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Theme

 Scale of the problem 0

— How the life cycle of a preclinical research study is
not fit for purpose

e |[n an ideal world

— As a consumer of preclinical research what do |
want

e Potential solutions

CAMARADES: Bringing evidence to translational medicine



What is translational failure?
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O’ Collins et al, 2006
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Hypotheses

e |n the life sciences there are perverse incentives
(publication, funding, promotion) to produce
positive results with little attention paid to their
validity

e |n the use of animal disease models, pressure to
reduce the number of animals (cost, time, ethics,
feasibility) results in studies either being
underpowered or of unknown power

e These factors combine to compromise the utility of
animal models and contribute to translational failure
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Translational failure
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What happens when pharma tries to
replicate academic findings?

Research field Replication results
e Bayer, Berlin 4%, °f°
7%
e 67 in-house 12%
projects over 4 18%
years "g;
70%
Oncology B Inconsistencies

Women'’s health
Cardiovascular

Prinz et al, Nature Reviews

B Bayer results were consistent
with published results
Main dataset was
reproducible
Some results were
reproducible
Not applicable

Drug Discovery, 2011
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Rate of publication

There are more papers published in a day than most people could
read in a month

In 2013, 4700 new publications were added to PubMed every
working day

In vivo and in vitro 610
In vivo 350
Pharmacology 76
Neurosciences 52

If you did nothing else but read neuroscience papers all year you
would get through 30% of the total
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Potential sources of bias in animal
studies

h Conclusions ‘
h Mosse imagy stolew Some }g-.’,eﬂ'-,_-"mg FLon

Is the File-Drawer Infested With Mice?
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You can usually find what you're
looking for ...

e 12 graduate psychology students
e 5 day experiment: rats in T maze with dark arm alternating

at random, and the dark arm always reinforced
e 2 groups — “Maze Bright” and “Maze dull”

Start

Day |Day |Day |Day |Day
1 p 3 4 5

“Maze 1.33 1.60 260 2.83 3.26
bright”

“Maze 0.72 1.10 2.23 183 1.83
dull”

A +0.60 +0.50 +0.37 +1.00 +1.43

Rosenthal and Fode (1963), Behav Sci 8, 183-9
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Bias is prevalent and important

L Blinded Outcome
Randomisation
Assessment
Stroke 36% 29%
50 -

MND 31% 20% A }

>N 104

o
AD 15% 25% g | |

L |
PD 12% 15% ° o -
EAE 8% 15% Randomisation
Glioma 14% 0%

Sena et al TiNS 2007
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Not all outcomes and a priori analyses are reported

e Publication bias
— Neutral and negative studies

— Time lag/remain unpublished

— Less likely to be identified
e p-hacking

— Selective analysis

— Selective outcome reporting

AMormss mmage wasben fromme ;‘e-.'.bblt-._-.),.h.n-.:. [

Is the File-Drawer Infested With Mice?
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Precision
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OPEN & ACCESS Freely available online PLOS sloLoGy

Publication Bias in Reports of Animal Stroke Studies
Leads to Major Overstatement of Efficacy
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Overall efficacy was reduced from;
32% (95% CI 30 to 34%) to 26% (95% CI 24 to 28%)

CAMARADES: Bringing evidence to translational medicine



e Trim and Fill suggested 16% of experiments remain

unpublished

e Best estimate of magnitude of problem

— Overstatement of efficacy 31%

e Only 2% publications reported no significant

treatment effects
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Publication bias

20% - 32%
\/ \/
n Estimated Reported Corrected
expts | unpublished efficacy efficacy
Stroke — infarct volume 1359 214 31.3% 27.5%
EAE - neurobehaviour 1892 505 33.1% 15.0%
EAE — inflammation 818 14 38.2% 37.5%
EAE — demyelination 290 74 45.1% 30.5%
EAE — axon loss 170 46 54.8% 41.7%
AD — Water Maze 80 15 0.688 sd 0.498 sd
AD - plaque burden 632 154 0.999 sd 0.610 sd
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Different patterns of publication
bias in different fields

outcome observed corrected
Disease improvement 40% 30% Less
models improvement
Toxicology harm 0.32 0.56 More harm

model

Harm Benefit
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ldeally..............

e Preclinical research will benefit from open science
tools that facilitates:
— Clarity of how studies were performed
— Collaborative studies
— Confirmation that studies report what they set our to do

— Access to data that can be used and compared efficiently
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OPEN G ACCESS Freely available online PLOS motoey

erspective The ARRIVE Guidelines Checklist
Animal Research: Reporting In Vivo Experiments
Improving Bioscien ce Resea rch Reporting. The ARRIVE Carol Kilkenny', William J Browne? Innes C Cuthill®, MlcnaeIEmerson and Douglas G Altman®

*The Nations! Centre forthe Re h, London, UK. “School of Veterins ry

. - - . Science, Univeraty ofBristol, Bristol, UK. 's‘choalofsmlagalsa'ncts Univeraity ofBristol, Bristol UK. ‘Netiorsl Heart andLung
Guidelines for Reporting Anima | Research Insoteae, smpena! Colle ge Landon, UK. *Centre for Statistosin Medicine, Unieraty of Oxford Oxford, UK.

