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FOREWORD 

This document is a report of the Workshop on a framework for the development and use of integrated 

approaches to testing and assessment which was held on 17-19 November 2014 in Crystal City VA, USA. 

The workshop was organised in close cooperation with the World Health Organisation following the 

proposal from the 50th OECD Joint Meeting of the Chemicals Committee and Working Party on 

Chemicals, Pesticides and Biotechnology in June 2013. 

This document is published under the responsibility of the Joint Meeting of the Chemicals Committee 

and the Working Party on Chemicals, Pesticides and Biotechnology of the OECD. 
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BACKGROUND 

1. In order to improve the harmonisation of integrated approaches to testing and assessment 

(IATA), the 47th Joint Meeting recommended to elaborate an OECD agreed framework for developing and 

using IATAs, building on current activities on Mode of Action (MoA) and Adverse Outcome Pathways 

(AOP). This framework should provide guiding principles, and technical guidance on how results from 

alternative approaches (in silico, in chemico, in vitro including high throughput and high content test 

methods) should be interpreted for characterising (both qualitatively and quantitatively) the adverse effects 

in animals and humans and/ or the environment, so that they can be used for hazard identification, hazard 

characterisation and risk assessment. 

2. The 50
th
 Joint Meeting agreed to organise a workshop in close cooperation with the World Health 

Organisation, bringing regulators, scientists, industry and NGOs together to define in a practical manner 

the applicability of the concept of AOP/MoA in a framework for the development and use of IATAs. 

WORKSHOP 

3. The workshop was held on 17-19 November 2014 in Crystal City, VA, hosted by the United 

States Environmental Protection Agency (USEPA). The agenda is outlined in Annex 1. 

4. The workshop was attended by experts nominated by Canada, Denmark, France, Japan, 

Germany, Switzerland, the United Kingdom, the Netherlands, the United States, the European 

Commission, BIAC, ICAPO, and the OECD Secretariat. The list of the participants is attached to this 

document as Annex 13.  

5. The workshop was chaired by Terry Schultz (University of Tennessee, Knoxville) and Mark 

Cronin (Liverpool John Moores University). 

Opening 

6. Tala Henry (USEPA) welcomed the participants on behalf of the United States. 

Purpose, Objectives and Specific Aims 

7. The objective of this workshop was to discuss the applicability of the AOP / MoA concept as a 

framework for developing and using IATAs and to refine the framework as far as possible and define the 

degree of confidence in an AOP / MoA needed to inform an IATA in a specific regulatory context that can 

then be communicated throughout the decision making process. 

8. To meet these objectives a background document on the AOP / MoA concept as the basis for 

developing and using IATAs was prepared together with a document outlining the general principles for 

using IATA based on the AOP / MoA concept including an initial definition and tentative set of 

considerations for different stages of development of AOPs / MoAs. These documents are presented in 

Annex 2 and 3.   

9. The conclusions and recommendations from the workshop will subsequently be used to revise the 

framework as a basis for further testing in case studies. Furthermore the outcome of the workshop will be 

used by the OECD Task Force on Hazard Assessment within the cooperative work on the hazard 
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assessment of chemicals to develop further case studies and provide guidance on how IATAs based on the 

framework can be used for regulatory purposes. 

Format of the Workshop 

10. The workshop started with a general introduction into the framework for the development and 

use of integrated approaches to testing and assessment by the OECD Secretariat and the WHO Framework 

on Mode of Action/Species Concordance Analysis Implications for AOPs/IATA by Bette Meek 

(University of Ottawa). These presentations are found in Annex 4 and 5. Jos Bessems of the EC Joint 

Research Centre gave an overview on how toxicokinetic and toxicodynamic data could be integrated in an 

AOP-informed IATA (see Annex 6). These presentations were followed by a series of case study 

presentations. Subsequently, participants, in three breakout groups, were asked to consider a set of 

questions designed to:  

a. build consensus that the AOP / MoA concept is a good basis for developing and using IATAs,  

b. determine which type of IATA, or their respective elements, can be informed by an AOP / MoA,  

c. to discuss and refine the proposed definitions and characteristics of the different stages of 

development of AOPs / MoAs, and to  

d. outline / propose which stages of development of AOPs/MOAs are most suitable to inform the 

development and use of different types of IATA or their respective elements and their regulatory 

purposes.  

Case Study 1: Use of the AOP for AR / ER binding / thyroid effect to prioritise and screen chemicals 

11. Kevin Crofton of the USEPA presented the first case study, on the use of the AOP for estrogen 

receptor (ER) binding / thyroid effect as a potential basis to prioritise and screen chemicals. With respect to 

the use of an AOP for ER binding in an IATA, multiple assays integrated into a consensus model in 

combination with exposure estimates provides a prioritization tool for follow-up testing. Due to the 

complexity and multiple AOPs and the lack of assays to measure the different MIEs involved, there is at 

present no confidence in making regulatory decisions related to thyroid effects. IATA process provides 

unique opportunity to fine-tune data needs to predict the adverse outcome. This presentation is found in 

Annex 7. 

Case Study 2: Adverse Outcome Pathway for Skin Sensitization 

12. Frank Faulhammer of BASF presented case study two on the proposed use of the Adverse 

Outcome Pathway for Skin Sensitization for grouping of substances, read-across and regulatory 

application.  In this case study it is shown that the AOP for skin sensitization fulfils aspects of semi-

quantitative and quantitative AOPs and that single assays that cover key events of the AOP may be used to 

prioritize chemicals for testing, add confidence to a read-across approach and help to group chemicals. It 

was also illustrated how the AOP for skin sensitization could be used to develop an in vitro testing 

strategy, which could be used to determine whether a chemical could be a sensitizer or not but is not yet 

applicable to determine potency (e.g. strong, moderate and weak), to sub-categorize according to GHS 

(e.g. Cat. 1A or 1B) or to assess complex mixtures/substances such as polymers and formulations. This 

presentation is found in Annex 8. 
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Case Study 3: Development of IATAs Based on the AOP of Sustained Aryl Hydrocarbon Receptor 

(AHR) Activation Leading to Rodent Liver Tumour Promotion 

13. Katy Goyak of ExxonMobil Biomedical Sciences presented case study three, development of 

IATAs based on the AOP of Sustained AHR Activation Leading to Rodent Liver Tumour Promotion. In 

this case study it is shown how a semi-quantitative AOP could potentially inform the development of an 

integrated testing strategy using exposure considerations. This presentation is found in Annex 9. 

Case Study 4: Aromatase inhibition leading to reproductive dysfunction (in fish). A quantitative AOP 

case study 

14. Daniel Villeneuve and Rory Conolly of the USEPA presented case study four, on a quantitative 

AOP for Aromatase inhibition leading to reproductive dysfunction (in fish). The case study showed that 

there is strong scientific confidence that in vivo observation of sustained reductions in ovarian aromatase 

activity, circulating estradiol, and circulating vitellogenine are indicative of reproductive effects (in fish). 

Structural alerts and in vitro measures indicative of aromatase inhibition provide strong evidence of 

potential reproductive effects (in fish) and could be viable alternatives to fish short-term reproduction 

assay as a Tier 1 screen. The AOP could also support the development of a tiered or sequential testing 

strategy for aromatase inhibitors. Overall it is proposed that mature quantitative AOPs could serve as an 

“in silico” description of in vivo biology to aid in the design of in vitro tests and interpretation of in vitro 

data. This presentation is found in Annex 10. 

