete reporting in preclinical animal research. PLOS ONE
11:e0166733. DOI: https://doi.org/10.1371/journal.pone.0166733, PMID: 27855228

Bafeta A, Dechartres A, Trinquart L, Yavchitz A, Boutron |, Ravaud P. 2012. Impact of single centre status on
estimates of intervention effects in trials with continuous outcomes: meta-epidemiological study. BMJ
344:¢813. DOI: https://doi.org/10.1136/bmj.e813, PMID: 22334559

Bailey KR. 1991. Detecting fabrication of data in a multicenter collaborative animal study. Controlled Clinical
Trials 12:741-752. DOI: https://doi.org/10.1016/0197-2456(91)90037-m, PMID: 1665115

Bath PMW, Macleod MR, Green AR. 2009. Emulating multicentre clinical stroke trials: a new paradigm for
studying novel interventions in experimental models of stroke. International Journal of Stroke 4:471-479. DOI:
https://doi.org/10.1111/j.1747-4949.2009.00386.x, PMID: 19930059

Baumeister RF, Tice DM, Bushman BJ. 2022. A review of multisite replication projects in social psychology: is it
viable to sustain any confidence in social psychology’s knowledge base? Perspectives on Psychological Science
2022:17456916221121816. DOI: https://doi.org/10.1177/17456916221121815, PMID: 36442681

Begley CG, Ellis LM. 2012. Drug development: raise standards for preclinical cancer research. Nature 483:531-
533. DOI: https://doi.org/10.1038/483531a, PMID: 22460880

Bello S, Krogsbgll LT, Gruber J, Zhao ZJ, Fischer D, Hrébjartsson A. 2014. Lack of blinding of outcome assessors
in animal model experiments implies risk of observer bias. Journal of Clinical Epidemiology 67:973-983. DOI:
https://doi.org/10.1016/j.jclinepi.2014.04.008, PMID: 24972762

Bellomo R, Warrillow SJ, Reade MC. 2009. Why we should be wary of single-center trials. Critical Care Medicine
37:3114-3119. DOI: https://doi.org/10.1097/CCM.0b013e3181bc7bd5, PMID: 19789447

Boltze J, Wagner DC, Henninger N, Plesnila N, Ayata C. 2016. Phase Il preclinical trials in translational stroke
research: community response on framework and guidelines. Translational Stroke Research 7:241-247. DOI:
https://doi.org/10.1007/s12975-016-0474-6, PMID: 27297402

Bramlett HM, Dietrich WD, Dixon CE, Shear DA, Schmid KE, Mondello S, Wang KKW, Hayes RL, Povlishock JT,
Tortella FC, Kochanek PM. 2016. Erythropoietin treatment in traumatic brain injury: operation brain trauma
therapy. Journal of Neurotrauma 33:538-552. DOI: https://doi.org/10.1089/neu.2015.4116, PMID: 26670694

Browning M, Shear DA, Bramlett HM, Dixon CE, Mondello S, Schmid KE, Poloyac SM, Dietrich WD, Hayes RL,
Wang KKW, Povlishock JT, Tortella FC, Kochanek PM. 2016. Levetiracetam treatment in traumatic brain injury:
operation brain trauma therapy. Journal of Neurotrauma 33:581-594. DOI: https://doi.org/10.1089/neu.2015.
4131, PMID: 26671550

Button KS, loannidis JPA, Mokrysz C, Nosek BA, Flint J, Robinson ESJ, Munafd MR. 2013. Power failure: why
small sample size undermines the reliability of neuroscience. Nature Reviews. Neuroscience 14:365-376. DOI:
https://doi.org/10.1038/nrn3475, PMID: 23571845

Chalmers |, Bracken MB, Djulbegovic B, Garattini S, Grant J, Gllmezoglu AM, Howells DW, loannidis JPA,
Oliver S. 2014. How to increase value and reduce waste when research priorities are set. Lancet 383:156-165.
DOI: https://doi.org/10.1016/S0140-6736(13)62229-1, PMID: 24411644

Chamuleau SAJ, van der Naald M, Climent AM, Kraaijeveld AO, Wever KE, Duncker DJ, Fernandez-Avilés F,
Bolli R, Transnational Alliance for Regenerative Therapies in Cardiovascular Syndromes Group. 2018.
Translational research in cardiovascular repair: a call for a paradigm shift. Circulation Research 122:310-318.
DOI: https://doi.org/10.1161/CIRCRESAHA.117.311565, PMID: 29348252

Cheng A, Kessler D, Mackinnon R, Chang TP, Nadkarni VM, Hunt EA, Duval-Arnould J, Lin Y, Pusic M,
Auerbach M. 2017. Conducting multicenter research in healthcare simulation: lessons learned from the INSPIRE
network. Advances in Simulation 2:6. DOI: https://doi.org/10.1186/s41077-017-0039-0, PMID: 29450007

Collins FS, Tabak LA. 2014. Policy: NIH plans to enhance reproducibility. Nature 505:612-613. DOI: https://doi.
org/10.1038/505612a, PMID: 24482835

Crabbe JC, Wahlsten D, Dudek BC. 1999. Genetics of mouse behavior: interactions with laboratory environment.
Science 284:1670-1672. DOI: https://doi.org/10.1126/science.284.5420.1670, PMID: 10356397

Dechartres A, Boutron |, Trinquart L, Charles P, Ravaud P. 2011. Single-center trials show larger treatment effects
than multicenter trials: evidence from a meta-epidemiologic study. Annals of Internal Medicine 155:39-51.
DOI: https://doi.org/10.7326/0003-4819-155-1-201107050-00006, PMID: 21727292

Dirnagl U, Fisher M. 2012. Reprint: international, multicenter randomized preclinical trials in translational stroke
research: it is time to act. Stroke 43:1453-1454. DOI: https://doi.org/10.1161/STROKEAHA.112.653709, PMID:
22535274

Dixon CE, Bramlett HM, Dietrich WD, Shear DA, Yan HQ, Deng-Bryant Y, Mondello S, Wang KKW, Hayes RL,
Empey PE, Povlishock JT, Tortella FC, Kochanek PM. 2016. Cyclosporine treatment in traumatic brain injury:
operation brain trauma therapy. Journal of Neurotrauma 33:553-566. DOI: https://doi.org/10.1089/neu.2015.
4122, PMID: 26671075

Errington TM, Denis A, Perfito N, lorns E, Nosek BA. 2021a. Challenges for assessing replicability in preclinical
cancer biology. eLife 10:€67995. DOI: https://doi.org/10.7554/elife.67995, PMID: 34874008

Errington TM, Mathur M, Soderberg CK, Denis A, Perfito N, lorns E, Nosek BA. 2021b. Investigating the
replicability of preclinical cancer biology. eLife 10:e71601. DOI: https://doi.org/10.7554/eLife.71601, PMID:
34874005

Federal Ministry of Education and Research. 2022. Call for proposals for preclinical confirmatory studies and
systematic reviews. https://www.gesundheitsforschung-bmbf.de/de/14868.php [Accessed April 5, 2023].

