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Adverse Outcome Pathways (AOPs): 
from research to regulation 
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Adverse Outcome Pathways  Development Programme
was launched by OECD in 2012, under the responsibility of the EAGMST group (The Extended 
Advisory Group of Molecular Screening and Toxicogenomic)

AOPs are a central concept in future work at OECD on predictive toxicology, enabling  improving uses 
and applications of mechanistic information
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Costs
€2,000 - €2,000,000 

5000 animals / chemical 
Test duration 
30 – 720 days 

Standard toxicity testing is costly, 
time consuming and requires many animals 

Avian reproduction study (OECD TG 206)
Animals: > 200 
Test duration: > 30 weeks 
Cost: > $250,000 

http://www.google.com/url?q=http://ag.udel.edu/enwc/MABCI/lifehistory.html&sa=U&ei=1vo1U6HRHuH30gH-yoA4&ved=0CEAQ9QEwCQ&usg=AFQjCNHlqVZmi-bUIA0cP9FnFOvCvBdD0g


OECD Test Guidelines based on non-animal methods, for example, for   skin and eye corrosion / 
irritation, phototoxicity, skin absorption,  genotoxicity, skin sensitisation

Promoting the use of non-animal methods



Developing models to predict toxicity

Read 
across
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https://www.nelsonlabs.com/Test/Sensitization-Testing


Need of framework for knowledge and data management
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Adapted from The Adverse Outcome Pathway for Skin Sensitisation Initiated by Covalent Binding 
to Proteins. Part 1: Scientific Evidence OECD ENV/JM/MONO(2012) 10 PART 1

Covalent Protein binding leading to Skin Sensitisation
https://aopwiki.org/aops/40

https://aopwiki.org/aops/40


Aromatase inhibition leading to reproductive dysfunction (in fish)
https://aopwiki.org/wiki/index.php/Aop:25

Cumulative fecundity is the most apical endpoint considered in the OECD 229 Fish Short Term Reproduction Assay.  
The OECD 229 assay serves as screening assay for endocrine disruption and associated reproductive impairment 

https://aopwiki.org/wiki/index.php/Aop:25
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Organelle

Molecular
Enzyme binding (QSAR) 

inhibition of aromatase (in vitro) 

Cellular

TissueReduction VTG synthesis (in vitro) 
Reduction in estrogen synthesis (in vitro)

OrganReduction egg production (in vivo)

OrganismDecreased spawning (in vivo)
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n

Population decline

Early key events can be measured with non-animal tests, which can be used to 
predict the adverse outcome

Aromatase inhibition (in vitro)
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Development of Integrated approaches to testing and assessment (IATA). 
Read-across based on mechanistic understanding
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to different adverse effects
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Use of AOP Networks to assess  toxicity of mixtures



AOPs are a way of organizing information

Sea of existing information AOP developer AOP consumers



Start with quality ingredients

AOP development will typically involve literature review
• Documenting how the literature search/reviews were 

done  may be helpful to developers and users.
• Transparency
• Efficient – easy to understand how to update or 

expand

Define  
your  
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Extract  
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Evaluate  
study  

quality

Data  
extraction  

and  
synthesis

Document  
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interpret  
results



PopulationOrganismOrgan  
System

Organ  
Response

Tissue  
Response

Cellular  
Response

Molecular  
Initiating  

Event

Molecular biologists Physiologists

Cellular biologists Ecologists

Risk Assessors

AOP development often requires a team of collaborators

Rare for a “single person” to produce a full AOP



AOP Wiki: a community resource for AOP development



OECD AOP Development Programme

AOP Wiki Access: three levels

1. Anyone can access the wiki, search and read  
entries

2. To leave comments, you will need an account
Request an account through  

www.aopwiki.org or www.saaop.org

3. To gain write access
Request write access the same way
You should have a familiarity with the wiki and desire to  
build an AOP

http://www.aopwiki.org/
http://www.saaop.org/
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OECD AOP knowledge base (AOP-KB)



The AOP Knowledge Base

https://www.effectopedia.org/

https://aopwiki.org/

Third Party Tools

http://apps.cytoscape.org/apps/aopxplorer

Intermediate Effects Database  
(IEDB)

