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o The need and desire for a new approach to 

biomedicine

o Recent work to set the stage

o Survey of global “roadmaps” for a transition to 

more human-focused research

o Common themes and recommendations for 

future success

Overview



“Most of this failure is due to the limited predictive 

value of preclinical models of disease” 
(Plenge et al. Nat Rev Drug Discov. 2013; 12: 581-94)

95% clinical failure for new drugs that 

appear safe & effective in animal tests

Rathi, A. (2014) TheConversation.com

“Most of this failure is due to the limited predictive 

value of preclinical models of disease” 
(Plenge et al. Nat Rev Drug Discov. 2013; 12: 581-94)



U.S. National Research Council 

(2007) “envisions a new toxicity 

testing system that evaluates 

biologically significant perturbations 

in key toxicity pathways using new 

methods in computational biology 

and a comprehensive array of in 

vitro tests based on human biology.”

U.S. NATIONAL 

RESEARCH 

COUNCIL, 2007

The need for a shift from empirically 

measured to predictive toxicology

“Transform toxicity testing from a 

system based on whole animal testing 

to one founded primarily on in vitro 

methods that evaluate changes in 

biologic processes…”



“We have moved away from studying 

human disease in humans… The 

problem is that it hasn’t worked, and it’s 

time we stopped dancing around the 

problem… We need to refocus and 

adopt new methodologies for use in 

humans to understand disease biology in 

humans.”

Elias Zerhouni, MD

Former Director U.S. National Institutes of Health

2013

“I predict that 10 years from now, safety 

testing for newly developed drugs…will 

be largely carried out using human 

biochips…This approach…will mostly 

replace animal testing for drug toxicity 

and environmental sensing, giving results 

that are more accurate, at lower cost 

and with higher throughput.”

Francis Collins, MD, PhD

Director U.S. National Institutes of Health

2016



“We suggest a new conceptual 

framework … with research focused 

on human-specific models to 

understand disease pathways at 

multiple biological levels that are 

analogous to adverse outcome 

pathways in toxicology.” 

Langley et al. 2015.  Nov 1;123(11):A268-72.

Similar solution to the same problems in 

biomedicine?



Autoimmune Disorders

(van de Stolpe and 

Kauffmann, 2015)

Liver Disease (Noor, 2015;

Boeckmans et al. 2018)

Early steps in the transition: recent 

reviews of disease models

Asthma (Buckland, 2011)

TB (Fonseca et al. 2017)

Alzheimer’s Disease 

(Langley, 2014)

Autism (Muotri, 2015)

ALS (Clerc et al. 2016)

Parkinson’s (Willett and 

Marshall, 2018)

oCommon themes:

 Following extensive 

investment in animal 

models, cures are 

lacking

 Understanding of human 

biological mechanisms is 

critical for improving 

health outcomes

 New technologies based 

on human biology (iPSC, 

3-D tissues, microfluidic 

devices) are critical for 

improved understanding

 Improved future 

outcomes depend on 

increased investment in 

these human-relevant 

approaches



Early steps in the transition: large scale data 

generation/management/integration systems

US National Institutes of Health

o National Center for Advancing Translational Science

 facilitates the translation of new findings in basic research 
into improved diagnostics and therapeutics, through:

• collaborations across disciplines and organizations

• effective linking of research on disease mechanisms with 
clinical outcomes

• High-throughput screening facility

o Biomedical Data TRANSLATOR

 integrates multiple types of existing data sources. 

 to enable a shift from the current symptom-based diagnosis 
of disease classification to one that is based on a set of 
molecular and cellular abnormalities

o NIH/DARPA/FDA human-on-a-chip

 Tissue Chip Program: (https://ncats.nih.gov/tissuechip)

