pauIssePun

72(STO)ONOW/WI/ANA

ysisuy “1Q - ysyduy

»

Unclassified ENV/JM/MONO(2015)22

Organisation de Coopération et de Développement Economiques
Organisation for Economic Co-operation and Development 22-Jul-2015

English - Or. English
ENVIRONMENT DIRECTORATE
JOINT MEETING OF THE CHEMICALS COMMITTEE AND
THE WORKING PARTY ON CHEMICALS, PESTICIDES AND BIOTECHNOLOGY

Cancels & replaces the same document of 29 June 2015

REPORT OF THE WORKSHOP ON A FRAMEWORK FOR THE DEVELOPMENT AND USE OF
INTEGRATED APPROACHES TO TESTING AND ASSESSMENT

Series on Testing and Assessment
No. 215

17-19 November 2014, Crystal City VA, USA

Mr. Joop DE KNECHT
Tel: +33 (0) 1 45 24 82 57; Email: joop.deknecht@oecd.org

JT03380373

Complete document available on OLIS in its original format
This document and any map included herein are without prejudice to the status of or sovereignty over any territory, to the delimitation of
international frontiers and boundaries and to the name of any territory, city or area.




ENV/IM/MONO(2015)22



ENV/IM/MONO(2015)22

OECD Environment, Health and Safety Publications
Series on Testing and Assessment

No. 215

REPORT OF THE WORKSHOP ON A FRAMEWORK FOR THE DEVELOPMENT AND USE
OF INTEGRATED APPROACHES TO TESTING AND ASSESSMENT

INTER-ORGANIZATION PROGRAMME FOR THE SOUND MANAGEMENT OF CHEMICALS

A cooperative agreement among FAQ, ILO, UNDP, UNEP, UNIDO, UNITAR, WHO, World Bank and OECD

Environment Directorate

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT
Paris 2015



ENV/IM/MONO(2015)22

About the OECD

The Organisation for Economic Co-operation and Development (OECD) is an intergovernmental
organisation in which representatives of 34 industrialised countries in North and South America, Europe
and the Asia and Pacific region, as well as the European Commission, meet to co-ordinate and harmonise
policies, discuss issues of mutual concern, and work together to respond to international problems. Most of
the OECD’s work is carried out by more than 200 specialised committees and working groups composed
of member country delegates. Observers from several countries with special status at the OECD, and from
interested international organisations, attend many of the OECD’s workshops and other meetings.
Committees and working groups are served by the OECD Secretariat, located in Paris, France, which is
organised into directorates and divisions.

The Environment, Health and Safety Division publishes free-of-charge documents in eleven different
series: Testing and Assessment; Good Laboratory Practice and Compliance Monitoring; Pesticides;
Biocides; Risk Management; Harmonisation of Regulatory Oversight in Biotechnology; Safety of
Novel Foods and Feeds; Chemical Accidents; Pollutant Release and Transfer Registers; Emission
Scenario Documents; and Safety of Manufactured Nanomaterials. More information about the
Environment, Health and Safety Programme and EHS publications is available on the OECD’s World
Wide Web site (http://www.oecd.org/chemicalsafety/).

This publication was developed in the IOMC context. The contents do not necessarily reflect the views or
stated policies of individual IOMC Participating Organisations.

The Inter-Organisation Programme for the Sound Management of Chemicals (IOMC) was established in
1995 following recommendations made by the 1992 UN Conference on Environment and Development to
strengthen co-operation and increase international co-ordination in the field of chemical safety. The
Participating Organisations are FAO, ILO, UNDP, UNEP, UNIDO, UNITAR, WHO, World Bank and
OECD. The purpose of the IOMC is to promote co-ordination of the policies and activities pursued by the
Participating Organisations, jointly or separately, to achieve the sound management of chemicals in
relation to human health and the environment.




ENV/IM/MONO(2015)22

This publication is available electronically, at no charge.
Also published in the Series on Testing and Assessment link

For this and many other Environment,
Health and Safety publications, consult the OECD’s
World Wide Web site (www.oecd.org/chemicalsafety/)

or contact:

OECD Environment Directorate,
Environment, Health and Safety Division
2 rue André-Pascal
75775 Paris Cedex 16
France

Fax: (33-1) 44 30 61 80

E-mail: ehscont@oecd.org

© OECD 2015

Applications for permission to reproduce or translate all or part of this material should
be made to: Head of Publications Service, RIGHTS@oecd.org, OECD, 2 rue André-
Pascal, 75775 Paris Cedex 16, France




ENV/IM/MONO(2015)22

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" 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 [ATA 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.

10
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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 JATA 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).

— @ ]
o s ]
[ ST

Exposure

=
> = >

ADME [t
{ K K 'l:'.ll. Mechurararic (RS '.'..'_ '-___________-—-""-}

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:

e 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?

11
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e 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?

e  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?

e 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

12
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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.

13
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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") 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%;
Judson et al, 2013°).

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

' Guidance document for describing non-guideline in vitro test methods. Series on Testing and Assessment
No. 211; ENV/IM/MONO(2014)35

> 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
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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
oghoo 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.
ogh20 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
10hi15 General introduction on format of the workshop
The OECD Secretariat will describe the format of the workshop
10h30 Coffee break
11hoo 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
e The use of the AOP for AR / ER binding / thyroid effect to prioritise chemicals (Kevin
Crofton, US EPA)
e The use of the AOP for skin sensitisation to group chemicals (Frank Faulhammer, BASF)
e Development of a testing strategy based on the AOP for Sustained AhR Activation leading
to Rodent Liver Tumours (Grace Patlewicz, Dupont)
e 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)
16ho0 Break
16h20 Breakout sessions
The questions for the breakout session are presented in the annex
18hoo Adjourn for the day
Day 2
9hoo Chair’s Summary of first day activity
oh3o 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)
10hoo Continuation of the Breakout sessions
12h30 Lunch
16h15 Rapporteurs’ reports (60min; 20 minutes per group)
17h30 Adjourn for the day
Day 3 Plenary session
ohoo Conclusions and recommendations
13hoo 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 TIATA 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.

Macro-
Molecular Cellular Organ Organism Population
Toxicant Interactions Responses Resp Resp Resp
Receptor/Ligand Gene Altered Lethality
;Mmlt&l Interaction activation physlology ; s Structure
operties mpaire:
DNA Binding Protein Disrupted Development Extinction
production homeostasls
Protein Oxidation Impalred
Altered Altered tissue Reproduction
signaling development/
function

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 TATA 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.

[Q)SAR Assay 1

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.

targe | MIE e 1 — KE 2 j— KE3 —  AO |
Lnem, ¢

[ Assay 1 I I Assay 2 I

Chem.

Chem.1-2 Chem. 1
Qualitative AOP

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.

TIER1 TIER 2 TIER3
Positive : (IR vitio Positive ; —
> assay 1 - positive
: bositive Negative : . :
| QSAR . equivocal
Negative A : assay 3 :
. - Positive : -
In vitro . .
:
Negative assay2 ) Negative: \
I 1 KE 1 © [ke2] ¢ [ao]

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* (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:

e 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.

e 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.

o 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

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.

e 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:

e Limited support for the biological plausibility of KERs (Structural or functional relationship
between KEs between them is not understood)

e 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:

e 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.)

e 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.)

e 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 KFEs.
The critical (early and late) KEs are identified.

Moderate to strong level of confidence in the AOP:

e 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.)

e 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.)

e 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.)

o 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:

e 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.)

e 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.)

e 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.)

e 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

OECD FRAMEWORK FOR INTEGRATED
APPROACHES FOR TESTING AND

ASSESSMENT

JOOP DE KMECHT
IATA WORKSHOP

17 -19 NOVEMBER. 2014

>> Integrated Approach to
Testing and Assessment (IATA)

Are structured approaches that integrate
and weigh different types of data for the
purposes of performing hazard
identification, hazard characterization
and/or safety assessment of a chemical or
group of chemicals
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>> Integrated Approach to
Testing and Assessment (IATA)

1. Formulation of plausible and testable
hypotheses about the hazard profile
based on existing information and/or
information derived from lower tier
testing

2. Evaluate data gaps

3. Identify non-testing and experimental
approaches that would be most

appropriate to undertake in order to
elucidate the toxicological profile

>> Integrated Approach to
Testing and Assessment (IATA)

The IATA may encompass

* category approaches
* testing strategies such as ITS and STS
* WoE considerations
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>> Promoting the regulatory use
of alternative test methods

* The OECD is actively working towards the
development of methods to replace animal tests,
as chemical management based on a battery of
in vivo tests is unlikely to efficiently meet future
legislative mandates

* A common approach to IATA ensure consistency
in how information from alternative methods is
used in regulatory decision-making process.

» Allow sharing of assessments between countries
and avoid duplicative efforts

>> Need for scientific framework

Many non-animal approaches still suffer
from a lack of claritv regarding the
relationship between the tested property
and the apical toxicitv endpoint being
assessed and/or its adequacy for an
intended purpose.
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>> Need for scientific framework

* The Adverse Outcome Pathway is an
objective and systematic mechanistic
based framework that provides the
biological context to facilitate the
interpretation of results from alternative
test and non-test approaches in predicting
an adverse effect and facilitates their
application in regulatory decision-making.

>> Anatomy of an AOP

= Key Event (KE)
* 34 (RS Adverse Qutcome (AC}

Key Event Relationship (KER) \'r:' Popuiation
iy \ Organism
2
o ' Organ
=
=
E Tissue
=]
l l '“ ‘ Organelle
Molecular | . o / /
Initiating I — M i
# * » olecula
Event ”, )
(MIE) >

pathogenesis / exposure / time
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Molecularinitiatingevent | A specialised type of key event that represents the
(MIE) initial point of chemical interaction on molecular

level within the organism thatresultsin a
perturbation that starts the AOP.

