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OECD AOP Development and 
Review Process







Who’s who? 
OECD committees involved: 
•EAGMST: Extended Advisory Group on Molecular Screening & Toxicogenomics
•WPHA: Working Party on Hazard Assessment 
•WNT: Working Group of National Coordinators Test Guidelines 

Programme JRC: Joint Research Centre 
U.S. EPA: U.S. Environmental Protection Agency 

SAAOP: Society for the Advancement of AOPs 





Full AOP 
description

according to OECD 
Handbook



5. AOPs are living documents

Stages of AOP 
Development Characteristics

Putative AOPs: Hypothesized set of KEs and KERs primarily supported by 
biological plausibility and/or statistical inference

Formal AOPs:
Include assembly and evaluation of the supporting weight of 
evidence – developed in AOP knowledgebase in accordance 
with internationally-harmonized OECD guidance

Quantitative AOPs:

Supported by quantitative relationships and/or 
computational models that allow quantitative translation of 
key event measurements into predicted probability or 
severity of adverse outcome

Operationally-defined “stages” of AOP development

Increasing

• Depth of 
evidence 

/understanding

• Transparency 
/defensibility

• Quantitative 
precision

• Cost
• Data needs

• Time
• All stages have potential utility
• Level of development desired/required depends on the application

Principles of AOP Development









Evaluating AOPs
weighing the evidence

(WoE)













Modified BH 
Considerations

Conclusions

Biological Plausibility KER is consistent with current biological understanding –
plausible.

Essentiality of Key events
Effects are reversible if the stressor is removed
(e.g., Villeneuve et al. 2009; EHP 117: 624-631)

Concordance of Empirical 
Observations

Dose response ‒ The key events observed at doses below 
or similar to those associated with the apical effect?

Temporality ‒ The key events are observed in 
hypothesized order?

Incidence ‒ The frequency of occurrence of the apical 
effect less than that for the key events?

Consistency Same pattern of effects has been observed in several test 
species (e.g., fathead minnow, zebrafish, medaka)

Analogy
Similar pattern of effects observed for three well known 

aromatase inhibitors (FAD, LET, PRO)

Adapted from Meek et al. 2014,  J. Appl. Toxicol. 

Principles of AOP Development
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QUANTITATIVE AOPs

What can we learn about qAOPs

… for now and within HBM4EU



„Quantitative adverse outcome
pathway“[Title/Abstract] on Pubmed – 6 hits

Building and Applying Quantitative Adverse Outcome Pathway Models for Chemical Hazard and Risk Assessment.
Perkins EJ, Ashauer R, Burgoon L, Conolly R, Landesmann B, Mackay C, Murphy CA, Pollesch N, Wheeler JR, Zupanic A, Scholz S.
Environ Toxicol Chem. 2019 May 25. doi: 10.1002/etc.4505. [Epub ahead of print] Review.

A Cross-species Quantitative Adverse Outcome Pathway for Activation of the Aryl Hydrocarbon Receptor Leading to Early Life Stage Mortality 
in Birds and Fishes.
Doering JA, Wiseman S, Giesy JP, Hecker M.
Environ Sci Technol. 2018 Jul 3;52(13):7524-7533. doi: 10.1021/acs.est.8b01438. Epub 2018 Jun 19.

Neurodevelopment and Thyroid Hormone Synthesis Inhibition in the Rat: Quantitative Understanding Within the Adverse Outcome Pathway
Framework.
Hassan I, El-Masri H, Kosian PA, Ford J, Degitz SJ, Gilbert ME.
Toxicol Sci. 2017 Nov 1;160(1):57-73. doi: 10.1093/toxsci/kfx163.

Quantitative Adverse Outcome Pathways and Their Application to Predictive Toxicology.
Conolly RB, Ankley GT, Cheng W, Mayo ML, Miller DH, Perkins EJ, Villeneuve DL, Watanabe KH.
Environ Sci Technol. 2017 Apr 18;51(8):4661-4672. doi: 10.1021/acs.est.6b06230. Epub 2017 Apr 7.

Quantitative Adverse Outcome Pathway Analysis of Hatching in Zebrafish with CuO Nanoparticles.
Muller EB, Lin S, Nisbet RM.
Environ Sci Technol. 2015 Oct 6;49(19):11817-24. doi: 10.1021/acs.est.5b01837. Epub 2015 Sep 28.

Limitations of toxicity characterization in life cycle assessment: Can adverse outcome pathways provide a new foundation?
Gust KA, Collier ZA, Mayo ML, Stanley JK, Gong P, Chappell MA.
Integr Environ Assess Manag. 2016 Jul;12(3):580-90. doi: 10.1002/ieam.1708. Epub 2015 Nov 24.





Li (2011) BMC Systems Biology

Koncepční model 
 ZOOM



Li (2011) BMC Systems Biology
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PLoS Comput Biol. 2016 Apr 20;12(4):e1004874. 



Fig 1. The HPOL signaling network in rainbow trout 
as formulated in our model.

Arrows and symbols on graph follow CellDesigner vs. 4.4 
notation (www.celldesigner.org). GnRH is secreted from 
the hypothalamus into the pituitary stimulating the 
production of mFSH and mLH, which then leads to 
formation of FSH and LH, respectively. FSH, which is being 
continuously secreted from the pituitary, travels to the 
ovaries to stimulate production of E2. E2 then travels to 
the liver to bind with E2 receptors (R; translated from mR) 
to form ER. ER then stimulates the production of mVTG, 
which produces VTGL. Secreted VTG then travels from the 
liver to the ovaries via the plasma (VTGP) where it is 
absorbed by follicles in stages 3 through 6 (the proportion 
of follicles in these stages are denoted by Sj, j = 3, 4, 5, and 
6) during vitellogenesis, the rate of which is affected by 
FSHP, to promote oocyte growth (OAvg). Oocyte growth 
then progresses the oocytes through the stages using a 
Weibull distribution created from OAvg together with OVar. 
In the later stages LHP stimulates the oocytes to produce 
DHP. Finally, oocytes undergo final maturation (SFOM) and 
combined with DHP, determine when the fish ovulates

PLoS Comput Biol. 2016 Apr 
20;12(4):e1004874. 



Fig 3. HPOL model 
predictions for (A) 
pituitary levels of FSHβ
subunit mRNA, (B) 
pituitary levels of LHβ
subunit mRNA, (C) 
Hepatic levels of E2 
receptor mRNA and (D) 
Hepatic levels of VTG
mRNA
Observed data (dark 
grey circles; mean ±TG 
mRn = 3)

PLoS Comput Biol. 2016 Apr 20;12(4):e1004874. 





• http://www.effectopedia.org/  Quantitative Relationships
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