 To develop a ten-organ system via grants



Early steps in the transition: large scale data 

generation/management/integration systems

US National Institutes of Health

o Big Data to Knowledge (BD2K)

 trans-NIH initiative 

 integration of big data and data science into biomedical 
research 

 “FAIR” principles: Findable, Accessible, Interoperable, and 
Reusable

o National Cancer Institute

 Cancer Systems Biology Consortium

 tackling the challenges of complexity in cancer research 

 combining experimental biology and computational 
modeling, multi-dimensional data analysis, systems 
engineering

o National Institute of Mental Health

 Research Domain Criteria framework project

 goal of improving the development of novel targets for 
therapeutic intervention by realigning patients with the 
molecular signatures of their underlying disease



Early steps in the transition: large scale data 

generation/management/integration systems

Europe

o Innovative Medicines Initiative (IMI)

 eTOX project (www.etoxproject.eu)

 mine pharmaceutical databases, align the data, 

identify new linkages 

 development of better predictive tools

 proprietary

o Framework programs SEURAT-1 and EU ToxRisk

 comprehensive mechanistic understanding of 

cause-consequence relationships of chemical 

adverse effects (AOPs) of repeat-dose toxicity

 integrate advancements in cell biology, omics 

technologies, systems biology and computational 

modelling

 Proof-of-concept case studies



https://www.gov.uk/government/publications/non-animal-

technologies-in-the-uk-a-roadmap-strategy-and-vision

Innovate UK has identified non-

animal technologies (NATs) as one of 

a series of emerging technologies 

with the potential to drive future UK 

economic growth…

The vision is to use NATs to deliver

“improved decision-makingtools that 

result in more rapid discovery and 

development of medicines, 

agrichemicals, chemicals and 

consumer products.”

A UK roadmap for non-animal 

technologies

2015



https://www.gov.uk/government/publications/non-animal-

technologies-in-the-uk-a-roadmap-strategy-and-vision

Recommendations:

o Support capacity building in 

multidisciplinary science and 

technology

o Foster collaborations between 

industry, the SME sector and 

academia

o Analyze emerging international 

trends and activities to identify 

collaborators…and…avoid 

duplication 

o Establish a strategic advisory 

board…to provide advice and to 

help drive forward the roadmap

A UK roadmap for non-animal 

technologies

2015



o Goal is to move to 

completely non-

animal approaches

o Sector-specific goals, 

timelines, etc.

 Regulatory science

 Fundamental research

 applied and 

translational research, 

 Education and training

o Essential elements

 Clear transition 

objectives

 Transition strategy

 Interdisciplinary, multi-

level, international

 Strong management

Netherlands government opinion on 

non-animal research

https://www.ncadierproevenbeleid.nl/documenten/rapport/2016
/12/15/ncad-opinion-transition-to-non-animal-research

2016



o “if we imagine that we have achieved 

our goal of animal-free safety 

assessment, looking back from that 

point, what steps were taken to get 

there?”

o Themes

 Societal perception of safety 

 Implementation in legal framework

 Future safety assessment 

 Populate the toolbox

o Essential conditions

 Commitment 

 Coordination 

 Continuity

 Cooperation 

 Communication

 Cost

Netherlands roadmap for non-animal 

research

https://www.rivm.nl/dsresource?objectid=571f1221-8ada-4488-99ef-2424acd50d30&type=PDF

2017



Developed with input from the 16 US 

Federal Agencies that use animals in 

safety testing

Enable development

o ID information needs

o Connect developers with users

Establish confidence

o Context of use

o Case studies

o Collaboration

Ensure use

o Agencies provide clear guidance

o International collaboration

o Incentives

Plan implementation through working 

groups and detailed action plans

US ICCVAM strategic roadmap
The Interagency Coordinating Committee on the Validation of Alternative Methods 