Key event (KE) Achangeinbiclogical state thatis both
measurable and essential to the progression of a
defined biclogical perturbation leadingtoa

specific adverse outcome.
Key eventrelationship A scientifically-basedrelationship that connects
(KEER) one key eventto another, defines adirected

relationshipbetween the two, and facilitates
inference or extrapolation of the state ofthe
downstream key eventfrom thelnown, measured,
or predicted stateof the upstream key event.

Adverse Qutcome (AQ) A specialised type of key event that is generally
accepted as being of regulatory significance on the
basis of correspondence to an established
protection goal or equivalence to an apical
endpoint in an accepted regulatory guideline
toxicity test.

>> Mode of Action versus
Adverse Outcome Pathway

* The updated Mode of Action (MoA)
framework (Meek et al, 2013) more explicitly
describes the contribution of information at
different levels of biological complexity

+ Early key events as being more related to
c:hemic:ai characteristics and later key events
as being less chemical-specificand more of a
common expected consequence of earlier key
events.

* In this framework, MoA and AOP are
conceptually similar
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>> Use of an AOP to develop QSARs

MIE KElHKE%‘
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>> QSAR development

Traditional QSAR Future QSAR Modelling
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» AOP: An example for skin
sensitisation

Chemical Molecular Cellular Organ Organism
Properties Initiating Event Response Response Response
Covalent Expressionof Froliferation Dermal
Electrophili . h cell surface of memory inflammation
mcr»t?ﬂtyn -> '.':ﬁera'gtt'em =2* | markersand || T-cellsin |=2* [after
vith proteins cytokines lymph nodes challenge)
Target Mechantm ' S?_E%Illii;rj Category
& based profiler Protiing formationand
chemical (MIE) « Inchemico data data gap filling
— + Invifro data

>> Use of the AOP concept to categorise
chemicals for a specific endpoint

* AOPs / MoAs provide an opportunity to
group chemicals based on ‘Hwir 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 improve the
robustness of the data gap filling approach
and offer greater confidence that all

chemicals in the category induce a specific
AO.
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>> Use of the AOP concept to categorise
chemicals for a specific endpoint

target
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Qualitative AOP

>> Use of an AOP/MoA in a testing strategy

* 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.

» The assays should be well characterised in terms of
their performance characteristics and combined in a
transparent manner so that conclusions can be
independently verified.
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>> Use of an AOP/MoA in a testing strategy

TIER1 TIER2 :  TIER3
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>> Use of AOPs/MoAs to select methods
for Test Guideline development

+ Identifying KE(s) that are essential to induce the AO
will allow %nse who develop alternative methods to
direct resources to the development of testing methods
targeted to these specific informative KEs.

* 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 byindividual assays and to increase the
overall weight-of-evidence

+ Assays that linked to KE that zépp ear to be present in
more AOPs are especially good candidates to be
standardised in the form ot an OECD TG.
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>> AOP Network

- AOPs are elements of an AOP causality network
- Multiple AC can be caused by a single MIE

- Multiple AC can share the same KE

> Use of AOPs / MoAs to help interpret
results from non-standard test methods

* Omic data allow for more detailed insights
into mechanisms of action

* Omic data could serve as either direct

markers or indirect evidence hinting at a
particular KE along an AOP / MoA

« HTS assays which can be linked to KEs
have the potential to provide data on large

numbers of chemicals in a cost efficient
manner
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>> General principles for using IATA
based on the AOP/MoA concept

* 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 (oftenin
vitro) to predicted outcomes

* A high level of maturity is not automatically
needed, as the requirements for an AOP /
MoA will depend on its regulatory
application.

>> SEMINAL ASPECTS OF A KEY EVENT

» Wherever possible one KE at each major level of
biological organisation.

+ Selection of a limited number of KEs which are
measurable and for which evidence supports
plausibility and relevance in a regulatory context.

+ Preference to KEsthat could be measured in a
relatively routine manner over those that would
require highly specialised expertise, equipment, or
supplies to measure.

» Taxonomic applicability/Species Concordance

40



ENV/IM/MONO(2015)22

Weight of Evidence for the KER

Biological Plausibility

Mechanistic (ie., structural or functional) relationships between
the KEs consistent with established biological knowledge

Empirical support for the KER

* Evidence showing that stressors that perturb KE-upstream also
perturb KE-downstream

+ Evidence showing the temporal concordance of the KEs

+ Evidence of dose response and/or response-response
relationships (later KEs) and dose-dependent- and time-
dependent transitions from KE-upstream to KE-downstream

ASSESSMENT OF THE AOP

Domain of Applicability of the AOP

applicability in terms of sex, life-stage, taxa, and other
aspects of biological context

Relative Level of Confidence in the AQP

* Level of Confidence in the KERs
(Biological plausibility of each of the KERs)

+ Essentiality of the KEs
Are downstream KEs (incl. AO) prevented if an upstream
KE is blocked?

+ Empirical Support for each of the KERs

* Degree of Quantitative Understanding
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Alkylation of DNA in male pre-meiotic
>> germ cells leading to heritable mutations

Biological Plausibility

Damaged DNAis subjectto repair
In the absence of DNA repair mutations willensue

Yauketal

Alkylation of DNA in male pre-meiotic
>> germ cells leading to heritable mutations
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Alkylation of DNA in male pre-meiotic
>> germ cells leading to heritable mutations
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Uncertainties or Inconsisiencies

DNA repairis not generallymeasured directly
Largeralkyl adducts tend to be more mutagenic,
thisis howevernot completely established

Yauketal

Alkylation of DNA in male pre-meiotic
>> germ cells leading to heritable mutations

Domain of Applicabilityof the AOP

The AOP applies to anyspecies that produces sperm.
Relevantendpoints hawe been characierized across different taxa

Yauketal
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Alkylation of DNA in male pre-meiotic
>> germ cells leading to heritable mutations

Essentialityof the KEs

Eachofthe keyeventsisessential.

Enhanced DNA repair will reduce mutation frequencies
Correctrepairof the alkyiated DNA(a blockof KE1) will not lead
fo mutation

Alkylation of DNA in male pre-meiotic
>> germ cells leading to heritable mutations

Empirical Supportfor each of the KERs

Although the supportfor the directlinkages betweenKEs is
considered moderate, the indirect associations between the MIE
and KE2 and the AO areallstrong
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Alkylation of DNA in male pre-meiotic
>> germ cells leading to heritable mutations

Degree of Quantitative Understanding

« Alkylation mustexceed a threshold before alkylated DNAis
retained in cells,and mutations subsequentiybeginto occur.
« However, the precise quantitativerelationshiphas not been

maodelled.

>> STAGES OF AN AOP

« Correlative AOP

« Qualitative AOP

- Semi-Quantitative AOP
« Quantitative AOP
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Correlative
AQP

Qualitative
AQOP

Semi-
Quantitative
AQP

Quantitative
AQP

and the informed types of IATA and its elements

Problem Formulation

IATA (elements) Regulatory
application

>> Relationship between different stages of AOP/MoA development

AOP Stage

* Correlative Priceity setting
Mazard
Identification
* Qualitative
* Semi Quantitative Hazard
Uncartainty Characterisation
* Quantitative
9 Quantitative
Risk Assessment
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>> Applying AOPs to support IATA

)

a) What (\ Qe an AOP that is
1ATA

"::‘;':::‘ applicable 1o the regulatory
3
Pt o e.8, QSAR, Read-across, ITs | 2PPHcation of interest?
Is data input adequate to
make regulatory

' decisson?
Additional Data, [\
Method Needs

c) Regulatory Applications

* Screening
* Prioritization
d » Classification & Labeling
Insufficient confidence A * Hazard Assessment

What ACE-IATA tools/assays Risk Assessment
can be apphed or need to be
developed 1o generate data

1o make the decision? Regulatory

decisions

The objective of the workshop

* To investigate the applicability of the
AOP / MoA concept as a framework for
developing and using IATAs and to refine
the framework as far as possible.

* To 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.
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Relationship between different stages of AOP/MoA development
and the informed types of IATA and its elements

Problem Formulation

IATA (elements) Regulatory
AOP Stage application

* Correlative Priceity satting
Mazard
Identification
* Qualitative
* Semi Quantitative Hazard
Characterisation
* Quantitative .
Quantitative
Risk Assessment

>> Discussion in Breakout groups

Participants will be asked to consider a set of questions
designed to

+ Build consensusthat the AOP / MoA conceptis a good
basis for developing and using IATAs,

* Determine for which type of IATA or their respective
elements, can be informed by an AOP / MoA,

» Todiscuss and refine the proposed definitions and
characteristics of the different stages of development
of AOPs / MoAs

* Tooutline/propose which stages are most suitable for
what types of IATA or their respective elements and
their regulatory purposes.
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>> Breakout sessions

All three breakout groups will asked four sets of general
uestions to further discuss and define the overall
ramework

Two additional %uesﬁﬂns per breakout group will be
discussed the following themes:

» Confidence in the KE and KER of the AQP

+ Current status and work needed to broaden the scope
of the AOP / MoA application

+ Identifying test methods and data gaps for further
development of AOPs / MoAs

>> Follow-up

Recommendations and conclusions of the
workshop will be used

* to finalise the framework.