• Entry level module for
evaluating an AOP’s scientific  
evidence

• Supports OECD review of AOPs
• Default go-to module for all

qualitative AOPs

https://aopkb.oecd.org/
• Main entry point for the AOP-KB
• Search engine for all AOPs

Houses the status of all AOPs & links to the official copies
• Allows browsing of review reports

• Captures quantitative  
information and models

• Provides standard visual  
representation of AOPs  and 
associated test  methods

On the Web this Summer2020!

http://www.effectopedia.org/
http://www.effectopedia.org/
http://apps.cytoscape.org/apps/aopxplorer


AOP Development Programme
is evolving fast with 
participation of multiple 
groups of experts in various 
areas of toxicology

The public can make project 
proposals to develop AOPs

AOP can be developed in 
parallel with scientific 
publications

New AOP proposals: acceptance by OECD case by case



Internal review process: EAGMS group

Assignment of a coach to each AOP included in the OECD plan: from 2019



AOP documentation required

Bradford-Hill criteria 
for establishing causation: 
• strength of association, 
• consistency of the evidence, 
• specificity of the relationship, 

association, consistency of the 
evidence,

• specificity consistent temporal 
relationships, 

• dose-response relationships, 
• biological plausibility, 
• coherence of the evidence, 
• and consideration of alternative 

explanations 
Bradford-Hill, A. (1965). The environment 
and disease: association or causation? 
Proc R Soc Med 58, 295-300.



AOPs are modular
• KEs and KERs are shared by multiple AOPs
• No need to re-write the same descriptions over and over
• Reusability (best practices)

AOPs are living documents
• KE and KER descriptions can be expected to evolve over time
• As descriptions are updated and expanded – all AOP descriptions they link  

to update automatically
AOP networks for prediction

• Entry of structured information in KB allows for de-facto assembly of AOP  
networks.

AOP-KB supports principles of collaborative AOP development
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AOPs’ lifecycle



EAGMST 2014: ISS presentation



Fusion and collaboration

No need to start from scratch
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Construction of AOPs networks



Collaborate: Single Elements
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All contributions help generate NEW knowledge

>9000 unique paths
(from MIE to AO)

NEW knowledge

NETWORK



AOP

Opportunities 
for collaboration

Prioritisation
risk assessment

Develop 
predictive 

tools

Reduce 
Animal use

Effective use 
of existing 
knowledge

Benefits of AOPs



Single Elements: Key Event Relationship

KEdownKERKEup

How Upstream  
Event is Measured

How Downstream  
Event is Measured

Experimental Evidence Linking KEup and KEdown
• Causal Evidence
• Weight of Evidence Evaluation
• Principal Unit of Extrapolation



Background – WOE Analysis for AOPs
• Based on modified Bradford Hill (B/H)considerations

– Initially introduced to assess causality of associations in
epidemiological studies

– Subsequently adopted by a wide range of communities
– Subset of B/H considerations modified for AOP assessment

• based on regulatory experience in assessing chemical specific mechanistic  
data (mode of action analysis)

– Continue to evolve, with additional experience in assessment and  application9



Weight/Extent of the Evidence - AOPs

• Biological Plausibility – KERs

– Extent of knowledge of the biology of the pathway
– Knowledge of the structural-functional relationships

• Essentiality – KEs within AOP
– Necessity of Key Events
– Experimental support normally from specialized  

studies to block or modify key events, 
stop/recovery  studies

• Empirical Support – KERs
– Pattern of Quantitative Associations among Key  

Events often considered through application of  
stressors

More  
important

Less
important

H M L

H M L

H M L

12



• An AOP for which the  quantitative understanding of relationships that underlie transitions from one KE to  the 
next, as well as critical factors that modulate those relationships, are sufficiently  well defined to allow quantitative 
prediction of the probability or severity  of the AO for a given level of activation/perturbation of the MIE.

i.e., - no longer need to assume tipping points,
we can evaluate whether the exposure is
likely to surpass the tipping points along the
pathway.