Fergusson DA, Wesch NL, Leung GJ, MacNeil JL, Conic |, Presseau J, Cobey KD, Diallo J-S, Auer R,
Kimmelman J, Kekre N, El-Sayes N, Krishnan R, Keller BA, llkow C, Lalu MM. 2019. Assessing the completeness

Hunniford et al. eLife 2023;12:e76300. DOI: https://doi.org/10.7554/eLife.76300 19 of 28


https://doi.org/10.7554/eLife.76300
https://doi.org/10.1371/journal.pone.0166733
http://www.ncbi.nlm.nih.gov/pubmed/27855228
https://doi.org/10.1136/bmj.e813
http://www.ncbi.nlm.nih.gov/pubmed/22334559
https://doi.org/10.1016/0197-2456(91)90037-m
http://www.ncbi.nlm.nih.gov/pubmed/1665115
https://doi.org/10.1111/j.1747-4949.2009.00386.x
http://www.ncbi.nlm.nih.gov/pubmed/19930059
https://doi.org/10.1177/17456916221121815
http://www.ncbi.nlm.nih.gov/pubmed/36442681
https://doi.org/10.1038/483531a
http://www.ncbi.nlm.nih.gov/pubmed/22460880
https://doi.org/10.1016/j.jclinepi.2014.04.008
http://www.ncbi.nlm.nih.gov/pubmed/24972762
https://doi.org/10.1097/CCM.0b013e3181bc7bd5
http://www.ncbi.nlm.nih.gov/pubmed/19789447
https://doi.org/10.1007/s12975-016-0474-6
http://www.ncbi.nlm.nih.gov/pubmed/27297402
https://doi.org/10.1089/neu.2015.4116
http://www.ncbi.nlm.nih.gov/pubmed/26670694
https://doi.org/10.1089/neu.2015.4131
https://doi.org/10.1089/neu.2015.4131
http://www.ncbi.nlm.nih.gov/pubmed/26671550
https://doi.org/10.1038/nrn3475
http://www.ncbi.nlm.nih.gov/pubmed/23571845
https://doi.org/10.1016/S0140-6736(13)62229-1
http://www.ncbi.nlm.nih.gov/pubmed/24411644
https://doi.org/10.1161/CIRCRESAHA.117.311565
http://www.ncbi.nlm.nih.gov/pubmed/29348252
https://doi.org/10.1186/s41077-017-0039-0
http://www.ncbi.nlm.nih.gov/pubmed/29450007
https://doi.org/10.1038/505612a
https://doi.org/10.1038/505612a
http://www.ncbi.nlm.nih.gov/pubmed/24482835
https://doi.org/10.1126/science.284.5420.1670
http://www.ncbi.nlm.nih.gov/pubmed/10356397
https://doi.org/10.7326/0003-4819-155-1-201107050-00006
http://www.ncbi.nlm.nih.gov/pubmed/21727292
https://doi.org/10.1161/STROKEAHA.112.653709
http://www.ncbi.nlm.nih.gov/pubmed/22535274
https://doi.org/10.1089/neu.2015.4122
https://doi.org/10.1089/neu.2015.4122
http://www.ncbi.nlm.nih.gov/pubmed/26671075
https://doi.org/10.7554/eLife.67995
http://www.ncbi.nlm.nih.gov/pubmed/34874008
https://doi.org/10.7554/eLife.71601
http://www.ncbi.nlm.nih.gov/pubmed/34874005
https://www.gesundheitsforschung-bmbf.de/de/14868.php

e Llfe Research article

Medicine | Epidemiology and Global Health

of reporting in preclinical oncolytic virus therapy studies. Molecular Therapy Oncolytics 14:179-187. DOI:
https://doi.org/10.1016/j.omt0.2019.05.004, PMID: 31276026

Fernandez-Jiménez R, Ibanez B. 2015. CAESAR: one step beyond in the construction of a translational bridge
for cardioprotection. Circulation Research 116:554-556. DOI: https://doi.org/10.1161/CIRCRESAHA.115.
305841, PMID: 25677511

Fraley RC, Vazire S. 2014. The N-pact factor: evaluating the quality of empirical journals with respect to sample
size and statistical power. PLOS ONE 9:e109019. DOI: https://doi.org/10.1371/journal.pone.0109019, PMID:
25296159

Gill RG, Pagni PP, Kupfer T, Wasserfall CH, Deng S, Posgai A, Manenkova Y, Bel Hani A, Straub L, Bernstein P,
Atkinson MA, Herold KC, von Herrath M, Staeva T, Ehlers MR, Nepom GT. 2016. A preclinical Consortium
approach for assessing the efficacy of combined anti-CD3 plus IL-1 blockade in reversing new-onset
autoimmune diabetes in NOD mice. Diabetes 65:1310-1316. DOI: https://doi.org/10.2337/db15-0492, PMID:
26718498

Haby MM, Chapman E, Clark R, Barreto J, Reveiz L, Lavis JN. 2016. What are the best methodologies for rapid
reviews of the research evidence for evidence-informed decision making in health policy and practice: a rapid
review. Health Research Policy and Systems 14:83. DOI: https://doi.org/10.1186/s12961-016-0155-7, PMID:
27884208

Health Canada. 2016. E6(R2) Good Clinial Practice: Integrated Addendum to ICH E6(R1) - Guidance for Industry.
US Food and Drug Administration.