Carol Kilkenny'*, William J. Browne?, Innes C. Cuthill®>, Michael Emerson®, Douglas G. Altman®

Title Provide as accurate and concise a description of the content of the article
as possible.
Abstract 2 Provide an accurate y of the b research

including details of the species or strain of animal used, key methods,
principal findings and conclusions of the study.

INTRODUCTION

Background 3 s.Include scientific backg luding releva to

Nationa| Centre previous work) to understand the motivation and context for the study,
and explain the experimental approach and rationale
for the Replacement b. Explain how and why the animal species and model being used can
: address the scientific objectives and, where appropriate, the study's
3 R S Refinement & Reduction relevance to human biology.

of Animals in Research Objectives 4 Clearly describe the primary and any secondary objectives of the study, or

specific hypotheses being tested.
METHODS

Ethical statement 5§ Indicate the nature of the ethical review permissions, relevant licences (e.g.
Animel [Scientific Procedures) Act 1986), and national or institutional
guidelines for the care and use of animals, that cover the research.

Study design 6 For each experiment, give brief details of the study design including:
a.The number of experimental and control groups.

b. Any steps taken to minimise the effects of subjective bias when
animals to (eg. and when
assessing results (e.g. if done, describe who was blinded and when).

c. The experimental unit (e.g.a single animal, group or cage of animals).

Atime-line diagram or flow chart can be useful to illustrate how complex
e Journals pmkis deanor i
Experimental 7 For each experiment and each expenmental group, including controls,
procedures provide precise details of all procedures carried out. For example:
[ ] F d a.How (e.g. drug formulation and dose, site and route of administration,
unders g o oaiionsnd | b

procedure, method of euthanasia). Provide details of any specialist
equipment used, including supplier(s).
When le.g. time of day)

. Where (e.g. home cage, laboratory, water maze).

o

e Universities

a o

Why (e.g. rationale for choice of specific anaesthetic, route of
administration, drug dose used).

L4 Lea rn ed societies Expem:enu] 8 a.I;rovw:i:deu:lls of the animals used, including species, strain, sex,

developmental stage (e.g. mean or median age plus age range) and
weight (e.g. mean or median weight plus weight range)

b. Provide further relevant information such as the source of animals,
, genetic d status (e.g.
knock or status, drug or test

naive, previous procedures, etc.

The ARRIVE guidelines. Originally published in PLo S Biology. June 2010"
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Open Methods

Y protocols.io

Resource
Ildentification

\ Initiative
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Experimental Design Assistant

g | Regser Y [ D
N c National Centre & o
for the Replacement

3 Rs Refinement & Reduction L
of Animals in Research Search this site Q

#t The 3Rs Our science Our resources Funding News Events About us

Home > Our science > Search our science > The Experimental Design Assistant - EDA

The Experimental Design Assistant - EDA

Overview .
Experimental

Design

. A Assistant

Click here to

The Experimental Design Assistant (EDA) is an online tool to guide

access the researchers through the design of their experiments, helping to . :
EDA o ; ) Office-led project
ensure that they use the minimum number of animals consistent
with their scientific objectives, methods to reduce subjective bias,
and appropriate statistical analysis. Status:
Active
System requirements NC3Rs Scientist

Dr Nathalie Percie du Sert
We recommend using the EDA with the latest stable release of Chrome. Alternatively,

the latest stable release of Mozilla Firefox or Safari can also be used.

Nt M

https://www.nc3rs.org.uk/experimental-design-assistant-eda
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Study protocol registries

OO u.s. National Library of Medicine

ClinicalTrials.gov

Open Science Framework

A scholarly commons to connect the entire research cycle
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Registered Reports

REGISTERED REPORTS

PEER REVIEW BEFORE RESULTS ARE KNOWN TO ALIGN SCIENTIFIC VALUES AND PRACTICES

ELIMINATE BIAS & INCREASE RIGOR

"Because the study is accepted in
advance, the incentives for authors
change from producing the most
beautiful story to the most accurate

""" "EDITORIAL TRIAGE
& PEER REVIEW

Emphasizes the importance of

SDEVELOP IDEA research questions and strength

of proposed methods.

A ol DO YOUR SCIENCE

one.

WRITE UP RESULTS
Published without regard to outcome
after peer reviewed quality checks are met.

DEVELOP COI:LE?;ES WRITE PUBLISH — C—

IDEA AN REPORT REPORT it izt
EaES . . __iibregpesnsiigyititoiine
reproducbility

LEARN MORE AT COS.IO/RR

Stage 2
Peer Review

Stage 1
Peer Review

{'}P.C”vwmlummcm-‘dewmmm;’,,mzw”.m,wn:b-nttm.
! CO%ceslo | OSf:cslio | Omalk costocWceel
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e Data should be available

::" figshare 2, /NN MENDELEYDATA

e Undocumented data dumps
— No quality control
- Often nOt “nkEd tO Original StUdy E:iable AcceSSIbfe nteroperable

R
— How to re-analyse? O % & ':

eusable
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Publish data

SCIENTIFIC DAT Al

Scientific Data aims to promote wider data sharing and reuse, as well as credit those that share their data and
is open to submissions from a wide range of areas in the natural, clinical and social sciences - including

descriptions and analysis of big and small data, from major consortiums, single labs and individuals.