Outcome of AOP related workshops 

15. Ed Perkins from the US Army Engineer Research & Development Centre presented the outcomes 

from the workshop "Advancing AOPs for Integrated Toxicology and Regulatory Applications" held 2rd-

7th March 2014 at Somma Lombardo 2014 (see annex 11). Michelle Embry from the Health & 

Environmental Sciences Institute presented the Outcomes from the workshop "AOPs: From Research to 

Regulation" held 3rd-5th September 2014 at Bethesda (see annex 12)..  

Working definitions of the workshop 

16. After the presentations of the case studies the participants divided into breakout groups initially 

for a general discussion of the development of IATAs based on the AOPs with later discussions leading to 

the answers to the questions posed to the participants. 

17. At the start of the breakout group discussion, participants were presented with the following 

working definition of IATA: 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.  

18. The participants agreed that an IATA logically starts with problem formulation, including the 

decision context, consideration of plausible and testable hypotheses about the hazard profile of a substance 

or group of substances, and, in some cases exposure information. The hazard information together with the 

exposure information would then be used to determine what data gaps exist and what testing if any would 

be most appropriate to undertake in order to elucidate the hazard profile of that substance for a given use 

context. Thus the extent to which testing approaches are needed therefore depends on the problem 

formulation which in turn is defined by the end purpose under consideration and the scientific confidence 

needed.  
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19. While the strategy for gathering existing information and use of information from non-testing 

methods in an IATA may be similar regardless of the decision context, generation of new test data (e.g. 

data from in chemico or in vitro methods) may differ considering the scope of the IATA and the collected 

evidence and should be tailored to reduce uncertainty in the initial conclusion. Evaluation of existing 

information or generation of additional data within an IATA can be performed on the basis of a non-

formalised Weight of Evidence (WoE) approach or by using predefined, structured approaches such as 

Sequential Testing Strategies (STS), Integrated Testing Strategies (ITS) or their combination.  

20. An IATA may be comprised of one or more elements. These elements can be informed by an 

AOP, e.g. SAR / QSAR, testing assays etc., or could also contain elements that are not informed by an 

AOP, such as exposure, ADME, use profiling, etc. It was noted that AOPs are one means to structure an 

IATA but not necessarily required. It was recommended to develop more case studies for different decision 

contexts (or problem formulations) to better understand how IATA can be constructed based on these 

different elements (see figure 1).  

 

 

21. It was agreed that Modes of Action and Adverse Outcome Pathways are conceptually similar, 

dividing the path between exposure and effect into key events. MOAs include some chemical specific 

elements such as metabolism, whereas AOPs are restricted to the non-chemical specific biological 

pathway, and the final outcome of a MOA is not necessarily adverse. MOA analysis has been chemical 

specific, including both kinetics and metabolism. 

General questions 

22. All breakout groups were asked the following general questions: 

 Five types of IATA or their respective elements have been identified (see Annex 1 and 2) for 

which AOPs / MoAs could be used for regulatory purposes.  

a. Do you agree that the AOP / MOA concept is a good basis for the development of these 

types of IATA or the respective IATA elements? 

b. Are there elements for which they would be unsuitable?  

c. Are there other types of IATA or their respective elements for which the AOP / MoA 

concept could be applied? 
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 It is recognized that knowledge of an AOP / MoA evolves and, as such, its development 

represents a continuum from less to more complete.   

a. Is the categorisation into four stages of completeness/maturity of an AOP / MoA, as 

indicated in table 1 in annex 2, sufficient as an initial pragmatic approach for covering the 

continuum of the development of AOPs?  

b. Where would you envisage the need for additional stages of development to meet potential 

application needs, especially when addressing more complex toxicological endpoints?   

c. Where might there be alternative approaches that could be identified, please give 

examples?  

 Each of the four stages of maturity of AOPs / MoAs are described. 

a. Are these descriptions sufficiently adequate to characterise each of these stages to help an 

end-user to appropriately use and apply an AOP for developing IATAs, or their respective 

IATA elements, for their intended purposes? 

b. Where and how might they be modified and improved to facilitate understanding of the 

different stages of maturity? 

 In which ways do you think that the AOP stages shown in Figure 1 in annex 2 correlate with the 

IATA elements and regulatory applications? Can you give any potential examples/illustrations 

from your experience? Are there cases you can identify where and why the correlation may not 

be in accord? 

Breakout Group Conclusions and Recommendations 

23. The Workshop participants agreed on the following responses to the general questions outlined 

above. 

24. AOPs have the potential to provide mechanistic support, credibility and transparency to the IATA 

and its elements. Any IATA element that is informed by an AOP and as such will likely provide greater 

confidence in any regulatory decision. The following IATA elements that could be informed by an AOP 

have been identified:  

o Use of non-standard (non-animal) test methods;  

o SAR/QSAR modelling;  

o Chemical categorization and read-across,  

o Test guideline development (both in vivo and in vitro)  

o Integrated testing strategies.  

25. The level of AOP development represents a continuum with increasing confidence in support for 

and degree of quantitation of key events (KEs) and key events relationship (KERs). Within this continuum 

different types of AOP can be distinguished: qualitative, semi-quantitative and quantitative. A further type 

may be desired reflecting AOPs that are not yet described fully enough to be classified into one of these 3 

types (sometimes termed correlative or putative). Suggestions of potential regulatory purposes were made 
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to provide some perspective of the level of maturity an AOP might be desired depending on the application 

that it would be used for. It was concluded that while descriptors of the continuum and a distinction 

between different types of AOPs may be useful for developers (e.g. those completing the AOP wiki), this 

distinction may not be as helpful for users. The use of AOPs to inform an IATA and its regulatory use is 

context dependent (i.e. taking account of problem formulation, data availability etc.).  

26. Characterization of confidence and degree of quantification in AOP elements (i.e the KEs and 

KERs) contributes to the required flexibility for their application in the development and use of IATAs. As 

such the different types of AOP identified are not necessarily related directly to a specific application in an 

IATA or type of regulatory use. The regulatory decision will also determine which type of IATA whether 

or not informed by AOP is most appropriate and the level of uncertainty that can be tolerated. In order to 

determine confidence in an AOP, the OECD AOP Handbook guidance on conducting a Weight of 

Evidence (WoE) evaluation on an AOP can be used (published in September 2014 on the AOP Wiki). 

27. Likewise the degree to which an IATA needs to be populated by a full complement of methods 

addressing each of the key events in the corresponding AOP will be dependent on its envisaged application 

For chemical categorization purposes, e.g. to facilitate read-across, it is conceivable that using approaches 

to characterise the MIE, might suffice whereas if a risk assessment decision is being made where 

uncertainty needs to be minimized as far as possible, generating information to address a number of other 

key events and their quantitative relationship with the adverse outcome as well as information on the 

expected exposure may be necessary. Thus flexibility is needed in the choice of the various information 

sources depending on the purpose of the IATA and the chemical under investigation. On the other hand 

there is also a need to provide regulators with some degree of consistency and understanding of the 

assumptions on which the IATA is based. 

28. The four case studies presented illustrate potential applications of various AOP-informed IATAs 

to make or support various decisions. These range from priority setting and screening to (quantitative) 

hazard assessment. It is noted further that in some cases, including quantitative risk assessment, AOP 

independent elements (e.g. exposure, ADME) may be required. Depending on the regulatory context, 

AOPs can already be used in an IATA at early stages of development. In that respect, it was recommended 

that the selection of AOPs for review by the sub-bodies of the Joint Meeting (i.e. WNT and TFHA) should 

not be restricted to certain types of well-developed AOPs.  Furthermore it was recommended that these 

sub-bodies consult the AOP Wiki as a basis to stimulate the dialogue between users and developers on 

which AOPs require further evaluation.  