Holman C, Piper SK, Grittner U, Diamantaras AA, Kimmelman J, Siegerink B, Dirnagl U. 2016. Where have all the
rodents gone? the effects of attrition in experimental research on cancer and stroke. PLOS Biology
14:1002331. DOI: https://doi.org/10.1371/journal.pbio.1002331, PMID: 26726833

Hooijmans CR, Tillema A, Leenaars M, Ritskes-Hoitinga M. 2010. Enhancing search efficiency by means of a
search filter for finding all studies on animal experimentation in PubMed. Laboratory Animals 44:170-175. DOI:
https://doi.org/10.1258/1a.2010.009117, PMID: 20551243

Hooijmans CR, Rovers MM, de Vries RBM, Leenaars M, Ritskes-Hoitinga M, Langendam MW. 2014. SYRCLE's risk
of bias tool for animal studies. BMC Medical Research Methodology 14:43. DOI: https://doi.org/10.1186/
1471-2288-14-43, PMID: 24667063

loannidis JPA, Greenland S, Hlatky MA, Khoury MJ, Macleod MR, Moher D, Schulz KF, Tibshirani R. 2014.
Increasing value and reducing waste in research design, conduct, and analysis. Lancet 383:166-175. DOI:
https://doi.org/10.1016/S0140-6736(13)62227-8, PMID: 24411645

Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, McQuay HJ. 1996. Assessing the
quality of reports of randomized clinical trials: is blinding necessary? Controlled Clinical Trials 17:1-12. DOI:
https://doi.org/10.1016/0197-2456(95)00134-4, PMID: 8721797

Jha RM, Mondello S, Bramlett HM, Dixon CE, Shear DA, Dietrich WD, Wang KKW, Yang Z, Hayes RL,

Poloyac SM, Empey PE, Lafrenaye AD, Yan HQ, Carlson SW, Povlishock JT, Gilsdorf JS, Kochanek PM. 2020.
Glibenclamide treatment in traumatic brain injury: operation brain trauma therapy. Journal of Neurotrauma
38:628-645. DOI: https://doi.org/10.1089/neu.2020.7421, PMID: 33203303

Jones SP, Tang X-L, Guo Y, Steenbergen C, Lefer DJ, Kukreja RC, Kong M, Li Q, Bhushan S, Zhu X, Du J, Nong Y,
Stowers HL, Kondo K, Hunt GN, Goodchild TT, Orr A, Chang CC, Ockaili R, Salloum FN, et al. 2015. The
NHLBI-sponsored Consortium for preclinical assessment of cardioprotective therapies (Caesar): a new
paradigm for rigorous, accurate, and reproducible evaluation of putative infarct-sparing interventions in mice,
rabbits, and pigs. Circulation Research 116:572-586. DOI: https://doi.org/10.1161/CIRCRESAHA.116.305462,
PMID: 25499773

Kane PB, Kimmelman J. 2021. Is preclinical research in cancer biology reproducible enough? eLife 10:e67527.
DOI: https://doi.org/10.7554/eLife.67527, PMID: 34874006

Khangura S, Konnyu K, Cushman R, Grimshaw J, Moher D. 2012. Evidence summaries: the evolution of a rapid
review approach. Systematic Reviews 1:10. DOI: https://doi.org/10.1186/2046-4053-1-10, PMID: 22587960

Kliewer A, Gillis A, Hill R, Schmiedel F, Bailey C, Kelly E, Henderson G, Christie MJ, Schulz S. 2020. Morphine-
Induced respiratory depression is independent of B-arrestin2 signalling. British Journal of Pharmacology
177:2923-2931. DOI: https://doi.org/10.1111/bph.15004, PMID: 32052419

Kochanek PM, Bramlett HM, Dixon CE, Shear DA, Dietrich WD, Schmid KE, Mondello S, Wang KKW, Hayes RL,
Povlishock JT, Tortella FC. 2016. Approach to modeling, therapy evaluation, drug selection, and biomarker
assessments for a multicenter pre-clinical drug screening Consortium for acute therapies in severe traumatic
brain injury: operation brain trauma therapy. Journal of Neurotrauma 33:513-522. DOI: https://doi.org/10.
1089/neu.2015.4113, PMID: 26439468

Landis SC, Amara SG, Asadullah K, Austin CP, Blumenstein R, Bradley EW, Crystal RG, Darnell RB, Ferrante RJ,
Fillit H, Finkelstein R, Fisher M, Gendelman HE, Golub RM, Goudreau JL, Gross RA, Gubitz AK, Hesterlee SE,
Howells DW, Huguenard J, et al. 2012. A call for transparent reporting to optimize the predictive value of
preclinical research. Nature 490:187-191. DOI: https://doi.org/10.1038/nature 11556, PMID: 23060188

Langley GR, Adcock IM, Busquet F, Crofton KM, Csernok E, Giese C, Heinonen T, Herrmann K,
Hofmann-Apitius M, Landesmann B, Marshall LJ, Mclvor E, Muotri AR, Noor F, Schutte K, Seidle T,
van de Stolpe A, Van Esch H, Willett C, Woszczek G. 2017. Towards a 21st-century roadmap for biomedical
research and drug discovery: consensus report and recommendations. Drug Discovery Today 22:327-339. DOI:
https://doi.org/10.1016/j.drudis.2016.10.011, PMID: 27989722

Llovera G, Hofmann K, Roth S, Salas-Pérdomo A, Ferrer-Ferrer M, Perego C, Zanier ER, Mamrak U, Rex A,

Party H, Agin V, Fauchon C, Orset C, Haelewyn B, De Simoni MG, Dirnagl U, Grittner U, Planas AM, Plesnila N,

Hunniford et al. eLife 2023;12:e76300. DOI: https://doi.org/10.7554/eLife.76300 20 of 28


https://doi.org/10.7554/eLife.76300
https://doi.org/10.1016/j.omto.2019.05.004
http://www.ncbi.nlm.nih.gov/pubmed/31276026
https://doi.org/10.1161/CIRCRESAHA.115.305841
https://doi.org/10.1161/CIRCRESAHA.115.305841
http://www.ncbi.nlm.nih.gov/pubmed/25677511
https://doi.org/10.1371/journal.pone.0109019
http://www.ncbi.nlm.nih.gov/pubmed/25296159
https://doi.org/10.2337/db15-0492
http://www.ncbi.nlm.nih.gov/pubmed/26718498
https://doi.org/10.1186/s12961-016-0155-7
http://www.ncbi.nlm.nih.gov/pubmed/27884208
https://doi.org/10.1371/journal.pbio.1002331
http://www.ncbi.nlm.nih.gov/pubmed/26726833
https://doi.org/10.1258/la.2010.009117
http://www.ncbi.nlm.nih.gov/pubmed/20551243
https://doi.org/10.1186/1471-2288-14-43
https://doi.org/10.1186/1471-2288-14-43
http://www.ncbi.nlm.nih.gov/pubmed/24667063
https://doi.org/10.1016/S0140-6736(13)62227-8
http://www.ncbi.nlm.nih.gov/pubmed/24411645
https://doi.org/10.1016/0197-2456(95)00134-4
http://www.ncbi.nlm.nih.gov/pubmed/8721797
https://doi.org/10.1089/neu.2020.7421
http://www.ncbi.nlm.nih.gov/pubmed/33203303
https://doi.org/10.1161/CIRCRESAHA.116.305462
http://www.ncbi.nlm.nih.gov/pubmed/25499773
https://doi.org/10.7554/eLife.67527
http://www.ncbi.nlm.nih.gov/pubmed/34874006
https://doi.org/10.1186/2046-4053-1-10
http://www.ncbi.nlm.nih.gov/pubmed/22587960
https://doi.org/10.1111/bph.15004
http://www.ncbi.nlm.nih.gov/pubmed/32052419
https://doi.org/10.1089/neu.2015.4113
https://doi.org/10.1089/neu.2015.4113
http://www.ncbi.nlm.nih.gov/pubmed/26439468
https://doi.org/10.1038/nature11556
http://www.ncbi.nlm.nih.gov/pubmed/23060188
https://doi.org/10.1016/j.drudis.2016.10.011
http://www.ncbi.nlm.nih.gov/pubmed/27989722