Upstream  
Event  
(A)

Downstream  
Event  
(B)

fx

Quantitative Understanding of KERs

• Response - Response Relationship
• Time-scale of the transition
• Modulating factors that can shift or alter
the R-R relationship
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https://aopwiki.org/aops/25

Response-Response  Relationship

y= -8e-7x2 – 7e-5x + 0.016

Conolly RB, Ankley GT, Cheng W, Mayo ML, Miller DH, Perkins EJ, Villeneuve DL, Watanabe KH.
Quantitative Adverse Outcome Pathways and Their Application to Predictive Toxicology
. Environ Sci Technol. 2017 Apr 18;51(8):4661-4672. doi: 10.1021/acs.est.6b06230.

Quantitative adverse outcome pathway (qAOP): AOP 25 Aromatase inhibition leading to 
reproductive dysfunction



AOP: a knowledge bridge



Integrated Approach to Testing and Assessment  (IATA): 
OECD working definition

Problem formulation  
Gather existing information

MORE INFORMATION NEEDED?

Design non-testing strategy  
Design testing strategy

Repeat until question is answered to necessary certainty

“a structured approach that strategically integrates and weights all  
relevant data to inform regulatory decisions regarding potential  
hazard and/or risk and/or the need for further targeted testing and  
therefore optimising and potentially reducing the number of tests  
that need to be conducted.”

Report of the Workshop on a Framework for the Development and Use of Integrated Approaches to  
Testing and Assessment. 2015. OECD Series on Testing and Assessment No. 215



Using an AOP within the context of an IATA

AOP provides biological rationale
o For weight-of-evidence interpretation
o For design of integrated, iterative testing strategy

Transparent communication of certainty
Quantitative information allows prediction



Current state of art of in silico tools for 
genotoxicity prediction

(applicable also for other endpoints)

AOPs
• informs chemical grouping and subsequent data gap 

filling by read-across or trend analysis
• provides an opportunity to group chemicals based on 

their intrinsic chemical properties as well as their 
biological activity at different levels of biological 
organization. 

AOP-informed IATA 
• provides a more robust support framework for assessing 

toxicological potential for new and untested chemicals, 
• improves the predictive performance of in silico method 

by bringing more transparent mechanistically based 
data integration. 

https://www.tandfonline.com/doi/epdf/10.1080/17425255.2021.1938540?needAccess=true

https://www.tandfonline.com/doi/epdf/10.1080/17425255.2021.1938540?needAccess=true


(Q)SAR model: a model that predicts the property of a 
substance using as input information on the structure 

https://www.oecd.org/chemicalsafety/risk-assessment/qsar-assessment-framework.pdf

https://www.oecd.org/chemicalsafety/risk-assessment/qsar-assessment-framework.pdf


Regulatory acceptance of IATA:  specific case Defined Approaches

OECD Guidance document 
255:  Guidance Document on 
the  Reporting of Defined
Approaches  to be Used 
Within Integrated  
Approaches to Testing and  
Assessment (2016)



A Defined Approach (DA) consists of a selection of information sources (e.g in silico predictions, in 
chemico, in vitro data) used in a specific combination, and resulting data are interpreted using a 
fixed data interpretation procedure (DIP) (e.g. a mathematical, rule-based model).

The DAs included in this Guideline have shown to either provide the same level of information or be 
more informative than the murine Local Lymph Node Assay (LLNA; OECD TG 429) for hazard 
identification (i.e. sensitiser versus non-sensitiser). 
In addition, two of the DAs provide information for sensitisation potency categorisation that is 
equivalent to the potency categorisation information provided by the LLNA.



AOP implementation in 
the OECD QSAR Toolbox

www.iss.it/ambiente-e-salute













https://www.oecd.org/env/ehs/risk-assessment/Tutorial_11_TB%204.1_Implementation%20of%20AOP%20workflow%20in%20Toolbox%20SS.pdf
Implementation AOP workflow in Toolbox: Skin Sensitization

https://www.oecd.org/env/ehs/risk-assessment/Tutorial_11_TB%204.1_Implementation%20of%20AOP%20workflow%20in%20Toolbox%20SS.pdf


Thank you very much!

www.iss.it/ambiente-e-salute
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