29. It is possible that an AOP may be suitable to inform IATAs for every type of regulatory 

application. It was recommended to develop case studies of AOP-informed IATAs having multiple 

purposes. Further case studies of AOPs informing IATAs for different decision contexts (e.g., priority 

setting, hazard identification, characterization, quantitative risk assessment) could be useful.  It was 

recommended to engage the AOP development community and those contributing to IATA development 

and use in this activity. This includes cases documented through the IPCS programme engaging both and 

the research and risk assessment communities. AOPs could be used in informing IATAs in a comparable 

way as done in the OncoLogic cancer expert system which uses a mechanism-based approach to organize 

and integrate all available non-cancer short/medium-term predictive test/data of a chemical as a tool/basis 

for predicting the carcinogenic potential of that chemical. Qualitative AOPs have also been used to inform 

both cumulative assessments and testing strategies for pyrethoids and organophosphates.  

Conclusions and recommendation derived from additional questions 

30. The Workshop participants agreed on the following response to the additional questions outlined 

above. 
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31. Additional question 1: As different types of standard or non-standard test methods (e.g. high-

throughput screening (HTS) assays and toxicogenomics) could be available to measure the outcome of a 

key event, how can we decide which method(s) will be most suitable for the development of different types 

of IATA or the respective IATA elements? What might be key considerations or criteria? 

32. Answer:  The participants agreed that issues for establishing “suitability”, especially mechanistic 

plausibility, for the “traditional” in vitro assays are the same as for HTS/-omics assays. Several 

guidance/best practices documents already exist, e.g. the OECD guidance for characterising non-guideline 

in vitro test methods (OECD, 2014
1
) to facilitate their consideration in regulatory application, which 

articulate that the scientific validity of the assays needs to be characterised by considering issues such as 

chemical applicability domain, technical limitation of the test system (water solubility, metabolic 

competence), performance of the test method (sensitivity, specificity etc.), and their relationship to key 

events in the AOP.  

33. If data from multiple assays are available, then all these data could be used, provided that 

conflicting data are properly addressed.  If multiple assays provide the same type of information then there 

usefulness should be weighted with respect to their feasibility, efficacy and cost. Assays that provide 

different types of information may be more useful. The qualitative vs. quantitative outputs from the tests 

will dictate potential regulatory use i.e. prioritisation vs. safety assessment. It is recommended to develop 

guidance for assay selection.  

34. Additional question 2: How can we establish confidence in key events that are based on 

different lines of evidence (e.g. in vivo, in vitro, HTS, toxicogenomics) in the process of the development 

of AOPs? 

35. Answer: The modified Bradford Hill considerations as outlined in the AOP Wiki User Handbook 

(https://aopkb.org/common/AOP_Handbook.pdf) provide a framework to establish confidence for key 

events and key event relationships with different lines of evidence and as such can be used to assess the 

robustness and reliability of AOPs, e.g. the ER data from ToxCast/Tox21 expand the applicability domain 

and give greater confidence in the ER binding and gene induction KEs of the AOP (Cox et al., 2014
2
; 

Judson et al, 2013
3
).  

36. Additional question 3: For which IATA applications does the AOP concept currently have the 

most merit? Potential promise in the near term (i.e., next 3-5 years)? Can you provide examples? 

37. Answer: There is a need for greater understanding of how AOP-informed IATAs can be used for 

different regulatory decisions. More experience in applying these IATA should be acquired to increase 

common understanding of appropriate supporting information and associated confidence. It is envisaged 

                                                      
1 Guidance document for describing non-guideline in vitro test methods. Series on Testing and Assessment 

No. 211; ENV/JM/MONO(2014)35 
2
 Cox L.A., Popken D., Marty M. S., Rowlands J.C., Patlewicz G., Goyak K.O., Becker R.A. (2014). 

Developing scientific confidence in HTS-derived prediction models: Lessons learned from an endocrine 

case study. Reg. Toxicol. Pharm. Vol 69 (3), 443–450 

3
 Judson, R.J., Kavlock, R., Martin, M., Reif, D., Houck, K., Knudsen, T., Richard, A., Tice, R.R., Whelan, 

M., Xia, M., Huang, R., Austin, C., Daston, G., Hartung, T., Fowle III, J.R., Wooge, W., Tong, W. Dix, D. 

(2013) Perspectives on validation of high-throughput assays supporting 21th Century Toxicity Testing. 

ALTEX 30(1): 51-56 

 

http://www2.oecd.org/oecdinfo/info.aspx?app=OLIScoteEN&Ref=ENV/JM/MONO(2014)35
http://www.sciencedirect.com/science/journal/02732300
http://www.sciencedirect.com/science/journal/02732300/69/3
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that some AOPs or sections of AOPs could be used for some regulatory applications. It was recommended 

to develop case studies in which an IATA is used for different decision contexts, focusing on AOPs where 

there has already been considerable progress e.g. skin sensitization, Thyroid, Aromatase Inhibition or 

Estrogen Receptor.  Collective consideration of these case studies could serve as the basis for development 

of guidance on IATA. At present OECD guidance is in development towards a harmonised approach for 

the reporting of IATA by delivering a set of principles for describing and evaluating IATA to facilitate the 

consideration of IATA's assessments in regulatory decision-making and templates for reporting structured 

approaches to data integration and individual information sources used within IATA so that the same 

documentation format for describing and evaluating IATA and its elements. The suitability and workability 

of the templates proposed is evaluated by documenting a number of structured approaches for skin 

sensitisation hazard and potency prediction and by describing the individual information sources used 

within such approaches. 

38. Additional question 4: What kind of quantitative/kinetic information would be needed to 

develop an IATA for quantitative hazard assessment and what are the guiding principles on what level of 

uncertainty can be tolerated for a specific decision context? 

39. Answer: Establishing scientific confidence is critical for both the elements making up the IATA 

as well as the IATA as a whole. The level of uncertainty that can be accepted will be context dependent. 

Transparency on the extent of support and uncertainty and consistency of reporting will increase trust and 

acceptance of the outcome of these approaches. The AOP Wiki User Handbook is a useful guide to 

describe the confidence and uncertainty in individual elements in order to increase confidence/trust. 

Confidence will increase as we acquire experience in application. In that respect it is considered vital to 

develop further case studies to solicit input from both the scientific and regulatory community on those 

aspects that are important as a basis to illustrate how the scientific confidence can be built. Lessons can be 

learned from the existing examples analysed by the WHO MOA group.  

40. Additional question 5: What are the guiding principles for consideration for the development of 

test guidelines for specific key events within AOPs to be used in specific regulatory context? 

41. Answer:  Regulators may prefer results on KE “near” the apical endpoint. This will however 

depend on the application context. For prioritization it might be more useful to develop test guidelines for 

“upstream” key events, whereas for risk assessment it might be more desired to develop test guidelines for 

assays that are related to “downstream” key events for which there is more confidence in the causal 

relationship with the adverse outcome. In that respect, if a KE is clearly linked to an endpoint, it matters 

less where the KE is located along the AOP.  