e Llfe Research article

Medicine | Epidemiology and Global Health

Vivien D, et al. 2015. Results of a preclinical randomized controlled multicenter trial (prct): anti-cd49d treatment
for acute brain ischemia. Science Translational Medicine 7:299. DOI: https://doi.org/10.1126/scitranslmed.
2aa9853, PMID: 26246166

Llovera G, Liesz A. 2016. The next step in translational research: lessons learned from the first preclinical
randomized controlled trial. Journal of Neurochemistry 139 Suppl 2:271-279. DOI: https://doi.org/10.1111/
jnc.13516, PMID: 26968835

Macleod MR, van der Worp HB, Sena ES, Howells DW, Dirnagl U, Donnan GA. 2008. Evidence for the efficacy of
NXY-059 in experimental focal cerebral ischaemia is confounded by study quality. Stroke 39:2824-2829. DOI:
https://doi.org/10.1161/STROKEAHA.108.515957, PMID: 18635842

Maertens O, McCurrach ME, Braun BS, De Raedt T, Epstein |, Huang TQ, Lauchle JO, Lee H, Wu J, Cripe TP,
Clapp DW, Ratner N, Shannon K, Cichowski K. 2017. A collaborative model for accelerating the discovery and
translation of cancer therapies. Cancer Research 77:5706-5711. DOI: https://doi.org/10.1158/0008-5472.
CAN-17-1789, PMID: 28993414

Maysami S, Wong R, Pradillo JM, Denes A, Dhungana H, Malm T, Koistinaho J, Orset C, Rahman M, Rubio M,
Schwaninger M, Vivien D, Bath PM, Rothwell NJ, Allan SM. 2016. A cross-laboratory preclinical study on the
effectiveness of interleukin-1 receptor antagonist in stroke. Journal of Cerebral Blood Flow and Metabolism
36:596-605. DOI: https://doi.org/10.1177/0271678X15606714, PMID: 26661169

McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. 2016. Press peer review of electronic
search strategies: 2015 guideline statement. Journal of Clinical Epidemiology 75:40-46. DOI: https://doi.org/
10.1016/}.jclinepi.2016.01.021, PMID: 27005575

Mitchell M, Muftakhidinov B, Winchen TE. 2020. Digitizer software. 12.1. Github. http://markummitchell.github.
io/engauge-digitizer

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. 2009. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLOS Medicine 6:e1000097. DOI: https://doi.org/10.1371/journal.
pmed.1000097, PMID: 19621072

Moher D, Hopewell S, Schulz KF, Montori V, Getzsche PC, Devereaux PJ, Elbourne D, Egger M, Altman DG,
Consolidated Standards of Reporting Trials Group. 2010. Consort 2010 explanation and elaboration: updated
guidelines for reporting parallel group randomised trials. Journal of Clinical Epidemiology 63:e1-e37. DOI:
https://doi.org/10.1016/j.jclinepi.2010.03.004, PMID: 20346624

Mondello S, Shear DA, Bramlett HM, Dixon CE, Schmid KE, Dietrich WD, Wang KKW, Hayes RL, Glushakova O,
Catania M, Richieri SP, Povlishock JT, Tortella FC, Kochanek PM. 2016. Insight into pre-clinical models of
traumatic brain injury using circulating brain damage biomarkers: operation brain trauma therapy. Journal of
Neurotrauma 33:595-605. DOI: https://doi.org/10.1089/neu.2015.4132, PMID: 26671651

Mountney A, Bramlett HM, Dixon CE, Mondello S, Dietrich WD, Wang KKW, Caudle K, Empey PE, Poloyac SM,
Hayes RL, Povlishock JT, Tortella FC, Kochanek PM, Shear DA. 2016. Simvastatin treatment in traumatic brain
injury: operation brain trauma therapy. Journal of Neurotrauma 33:567-580. DOI: https://doi.org/10.1089/neu.
2015.4130, PMID: 26541177

O’Brien TJ, Ben-Menachem E, Bertram EH, Collins SD, Kokaia M, Lerche H, Klitgaard H, Staley KJ, Vaudano E,
Walker MC, Simonato M. 2013. Proposal for a “phase II” multicenter trial model for preclinical new antiepilepsy
therapy development. Epilepsia 54 Suppl 4:70-74. DOI: https://doi.org/10.1111/epi.12300, PMID: 23909855

O’Connor AM, Sargeant JM. 2014. Critical appraisal of studies using laboratory animal models. ILAR Journal
55:405-417. DOI: https://doi.org/10.1093/ilar/ilu038, PMID: 25541543

Page MJ, McKenzie J, Bossuyt P, Boutron |, Hoffmann T, Mulrow C, Shamseer L, Tetzlaff J, Akl E, Brennan SE,
Chou R, Glanville J, Grimshaw J, Hrébjartsson A, Lalu MM, Li T, Loder E, Mayo-Wilson E, McDonald S,
McGuinness LA, et al. 2020. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic
Reviews. [MetaArXiv]. DOI: https://doi.org/10.31222/0sf.io/v7gm2

Peng W, Xing Z, Yang J, Wang Y, Wang W, Huang W. 2014. The efficacy of erythropoietin in treating
experimental traumatic brain injury: a systematic review of controlled trials in animal models. Journal of
Neurosurgery 121:653-664. DOI: https://doi.org/10.3171/2014.6.JNS132577, PMID: 25036201

Percie du Sert N, Ahluwalia A, Alam S, Avey MT, Baker M, Browne WJ, Clark A, Cuthill IC, Dirnagl U,
Emerson M, Garner P, Holgate ST, Howells DW, Hurst V, Karp NA, Lazic SE, Lidster K, MacCallum CJ,
Macleod M, Pearl EJ, et al. 2020. Reporting animal research: explanation and elaboration for the ARRIVE
guidelines 2.0. PLOS Biology 18:3000411. DOI: https://doi.org/10.1371/journal.pbio.3000411, PMID:
32663221