https://ntp.niehs.nih.gov/pubhealth/evalatm/natl-strategy/index.html

2017



Goal: to expand predictive capabilities 

and integrate these methods into 

regulatory review

Framework

Organizing committee: cross-center working 

group

o Reviews ongoing FDA research

o Develop context of use examples

o Acceptance of newer technologies

o Establish confidence

 Context of use qualification

Training

Communication with drug developers

Collaboration across sectors/disciplines

Oversight: track progress and report to 

commissioner annually

FDA Roadmap for predictive toxicology

https://www.fda.gov/ScienceResearch/About
ScienceResearchatFDA/ucm601090.htm

20172017



Principles
o Multi-office collaboration

o public-private partnerships

o Meeting needs of regulators and 

end-users

Approach
o Identification, development, and 

Integration 

o ID knowledge gaps  research

o Scientific Confidence

 Relevance: fit for purpose and use

 Reliability: performance-based 

criteria (Casati et al. (2017)

o Integration Frameworks 

 AOP, IATA, Defined Approaches

Implementation
o TSCA NAM Team (TNT) oversight

o Communication, Training, Outreach, 

Collaboration

o Short, medium, long-term actions

EPA OPPT Strategic Plan to promote 

NAMs 

https://www.epa.gov/sites/production/files/2018-
06/documents/epa_alt_strat_plan_6-20-18_clean_final.pdf

20172017



EU Workshop 2015, Brussels

Conclusions

o Continued reliance on animal models 

unlikely to improve clinical translation

o Overarching strategic frameworks are 

essential to guide science policy 

o Funding should be focused on acquiring 

critical human information & developing/ 

validating human-specific tools

o Enhanced research coordination among 

key economies, 

o Enhanced strategies to collect human 

biological material & clinical information

o Obligatory open-access publication & 

data sharing for all publicly funded 

research



US Workshop 2017, Bethesda

Participants

o 160 scientists, policy makers from 

government, industry, academia, 

NGO, consulting

o US government: 6 NIH institutes, 5 

FDA centers, EPA

Recommendations

o International and inter-agency 

collaboration

o Funding agency focus on human-

based biology and open access 

data 

o Collaborative, open-access high-

quality databases

o Common reporting formats and 

common ontologies

o Better cross-sector communication

o Creation of case studies to show 

applications



o In biomedicine, a global transition to molecular understanding of disease 

pathways and human biology-based approaches is urgently needed 

and is already underway

In summary

Roadmaps

Common themes

o Leadership and oversight

o Collaborative: cross-

agency/office/center

o Communication from inception 

to implementation

Common Approaches

o Identify information needs

o Develop NAMs to meet those needs

o Establish confidence

 Context and use dependent

 Performance criteria

o Integration based on AOPs, IATA, DA

o Communication with stakeholders

o Training 



Common recommendations for success from workshops:

o Inter-agency, interdisciplinary and international collaboration

o Shift in funding to prioritize human biology-based approaches

o Leadership – to provide direction and focus

o Creation of strategic roadmaps to direct public policy

o Open access to high quality research and clinical data

o Creation of case studies to show proof of principle, gain confidence

In summary



The Biomedical Research for 

the 21st Century (BioMed21) 

Collaboration brings together 

scientists and institutions from 

across Europe, Asia and the 

Americas who share a vision of 

a new, human-focused 

paradigm in health research. 

This unique mix of health 

research stakeholders provides 

both a broad, global outlook as 

well as deep ties at regional 

and national levels. We 

welcome new collaboration 

opportunities with like-minded 

organizations and individuals.



Non-animal models for research on human respiratory tract 

disease

o EcoMole™, Imperial College London, and Humane Society 

International/United Kingdom, with support from the 

European Union Reference Laboratory for Alternatives to 

Animal Testing (EURL ECVAM)

o Compile and distribute information about available and 

emerging non-animal models in respiratory tract disease 

research

o Building a network of Indian scientists to share information 

and cooperate in promoting a shift in research focus and 

funding in India

o Supporting continuing education for Indian authorities to 

support confidence and accelerated acceptance of non-

animal approaches for regulatory use

o Offering continuing education and hands-on training on 

OECD-validated non-animal technologies for young scientists 

in India via an internship program



Catherine Willett, PhD
Senior Director, 
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Thank You!
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