42. Obviously, there should be a clear regulatory need to develop a test guideline. The way in which 

an AOP can inform the development of an IATA, might also determine for which KE it is most meaningful 

to develop a test guideline. In that respect it might not be necessary to develop a test guideline for every 

KE. The use of non-guideline test methods will necessarily increase and therefore it is very useful that the 

OECD is developing guidance for evaluating non-guideline methods. For the mutual acceptance of the 

results generated by an IATA, it might be necessary that these are constructed based on OECD Test 

Guidelines.  

43. Additional question 6: How can AOPs for systemic toxicity effects be used to refine the existing 

in vivo test methods and how can the existing test methods, and the test results we have obtained, be used 

to inform how we build AOPs? 

44. Answer: Test Guidelines, in general, are not designed to inform or be informed by AOPs. In that 

respect, they do not necessarily easily accommodate the generation of additional information that could 
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inform the development of AOPs. Adjustment of Test Guidelines to accommodate this may affect the 

statistical power of the assay. On the other hand in vitro screening data are useful to focus in vivo study 

development and modifications. Critical information needs could be identified in the AOP Wiki which 

could inform development. Obviously, for any adjustment to an existing Test Guideline there must be a 

benefit for the regulatory community as well as for the AOP developers. Via Public Crowd sourcing new 

AOPs and TG related events within these pathways could be identified. It might be useful to look at 

existing AOPs and compare those to current TGs and identify which TG would help further develop the 

AOPs. To further support this activity, research questions could be formulated by developers within the 

AOP wiki. The development and integration of toxicokinetic information in existing TGs (e.g. on repeated 

dose toxicity) is important and should be prioritised. The integration of parameters from Test Guidelines 

that are currently performed separately into one Test Guideline is needed to assist with the generation of 

more information with one in vivo test.  

45. For complex toxicological effects, the effects are not related to a single AOP but a network of 

AOPs in which a multitude of KEs are involved. The framework needs be to more flexible to deal with this 

complexity. It was recommended to develop case studies to illustrate which key events are most 

appropriate to investigate (e.g. those that are rate limiting with respect to the adverse outcome).  
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ANNEX 1 WORKSHOP AGENDA 

Day 1  
09h00  
 

Opening and Welcome 
Representative of US Environmental Protection Agency will provide the welcome  
The meeting will be opened by the Chairs Terry Schultz (University of Kentucky) and Mark 
Cronin (Liverpool John Moores University).  
The meeting participants will briefly introduce themselves to the meeting (Tour de Table).  
The Chair will explain housekeeping items. 

09h20 Presentation of the draft framework for developing and use of IATAs and Objectives of the 
Workshop  
The OECD Secretariat will explain why a framework for developing and use of IATAs is needed, 
what it should do and how AOPs / MoAs fulfil the objectives of the framework 
The Chair will describe the objectives of the Workshop 
The participants are invited to comment on the objectives of the workshop   

10h15 General introduction on format of the workshop  
The OECD Secretariat will describe the format of the workshop   

10h30 Coffee break 
11h00 Presentation of the WHO/IPCS framework on mode of action/species concordance analysis 

(Bette Meek, University of Ottowa) 
11h45 Overview of toxicokinetics and modelling approaches and relevance for using MoA/AOP (Jos 

Bessems, EU Joint Research Center) 
12h30 Lunch 
13h30 Presentation of case studies for different types of IATA and Q & A 

 The use of the AOP for AR / ER binding / thyroid effect to prioritise chemicals (Kevin 

Crofton, US EPA) 

 The use of the AOP for skin sensitisation to group chemicals (Frank Faulhammer, BASF) 

 Development of a testing strategy based on the AOP for Sustained AhR Activation leading 

to Rodent Liver Tumours (Grace Patlewicz, Dupont) 

 The use of the AOPs for Aromatase inhibition leading to reproductive dysfunction (in fish) 

to make a quantitative prediction for hazard characterisation (Dan Villeneuve, US EPA) 

16h00 Break 
16h20 Breakout sessions 

The questions for the breakout session are presented  in the annex  
18h00  Adjourn for the day 
Day 2  
9h00 Chair’s Summary of first day activity 
9h30 Outcomes from the AOP workshop at Somma Lombardo, March 2014  

(Ed Perkins, US Army Engineer Research & Development Center)  
Outcomes from the AOP workshop at Bethesda, September 2014  
(Michelle Embry, Health & Environmental Sciences Institute)  

10h00 Continuation of the Breakout sessions  
12h30 Lunch 
16h15 Rapporteurs’ reports (60min; 20 minutes per group) 
17h30 Adjourn for the day  
  
Day 3 Plenary session 
9h00 Conclusions and recommendations  
13h00 Closure of the Workshop 
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ANNEX 2 THE ADVERSE OUTCOME PATHWAY (AOP)/MODE OF ACTION (MOA) 

CONCEPT:  A FRAMEWORK FOR THE DEVELOPMENT AND USE OF INTEGRATED 

APPROACHES TO TESTING AND ASSESSMENT (IATA)  

 

Introduction  

Current regulatory toxicity testing and assessment approaches remain to a large extent chemical 

specific evaluations based on a checklist of typically in vivo tests conducted in accordance with 

standardised test guidelines or protocols.  While this approach has evolved over the past half century, it is 

unlikely to efficiently meet future legislative mandates that will require increased numbers of chemical 

assessments to be undertaken without a concomitant increase in the use of animals. Significant advances in 

high throughput (HT) and high content (HC) methods offer new opportunities for gathering relevant 

information which quantify and characterise molecular and cellular responses to substances. For some 

endpoints, progress has been made in developing in vitro test methods; OECD Test Guidelines are 

available for skin / eye corrosion and irritation, genotoxicity and endocrine disruption. In recent years, 

these alternative test methods have influenced regulatory decisions especially when coupled with in silico 

approaches such as grouping of substances into chemical categories. Thus a shift from a scheme basing 

toxicity assessments (and other related chemical management decisions) largely on in vivo test results to 

one incorporating results from alternative approaches (e.g. in silico, in chemico, in vitro including HT/HC 

test methods) is already occurring.  

At present, many non-animal approaches, irrespective of the particular methodology still suffer 

from a lack of clarity regarding the relationship (relevance and reliability) between the tested property and 

the apical toxicity endpoint being assessed and/or its adequacy for an intended purpose. This is perhaps one 

of the reasons why results from alternative approaches are not yet widely and consistently used for 

regulatory decision-making.  

An objective and systematic framework that provides the biological anchor to help interpret the 

results from novel test and non-test approaches and facilitate their application in regulatory decision-

making is needed. Such a framework should comprise guiding principles as well as technical guidance on 

how the methods and their outcomes can be interpreted to characterise (both qualitatively and 

quantitatively) the adverse effects for particular regulatory contexts. 

What are integrated approaches to testing and assessment? 

Integrated approaches to testing and assessment (IATA) are pragmatic, science-based approaches 

for chemical hazard characterization that rely on an integrated analysis of existing information coupled 

with the generation of new information using testing strategies. The vision is that the outcomes from 

appropriate combinations of in silico, in chemico, and in vitro approaches that target key events (KEs) 

along well defined toxicity pathways should ideally provide sufficient information for hazard and risk 

assessments with no or minimal in vivo testing. An IATA is envisioned as an iterative hypothesis 

generating and testing process that defines how to assess or test strategically based on regulatory needs 

(Meek et al., 2014).   