Popay J, Roberts H, Sowden A, Petticrew M, Arai L, Rodgers M. 2006. Guidance on the Conduct of Narrative
Synthesis in Systematic Reviews. A product of the ESRC Methods Programme. Lancaster University. DOI:
https://doi.org/10.13140/2.1.1018.4643

Ramirez FD, Jung RG, Motazedian P, Perry-Nguyen D, Di Santo P, MacDonald Z, Clancy AA, Labinaz A,
Promislow S, Simard T, Provencher S, Bonnet S, Graham ID, Wells GA, Hibbert B. 2020. Journal initiatives to
enhance preclinical research: analyses of stroke, nature medicine, science translational medicine Stroke 51:291-
299. DOI: https://doi.org/10.1161/STROKEAHA.119.026564, PMID: 31718504

Reimer KA, Jennings RB, Cobb FR, Murdock RH, Greenfield JC, Becker LC, Bulkley BH, Hutchins GM,
Schwartz RP, Bailey KR. 1985. Animal models for protecting ischemic myocardium: results of the NHLBI
cooperative study: comparison of unconscious and conscious dog models. Circulation Research 56:651-665.
DOI: https://doi.org/10.1161/01.res.56.5.651, PMID: 3838923

Reynolds PS, Garvan CW. 2021. Preclinical research reporting in shock: room for improvement. Shock 55:573-
580. DOI: https://doi.org/10.1097/SHK.0000000000001544, PMID: 32941386

Hunniford et al. eLife 2023;12:e76300. DOI: https://doi.org/10.7554/eLife.76300 21 of 28


https://doi.org/10.7554/eLife.76300
https://doi.org/10.1126/scitranslmed.aaa9853
https://doi.org/10.1126/scitranslmed.aaa9853
http://www.ncbi.nlm.nih.gov/pubmed/26246166
https://doi.org/10.1111/jnc.13516
https://doi.org/10.1111/jnc.13516
http://www.ncbi.nlm.nih.gov/pubmed/26968835
https://doi.org/10.1161/STROKEAHA.108.515957
http://www.ncbi.nlm.nih.gov/pubmed/18635842
https://doi.org/10.1158/0008-5472.CAN-17-1789
https://doi.org/10.1158/0008-5472.CAN-17-1789
http://www.ncbi.nlm.nih.gov/pubmed/28993414
https://doi.org/10.1177/0271678X15606714
http://www.ncbi.nlm.nih.gov/pubmed/26661169
https://doi.org/10.1016/j.jclinepi.2016.01.021
https://doi.org/10.1016/j.jclinepi.2016.01.021
http://www.ncbi.nlm.nih.gov/pubmed/27005575
http://markummitchell.github.io/engauge-digitizer
http://markummitchell.github.io/engauge-digitizer
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://doi.org/10.1016/j.jclinepi.2010.03.004
http://www.ncbi.nlm.nih.gov/pubmed/20346624
https://doi.org/10.1089/neu.2015.4132
http://www.ncbi.nlm.nih.gov/pubmed/26671651
https://doi.org/10.1089/neu.2015.4130
https://doi.org/10.1089/neu.2015.4130
http://www.ncbi.nlm.nih.gov/pubmed/26541177
https://doi.org/10.1111/epi.12300
http://www.ncbi.nlm.nih.gov/pubmed/23909855
https://doi.org/10.1093/ilar/ilu038
http://www.ncbi.nlm.nih.gov/pubmed/25541543
https://doi.org/10.31222/osf.io/v7gm2
https://doi.org/10.3171/2014.6.JNS132577
http://www.ncbi.nlm.nih.gov/pubmed/25036201
https://doi.org/10.1371/journal.pbio.3000411
http://www.ncbi.nlm.nih.gov/pubmed/32663221
https://doi.org/10.13140/2.1.1018.4643
https://doi.org/10.1161/STROKEAHA.119.026564
http://www.ncbi.nlm.nih.gov/pubmed/31718504
https://doi.org/10.1161/01.res.56.5.651
http://www.ncbi.nlm.nih.gov/pubmed/3838923
https://doi.org/10.1097/SHK.0000000000001544
http://www.ncbi.nlm.nih.gov/pubmed/32941386

ELlfe Research article Medicine | Epidemiology and Global Health

Sena ES, van der Worp HB, Bath PMW, Howells DW, Macleod MR. 2010. Publication bias in reports of animal
stroke studies leads to major overstatement of efficacy. PLOS Biology 8:e1000344. DOI: https://doi.org/10.
1371/journal.pbio.1000344, PMID: 20361022

Shear DA, Dixon CE, Bramlett HM, Mondello S, Dietrich WD, Deng-Bryant Y, Schmid KE, Wang KKW, Hayes RL,
Povlishock JT, Kochanek PM, Tortella FC. 2016. Nicotinamide treatment in traumatic brain injury: operation
brain trauma therapy. Journal of Neurotrauma 33:523-537. DOI: https://doi.org/10.1089/neu.2015.4115,
PMID: 26670792

Spoerke N, Zink K, Cho SD, Differding J, Muller P, Karahan A, Sondeen J, Holcomb JB, Schreiber M. 2009.
Lyophilized plasma for resuscitation in a swine model of severe injury. Archives of Surgery 144:829-834. DOI:
https://doi.org/10.1001/archsurg.2009.154, PMID: 19797107

Unverzagt S, Prondzinsky R, Peinemann F. 2013. Single-center trials tend to provide larger treatment effects
than multicenter trials: a systematic review. Journal of Clinical Epidemiology 66:1271-1280. DOI: https://doi.
org/10.1016/j.jclinepi.2013.05.016, PMID: 23972520

van der Worp HB, Howells DW, Sena ES, Porritt MJ, Rewell S, O’Collins V, Macleod MR. 2010. Can animal
models of disease reliably inform human studies? PLOS Medicine 7:1000245. DOI: https://doi.org/10.1371/
journal.pmed.1000245, PMID: 20361020

Varker T, Forbes D, Dell L, Weston A, Merlin T, Hodson S, O’'Donnell M. 2015. Rapid evidence assessment:
increasing the transparency of an emerging methodology. Journal of Evaluation in Clinical Practice 21:1199-
1204. DOI: https://doi.org/10.1111/jep.12405, PMID: 26123092

Visser I, Bergmann C, Byers-Heinlein K, Dal Ben R, Duch W, Forbes S, Franchin L, Frank MC, Geraci A,