* to develop further cases studies by the TFHA
and provide guidance on how IATAs based on
the framework can be used for regulatory
purposes

* to identify new alternative test methods by
the WNT that are candidates to become
OECD Test Guidelines or to refine current
test guidelines
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ANNEX 5 PRESENTATION: THE WHO FRAMEWORK ON MODE OF ACTION/SPECIES
CONCORDANCE ANALYSIS IMPLICATIONS FOR AOPS/IATA

The WHO Framework on Mode of uOttawa
Action/Species Concordance Analysis

L'Université canadienne

|mplication5 fOl' AOPS/IATA Canada’s university

Workshop on a Framework for the Development and Use of
Integrated Approaches to Testing and Assessment

November 17t - 19t 2014, Arlington

Presented by: M.E. (Bette) Meek
bmeek@uottawa.ca

Université d'Ottawa | University of Ottawa

uOttawa.ca

Outline

* Update on MOA Analysis
* Problem Formulation/Roadmap
* Weight of Evidence Analysis
* Examples
* Implications for AOP Development/Analysis and
IATA
* Considering Confidence
* Supplement to the AOP Guidance/wiki
* lllustrative output to facilitate application
* Conclusions/Recommendations
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MOA/AOP

Environment/QSAR/transcriptomics Human
Q P Health/Toxicology

Exposure §>Tissu¢ = Molecular Initiating ":> Early |=—3 Late [———2 Adverse
Dose* Event (MIE) KEs KEs Outcome
(A0)
e —
*active I %

metabolite

Mode of Action Analysis

Conceptually, Adverse Outcome Pathways (AOPs) and MOA are identical
Divide a path between exposure and effect into key events, but MOA has
been considered on a chemical specific basis. 3

of Action/ Species Concordance Analysis

¢ World Health Organization (WHO)/International Programme
on Chemical Safety (IPCS) Framework on Mode of

Action/Human Relevance (MOA/HR) :—'O

X
-

A 4

* Derived from early US EPA/ILSI work (=

* since 1999, 100s of experts internationally involved in its
development

* widely incorporated in program guidance internationally (US
EPA, EFSA, EU TGD, JMPR,OECD)/adopted in risk
assessments, training

* Recent update that extends and builds on international
regulatory experience (Meek et al., 2014a)
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WHO MOA/HR (WOE) Analysis Framework

| ~

@ ” _—\ Postulated MOAs
Key Events Q1. Is the weight of D-R/Temporal
established

evidence sufficient to Coni?;jéﬁ:;hslz‘:cfﬁcity
11 H - ]
based on “Hi establish the Biological Plausibility
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Comparison
of “Key
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Confidence? Implications of

Kinetic & Dynamic
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Dose— Response

- Fundamental qualitativ
differences in key events?

Events ; Confidence?
relevant
biology{ Q3. Fundamental quantitative
between differences
animals & in key events? Supported by a series

humans of templates

Confidence?

_ on MOA/HR Analysis

Increasing predictive capacity and utility of risk assessment
Objectives

* Drawing maximally and early on mechanistic information

* Transparency C—-C
* Doing the right research/testing = %
Beidainas _ — <
— Bridging requlatory/research
Issues:

* Perceived as a "labourintensive” add on

* Hypothesized MOAs often not well defined
* Regulatory/research input

* Inconsistent use/interpretation of weight of evidence
considerations

— Need for simplicity for broad applicability, including evolving
technology §
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Human refevance.

; Human variation

|
Species extrapolation
Ufe stage effects

ENV/IM/MONO(2015)22

Objectives
Meek et al. Applied Toxicol.34: 1-18
(2014 a).

» Clarify terminology (MOA conceptually
= AOP)
* To tailor analysis to issue at hand
* Problem formulation
» To extend utility to new areas in toxicity
and non-toxicity testing, providing
practical examples
Need for simplicity for broad applicability,
including evolving technology
« Simplifying /“codifying” experience in
WOE analysis and quantitation
*  modified Bradford Hill
considerations for WOE for MOA
wiki
* Defining questions
* incorporating dose-response
analysis (quantitation)

Mode of Action Roadmap

Utility of Mode of Action Knowledge In Human Health Risk Assessment

wssessment]?

Problem Formulation (Purpose-oriented)

What is the decision context [e.g,, priority setting, quantitative risk

hnrmq'olmho}p_lnhmwwon?

I

Hypothesis based

Mode of Action Framework

Evidence in support of key events based an Bradford

W vitro)

Data Generation
Targeted testiog {in vivo m‘/

Non-test methods (OSAR,
nw-aaou. madeding)

(c) World Health Organization 2013 8
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Modified MOA Framework

Key events

Hypothesized
mode of action
(key events)

" Lede.of action]
31

Implications for risk

identified

Critiqa[data

(c) World Health Organization 2013 g

Contents of the WHO Update

Case Examples illustrating application of MOA analysis in:

1: Lack of human concordance

2: Contribution of well-designed genomic studies to species
concordance and dose-response analysis

3: The evaluation of epidemiological data
4: Development of more efficient testing strategies

5: Prioritizing substances for further testing (including genomic
data)

“h: Creation of chemical categories (including genomic data)

7: ldentifying critical data gaps and testing strategies in read-
across
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ise example 6: MOA in grouping and potency
stimates for categories/combined exposures

Anchoring the results of in vitro approaches to relevant
outcomes based on existing knowledge and concepts:

Class of pesticides, same well established mode of action and
insecticidal effects

— reversible neurotoxicity through interaction with neuronal sodium
channels

* Members of the class expected to share key events

* Consider grouping and rank for potency for untested
compounds in suitable in vitro system for this key event

¢ Consider toxicokinetic aspects

* Choose reference point from amongst those class members
tested in in vivo assays

Primary contical neurons are
N cultured in 12 wel MEA plates

S-Bioallethrin

Plates are plaoed in MEA
Deltamethrin Spontanecus actty
)

Tefluthnn 0.5 uA

20 ms

Firing rates in each well 3re measured
before and sfter treatment

Rat Na, 1.6 sodium channel expressed

in oocytes McConnell et al, 2012

- I

007 EC,;=0.30 uM

Potency of Tested Pyrethroids /n Vivo

Duration 1008

Mesn Firing Rate
(% Control)
g

0 — . v -
CON -8 k] % £
log [BIC] M

55



ENV/IM/MONO(2015)22

Objectives/Approach

[ ——

Meek et al. DOl 10.1002/jat.2984

Mode of action human relevance (species (2014 b ).
concordance) framework: Evolution of the
Bradford Hill considerations and comparative

analysis of weight of evidence

M. E. (Bette) Meek®, Christine M. Palermo, Ammie N. Bachman,

Calin M. North and R, Jeffrey Lewis

ARSTAACT: The ruads o

*Application of B/H Considerations
for WOE in MOA Analysis

e 00 WO T evé liveried oI o Ty i reece -.w..v..»...—nu.--.«-m.mm
Tmsmases by W gy oen. Thongh the BOAS fuumemerh Iy ot designed %0 adiress The samiun o1 o winh
isformuies & tnaugh” te DT & ypothesued MOA b avenl bt B rlovinns % hrvons, 15 ripsitoy conapit

certen [ wphas nlwm.h‘n'lll\-ﬂm-lml hmumnhﬁ.mnlwﬁﬁu‘& . o fe

e e e T s e *Evolved (simplified & rank

scomuizhert o métmrg ikareton, T drepervs e bueed on eraved Sredierd 191 consenien | ek ardeed e o _

s o e one [ pwss ordered) B/H considerations based
PN e e e e

Artvans e

porb Teasotoy by v

N

. o
o mporatig vt pedyvant e prbis el [ 1 repeltery 38 Aot Coppright & 214, Tt
Fastabat

on acquired experience to increase:

-Transparency
-Consistency

*lllustration through application to
existing regulatory risk assessments

in comparative WOE analysis

13

Weight of Evidence for Stressor Specific
Hypothesized MOAs/AOPs

Evolved BH Considerations

Defining Questions

Biological Concordance

Does the hypothesized AOP conflict with broader
biological knowledge?
How well established isthe AOP?

Essentiality of Key events

Is the sequence of events reversible if dosing is stopped or
a key event prevented?

Concordance of Empirical
Observations

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

Temporality — Are the key events observedin
hypothesizedorder?

Incidence - Is the frequency of occurrence of the adverse
effect less than that for the key events?

Is the pattern of effects across species/strains/organs/test

Consisten
% systems what would be expected based on the
hypothesized AOP?
Would the mode of action be anticipated based on
Analogy

broader chemical specific knowledge?

Meek et al., 2014b
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Evolving Guidance for WOE — Stressor Specific

Evolved BH

Consideratigae”]

/"St'ronger

——

Bigibgical
ncordance

Well established

Novel biological process

/

™

Essentiality of

Key events

Direct experimental evidence

Data on reversibility only. Indirect A
no data.

Concordance of

Empirical

servations

Dose Response & Temporality —
expected pattern based on robust
database
Incidence — incidence of early KEs =
than for later KEs

All key events at all dose levels and

time points and/or limited da

C°n5i5tem Pattern of effects are what you would expect across Significantly inconsiste ited data available to
Uncertainty Wrgans, and/or test systems served in single test system)
Pattern of effects for other (related) chemicals is
Anal Observations are consistent with those for other distinctly different. Insufficient data to evaluate
nalogy (related) chemicals having well defined MOA whether chemical behaves like related chemicals
15 with similar proposad MOA
Meek et al., 2014b
Refined AOP Template
Background

AOP |dentifier

Authors

Date of Updating

Abstract/Background (Optional)

(OECD, 2014) Users’
Handbook Supplement To
The Guidance Document
For Developing And
Assessing AOP

Summary of AOP and Key Event Descriptions

KER Descriptions
+ Weight of Evidence for KERs
+ Quantitative Understanding

Assessment of the AOP

« Dom

e

elative Level of Confidence

Potential A

» 1. Biological Plausibility - KERs
+ 2. Essentiality — KEs
3. Empirical Support for the KERs/AOP

itative Understanding of Each o
pplication

57
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tives of WOE Guidance in the

Supplement/Wiki
* To simplify, clarify and "codify” to the extent possible, WOE
application (B/H considerations) in an AOP context,

addressing:
— Focus (a limited no. of critical elements)
— Consistency/simplicity of terminology
— Clarification of the nature of the data that informs
through inclusion of:
* defining questions &
* provision of criteria & examples to bound categories of
confidence (low, medium, high)
* Toincrease understanding of more versus less influential
components (ranking/weighting) for qualitative WOE

* Tointegrate quantitation to inform specific application ;

Bother?