An IATA logically starts with the formulation of plausible and testable hypotheses about the 

hazard profile of a substance or group of substances based on existing information and/or information 

derived from lower tier testing (such as in chemico and in vitro approaches). The hazard information 

together with the exposure information would then be used to determine what data gaps exist and what 
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testing if any would be most appropriate to undertake in order to elucidate the hazard profile of that 

substance for a given use context. Thus the extent to which testing approaches are needed therefore depend 

on the problem formulation which in turn is defined by the end purpose under consideration and the 

scientific confidence needed.  

Understanding the likelihood of effects (i.e., initiation of a toxicity pathway) at lower levels of 

biological organisation (e.g., from structure-activity relationships (SAR) and in vitro models), can help 

inform whether more resource intensive testing (i.e., in vivo) is warranted. This then contributes to an 

increased efficiency in amount and type of hazard testing for substances undertaken. For some endpoints, 

some in vivo testing may be waived depending on the regulatory context for substances that show no 

potential to initiate the chain of events leading to an (adverse) outcome.  

Thus, IATA is a means of organising and analysing all the available relevant data on a given 

substance or group of substances coupled with mechanistic, exposure, and dosimetry information where 

possible, to focus testing when needed and facilitate an assessment conclusion.  

Its strength lies in the breadth of information that can be collated to understand the hazard and 

exposure profile of a substance that forms the foundation of the ultimate regulatory decision. 

Framework for developing and using integrated approaches to testing and assessment 

One of the reasons for the lack of uptake of some of the novel approaches in toxicity testing is the 

absence of a systematic framework to characterise their biological relevance in predicting an adverse 

effect. Therefore a more comprehensive understanding of pathways leading to toxicity, from molecular 

initiating events to adverse outcomes at the whole organism and/or population level is needed. The 

knowledge of an adverse outcome pathway (AOP, as defined by OECD, 2013) or mode of action (MoA, as 

defined by WHO, Meek et al., 2014) can provide the scientific, mechanistically based, framework for 

developing and using IATA. 

The AOP and MoA concepts as defined by OECD and WHO/IPCS respectively are based on the 

principle that chemical interactions are at the molecular level (the so-called molecular initiating event or 

early key event) and not at the whole animal level. Both concepts describe the linkages between this 

chemical interaction with a biological system at the molecular level and the subsequent biological effects at 

the subcellular, cellular, tissue, organ, and whole animal and population levels. In fish for example, 

estrogen agonists bind to the estrogen receptor, measureable in chemico, which may set off a cascade of 

responses (depending on dose/time considerations) including the up-regulation of vitellogenin production 

in the liver (which can be measured in vitro), the conversion of testes to ova and the feminisation of males 

(which can be observed in vivo), leading to reproductive impairment in the individual animal and 

potentially, subsequently, a decrease in the population.  

An AOP / MoA should be based on a single, defined ‘molecular initiating event’ (hereafter 

designated MIE) or if not possible, an ‘initial key event’ and linked to a stated in vivo hazard outcome 

(Figure 1). To establish an AOP / MoA, three blocks of information are used. The first block is the 

chemical-induced perturbations of biological systems at the molecular level (anchor 1). While a number of 

steps are required for an adverse outcome to be realised, the MIE is a prerequisite for all subsequent steps. 

It should be noted however that depending on the stage of development of the AOP/ MoA, the MIE (or 

other critical key events) may not always be defined, which inevitably may have implications for how the 

AOP / MoA can be applied. Indeed this is also true for other key events in the AOP. The last block is 

typically the in vivo adverse outcome (AO) of regulatory interest (anchor 2). These are often the reported 

endpoints from standard OECD Test Guidelines or may be observations in other toxicological or 

epidemiological investigations. Key events (KEs) which are essential intermediate steps along the pathway 

that represent pivotal events form the second block. These are usually at the different levels of biological 

organisation and that are relevant to the AO under consideration. To be a KE, the intermediate step must be 
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able to be evaluated experimentally. That is to say, the event must be able to be used in a hypothesis which 

can then be tested. There are no rules as to which types of data have to, or can be used to support a KE. 

However, such data should be reliable and relevant to the AO under consideration. Key events may of 

course be of relevance to other AOs as part of other AOPs / MoAs. There is no specification as to how 

many KEs have to be defined. The number of KEs clearly depends on where in the biological organisation 

the apical outcome is located (e.g., cell, organ or population level) and on the number of biological 

processes involved and the potential for interaction between these. The extent to which KEs need to be 

characterised experimentally will also depend on the end IATA application under consideration. 

In order to use the AOP / MoA concept to inform an IATA it is also of importance to consider the 

toxicokinetics (i.e., absorption, distribution, metabolism and elimination) of a chemical to determine the 

likelihood that it and/or its ultimate toxicant(s) can reach the target organ(s) in the species of interest. The 

toxicokinetics determine the relevant structural moiety (i.e., parent compound and/or metabolite(s) and site 

of the molecular initiating event(s) of the toxic action).  Examining the physicochemical properties and 

structural features, suggestive of labile structural moiety and potential activation / detoxification, as well 

considering available toxicokinetic data or generating such data with integrated approaches may be helpful 

in such an assessment.  

  

 

Figure 1. A schematic representation of the AOP illustrated with reference to a number of pathways. 
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Development of an IATA based on the AOP / MoA concept 

An IATA can be constructed by using one or many methodological approaches ((Q)SAR, read-

across, in chemico, in vitro, ex vivo, in vivo) or technologies (e.g. HTS). When underpinned by an AOP / 

MoA, these building blocks are related to the KEs they measure or compute, and the Aos they intend to 

predict. The following sections aim to illustrate how AOPs / MoAs may inform the development of these 

building blocks and how these are then used to develop IATA for different purposes e.g. priority setting, 

developing categories, testing strategies or hazard assessment. It is important to note that the IATA will 

depend on the level of completeness or maturity of their associated AOPs / MoAs upon which they are 

based. 

Use of AOPs to develop (Q)SARs 

As the MIE in each AOP/MoA involves a rather specific interaction of chemicals with biological 

systems, it may be used as the basis for generating structure–activity relationships (SARs). In turn, these 

SARs can be used for chemical grouping to facilitate associated read-across or testing strategies (OECD, 

2012).  

If in vitro assays have been developed for one or more KEs along the AOP and have been tested 

for a certain number  of chemicals, then these results can be used to develop SARs, or when quantifiable, 

to develop QSARs. These could be used to enable the development of chemical categories containing 

chemicals that are as similar as possible in terms of presumed AOP / MoA, based on these KEs, in addition 

to the MIE. This has been actualised within the OECD Toolbox as part of the implementation of the AOP 

for skin sensitisation. Profilers exist that characterise SARs derived based on the experimental in vivo 

sensitisation test methods. Profilers that have specific numeric thresholds have also been developed based 

on substances that have been experimentally tested in assays characterising the different KEs. Thus a 

substance can trigger a structural alert and be categorised as moderately reactive based on a profiler 

derived on the basis of an assay measuring the MIE. 

In case the sequence of KEs leading to a specific (adverse) effect is known at a sufficient level of 

detail, and the response- response relationships between the MIE, the KEs and the AO are well 

characterised by in chemico, in vitro, ex vivo and in vivo assays, the toxicity of many other chemicals 

acting through the same AOP / MoA may be practically determined by predicting the MIE or any of the 

KEs, as illustrated in Figure 2. As mentioned earlier, it will be important to factor the comparative kinetics 

and metabolism of the chemicals in question. Of course, some MIEs might not readily lend themselves to 

measurement in vitro assays and for some AOPs, the MIE might not be identifiable which would hinder 

the potential development of QSARs. 