Hamlin JK, Kaldy Z, Kulke L, Laverty C, Lew-Williams C, Mateu V, Mayor J, Moreau D, Nomikou I, Schuwerk T,
Simpson EA, et al. 2022. Improving the generalizability of infant psychological research: the manybabies
model. The Behavioral and Brain Sciences 45:e35. DOI: https://doi.org/10.1017/S0140525X21000455, PMID:
35139960

Wahlsten D, Metten P, Phillips TJ, Boehm SL, Burkhart-Kasch S, Dorow J, Doerksen S, Downing C, Fogarty J,
Rodd-Henricks K, Hen R, McKinnon CS, Merrill CM, Nolte C, Schalomon M, Schlumbohm JP, Sibert JR,
Wenger CD, Dudek BC, Crabbe JC. 2003. Different data from different labs: lessons from studies of gene-
environment interaction. Journal of Neurobiology 54:283-311. DOI: https://doi.org/10.1002/neu.10173, PMID:
12486710

Wever KE, Hooijmans CR, Riksen NP, Sterenborg TB, Sena ES, Ritskes-Hoitinga M, Warlé MC. 2015.
Determinants of the efficacy of cardiac ischemic preconditioning: a systematic review and meta-analysis of
animal studies. PLOS ONE 10:€0142021. DOI: https://doi.org/10.1371/journal.pone.0142021, PMID: 26580958

Zhang Z, Xu X, Ni H. 2013. Small studies may overestimate the effect sizes in critical care meta-analyses: a
meta-epidemiological study. Critical Care 17:R2. DOI: https://doi.org/10.1186/cc11919, PMID: 23302257

Hunniford et al. eLife 2023;12:e76300. DOI: https://doi.org/10.7554/eLife.76300 22 of 28


https://doi.org/10.7554/eLife.76300
https://doi.org/10.1371/journal.pbio.1000344
https://doi.org/10.1371/journal.pbio.1000344
http://www.ncbi.nlm.nih.gov/pubmed/20361022
https://doi.org/10.1089/neu.2015.4115
http://www.ncbi.nlm.nih.gov/pubmed/26670792
https://doi.org/10.1001/archsurg.2009.154
http://www.ncbi.nlm.nih.gov/pubmed/19797107
https://doi.org/10.1016/j.jclinepi.2013.05.016
https://doi.org/10.1016/j.jclinepi.2013.05.016
http://www.ncbi.nlm.nih.gov/pubmed/23972520
https://doi.org/10.1371/journal.pmed.1000245
https://doi.org/10.1371/journal.pmed.1000245
http://www.ncbi.nlm.nih.gov/pubmed/20361020
https://doi.org/10.1111/jep.12405
http://www.ncbi.nlm.nih.gov/pubmed/26123092
https://doi.org/10.1017/S0140525X21000455
http://www.ncbi.nlm.nih.gov/pubmed/35139960
https://doi.org/10.1002/neu.10173
http://www.ncbi.nlm.nih.gov/pubmed/12486710
https://doi.org/10.1371/journal.pone.0142021
http://www.ncbi.nlm.nih.gov/pubmed/26580958
https://doi.org/10.1186/cc11919
http://www.ncbi.nlm.nih.gov/pubmed/23302257

ELlfe Research article Medicine | Epidemiology and Global Health
Appendix 1

Supporting information
Overviews of preclinical multicenter studies

1. In a study by Reimer et al., 1985, three independent laboratories collaborated to develop
models to test potential ischemic myocardium protection therapies, using two standardized,
well-characterized canine models of myocardial infarction. Using the two different dog models
(conscious model of coronary occlusion, and unconscious model of 3-hr ischemia in open-chest),
the researchers tested the effects of verapamil and ibuprofen (therapies) on infarct size. The
pooled results from all three centers demonstrated that neither drug limited infarct size in either
model. It was later published that the participating laboratories discovered through statistical
and hard evidence that a fourth participating lab initially involved in the study had generated
fraudulent data, in the sense that data had been completely fabricated by a researcher at one
of the centers (Bailey, 1991). The data from this lab was not included in the multicenter study
paper. The detection of the fraudulent data would not have been possible if not for the design of
a multicenter study. The fraud was detected by the large discrepancies in outcome data between
the offending center and the other centers involved in the study.

2. Crabbe et al., 1999 performed a large study across three laboratories. The main objective was
to test the behavioural variability in mice of different genetic strains, sexes, and laboratory envi-
ronments. The evaluation was done with identical methods and protocols across all three labs.
The potentially clinically relevant portion of this study was an assessment of cocaine’s effect on
behavior (i.e. locomotor activity). The study found that cocaine effects on locomotor activity had a
strong relationship with genetic differences on the laboratory giving the tests but was negligible
for sex differences and source of mice (i.e. shipped from a supplier or bred locally).

3. Alam et al., 2009 conducted a three-phase severe traumatic injury protocol to model trauma-
induced coagulopathy, acidosis, and hypothermia on Yorkshire swine across three experimental
centers. Animals were treated with four different blood products: fresh whole blood (FWB),
hetastarch, fresh frozen plasma/packed RBCs (FFP: PRBC), and FFP, to determine which, if any,
were effective in reversing trauma-associated coagulopathy. Treatment with FFP and FFP: PRBC
corrected the coagulopathy as effectively as FWB, whereas hetastarch worsened coagulopathy.

4. Spoerke et al., 2009 tested whether lyophilized plasma (LP) is as safe and effective as fresh frozen
plasma (FFP) for resuscitation after severe trauma. They used a swine model of severe injury across
animal laboratories of two level 1 trauma centers, to test the lyophilized plasma for factor levels
and clotting activity before lyophilization and after reconstitution. The swine model was devel-
oped and performed at one of the centers and was learned and performed at a second center.
They found that LP decreased clotting factor activity and was equal to FFP in terms of efficacy.

5. Jones et al., 2015 aimed to develop a multicenter, randomized controlled clinical-like infrastruc-
ture for preclinical evaluation of cardioprotective therapies using mice, rabbit and pig models. The
researchers established the Consortium for preclinicAl assESsment of cARdioprotective therapies
— called CAESAR - to test the effect of ischemic preconditioning (IPC) on infarct size following a
myocardial infarction. IPC involves short episodes of blood restriction to the heart — which is an
experimental technique for producing resistance to longer durations of ischemia. Six centers (two
centers/animal model) tested the therapy in the three animal models with shared protocols, and
found the results were similar across centers and that IPC significantly reduced infarct size in all
three species.