* To provide a consistent representation of degree of
confidence in various aspects of (incomplete) AOPs as a basis
to facilitate their consideration for specific application (e.g.,

IATA)
— Essential to coordinate the critical research/regulatory
interface
e But, we've just started down the path
— Requires application and feedback
¢ j.e., development/refinement of AOPs

— Need for a rolling forward agenda for additional
development of the wiki/Supplement

» Several aspects flagged, currently

18

— Training
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WFocus/Consistent Terminology for
‘Qualitative/Quantitative Elements

Qualitative WOE/Confidence

* Biological Plausibility — KERs
— Biology of the pathway

* Essentiality — KEs

ENV/IM/MONO(2015)22

— Experimental support from specialized studies to block or
modify key events, stop/recovery studies

e Empirical Support — KERs

— Dose-Response, Temporal and Incidence Concordance

— Availability of Simple Template to lllustrate

Degree of Quantitative Understanding - KERs

Annex 1 - Assessing Confidence
Definition, Basis for Calls, Examples

Biological
Plausibility of
KERs

Support for
Essentiality of
KEs

Empirical
Support for KERs

Defining High Moderate

Questions  (Strong)

Mechanistic Established Incomplete

basis mechanistic  understanding

dogma basis

Impact of Direct Indirect

preventing a (impact of

KE/ support change in

reversibility modifying
factor)

Use the Extensive More limited
consistent database with

remplate evidence outliers that
" with a wide  can be
Includes range of explained

Consistency stressors

Low
(Weak)

Empirical,
association,
only

No or
contradictory
evidence

No studies or
evidence not
supporting
expected
pattern

20
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Template: Dose — Response and Temporality

Temporal

if St Key event 1 Key event 2 Key event 3
(mg/kg bw/day) y y -/
0.2 + +
(2 ppm) 4 weeks 52 weeks
0 1 ++ ++ +
(10 ppm) 4 weeks 52 weeks 107 weeks
4 +++ +++ ++
(40 ppm) 4 weeks 13 weeks 52 weeks
Dose-Response + = severity

Contents of the WHO Update

Case Examples illustrating application of MOA analysis in:

1: Lack of human concordance

2: Contribution of well-designed omic studies to species
concordance and dose-response analysis

3: The evaluation of epidemiological data
4: Development of more efficient testing strategies

5: Prioritizing substances for further testing (including genomic
data)

6: Creation of chemical categories (including genomic data)

7: ldentifying critical data gaps and testing strategies in read-
across

60



ENV/IM/MONO(2015)22

Case Example 2:Contribution of Well Designed “Omic”

Cstud:‘es to Concordance and Dose-Response Analysis
ancer

Bladder tumours at high doses in rats

Metabolism and Cell Damage: Cytotoxicity and Regenerative
Proliferation

Correlation of damage to urinary cells when reductive metabolism to
toxic metabolite induced (D*)

D* in urine in animal studies increased at doses causing tumours (>
than the in vitro LC50)

Supporting “Omic” Data

The spectrum of altered molecular pathways consistent - urothelial
hyperplasia

Magnitude at the higher concentrations consistent

Genotoxicity

Data in a wide range of in vitro and in vivo assays; D & D* clastogenic
at high doses

Human Data
Toxic metabolite in human urine 23

Case Example 2: Dose/Incidence/Temporal

Concordance
Benchmark Dose 10 (mg/kg bw)/Incidence

V] Adverse
Duration Key event1 Keyevent2 Keyevent3 Outcome

Cytotoxicity  Proliferati Hyperplasi
ytotoxicity roliferation yperpiasia Tumo(u)rs

3 wks 0.68/0.31

10 wks _002 .54 @:.42
v 104 wks o @5 o

Duration
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itative Confidence

* Biological Plausibility — KERs

— Well accepted and documented path to cancer

* i.e., metabolic activation — persistent cytotoxicity - tumours

* Essentiality — KEs

— No adverse effects without relevant enzyme in null mice

— Reversibility

— Inhibition of reductive metabolism decreases toxicity; induction

increases toxicity

* Empirical Support - KERs

— Pattern of Temporal, Dose Response and Incidence Concordance

supports hypothesized MOA based on extensive database (metaboli

omics, histopath)

— afew explainable exceptions

The Concordance Analysis

Integrating TK Data

Qualitative Concordance Quantitative
Key Event Concordance
Animals Humans Strength Humans
Yes D* | Considerable | PBPK model incorporating
Reductive presentin | in animals; (fmetabolic rates, enzyme
e urine limited but  § affinities and distribution
Metabolism | . iy
Active metabolite ;?{"%‘";'u“rge relevant to | based on in vitro human dat
(D*) in urine pto humans supported by in vivo data
analogue
S ined cell In all cases | Unknown | Considerable § Genes upregulated in human
d ustalned ce . at doses Potential in animals, & rat urinary bladder with rat
ama%etan_ .re_palr that induce if possible in cell line more sensitive
(cy otoxicity, tumours sufficient | humans but
proliferation) D limited data
Possible | Considerable | No data
in animals,;
Bladder tumours F 344 rats highly

plausible in

humans e
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A “Snapshot View” to Facilitate Consideration of
Context Specific Application

* - % KE2 @
EC Il o

KER KER KER
1 2 3

Confidence (Qualitative) Elements:

KEs — Essentiality (size of the node
resent H, M, L confidence?
KERs — Biological Plausibility, Em@
ort

Degree of Quantitation of KERs 27
isize of the arrow for H, M, L)

New and Legacy Chemicals with Minimal Toxicity Data
I

| } Tier 1 Testing
In Vitro Assays for In Vitro Assays for
Genotoxicity Bioactivity
[ 1 T L Human In Vitro
v v Pharmacokinetic Assays
‘f Nonselective, Nonselective, Selective-Acting and IVIVE Modeling
ngenotoxic Chemicals Genotoxic Chemicals Chemicals '

| |

9
Estimate Point-of- Estimate Point-of- Estimate Point-of- Characterization

Conservative First
Order Human Exposure

Departure Departure Departure

| | !

| Define First Order Define First Order Define First Order
Margin-of-Exposure Margin-of-Exposure Margin-of-Exposure
MOE > X'
—
Tier 1 | j
Reference
Values MOE <X’ MOE < X’ MOE <X’

r

Thomas et al., (2013). Tox. Sci. 136(1), 4-18.
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ocumented MOAs
Mode of action Case study Reference
Tumeors of various organs associated with nmtagenic modes of Ethylens oxide Meek et al. (2003)
acton 4-Aminobiphenyl Cohen et al. (2006z)
Mammary tamors associated with supp 10n of luteinizy A Meek et al. (2003)
hormone
Thyroid numors associated with increased clearance of thyroxine  Phenobarbital Meek et al. (2003)
ThiazopyT Dellarco et al.
(2006)
Bladder mumors associated with the fonmation of uninary tract Melanune Meek et al. (2003)
calculi
Liverkidney tumors associated with sustained cytotoxicity and  Chloroform Meek et al. (2003)
Tegenerative proliferation
Acure renal toxicity associated with precipitation of oxalate Ethylens glycol Seed et al (2005)
drogen receptor and effects Vinclozolin Seed et al (20035)
Nasal munors associated with DNA reactviry and cytotoxicity Formaldehyde McGregor et al
(2006)
23

mmendations/Conclusions

* MOA/AOPs builds on long standing regulatory experience

* Provides construct for coordinating input of the research
community to address regulatory application

* Need to recognize/draw upon experience of a range of
communities to facilitate simplicity, consistency,
transparency

* Need for simplified figurative output to facilitate consideration of
application (the "Network” or “"snapshot” view) based on
research/regulatory input

* Stepwise process

* The need to document novel/data poor AOPs in systematic
fashion from outset (frames next steps)
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ANNEX 6 PRESENTATION: TK AND TD MODELLING APPROACHES RELEVANCE FOR
USING MOA/AOP IN IATA

TK and TD modelling approaches

Relevance for using MoA/AOP in IATA

Jos Bessems

OECD IATA Workshop

US EPA, Washington DC, 17-15 November 2014

ToxicoKinetics
Basics + Simulation

PBTK

Concentration

_» Parent chemical 7 Metabolite 7
What is relevantin MoA? = AUC? C,,,?

7> Rate of metaboliteformed per minute ?