 

 

Fig 2. Use of an AOP / MoA to develop QSARs 
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Use of AOPs / MoAs to support grouping of chemicals into chemical categories for subsequent data gap 

filling for a specific endpoint using read-across or trend analysis 

AOPs / MoAs can inform chemical grouping and subsequent data gap filling by read-across or 

trend analysis. Chemicals that are presumed to act by the same AOP / MoA on the basis of the MIE or 

other KEs can be grouped together, thereby improving the robustness of the data gap filling approach for 

the AO, compared to grouping chemicals solely based on their chemical structural similarity. AOPs / 

MoAs thus provide an opportunity to group chemicals based on their intrinsic chemical properties as well 

as their biological activity at different levels of biological organisation. Such categorisations of chemicals 

based on MIEs and/or subsequent KEs offer greater confidence that all chemicals in the category induce a 

specific AO.  

Whilst a complete AOP / MoA from the molecular initiating event to the final adverse outcome is 

not considered critical for the purposes of grouping substances around a common MIE or KE, establishing 

the linkages between the MIE or KEs and the AO will be needed to justify the data gap filling (such as 

read-across) performed. Figure 3 illustrates how a category of chemicals presumed to trigger the same 

AOP / MoA can be used for a read-across.  

 

Figure 3. Use of the AOP concept to categorise chemicals for a specific endpoint  

In the example outlined in Figure 3, it is assumed that the four source substances (1-4) exert an 

AO. The same information is lacking for a target substance which is structurally similar. An AOP / MoA 

has been developed where three KEs have been identified. In addition, a SAR has been developed that 

predicts the MIE (e.g protein binding). For two KEs, identified assays are also available. Based on the 

SAR, it can be shown that both the source and the target substance will trigger the MIE. Based on the 

commonality in the MIE, it can be hypothesised that the target substance will exert a similar AO. For two 

of the source substances, in vitro test results show that they elicit KE 1, while one of these two substances 

also triggers KE 2. Based on these observations, it is likely that all four source substance exert their effects 

through this common AOP /MoA. This suggests that the target substance will also follow the same 

pathway resulting in the same AO thereby strengthening the read-across between the source substances and 

the target substance. Depending on the potential use of this read-across prediction, the confidence could be 

strengthened by testing the target substance in assays which measure KE 1 or KE 2. Additional 

consideration of toxicokinetic aspects may permit a relative ranking of potency amongst the substances to 

be made as well as establishing KE temporal concordance. 
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Use of AOPs/MoAs to develop testing strategies  

The AOP / MoA concept can be used to develop more efficient testing strategies for endpoints of 

interest by combining results from assays that evaluate specific KEs along a particular AOP / MoA. 

Depending on the regulatory context, for an endpoint for which no quantitative estimation is needed a 

qualitative understanding of the AOP / MoA might be sufficient. However the assays and their 

combinations or prediction models should be well characterised in terms of their performance 

characteristics and combined in a transparent manner so that conclusions can be independently verified.  

Figure 4 outlines an example of how an AOP / MoA can be potentially used to inform a sequential 

testing strategy for the identification of a discriminant (positive/negative) endpoint. In this example the 

MIE and two KEs are well characterised and in silico, in chemico and in vitro approaches are available. In 

addition, the individual performance of the non-animal tests have been compared to a standard in vivo test. 

This is an illustrative example since not all testing strategies will necessarily include a QSAR component 

upfront.  

 

Fig 4. Use of an AOP/MoA in a testing strategy 

The desire of future testing strategies will be to gather information from a combination of non-

animal tests that address different KEs along the AOP / MoA in a tiered-approach. Information from each 

tier is used to decide what test systems will generate the most relevant information in the next tier and 

overall for the decision context in mind.  

In Figure 4, the MIE is known and can be characterised using a QSAR approach. The prediction 

made determines what subsequent testing is warranted. A positive prediction from the QSAR (Tier 1) 

triggers testing (Tier 2) with an assay that addresses KE 1 and has high a positive predictivity (low false 

positives) whereas a negative prediction from the QSAR triggers testing (Tier 2) with an assay that 

addresses KE 1 and has high a negative predictivity (low false negatives). The final decision for the 

substances with a definitive positive or negative prediction in the Tier 1 analysis can be made in Tier 2 if 

the results in Tier 1 and 2 are concordant.  

Substances for which the QSAR cannot generate an unambiguous prediction can be resolved in 

Tier 1 by testing in an assay that addresses the MIE. A positive or negative result from this assay 

determines which type of KE 1 assay should be used in Tier 2, namely one with a high positive or high 

negative prediction rate. Note the validity of the QSAR and its prediction are evaluated with reference to 

the QSAR Validation Principles. 

Substances with conflicting results from Tier 1 and 2 are tested in Tier 3 by an assay addressing 

KE 2 and a weight-of-evidence approach is used to arrive at a final decision depending on the purpose and 

the stage of the associated AOP / MoA.  
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Use of AOPs / MoAs to help interpret results from non-standard test methods 

Omic data (including toxicogenomics, transcriptomics, proteomics, and metabolomics) allow for 

more detailed insights into mechanisms of action, and can be applied to more efficiently survey the breadth 

of molecular/cellular effects elicited (in vivo or in vitro) by specific substances. Omic data could serve as 

either direct markers or indirect evidence hinting at a particular KE along an AOP / MoA leading to an 

adverse effect in the whole organism. Any omic dataset could potentially be associated with any KE, 

depending on the actual design of the experiment that was used to generate such data.  

HTS data generated through in chemico methods, receptor binding or receptor transactivation 

assays, cellular reporter assay, may also serve to enhance identification of the chemical space associated 

with a particular KE. High throughput screening (HTS) approaches have the potential to provide data on 

large numbers of chemicals in a cost efficient manner (Judson et al., 2013). Scientific confidence in this 

assays needs to be established in terms of the analytical validation of the assays and their prediction models 

in the appropriate biological context, the latter being the associated AOP / MoA (Cox et al., 2014).  

In a prioritisation approach aiming at screening thousands of chemicals, HTS could be well 

positioned to identify new/novel chemicals that would be expected to initiate specific molecular targets or 

perturbation of cellular response pathways within AOPs / MoAs. HTS or in vitro methods closely linked to 

a KE within a well characterised AOP / MoA would provide high confidence for high predictive capacity 

(i.e., with a low need for subsequent higher tier testing demands – regardless whether they would be used 

in prioritisation or for subsequent testing). However, there is also scope to use AOPs / MoAs that are not 

completely described and that provide limited confidence with respect to their relevance for adverse 

effects. It is noted however that such screening can only be used to identify substances with a likely 

(adverse) effect and generally not to identify substances with no effects because it cannot be excluded that 

other KEs than those known and described in the AOP / MoA are in fact also leading to the final AO. This 

might then motivate the development of detailed and predictive AOPs / MoAs as they would reduce 

subsequent higher tier testing. If the AOP / MoA consists of a clearly, quantitatively linked sequence of 

events (i.e., a chain of causative KEs), HTS assays only needs to target one of these events to be predictive. 

Use of AOPs/MoAs to select methods for Test Guideline (method) development/refinement 

By linking KEs in an AOP / MoA to in vitro test methods (or refined in vivo methods with 

integrated kinetic information) , the relationship between the results of the methods to hazard endpoints 

can be established. In practice, it makes most sense to develop test methods for a KE, or a set of KEs, that 

are sufficient to infer that an AO will occur following chemical exposure. In principle, triggering all KEs 

along the AOP / MoA is necessary for triggering an AO, but none them individually are necessarily 

sufficient to infer an AO. Identifying KEs that are essential to induce the AO will allow those who develop 

alternative methods to direct resources to the development of testing methods targeted to these specific 

informative KEs. This will also decrease the overall number of assays required for hazard identification. 