6. Llovera et al., 2015 performed a preclinical randomized controlled multicenter trial to test the
potential of anti-CD49d antibodies as a treatment for stroke. These antibodies had shown promise
as a form of therapy in individual laboratories by inhibiting the migration of leukocytes into the
brain following induction of stroke. Six independent European research centers tested the anti-
body using two mouse models of stroke. The results demonstrated that the antibody significantly
reduced leukocyte invasion and infarct size in the less severe model of stroke. In contrast, these
beneficial effects were not noted in the more severe model of stroke.

7. Maysami et al., 2016 conducted a cross-laboratory study in five centers (four experimental, one
coordinating) to test an interleukin receptor antagonist as a drug therapy for stroke. The coordi-
nating center developed and distributed the standard operating procedure to all centers. Stroke
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was induced both by permanent and transient occlusion in mice. Drug effects on stroke outcome
were evaluated by several measures: lesion volume, edema, neurological deficit scoring and
post-treatment mortality. The results across all centers supported the therapeutic potential of the
cytokine receptor antagonist in experimental stroke.

. Six separate studies (2016-2020) that were coordinated by Operation Brain Trauma Therapy

(OBTT) consortium (Kochanek et al., 2016). Three independent centers collaborated to test 6
different therapies for severe traumatic brain injury (TBI). The consortium was supported by the
United States Army and had an overall approach of testing promising therapies in three-well
established models of TBI in rats with a rigorous design. The end goal of the consortium was to
test the 6 initial therapies in rats prior to considering further testing in a swine model of TBI. Based
on the results, four of the six drugs preformed below or well below what was expected based on
the previously published literature. It was reported that levetiracetam would advance to testing
in the swine model, and that glibenclamide showed benefit only in the cortical contusion injury
model.

. Gill et al., 2016 assessed the efficacy of combined anti-CD3 plus interleukin-1 blockade to

reverse new-onset autoimmune diabetes in non-obese diabetic (NOD) mice. Their consortium
was supported by the National Institutes of Health Immune Tolerance Network and the Juve-
nile Diabetes Research Foundation. Four academic centers shared models and operating proce-
dures. They found that the combined antibody treatment did not show reversal of diabetes across
all sites. They did, however, conclude that intercenter reproducibility is possible with the NOD
mouse model of diabetes.

Arroyo-Araujo et al., 2019 evaluated the potential of the metabotropic Glutamate Receptor 1
(mGIuR1) antagonist JNJ16259685, as a treatment for autism spectrum disorder (ASD). Three
centers used Shank2 knockout (KO) rats as a model for ASD, which mimics autistic-like hyper-
activity and repetitive behaviour. They found that the results were reproducible across the three
centers, and that KO rats treated with the mGIuR1 antagonist demonstrated reduced hyperac-
tivity and repetitive behaviour as compared to placebo treated KO rats.

Kliewer et al., 2020 investigated whether S-arrestin2 signaling plays a role in opioid-induced
respiratory depression. Three independent laboratories injected f-arrestin2 knockout (KO) mice
and control wild-type mice with morphine and monitored the respiratory rate of both groups of
mice. The authors found that the KO mice did develop respiratory depression across all three
sites, thus, they suggested that B-arrestin2 signaling does not play a key role in opioid-induced
respiratory depression.

Appendix 1—table 1. Statements of future recommendations.

Author, Year Recommendation statements

Reimer et al., 1985 Nothing reported

Relatively small genetic effects should first be replicated locally before drawing
conclusions... genotypes should be tested in multiple labs and evaluated with multiple
Crabbe et al., 1999 tests of a single behavioral domain

Based upon the findings of the current study that demonstrated the impressive
hemostatic properties of plasma, we have proceeded to successfully develop and test
Alam et al., 2009 (in the same model) lyophilized [freeze dried plasma].

The species-specific differences in factor activities will require ongoing investigation to

ensure full safety and efficacy. Our future investigations will include a comprehensive

evaluation of the effects of the lyophilization process on coagulation properties of the
Spoerke et al.,, 2009  LP.

other investigators can adopt the protocols [for measuring infarct size in mice,
rabbits, and pigs in a manner that is rigorous, accurate, and reproducible] in their own
Jones et al., 2015 laboratories.

future clinical trials testing immunotherapeutic drugs for stroke will need to ensure that
the included study population feature a substantial neuroinflammatory reaction to the
Llovera et al., 2015 brain injury
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Appendix T—table 1 Continued

Author, Year

Recommendation statements

Maysami et al., 2016

interleukin 1 receptor antagonist should be evaluated in more extensive clinical stroke
trials

Bramlett et al., 2016

Although we cannot rule out the possibility that other doses or more prolonged
treatment could show different effects, the lack of efficacy of EPO reduced enthusiasm
for its further investigation in OBTT.

Browning et al., 2016

...need for OBTT to study LEV further. This includes studies of dose response,
therapeutic window, mechanism, and testing in our large animal FPI model in
micropigs. .. consider a randomized controlled trial examining early administration in
patients

Dixon et al., 2016

Our findings reduce enthusiasm for further investigation of this therapy in OBTT and
suggest that if this strategy is to be pursued further, alternative CsA analogs with
reduced toxicity should be used.

Gill et al., 2016

...pause in proceeding with clinical trials without further preclinical testing.

Mountney et al., 2016

the current findings do not support the beneficial effects of simvastatin... it will not be
further pursued by OBTT.

Shear et al., 2016

The marginal benefits achieved with nicotinamide, however, which appeared
sporadically across the TBI models, has reduced enthusiasm for further investigation by
the OBTT Consortium.

Arroyo-Araujo et al.,
2019

Nothing reported

Jha et al., 2020

Optimizing [GLY] treatment regimens (dose, duration, timing), surrogate markers for
edema subtypes on MRI, pathway-specific biomarkers, and genetic risk stratification may
facilitate precision medicine and patient selection for future clinical trials.

Kliewer et al., 2020

Nothing reported

Legend: FDP - Freeze-dried plasma; LP — Lyophilized plasma; EPO — Erythropietin; OBTT — Operation Brain
Trauma Therapy; LEV — Levetiracetam; FPI — Fluid percussion brain injury; CsA — cyclosporin-A; cyclosporine; TBI —
Traumatic Brain Injury; GLY - Glibenclamide.

Appendix 1—table 2. Risk of bias for other sources of bias.