T e CLOA, S mgle IT.GE3 3234303790 = B R N e L 3
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Single dose Repeated dose

Peak Concentration

o
—
/

Amount of Phesyipropanclamine
ia Body (mg)

Howrs
L
S ae Vakver.
" gttt e

e s L "
T LT e SRR, Samgle IC.OE3 33343037 Cons

TK + Quantitative AOP = MOA

CIDM = Chemical Inidator Dose Mefric

—— * Parentcompound ?
i Vivo exposure ' Metabolite ¥

* G ?
v AUC?
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Schematic representation PBTK model

)
l
)

“E rreNTaE»

(s
t
O
D

l o Meodoliam

f
C

WHS/PCS 2010 = Suidencs oo apsicalice an8 Shescismaslice of 757¢ mafcdh e mak macamenl

«uanaee @S Simple as you want (Tier 1 PBTK)

Bessoms ot ol (2013}, Reg ™ox Phormacol
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<....... as complex as needed, e.g. focus on metabolism

FGURE 1| Cottudnr mm wbnuunhnhu
wnd toaselty AFAEG,

m-rn:._..* '
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wpTiase, RODT, NADYYY 00
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APTENDX A
A GENERAL REFERENCE ON PHYSIOLOGICALLY-BASED PHARMACOKINETIC/PHARMACODYNAMIC (PEPK/PD) MODELING

mumuzmumvco\»tﬂudlw ccs
€ly tmat

e

Chagier 33.

ummd“:;m 25 wioy imc. Now Yok, NY. £ 523308

LS EPA Gink
Table 231, Dosing Schedule Depend of Metho Toxicity in Mice
Dose Total Dose Peak PMlasema
(mgkg) Schodule (mg/kg) Concentration (M) Effect
80 Single dose is0 10’ LDso
25 Twice daily S0 ({1 LDSO
i Every 3 b, S times, rest 8 b, M 10-* >LD5o

then every 3 b 3 times

0s Every 3 b, 20 times 10 1o =15
0% uph Infusion 9 b 3 [ >LD3o*
“Nigher wascity than LDy, mo—a—«usn*—.n“ﬁ -

Sourcr: Moerion of o, 1987

Todde Th1 whvown e miniy of surounnm W s

AT e

N‘
dmkqmuumh‘“h.—
hesbuadiy i o dewr nome of e mace. AL mlem
e of 08 pphe for WA cvon bough the Mood and
Bk vl were bow | By were meveritn e bogh

of e modhouiin PEPK modcl By mcorpondting S
ehdrion of DINA opaionss sty the mudel

SR S mglee 3T RS 323430370
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P 51 - Ay
Santaty L
R
-t Pt 3
o I P ~
W T, et 18 Ot et 4 s b b (g S Choay s o b
T P e b L et -
- WL Ter e
- X0, CHC M. D e el
v T8 oy P b )
DT e CRIA e gte 30 GE3 3034303000 - P r— i e .

s * — . . - - .

e, . o Hypothesis on Chemicl Initiator is crucial
., invivo: AUC, Cra, €< =
+— .. 4
—

1 Q5AR - '

2 In witro *
3 In vivo — '

—
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ADP = Static Biological Metwork

KE1 KE2 KE3 KEn

s, Sturks etal, Chem Res Tox,

sy gMIE  gKEl  qKE2Z  gKE3  qKEn

Computable Biological Network

fExp fA fD fE fGee MIE  FKE1  FKE2  fKE3  fKEn  fAO

Executable Receptor Ct Executable Biological Network to fAD prediction

Chemical Initiator

) What r\ Q«mwmm

:’3‘::::;‘ applicable to the regulatory
?
bee s > .‘M. 4 aeross, TS application of interest?
Is data input adequate to
make regulatory
decision?
Additional Data,
“""“’ Needs ¢} Regutatory Applications
* Screening
* Prioritization
* Classification & Labeling
Insufﬂcbent confidence A + Mazard Assessment
What AP IATA 1ool assave Risk Assessment
can be apphed of need to be
deweioped 1o generate dats
10 malkie the decision? negulam
decisions
Telidher ctaf (2024) AT7
R s AR e 3RS 3038353730 - S BATIANE BT T Ceal il Maalh e S
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IATA: Screening and prioritisstion workflow

I Rank, prioritise I

Y &
AL

If doubt, go to next tier
exposure or hazsnd

IATA: Classification and Labelling

Negative, no further
sction regquired

“a
e
N

I (RN

Classification or
miext tier hazand
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AOP: An example for
skin sensitisation

Chemical Molecular
Properties Initiating Event

— Covalent
E Irztﬂrt?fi';:m =3 | interaction |-

with proteins
Targetchemizl |—
.

Mechanism
based profiler
MIE
Mechanian
based profiler
MIE

Semi-guantitative information on CIDM (parent or metabolite)

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

MIE e (| m— () m— KE3 — AO |

Chem. 1- (

Qualitative AQP

\\

Semi-quantitative information on CIDM (parent or metabolite)

LD ot (R, Samgle 50 U5 303 L2 313Y E L e
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IATA for Risk assessment: First definethe minimalMOE needed

I Yo, take decision I

Mo, continue with next
tier exposure or heazsed

New paradigm

Human in vitro toxicity battery Exposed human

Series of nominal
Exposure scenario

Human in

Bessems et al, in preparation

S BRTINNE B AT el e e S S i

DT UT e SRR, S mgles IC.GE3 334353700
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1ATA and probabilistic approaches: If insight inuncertainty and variability

is needed, establish allvalues|exposure pillar + hazard piller) as distributions

\

i

RS

I Yo, take decision I

v

«

- N
/YN

Mo, contimue with next tier
exposure or hazard.
Mo, risk reduction needed.
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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

. The use of the AOP for AR/ ER
"~ binding / thyroid effect to
prioritise and screen chemicals

Kevin M. Crofion and Richard Judson
U.S. EPA, National Center jor Computational Texicology

The views expressed In tnls presentation. are those of e suthor and do not
necessarily refiact the views or policies of e US. E°8

Ageney

QOutline

1) Regulatory problem
= EDSP Priortization and Screening
2) Incorporating AOPs into IATA

= Estrogen receptor driven adverse reproductive outcomes

= Thyroid receptor driven adverse neurodevelopmental
outcomes

3) Regulatory Outcomes
4) Lessons Learned

- U ot M we Devcsment
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“SEPA
i Legislative Mandates
for Endocrine Testing

+ 1996 Federal Food, Drug and Cosmetic Act
+ Develop a screening program to test for endocrine
activity

+ 1996 Safe Drinking Water Act Amendments
+ Test chemicals found in drinking water for
endocrine activity

- U ot M we Devcsment

)
“HEPA Endocrine Screening Program

Endocrine Disruptor Screening and Testing Advisory
Committee (EDSTAC) Key Recommendations:

» Expand Protection to Include Human Health and Wildlife

» Include Estrogen, Androgen and Thyroid Pathways

= Develop a Two-Tiered Screening and Testing Program:

EDSTAC Conceptual Testing Framework:

+ Tier 1 Screening for Potential to Interact
— Potential to inferact with the estrogen, androgen or thyroid hormone
systems
+ Tier 2 Testing to determine Interaction with the endocrine
system

—If endocrine-mediated adverse effects then guantify dose-response
relationshi

U of Hu—cs ]
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L

EPA The Problem

Too many chemicals to test with standard animal-
based methods
—Cost, time, animal welfare

Need for more efficient methods that prioritize the
‘worst first’

- Include HTS assay results — empirical data
- Incorporate AOP to increase confidence in use

[ .

E'EPA The Regulatory & Science Balance

«  The regulatory need is clear — 1000s of chemicals with no data and
a need to prioritize them for further testing

—  MNeedto predict outcomes from disruption of estrogenic and thyroid
systems

«  The science needs to inform the regulatory process;
—  With up-to-date science

—  Estimates ofuncertaintyin the data

«  This allows regulators to determine with the confidence (i.e.,
uncertainty) matches the decision needs

+ |ATA provides a framework todo this

- U ot M we Devcsment
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< EPA AOPs and IATA and EDSP

Urired Gtaten
Ervrsrumarnts! Protection

Agecy
a) What r‘\ /me an AOP that is
1ATA

existing data applicable to the regulatory
and data types § ication of i
e.g. QSARs, Read-across, TS | 29P! ofinterest?

are available?
Is data input adequate to
make regulatory

t decision?
Additional Data, /\
Method Needs

Regulatory Needs

t | ' + Screening
Insufficient confidence * Pricritization

What AOPLATA tools/astayi

can be applied or need to be

developed 10 penerate data

10 make the decition? Regu latory
decisions

- Uice of Hwemerct: wnd Ueveicpment

< EPA AOPs and IATA and EDSP

Livired Siaten
Ervrsnmantal Protection
Agecy

Avallable Data

r\ Qe an AOP that is
1ATA

* ER&TR applicable to the regulatory
€., QSARs, Read-across, ITs | dPplication of interest?
Is data input adequate to
make regulatory

decision?
Additional Data, /\
Method Needs

Regulatory Needs

t | ' « Screening
Insufficient confidence * Prioritization

What AOPLATA tools/astayi

can be applied or need to be

developed 10 penerate data

10 make the deciton? Regu |at°ry
decisions

- Uice of Hwemerct: wnd Ueveicpment

78



ENV/IM/MONO(2015)22

SEPA Available Data - ER

« 18 different assay-endpoints from ToxCast (1800 chemicals) and
Tox21 (8500 chemcials)

+ Different technologies and different points in the cellular ER

pathway
« 3 Radioligand Biochemical Assays (Movascreen)
+ 3 Protein ComplementationAssays (Odyssey Thera)
2 RMA Transcription Activation Assays (Attagene)
4 Protein Transcription Activation Assays (Tox21)
1 Proliferation Assay (ACEA)

« In vivo data sets from guideline and ‘guideline-like’ uterotophic

assays (29 active, 13 inactive chemicals)
Represents the bestestimate of *truth ..