By reference to a (semi)quantitative AOP, Figure 5 aims to illustrate how the most appropriate assays can 

be selected for test guideline development.  

On the other hand, we may also see more rapid development of assays that are measuring the same 

KE, albeit in a different way or which are applicable for different chemical classes. The benefit of having 

more assays measuring the same KE within the AOP / MoA, will be to minimise the false positives and 

false negatives that are potentially generated by individual assays and to increase the overall weight of 

evidence. E.g. the DRPA (Gerberick et al., 2004; Gerberick et al., 2007) and the GSH assay (Schultz et al., 

2005) both measure reactivity, the presumed MIE within the AOP for skin sensitisation. A 

(semi)quantitative AOP / MoA for which all KEs have been well characterised and for which response-to-

response relationships between the KEs have been determined are most likely to help identify test 

guideline development/refinement needs.  
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Fig 5.  Illustrative example to show how a (semi)quantitative AOP can be used 

to help select the most suitable KE for which a Test Guideline could 

be developed or refined.  
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ANNEX 3 GENERAL PRINCIPLES FOR USING IATA BASED ON THE AOP/MOA CONCEPT 

Introduction 

IATA is a means of organising and analysing all the available relevant data on a given substance or 

group of substances coupled with mechanistic, exposure, and dosimetry information where possible, to 

focus testing when needed and facilitate an assessment conclusion. An IATA may be utilized to address a 

wide variety of regulatory needs that range from simple hazard identification for priority setting to 

complex quantitative-based risk/safety assessments. Development of IATAs can be aided and informed by 

inclusion of Adverse Outcome Pathways (AOPs)/Mode of Action (MoAs). The objective of this workshop 

is to test the applicability of the AOP / MoA concept as a framework for developing and using IATAs and 

to refine the framework as far as possible. It will also define the degree of confidence in an AOP/MoA 

needed to inform an IATA in a specific regulatory context that can then be communicated throughout the 

decision making process. 

The utility of AOPs./.MoAs for regulatory application is defined to a large extent by the 

confidence and precision with which they facilitate extrapolation of data measured at low levels of 

biological organisation (often in vitro) to predicted outcomes at higher levels of organisation and the 

specificity with which they can link biological effect measurements to their specific causes. The 

confidence in the AOP / MoA is based on the following considerations which will determine their 

applicability for a variety of regulatory purposes: (1) the extent of support for the biological plausibility of 

Key Event Relationships
4
 (KERs) and KE, and the apical outcome (AO); (2) the extent of support for the 

Essentiality of the Molecular Initiating Event (MIE) and KEs and (3) the extent of Empirical support for 

the KERs. The degree of support for each of these factors is determined based on consideration of the 

comparative extent of the evidence including identification of inconsistencies in the empirical evidence or 

significant knowledge gaps or uncertainties with regard to the essentiality of or relationship between the 

KEs.  It is important to note that the KER descriptions and evaluation of the level of confidence in the 

relationship are designed to be stand alone for a given pair of KEs without reference to or consideration of 

all the other KEs in the pathway, whereas the essentiality of upstream KEs is relevant to all downstream 

KEs in the AOP. 

For some AOPs / MoAs, the relationship between specific KEs may be described quantitatively, 

while for others, the level of understanding might be such that only qualitative or semi-quantitative 

descriptions may be possible. AOPs / MoAs can be arbitrarily divided into the following four stages of 

maturity, which is described in more detailed in Table 1: 

 Correlative AOPs / MoAs have only qualitative or limited quantitative understanding of one or 

two cause and effect linkages between KEs or a KE and the AO. These pathways are often based 

on a few stressors tested in a limited number of assays with a low level of confidence in the AOP. 

 Qualitative AOPs / MoAs have qualitative understanding of critical components of the AOP / 

MoA. These pathways are often based on one or a few well-studied stressors where there is 

experimental evidence for the most critical KEs and the AO. The level of confidence in the AOP is 

moderate. 

 Semi-Quantitative AOPs / MoAs have, in addition to qualitative understanding of the entire AOP 

/ MoA, semi-quantitative understanding of some of the KEs. These pathways are based on multiple 

                                                      
4
 A Key Event Relationship is a scientifically-based relationship that connects one key event to another, defines a 

directed relationship between the two (i.e., identifies one as upstream and the other as downstream), and facilitates 

inference or extrapolation of the state of the downstream key event from the known, measured, or predicted state of 

the upstream key event. 
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compounds and/or stressors evaluated at several KEs and the AO. The level of confidence in the 

AOP is moderate to high. 

 Quantitative AOPs / MoAs have in addition to quantitative understanding of critical components 

of the AOP, empirical data across the spectrum of KEs and AO. These pathways are based on 

many compounds evaluated for all KEs and the AO so in vitro effects can be scaled to in vivo 

effects for risk assessment. The level of confidence in the AOP is high. 

It should be noted that these proposed stages are arbitrary categorisations and it is well recognised 

that these form part of a continuum of the level of knowledge of AOPs / MoAs. The division into “stages” 

is proposed as a practical way forward for the development of AOPs and regulatory applications within the 

OECD work programme. The description of the level of confidence in the AOP is consistent with User 

Handbook that has been developed as a supplement to the Guidance Document for developing and 

assessing Adverse Outcome Pathways (AOPs) [ENV/JM/MONO(2013)6]. This handbook contains an 

updated template for AOP development and provides focused and practical instructions for both AOP 

developers and reviewers and is intended to assist in identifying, organising and evaluating critical 

information on KEs as well as linkages between KEs within the AOP (i.e., AOP development). The use of 

the proposed “stages” of AOP development should be in the context of problem formulation (what is the 

proposed regulatory application for the context where the AOP will be used).  

A higher level of maturity is not automatically preferred, as the requirements for an AOP / MoA 

will depend on its regulatory application. The objective of development of AOPs / MoAs is to support 

inference or extrapolation from one KE to another, most notably from KE measurements that may be made 

efficiently and cost-effectively to adverse effects that are relevant to regulatory protection goals and 

decision-making. The overall weight of evidence (WoE) and level of scientific confidence underlying the 

inference and extrapolation in turn dictates the suitable applications of the AOP / MoA knowledge.  

Table 1.  Stage of development of an AOP 

Correlative AOP 

Has only qualitative or limited quantitative understanding of one or two cause and effect linkages 

between key events; often based on a few stressors tested in a limited number of assays.  

Information on early or late key events could be insufficient.  

Low level of confidence in the AOP: 

 Limited support for the biological plausibility of KERs (Structural or functional relationship 

between KEs between them is not understood) 

 Limited support for the Essentiality of KE (No or contradictory experimental evidence of the 

essentiality of any of the KEs). Limited Empirical support for the KERs  (Limited or no 

studies reporting dependent change in both events following exposure to a specific stressor 

(i.e., endpoints never measured in the same study or not at all) and/or significant 

inconsistencies in empirical support across taxa and species which don’t align with expected 

pattern for hypothesized AOP) 

Not able to determine the response-to-response relationships required to scale in vitro effect to in vivo 

outcome for relevant KEs. 

Qualitative AOP 

Has qualitative understanding of the AOP with assessment of the experimental evidence and empirical 

data across the key events; often based on one or a few well-studied stressors. 