Unit of analysis

Study Funding influences  Conflicts of interest Contamination errors
Reimer et al., 1985 U

Crabbe et al., 1999 U

Alam et al., 2009 u*

Spoerke et al., 2009 u*

Jones et al., 2015 L

Llovera et al., 2015

Maysami et al., 2016

Bramlett et al., 2016

Browning et al., 2016

Dixon et al., 2016

Gill et al., 2016

Mountney et al., 2016

Shear et al., 2016

r |\ |\ |\ | |r |r— |r— |r— | | ||

CcC | C|C|Cc|Cc|c|cCc|c | | C CIC

r |\ |\r— | |— | |— |— |— |— | |—
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Appendix T—table 2 Continued

Unit of analysis

Study Funding influences  Conflicts of interest Contamination errors

Arroyo-Araujo et al., 2019 L L
Jha et al., 2020 L L U
Kliewer et al., 2020 L L L U

Source of funding: Low risk = Non-industry source of funding/affiliation (or no funding). Unclear =
Funding source was not reported. High risk = Study was funded/affiliated by industry.

Conflict of interest: Low risk = Authors reported no conflict of interest. Unclear = Conflict of
interest was not reported. High risk = Authors reported on potential conflict of interests.
Contamination: Low risk = No treatment or drug other than the study drug used. Unclear =
Possibility of contamination from other treatments or drugs. High risk = Animals receive additional
treatment/drugs other than the intervention. Author’s report this could influence the results.

Unit of analysis errors: Low risk = Individual units were analyzed individually by the same unit of the
treatment comparison group. Unclear: unclear if animals were analyzed individually and treated as
one replication. High risk = Units used in the analysis are different from the units of allocation to the
treatment comparison groups. Example: animals were not analyzed individual (ex. all animals in one
cage) or not treated as one replicate (ex. Same animal: one eye intervention, one eye control).

*financial disclosure, no statement of other conflicts provided.

Appendix 1—table 3. Frequency of reported preclinical multilaboratory checklist items.

% of studies

Domain # Item Description that reported
1 Identification as a multicenter/multilaboratory study in title 38
Intro/ abstract 2 Abstract states number of participating centers 50
3 Community based reporting guidelines listed 13
4 Names of each participating center listed 100
List roles of participating centers (central coordinating center,
5 experimental site) 88
No changes, or if applicable major changes to study protocol
Standards 6 after commencement are documented 94
Results substantiated by repetition under a range of conditions
7 at each site 100
8 Number of subjects per outcome 100
Number of measurements per subject for one experimental
) ) ) outcome stated 75
Replicates (biological vs.
technical) 10 Number of subjects per lab 81
List of the total number of subjects used in each experimental
1 group 81
12 List of all statistical tests used 100
13 Definition of the measure of central tendency 100
Statistics 14 Definition of the measure of dispersion 100
15 Random group assignment reported 100
Randomization 16 Description of the method of random group assignment 31
Experimenters blinded to group allocation during conduct of
17 the experiment 75
Experimenters blinded to group allocation during result
Blinding 18 assessment 75
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Appendix T—table 3 Continued

% of studies
Domain # Item Description that reported

19 Description of an a priori primary outcome 94

20 Sample size for each site computed during study design

Sample Size Estimation 21 Description of the method of sample size determination
22 Total number of animals for the experiment reported 88
Description of the criteria used for the exclusion of any data or
23 subjects 50
24 List losses and exclusions of animals at the end of experiment 50

All outcomes described, or description of any outcomes that

25 were measured and not reported in the results section 100
26 Previous or pilot/preliminary studies performed and listed 88
Inclusion and Exclusion Results were significant, or if not, null or negative outcomes
Criteria 27 included in the results 100
28 Limitations of the study are documented 75

Discrepancies in results across labs expected or absent, or if
Discussion 29 not, they discussed 100

Legend: Coloured cells indicate the frequency (%) of item reported over all included studies. Frequency (%)
ranges: 0-37 = red; 38-76 = yellow; 77-100 = green.

Appendix 1—table 4. Preclinical single lab studies selection process for the comparison.

Arroyo-

Reimer Spoerke Alam Llovera Gill Bramlett Shear Araujo Jha
et al., et al., etal., etal., Maysami  etal., etal., Browning Dixon, Mountney etal.,, etal, et al.,
1985 2009 2009 2015 et al., 2016 2016 2016 etal., 2016 2016 etal, 2016 2016 2019 2020

Records

identified/

abstracts

screened 71 189 61 52 33 39 177 31 197 45 28 26 29

Full-texts

assessed

for eligibility 29 22 18 14 21 11 57 15 48 30 18 12 10

Records

considered

eligible 13 5 5 6 10 2 1SR 4 8 9 12 6 5

Records

used for

comparison 10 5 5 6 10 2 1SR 4 8 9 10 6 5

Appendix 1—table 5. Multilaboratory reporting checklist with item domain and source(s).

Domain # Item Description Source(s)
Intro/abstract 1 Identification as a multicenter/multilaboratory study in title CONSORT
2 Abstract states number of participating centers CONSORT
Standards 3 Community based reporting guidelines listed NIH
4 Names of each participating center listed GCP E4(R2)
5 List roles of participating centers (central coordinating center, experimental site) GCP E6(R2)
6 No changes, or if applicable major changes to study protocol after commencement are CONSORT
documented
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Appendix T—table 5 Continued

Domain # Item Description Source(s)
Replicates (biological vs. 7 Results substantiated by repetition under a range of conditions at each site NIH,
technical) CONSORT
8 Number of subjects per outcome NIH,
CONSORT
9 Number of measurements per subject for one experimental outcome stated NIH,
CONSORT
10 Number of subjects per lab GCP E6(R2)
Statistics 1" List of the total number of subjects used in each experimental group NIH,
CONSORT
12 List of all statistical tests used NIH,
CONSORT
13 Definition of the measure of central tendency NIH
14 Definition of the measure of dispersion NIH
Randomization 15 Random group assignment reported NIH,
CONSORT
16 Description of the method of random group assignment NIH,
CONSORT
Blinding 17 Experimenters blinded to group allocation during conduct of the experiment NIH,
CONSORT
18 Experimenters blinded to group allocation during result assessment NIH,
CONSORT
Sample Size Estimation 19 Description of an a priori primary outcome CONSORT
20 Sample size computed during study design NIH,
CONSORT
21 Description of the method of sample size determination NIH,
CONSORT
Inclusion and Exclusion 22 Total number of animals for the experiment reported GCP E6(R2)
Criteria
23 Description of the criteria used for the exclusion of any data or subjects NIH,
CONSORT
24 List losses and exclusions of animals at the end of experiment CONSORT
25 All outcomes described, or description of any outcomes measured but not reported in results ~ NIH,
CONSORT
26 Previous or pilot/preliminary studies performed and listed NIH
27 Results were significant, or if not, null or negative outcomes included in the results NIH
Discussion 28 Limitations of the study are documented CONSORT
29 Discrepancies in results across labs expected or absent, or if not, they discussed CONSORT
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