- U ot M we Devcsment

SEPA Available Data - TR

« 4 different assay-endpoints from ToxCast (1800 chemicals)and
Tox21 (8500 chemicals)

+ Different technologies and different points in the cellular ER

pathway
1 Radioligand Biochemical Assays (Movascreen)
+ 1 RMA Transcription Activation Assays (Attagene)
2 Protein Transcription Activation Assays (Tox21)
1 TRH Cell-free receptar binding GPCR (Movascreen)

« In vivo data sets from ToxRefDB including subchronic, chronic,
pubertals and reproductive studies (xxx studies and xxx

chemicals)
Representsthe best estimate of *truth® for thyroid disruption outcomes

- U ot M we Devcsment
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F )
SEPA AOPs and IATA and EDSP
L‘;‘rr:“::nlll‘all'lnurl:d
Available Data ‘ r\ h A
* FR&TR AOPs applicable

1ATA application
e.g. QSARs, Read-across, ITS * ER -yes
Is da"x; L:;:l‘:'d;:t:vnt to « TR — yes

t decision?
Additional Data, /\
Mcthod Needs
Regulatory Needs
| ' « Screening
nnsufﬂc-ent confidence * Prioritization

What ADPATA tools/assays
can be applied or need to be
developed 10 penerate data
10 make the deciton? Regu latory
decisions
- Citce of Huemrch wnd Usvsicpment
e
<EPA ER AOP

Urired Giaten
Ervrsnmarntal Protecton

Agrecy

Well developed AOP for reproductive outcomes
» Clear causative links, more limited quantitative links

+  Currently usedinthe
OECD QSAR Toolbox

+ OECDAOPWiIki entry
being developedfor fish
reproductive outcomes for
both agonists and
antagonists

« Highdegree of confidence
that alterations inthe MIE
willleadto adverse
cutcome (qualitative)

- Citce of Huemrch wnd Usvsicpment
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EPA TR AOPs

Livired Siaten
Ervrsnmantal Protection
Agrey

= Can we take the same approach as ER?

= No AOP available that is specific for a TR to AO pathway

= Two MOAs available that include TR as KE leading to adverse
neurodevelopmental outcomes

= Similar status — clear causative links — limited quantitative

L

*  Two MOAs demonstrating
relevance to humans (Crit
Rev Tox. 2005)

* OECD AOPWiki entries
being developed for the

.
x

=]
—
(=%
1]

w0
a
13
@
o
S
3
=%
1]
2
(]
1

that alterations in the MIE
willlead to adverse
outcome (qualitative)

- Uice of Hwemerct: wnd Ueveicpment

SEPA TRAOP

Livired Siaten
Ervrsnmaral |‘||‘!&l‘~1

oy y Hrpethalamus l3
' - -
e .
1 Pevtary .' L Feedbock
- : 1T
- -~ Thyroid Gland ~ b e
Wil 7 =
! I v
o LN .
: wam | n':.u =
Syhess : E t -
| Thyrod Receplon Ry
$ etaboliem
mmz Zec Toece Cettie TR
. 2 i THCnrges [ Sy
Hepatic Nuckoar 1 = —
10 Ermeaon
i ] Develogmmat

81



ENV/IM/MONO(2015)22

<EPA AOPs and IATA and EDSP

Urired Giaten
Ervrsnmarntal Protecton

Agrecy

Available Data /\
*ER &TR AOPs applicable
IATA

application
*Bringing the data * ER -yes
togetherto * TR —yes
addressthe
Additional Data, regulatory need \
Method Needs

Regulatory Needs

t | ' « Screening
Insufficient confidence * Prioritization

Whit AOPATA tools/sssayi

can be applied or need to be

developed 10 penerate data

10 make the deciton? Regu latory
decisions

- Citce of Huemrch wnd Usvsicpment

ER as First Example

Combines results from multiple in vitro assays

1atee
rvrsrumartal Protection

Agrecy

* No assay is perfect

* Assay Interference
* Noise

* Use model to integrate
assays

» Evaluate model against
reference chemicals

- Citce of Huemrch wnd Usvsicpment

Judson, unpublished
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Integrating Bioactivity and Exposure

Prioritization = Hazard + Exposure

' 7] All ToxCast

\ Bicactivity
~ Dose
Estimates *

(ma/kg/day)

Exposure
™ Estimates **

| (mgikgiday)

Oral Equivalent Dose or Exposure

* Bioactivity converted to oral equivalent with rTK
= Daily exposure estimates from ExpoCast medeling

IATA and ER
Available Data {-\
* ER & TR {\ AQOPs applicable
application
e.g. QSARs, Read-across, ITS ER - ves

Is data input adequate to
t make regut Y TR - YES

decision?
“ditional Data, [\
4/0 “od Needs
Regulatory Needs
@ | ' » Screening
Insuffic. O’ ‘ence + Prioritization

What AOP-LAL

can be applied o u) be
developed 1o genera.e data
10 make the decivon?

Regulatory Decision
Acceptable for
Screening and

Prigritization
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ER [ATA Summary

* Consensus model provides good predictions

* Combined with exposure estimates provides a
prioritization for follow-up testing of the ‘worst first'....

* Remaining uncertainties

* Limited number of fake negatives
= Limited metabolizm in HTS models

= The estrogen receptor may not be only MIE

IATAfor TR

ToxCastAssay Endpoints vs ToxRefDB

Azsey  Component | Asssy Type Targst | Spedies
Endpoint Names
ToZl_TE_LUC_GeD_ | el mases T rat
Amoriist bucifisrams neporber
e
TOZl_TE_LUC GRS | Locterass seporter | TR rat
Artamonist Sare Ay
ETS_THRa] TRAMS ol emmad TR Farari
trarsoiption fachor | aipha
activity
MVE_MR_RTR ol fres TR Farari
conemulator mlpne
rescruitrment,
arvtamonist mads
NVE_EPCR_rTRH Cail frm regmgtor | TRE rat
bireding

HTS Assays for TR do not
predict adverse outcomes from
thyroid system disruption

85

Totad
Tewfa;m TH T TRH
Wes  Agosishs Antsgenhti Agonhb  TouelD

ek Tribed



ENV/IM/MONO(2015)22

Thyroid System AOP & MIEs
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1 ™ setess [T
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12 Cuntcton | THougn [ Sgueg
Hopatc Nudear 12 e T 14
Xororecophors |
10 Enminato Amwesd
| | o | T S
9 10 f. 1_l
= Cetdar
|'“ = d ‘uen }—
Convenson Amphiian Newsiopeal
Metsmorphoais [ | Deveiopment
IATA and TR
Available Data {\
+ ER&TR AOPs applicable
IATA application
e.g. QSARs, Read-across, ITS ER -yes
Is data input adequate to
mal'w. gulatory TR —yes
decision?
A-ditional Data, {\
/[/'wd Needs
) Regulatory Needs
@ » Screening
lnsuffk «dence * Prioritization

What ADP-LAL Nuan
can be applied o¢ need to be
developed to penerate data
10 make the decivon?

—1

Regulatory Decision
Not Acceptable for
Screening and
Prigritization
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IATA and TR - Summary

* No confidence for use in regulatory decisions due to
failure to predict majority of in vivo adverse effects
* Not surprising based on multiple AOPs that lead to AO

*Data gaps
* Need additional HTS data for other MIEs
* Need methods development for some MIEs

Lessons Learned

= Regulatory needs must be clearly articulated
* Inthe casethe needwas Screening and Prioritization
* Drivesthedegree of confidence needed fromthe AQF

= Use of HTS assay data for Screening and Prioritization
* Match the uncertainty in the AQF with regulatory decision
* Multiple assays integrated into a consensus model provide more accurate
predictions
* Qualitative AQOPs are suffident if predictive nature is established

= “Failure” to meet needs of regulatory decision
* |ATA process provide unigue opportunity to fine-tune data needs

= Integration of bioactivity and exposure estimates within 1ATA is critical
for prioritization process

87



ENV/IM/MONO(2015)22

ANNEX 8 PRESENTATION CASE STUDY 2: ADVERSE OUTCOME PATHWAY FOR SKIN
SENSITIZATION

Adverse Outcome Pathway for Skin
Sensitization

For Grouping of Substances, Read Across and Regulatory
Application

Frank Faulhammer, Global Product Safety

Adverse Outcome Pathway for Skin
| Mo Sensitization

- R
1+ Exposurs
o
Chamical . > =
Propartias ks

A ﬁ‘ - = :
“; *ﬂ Infismmation
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The adverse outcome ——
pathway for skin s
sensitization aspted rom oeco: 2012)

Chemical structure Molecular Initiating Cellular Organ Organism
and properties Event Response Response Response

Key Event 3
Key Event 1 Denaritic Calis (DC® Key Event 4 Adverse
e Tooll profferation In Qutcome
Avergy (83
NlsMMETIon Wpon
chatlienge Wi
m

Reactivity and Protein Binding
Direct Peptide Reactivity Assay (DPRA)

= Small molecules (haptens) must bind to proteins to Model Peptides
attain their allergenic potential }J_\_{._ ez ‘—z_‘
= Method: Directpeptide reactivity assay (DPRA) ' - g'z—)_{{i-ﬁ
Y O
1" Exposure QQ —‘ g H
Qﬂ” dermal Cyseire resoue
4. Penetration
S e
Molsculsr L P e P
Initisting svents e T dis e
- s;" y - =
- = - -~ ;
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Cellularresponses
SRCC 8 ARE-dependentreportercell lines (LuSens)

Cells (e.g. keratinocytes) must be activated to produce essential signaling
molecules
= Method: LuSens assay

No signal

Non-sensitizer

Signal

®

Sensitizer

Cellular responses
SRCC5 8 Dendritic cell activation assays

Antigen presenting cells mustupregulate cell surface markers to interact with

T-cells.
= Method(s): MUSST and/or h-CLAT

o
- Maturation = expression of co-
stimulatory molecules CD86, CD54
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rammn 1 e

Assessmentofthe AOP

(o f]:7.0: M (adapted from OECD; 2012)

B Domain of applicability of the AOP
The key events for this ADP appear to be conserved across all mammals.

