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Why
o Need for improved approaches to drug safety and 

disease research
o Need to better use our existing and future data and 

knowledge
What

o “Pathway-based Approach”? Purpose, definition
o One example: OECD AOP Program

How
o Relational “knowledgebase”
o Guidance
o Evaluation

When
o Use in decision making
o Support of Integrated Approaches to Testing and 

Assessment
o Research design

Outline



Issue #1: 95% clinical failure rate for 
new drugs



Issue #2: The need to better leverage our 
existing knowledge

Too much data!
o Decades of research and testing data
o Global scientific output doubles every 9 years  

Where is the data?!
o Journal articles, reports, laboratory notebooks, agency 

archives, 
o Institutional and government databases



Better access, better organization leads 
to better understanding

o PDFs
o Fragmented
o Siloed
o Proprietary

o Searchable
o Machine-readable
o Linked
o Facilitating collaboration
o Avoiding duplication



What does a “pathway-based 
approach” mean? 



A practical solution for a practical problem:
o How to use molecular understanding to 

make better decisions about chemical 
safety

?

Adverse Outcome Pathways: linking molecular 
initiation to adverse outcomes



A sequence of events 
o beginning with initial interactions of a stressor with a 

biomolecule in a target cell or tissue (the molecular 
initiating event), 

o progressing through a dependent series of intermediate 
events (key events) 

o culminating with an adverse outcome*
*if compensatory mechanisms are overwhelmed
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AOPs: Provides scaffold for organizing, 
evaluating and understanding data

Mechanistic Toxicology Data
(‘omics, biomarkers)

Clinical, Epidemiology
Eco Field Studies

Molecular data Regulatory Endpoints

High Throughput Guideline Studies
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AOP Knowledgebase: information storage, 
evaluation, and linkage



o Captures and organizes all 
information and supporting 
documentation for AOP 
elements

o Supported by extensive 
guidance, tutorials and an 
online course

o Is designed to enable rigorous 
evaluation and scientific 
review

Publically accessible since 2014
www.aopwiki.org

AOP Wiki: information storage, evaluation, 
and linkage



AOPs are modular
o Key events and relationships can be shared by multiple 

AOPs
AOPs are living documents

o AOP descriptions can be expected to evolve over time
o As descriptions are updated and expanded – all AOP 

descriptions they link to update automatically
AOP networks will emerge and are the basis for 
prediction

Fundamental principles of AOP development



Biological networks emerge as more 
AOPs are developed

Courtesy of Dan Villeneuve 
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What are AOPs good for?

AOP provides biological rationale for
o weight-of-evidence interpretation of data
o test strategy design

Transparent communication of current level of knowledge
Quantitative information allows prediction
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Reactivity Assay 

(DPRA; OECD 442C)
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Activation Test 

(h-CLAT; OECD 442E) 
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(OECD 442D)

MUSST (U-SENS)
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Local Lymph Node 
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(LLNA, OECD 429)



Current state of the AOP Wiki

23 June 2017 D. Villeneuve

The more participation, the better it will be!



Summing up AOPs
The “AOP” project is a formal process to collect, organize, 
link, and evaluate biological information

o Practical solution to a practical 
problem:

o Support better regulatory decisions 
regarding chemical safety

o Transparent, highly curated, living 
document representing current 
knowledge

Issues:
o Time and labor-intensive
o Utility dependent on wide 

adoption



Other big data/systems biology projects

NIH Translator

NIH Big Data 2 Knowledge





Recent reviews of preclinical disease models: 
new technologies combined with 
mechanistic understanding

Asthma (Buckland, 2011) Alzheimer’s Disease 
(Langley, 2014)

Autism Spectrum 
Disorders

(Muotri, 2015)

Autoimmune Disorders
(van de Stolpe and 
Kauffmann, 2015)

Liver Disease (Noor, 2015) ALS (Clerc et al, 2016)



“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

“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



Thank you!
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