The critical (early and late) KEs are identified  

Moderate level of confidence in the AOP: 

 Moderate support for the biological plausibility of some of the KERs (The KER is plausible 

based on analogy to accepted biological relationships but scientific understanding is not 

completely established.) 

 Moderate support for the Essentiality of KE (Indirect evidence that sufficient modification of 

an expected modulating factor attenuates or augments a KE (e.g., augmentation of 
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proliferative response (Keup) leading to increase in Kedown or AO.) 

 Limited to Moderate Empirical support for the KERs (Demonstrated dependent change in 

both events following exposure to a number of specific stressors but some evidence 

inconsistent with expected pattern which can be explained by factors such as experimental 

design, technical considerations, differences among laboratories, etc.) 

 Not able to establish quantitative understanding of any of the KEs. 

 

Not able to determine the response-to-response relationships required to scale in vitro effect to in vivo 

outcome for relevant KEs. 

Semi-Quantitative AOP 

Has semi-quantitative understanding of the AOP- assessment of the experimental evidence and 

empirical data across the key events based on multiple compounds and/or stressors studied at the KEs. 

The critical (early and late) KEs are identified. 

Moderate to strong level of confidence in the AOP: 

 Moderate to Strong support for the biological plausibility of some of the KERs (Good 

understanding of the KER based on previous documentation and broad acceptance; 

established mechanistic basis (e.g., mutation leading to tumours.) 

 Moderate to strong support for the Essentiality of KE (Direct evidence from specifically 

designed experimental studies illustrating essentiality for at least one of the important KEs.) 

 Moderate Empirical support for the KERs (Demonstrated dependent change in both events 

following exposure to a multiple number of specific stressors and some evidence inconsistent 

with expected pattern which can be explained by factors such as experimental design, 

technical considerations, differences among laboratories, etc.) 

 Establishes quantitative understanding of some of the KEs. 

 

Not able to determine the response-to-response relationships required to scale in vitro effect to in vivo 

outcome. 

Quantitative AOP 

Has quantitative understanding of the AOP- assessment of the experimental evidence and empirical 

data across the KEs; based on many compounds studied at the KEs. 

The critical (early and late) KEs are identified.  

High level of confidence in the AOP: 

 Strong support for the biological plausibility of some of the KERs (Understanding of the KER 

based on extensive previous documentation and broad acceptance; established mechanistic 

basis (e.g., mutation leading to tumours.) 

 Strong support for the Essentiality of KE (Direct evidence from specifically designed 

experimental studies illustrating essentiality for most of the important KEs [e.g., 

stop/reversibility studies, antagonism, knock out models, etc.) 

 Strong empirical support for the KERs (Multiple studies showing dependent change in both 

events following exposure to a wide range of specific stressors. Extensive evidence for 

temporal, dose-response and incidence concordance and no or few critical data gaps or 

conflicting data.) 

 Establishes quantitative understanding of the relationship between critical KEs. 

Able to determine the response-to-response relationships required to scale in vitro effect to in vivo 

outcome. 

 

Potential Regulatory application 

Figure 1 illustrates at which stage of development an AOP / MoA can inform different types of 

IATA or their respective elements and which regulatory purposes these approaches can inform. Here the 
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following elements are considered: (1) Interpretation of non-standard test result as part of a WoE 

assessment or for screening purposes, (2) Development of (Q)SAR models, (3) Chemical category 

formation for data gap filling, (4) Test guideline development/refinement, and (5) integrated testing 

strategies. 

As indicated in the WHO/IPCS mode of action roadmap and revised Framework, areas of potential 

application of MOA / AOP analysis are interconnected with feedback loops that allow continuous 

refinement of fit for purpose risk assessment and testing strategies (Meek et al., 2014) 

Similarly in Figure 1 below, depending on the problem formulation and the potential application of 

AOP / MoA within a specific regulatory context, updated/advanced AOPs should be reconsidered as more 

information is acquired (i.e., the basis for IATA). 

For screening purposes, correlative AOPs with a minimum level of confidence in the relationship 

between specific KEs and the AO might be sufficient to interpret non-standard test results and to prioritise 

substances for further assessment or testing. At this stage of development, the MIE could also be used to 

develop in silico methods (e.g., structural alerts, SARs) to group chemicals into chemical categories, which 

in turn can be used to fill data gaps for hazard identification / classification and labelling. The reliability of 

these in silico methods will depend on the underlying data and the breadth of the applicability domain. 

Qualitative or (semi)quantitative AOPs for which the early key events (including the MIE) are identified 

can lead to the development of (Q)SARs that can be used for different regulatory applications. To inform 

the development of testing strategies, at least the early and late KEs within an AOP / MoA need to be 

identified/understood and a qualitative understanding of the AOP / MoA is required in order to provide a 

level of certainty for the KER and their relation to the AO. To use a result from a KE for estimating a 

quantitative effect level for the AO to be applied in a risk assessment, an understanding of the quantitative 

nature of the KERs and their relation to the AO is necessary. In the future when many more AOPs / MoAs 

are known, and sufficiently linked, it might be possible to develop a predictive toxicological system, taking 

into account quantitative relationships, where one AO vs. another can be predicted from KEs proximal to 

the MIE. 

Fig 1. Relationship between different stages of AOP/MoA development and the informed types of IATA 

and its elements. Although this figure portrays a linear relation between the stage of development of an 

AOP and the regulatory application, it might be possible to use less developed AOPs in conjunction with 

other information in an IATA for more quantitative assessments (e.g., in grouping of chemicals). 
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ANNEX 4 PRESENTATION: OECD FRAMEWORK FOR INTEGRATED APPROACHES FOR 

TESTING AND ASSESSMENT  
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ANNEX 5 PRESENTATION: THE WHO FRAMEWORK ON MODE OF ACTION/SPECIES 

CONCORDANCE ANALYSIS IMPLICATIONS FOR AOPS/IATA 
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ANNEX 6 PRESENTATION: TK AND TD MODELLING APPROACHES RELEVANCE FOR 

USING MOA/AOP IN IATA 
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ANNEX 7 PRESENTATION CASE STUDY 1: THE USE OF THE AOP FOR AR / ER BINDING 

THYROID EFFECT TO PRIORITISE AND SCREEN CHEMICALS 
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ANNEX 8 PRESENTATION CASE STUDY 2: ADVERSE OUTCOME PATHWAY FOR SKIN 

SENSITIZATION 
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ANNEX 9 PRESENTATION CASE STUDY 3: DEVELOPMENT OF IATAS BASED ON THE 

ADVERSE OUTCOME PATHWAY (AOP) OF SUSTAINED AHR ACTIVATION LEADING TO 

RODENT LIVER TUMOR PROMOTION  
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ANNEX 10 PRESENTATION CASE STUDY 4: AROMATASE INHIBITION LEADING TO 

REPRODUCTIVE DYSFUNCTION (IN FISH). A QUANTITATIVE AOP CASE STUDY 
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ANNEX 11 PRESENTATION OUTCOMES FROM THE SOMMA LOMBARDO WORKSHOP: 

ADVANCING ADVERSE OUTCOME PATHWAYS FOR INTEGRATED TOXICOLOGY AND 

REGULATORY APPLICATIONS 
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ANNEX 12 PRESENTATION OUTCOMES FROM THE WORKSHOP ON THE ADVERSE 

OUTCOME PATHWAYS: FROM RESEARCH TO REGULATION 
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