B Relative level of confidence in the AQOP

»  Biological plausibility

There is good agreement betwesn the sequences of biochemica and physiclogical events leading toskin sensiization
Empirical Support for each of the Key Event Relationships

Whille there is general agreement regarding the events, understanding of the undathying biology of some of the key
events remains incomplete

Uncertainties/Inconsistencies

There are uncertainties in the ADP; for example itis known that cermin chemicals lead toT-cel prolifemtion in the
LLMA, without being shkin sensitzers

Essentiality of the Key Events
The moleculsr initisting 2vent{proin binding resctons) is based on long-stnding, wall-studed organic chamical

mechanizsms and reachons. Sensifizationis causally linked to kerafinooyE activity and T-cell proliferationand, toa
les==r extent, dendritic cel activation/materation.

Degree of Guantitative Understanding

For skin sensifzaton, 3 major hurdle is moving Foma qualitative AOP to 3 quanttative AOP. The qualitatve ACPis
clearhy supported a= 3 means b identfyyand characierze the potential for a chemical to be 3 sensitizer, the abilby to
consistently predict relstive potency is curenthy lacking.

~M-se Maturity of the AOP

B Correlative or incomplete AOPs / MoAs
B Qualitative AOPs | MoAs

B Semi-Quantitative AOPs / MoAs
semi-quantitative understanding of some ofthe KEs
based on multiple compounds evaluated at several KEs
and the AQ

B Quantitative AOPs | MoAs

in vitro
effects can be scaled to in vive effects forrisk assessment
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~s.i Application of the AOP

B Priortize chemicals
B Grouping of chemicals
B Read Across to fill data gaps

B Feplacement of the animal test

~s..—¥ Building Categories Guided by the AOP

B Decide if target chemical falls into applicability domain
B Select similar chemicals based on common mechanism of action

B Check for common molecular initiating event as a first step in category
building

B [Dide into subcategories based on structural similarity
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| Pos Positive
Michael Michael
acceptor | acceptor
- > v
-
— — \/
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The adverse outcome e e
pathway for skin S
sensitization (zdspted from 0eco: 2012)

Chemical structure Molecular Initiating Cellular Organ Organism
and properties Event Response Response Response

Key Event 3
Denaritic Key Event 4
Key Event 1 Calls (OC® y g«dtverse
o Scion of Tooll profferation in utcome
' Y m’wm Asergy (8xan)
Matsoolsm Mobiisation of OCs NUsMMIToN Upon
Covaiamt challange win
Skin proteins
l =) KeyEvent 2
Keratinovytes responsss
. Acthation of
—t ==
2 SUosIance * 0LTTON Coproteche
penes

Can the AOP be used to predict the Apical
Sietesd  Outcome?

Protein

binding

(KE 1) (Allergy)
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Validation Experiments for —
=Wl Regulatory Use of the AOP

B 59 test substances including LLNA performance standards

= Additives/ stabilizers/ detergents 30%
- Fragrances 24%
= Cosmetic preservatives 22%
= Cosmetic solvents 11%
= Cosmetic dyes 7%

B 5/59 substances initially selected turned out not to be applicable due to
technical reasons

B 34 substances with available LLNA and human skin sensitization
information were evaluated in the 4 in vifrofin chemico assays in the
validation process (DPRA, KeratinoSens, h-CLAT, mMUSST) along with

the LuSens assay (similar to the KeratinoSens)

Predictivity of Assaysand -
~s-+8 their Combinations

Paositive Negative

Compared to human predictivevalue predictivevalue Accuracy
In wivo standard LLHA 86 % 94 % 89 %
DPRA &8 % 86 ¥ 87 %
Individual LuSens 83 % 81 % 82 %
a433ays mMUSST 100 % T3 85 %
h-CLAT 83 % 71 % 73 %
Combinations | DPRA and LuSens 30 % 100 %5 35 %
; _ |DPRA and mMUSST 100 % 69 % 81 %
o otve) | DPRA andn-CLAT 100 % 1% 83 %

LuSensand
mMUSST 100 % 67 % 80 %
LuSensand h-CLAT 79 % 88 % 82 %
Prediction DPRA, LuSens and

model mMUSST 97 % 91% 94 %
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Two Outof Three: e 1 e it =
=il Additional Data ERNTS, i

WoE

Kerati Sens™
(MUSST) | LLNA “i:;n‘?s e | @ °fﬁﬁfﬁfs’ =
‘Sensitivity 71 82 79 82
Specificity 70 74 72 77
[ Accuracy 71 80 77 81 |
n 141 145 145 145

Pigh SAnSAy = MINMESToN O (SR regEies: Nigh SDATISY = MNMIZaton of Bise positves

= 43 non-sensitizers accordingto the LLNA, 33 weak, 39 moderate, 19 strong and
11 extreme sensitizers (Natsch etal., 2013)
= Molecularweight: majorityranged between 100 and 200 Da

Two out of Three:
=il Predictivity Based on 54 and 145 Chemicals

Accuracy 54 Accuracy 54 Accuracy 145
chemicals (Bauch chemicals(Bauch chemicals
etal., 2012) etal., 2012) [Hat=sch et al.,
compared to compared to 2013) compared
data LLHA data to LLHA data
DPRA &7% T9% B0%
B ARE reportergens
Individual| gezay (LuSensor 82% 81% 7%
a3says KeratinoSens)
U937/CDE6 Test -
[MUSST-like Test) 85% 4% %
DPRA, ARE-based
20of3 assayand O4% 83% 1%
U937/CDE6 Test

® Similar accuracy between both studies despite the extended data set

B Additional data from human studies were not available for all 145
substances; accuracy compared to human data was not determined
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B i Bl Mg W
i e

D T

Two outof Threeusing ==

O-BASF - - :

=l Real Life” Chemicals Cun oL NGB, D1s P D TR

B Reallife substances and - 2:}sensitizers,15 nan-sensitizers
farmulations generally have a (either LLNA or GPMT)

lower purity and contain some

other byproducts - Tisocyanates (acylating agents)

- B acrylates (Michael acceptors)
5 agrochemical formulations

B Tests were conducted in parallel to 3 palyethylene imine polymers

the in vivo tests (cosmetic - B surfactants
ingredients prior to March 13, - B aother cosmeticingredients
2013) - 7 plant extracts

- 1 peptide

® Plant extracts and formulations
were tested using gravimetric - no known pre/pro-haptens
approaches instead of MW

B i Bl Mg W
i e

D T

Two out of Threeusing ==
=M+al | Real Life“ Chemicals N————

in-house post-validation Bauch, 2012 r'li};{f_,h'
WoEl WeoE Il WoEl WeE Il

wioPEl, wioPEl, wioPEl, wioPEl, WeoEl WoEI LLNA WeEll
AF, PE AR, PE

WoE WoE

[ )

e || o | e

-

WoE L OFRA, LuSens, miILISST. WoE ll: DFRA, LuSans, FrCUAT: WoE Il DFRA, HeratinoSens, WUSST
AF: agrochemical formulation; PEL polyeylens Imine; PE: plant exract
Figh SEnSRURy = inimzaton of tase regEes Figh sDecioy = minkrizaton of s posives

® The protocols for the test methods are intended for defined substances (e.qg.
require use of molar equivalents)

" Agrochemical formulations and polyethylene imine based polymers were not
well predicted by the in vitro strategy indicating a need to adapt the methndi
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wan'm—u----uu‘é—u
tln Sl s At

Two outof ThreeUsingan — — = == "'
in silico/in vitro Combination

Uroisoh et 8 WIC3 2014 Posier 1103

OECD Toolbox
Profilers for PB

OASIS| OECD [Overall in|
DPRA |ProfileriProfiler; silico
forPB | for PB | Result
Sensitivity] 82 67 65 66 Sensitivity | 80 8k 79 82
Specificity 72 | 8 | 86 S0 Specificity | 80 o8 85
Accuracyl] 79 73 71 73

n o
N

Accuracy | 80 89 &1

RGN SATSTUYy = MTIMEATON O f9Se regENaS, Mg DATITY =>mNiMZaton of Bise postes

45 non-sensitizers and 113 sensitizers

The OECD toolbox 3.2 offers a tool for protein reactivity

When used alone, the overall accuracy is moderate

When combined with otherinvitro methods with an AOP basedrationale (2 out of
3) good accuracies can be achieved

=

Nothing is Perfect -
Some Limitations of the Two out of Three
Strategy

Substances may be incorrectly predicted if they:

Have a high cytotoxicity

B Have alow solubility in agueous media (cell cultures)
B Are not stable at high pH (DPRA)

B Primarily react with lysine and not cysteine

|

Are pre- or prohaptens (metabolism not covered in witral)
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B The AQDP for skin sensitization fulfills aspects of semi-guantitative and
guantitative ADPs

B Single assays that cover key events of the AOF
B may be used to prioritize chemicals for testing
B add confidence to a read-across approach
B help to group chemicals

B A2 outof 3 invitro test strategy represents aviable TS for a “yes orno
answer” but is not yet applicable

B to determine potency (e.g. strong, moderate and weak)
B to sub-categorize according to GHS (e.g. Cat. 1A 0r1B)

B to assess complex mixtures/substances such as polymers and
formulations

I

{ gy A gy ) P L
— -

Proposed test strategy ,,2 out —
of 3“ (majority vote, 2012) .