BM) Open Science

Data descriptor articles

BMJ Open Science will consider data descriptor articles of preclinical studies or studies relevant to preclinical
research. These articles should describe scientific data to facilitate data-sharing and reuse; their focusis to
enable others to reuse data rather than presenting new hypotheses, analyses or interpretations. Descriptor
articles combine traditional narrative content with curated structured metadata. Data descriptor articles should
include detailed descriptions of the methods used to collect the data and technical analyses to support the
quality of data acquisition. Peer review evaluates the rigour with which experniments were conducted during data
acquisition. Data must be stored in public and permanently available community-recognised repositories (e.g.

Dryad, Figshare).
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Contributor Role

Conceptualization

Who did what?

Formal Analysis

Funding
Acquisition

Investigation
Methodology

Project
Administration

Resources

Software

Supervision

CRedITE

Writing — Original
Draft Preparation

Writing — Review
& Editing
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e Emphasising rigour in grant award
e Emphasising rigour in appointment panels
e CPD opportunities for scientists
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e Research Improvement Activity: Things done by
stakeholders to increase the usefulness of research
with which they are associated

e |[mportant to assess whether interventions can be
effectively delivered

e |mportant to assess whether interventions improve
research quality and reduce waste
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Impact of an Intervention to Improve
Compliance With the ARRIVE Guidelines
(ICARus)

IICARuUs

Users Randomization Review 101
EQ Instructions Background

5 Ethical statement

MRIVE
ricas B

Normal Handling

5.1 Does the manuscript include an explicit statement of approval?

Yes

@PLQS | ONE

5.2 Does the manuscript identify the commitiee(s) approving the study protocol?

5.3 Does the manuscript name the international, national or institutional guidelines followed?

Web based

Crowd sourced

Assessors trained

Dual ascertainment
Reconciliation by third reviewer

Protocol: Open Science Framework (February 2017)

Data Analysis Plan: Open Science Framework (September 2017)
Funding: MRC, NC3Rs, BBSRC & Wellcome Trust

Ethics: BMJ Ethics Committee
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Manuscripts

844 Control 845 Intervention

652 647

Accepted

340 332
Checklist
13 301
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34

100%

50%

0%

14

pici]

Primary outcome

Control

Inervention

100% compliance n=0
manuscripts

Median compliance 36.8%
(29.7-42.1) of relevant
items

100% Compliance n=0

Median compliance 39.5%
(31.6-44.7) of relevant
items
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m Bianca Kramer & Jeroen Bosman https://101innovations.wordpress.com

THE open workflow

adding alternative evaluation, e.g. with altmetrics ~ ©)
communicating through social media, e.g. Twitter L J
sharing posters & presentations, e.g. at FigShare §
using open licenses, e.g. CCO or CC-BY

publishing open access, ‘green’ or ‘gold’ wx DOAJ
using open peer review, e.g. at journals or PubPeer | Ot
sharing preprints, e.g. at OSF, arXiv or bioRxiv s Diofiiv
using actionable formats, e.g. with Jupyter or CoCalc : @

open XML-drafting, e.g. at Overleaf or Authorea Au

sharing protocols & workfl., e.g. at Protocols.io 7|

sharing notebooks, e.g. at OpenNotebookScience )

sharing code, e.g. at GitHub with GNU/MIT license ?

sharing data, e.g. at Dryad, Zenodo or Dataverse . Ly
pre-registering, e.g. at OSF or AsPredicted S
commenting openly, e.g. with Hypothes.is ]

using shared reference libraries, e.g. with Zotero 2

sharing (grant) proposals, e.g. at RIO

DOI: 10.5281/zenodo.1147025
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How Open Science can help preclinical
research

Experimental Studies

a bloRxlv
ARIVE|

Clinical trial

Multi Centre Animal Studies

DRYAD ;
CRele ORCID
. Resource
O [ ) Identification
“ ' ©C 9 i \ Initiative
.‘. 7 protocols.io

bloRxlv A : RIVE
Systematic review and meta-analysis DR A 0 blORXlV 8
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Key messages

In vivo studies which do not report simple measures to avoid
bias give larger estimates of treatment effects

Most in vivo studies do not report simple measures to reduce
bias

Publication and selective outcome reporting biases are
important and prevalent

You can only find these things out by studying large numbers
of studies

Any experimental design can be subverted; what’s important
is knowing how to recognise when this has happened
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Finally......

Some (useful) tools exists

— I'm confused
Development/implementation needs resource
Research is required to determine their efficacy

Education will help, including training in critical
appraisal

Reward/incentives will likely drive change
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Wissenschaftskolleg zu Berlin

INSTIT 'E FOR ADVANCED STUDY

National Centre
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