Chemical structure  Molecular Initiating Cellular Organ Organism
and properties Event Response Response Response

Key Event 1
(MIE) Key Event2 Key Event 3
Protein reactivity KC activation DC activation

DPRA (m)MUSST/h-CLAT
LuSens/Kermatino5ens

Weight of evidence:
Results of 2 out of 3 tests determine the classification

High Overall Accuracy (94%) vs. Human data
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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

Development of IATAs Based on the

Adverse Outcome Pathway (AOP) of

Sustained AHR Activation Leadingto
Rodent Liver Tumor Promotion

Katy O. Goyak, PhD, DABT
Senior Toxicologist
ExxonMobil Biomedical Sciences, Inc

November 18, 2014

e

i

N

Road Map

%

* Biology of the Aryl Hydrocarbon Receptor and
the Associated Tumor Response

* Description of the AOP

* Expressing the MIE in terms of both Dose and
Time, i.e. Area-Under-the-Curve or AUC

* Quantitative Considerations of KE Occurrence
and KE Relationships
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The Aryl Hydrocarbon Receptor
(AHR)

The AHR is a ligand-activated transcription factor and part of the
basic helix-loop-helix (bHLH) Per-Arnt-Sim (PAS) superfamily
Activated by a variety of
exogenous chemicals

o Dioxins, PCBs, Dibenzofurans

o Otherplanar polyaromatic
hydrocarbens

__DREs  CYPIAY
- -

o Natural phytochemicak,
flavincids and indoles

o Multipleendogenousligands
proposed, e.g. FICZ

Regulatesadiversearray of genes

o Phase! metabolicenzymes (e.g., Cyplal, Cyplal)
o Phase !l metabolicenzymes (e.g., Ugtla2, Gstal)
o Others (e.g, Tiparp, p27Kip1,Bach2)

AHR mediated Liver Tumors

The NTF cancer bioassay inSprague-Dawley rats chserved increased
incidences of several cancers (Walkeretal. 2007) including

— hepatocelular adenocma -- gingival squamous carcinoma [omal)
— chelangiocarcinoma -- oystic keratinizing epithelioma {lung)

AHR activation is considered to be the initial key event for dioxin-induced
tumorigenesis

However, many ligands can activate the AHR and do not produce tumaors, eg.
indale-3-carbinol in brocooli, omeprazaole

Thus acute or short-term AHR activation isthe initial key event —can be
termed “initial molecular event” or “pre-MIE” but is notthe MIE

Data clearly shows that it is the sustained activation of the AHR that isthe MIE
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The AOP: Sustained AHR Activation
Leading To
Rat Liver Tumor Promotion

The AOP: Sustained AHR Activation Leading To
Rat Liver Tumor Promotion

TastegNoo-Taatng
—mcta
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Tailored BH Considerations for Weight of
Evidence (WoE) of the Sustained

. AHR Activation RLTP AOP
1. BiologicalPlausikifty | The biological plausibility of the overall AOP is High: The 40P
of KERs is wellsupported by the key events, consisent with the

biclogy of carcinogenesisand the everts of tumor promaotion.

2. Essentiality of KEs The evidence in support of essentiality is High. There isdirect
evidence consisting of stop/reversibilty studies studies of
non-persstent AHR activators and dose-regponse studiesof
persigent AHR activators showingthat ifsustained activation
over a substantial portion of the lifespan is not achieved, rat
livertumors are not induced.

3. Empirical Support for | The empirical support for the overall AQP [ MIE of sustained
KER= AHR activation => promotion of hepatocellular and bileduct
cell tumorsinrats) is High.

Dose - Time Concordance Table for
the Sustained AHR Activation RLTP AOP

Tmamediate | Days o Sonths Tyear Zyears
weeks
® Apopeosis
Sogens
100+ IME . Apop * Apop &
1000 doceoane « Proliferation / AHF volume increme
* Proliferation / Badl) lsbeling
1000 - IME * Apopionis Sectosee
2000 * Proliferation | AHF solume increase
7000 - T™E
5000
S000 - IME
10000
> 10000 | IME
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%; Molecular Initiating Event

* Sustained AHR Activation

— Substances that bind to AHR but exhibit rapid
clearance (e.g. bergamottinin Earl Gray tea and
grapefruit) do not produce rat liver tumors

— AHR ligands that are poorly metabolized or
persistent chemicals (e.g., TCDD) produce rat liver
tumors

* We can quantify the MIE as an Area-Under-the
Curve (AUC) for AHR activation

<
4= AUC Concept

Fremdionmed AL Sadreadion
B g 5
I ; _;

TCDD
sore
* The dose-responsefor AHR activation Lo
measured by EROD (CYPLAL induction) TEOT FepwcA IS ot

using hepatic AUC of the dioxin-lke

compound (DLC) inppb-weeksasthe oz 'y
dose-term wassimilerat 14, 31 and 53

weeksinthreeNTP bioasaysfor TCOD, 4 parpp 5 -

4-PeCDF and PCE126. H i ;

* Expressingthe response asthefractional o=
AHR Activation (0-1 scale) showsthe
response issimilar over thethreetime
points(totheright).

Frotiomed A H dadiwdion

SwC 05— apetc AT (e eeicll

Fr ctiomd SHEE Astivedi on
I: ! I;
;

* Thesegraphscanbecombined. The dose PCBL2E =
termwill bethe AUC of hepatic TEQ and 5
the responsewill be sustained activation i T W mE D
i54) as the AUC of fractional AHR IR A AL e
activation. ¥+ lawess
= 3 wesks
—+ Fwesks
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o

Relatingthe MIE (Sustained AHR
Activation)to AUC for Dose

* Sustained Activation (S4) =
AHR Activation Level x Time

g

v ldwesks
= Fittingthe doseresponse 5A * Mwesks
to TEQ Hepatic AUC is 07 « Haweeks

consistent with a Hill dose-
response model

B

= The relationship of 5A to
AUC allows ustoexamine
the “dose-response” of
downstream events to SA in
a quantitative fashion

[=]
T

001 01 1 10 100 1000 10000
AUCHepaicTE) (ppo-weeks)

Qg aned AHR Activaion
fractiord AHR activaion x weeks)

KER: MIE = KE1 (SA) =>Alteration
=¢ of Cellular Growth Homeostasis

: 3
;r " 5 54
B8, 8
B¢ ('
£ | @ 3] susteined AHR actation
[P B g is necessary
gz. 5
- ;. >
s | £
i ] &
¢ o
s g 00! 0.1 | 10 100
Sustained AHR Activaton
* \VolumeFraction Increase of
* 3D Dose-timePlotofVolume ATPase-deficient Focivs. SA
Fraction Increase of GSTP- * ESA. isameasureofthe
positiveFod “potency” of the MIE

Data from initiation-promotion protocol

; 3 . 4, Crit Rev Toxicol 44{1):83 2Rt 2
Budinsky et 31, 201  Rev Toxicol 1):83} Teeguarden etal 1999, Toxicol Sci53{2)211
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Basic AHR AOP for Rat Liver
Tumor Promotion

Macro-

Molecular Cellular Organ Organism
Toxicant Interactions Response Response Response
Wiek-defined | | ..o . Shangm .
Haioganates AHR ‘;‘p"‘;::’ . Hepatopathy, oo

Co-pisnar £ routeraton Hyparplasias LUMOrs
P Activation and Caliviar YPETP
Homeostasis

az;sn

1

4550 KER: MIE > KE2, SA :
%@; = Hepatotoxicity, :
Hepatopathy B

* Indirect KER between MIE and KE2

o
& '
[=3 ma
* Possibility of examining the direct % ve e -wE .
relationship of KE12KE2=2AO because 2 y +
of many initiation-promotion studies I e
for dioxin-like chemicals Smaned ARRAGNENN
m 1 -
* How do changes in cellular growth z
homeostasis leading to organ-level % o
proliferation and tumors? g | B=TE
a3 ] L)
Qg
Qd 1 gl=} 100

Sugahed AHRAZNZON
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KER: KE2 = AO, MIE = AO
#¢ SA - Hepatotoxicity = Tumor Formation

g 08

o

’§ 08 > Indirect KER but quantitative
B 04 prediction may be possible
& 02

o

5

0.
0. Circled responsas from

StOp-EXPOsure Sroup

04,

032

Hepaocallula Adenoma
&

Sstained AHRAdivation

Dose-Temporality Concordance

The potential predictive value of SA emphasizesthe importance of the dose-time
concordance table (Budinsky et al,, 2014, Crit Rev Toxicol 44(1):83; Meek et al,,
2014, | Appl Toxicol 34(6):595; Simon et al. 2014, Crit Rev Toxicol 44 Supp 3:17)

Dose | Temp
Dose Koy Event 1| Koy Event 2 Koy Event 3 Key fvent 4
A | immediate)] (V51O (Montha) (Months)
(o) Proliferation/Hyporplasia Tosbcity
A M
Activation/ | o Oiffuinn Fatty
Transcrip, ‘m‘u""' Anr | wedu Bile | Oval “'"':“‘::":" Chwengn Mepatic  Cholangio
fome) vol. | u i b o asy | AOFEN ) (Adenoma carcinama
1234 (san| (L wm ‘°°‘m ) Pk fnwn ) it (1)
B " " L BT RRE TR
<100 -
100-1000 e - +
xmm e . .. + -
200050000  eeee - . .
’m P— - . . - - . . .
>10000 e . e e +. . | . N - + -
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Z

S

s Scientific Confidence Framework for AOPs
¢

Develop the ADP
Levelop new (or map existing) specific assays To key events within The AOP
Conduct (or dooument) Analytical Vdidation of each assay
Levelop rew (or map existing) models thet predict a specific key event from ore or
more pre-cursor key everts. (The input dota for the prediction models comes from the
assays described in Steps 2 ard 3 above)
Conduct {or dooum ent) Qualificarion of the prediction models
& Uriizarion: defining and documenting where there is sufficient scientific confidence to
use one or more ADP-based prediction models for a specific purpose (eg. priority
setting, chemical category formation, infegrated testing, predicting & v responses,
etc)
¥ For regulatory acceptance and use, processes need To be agreed upon and utilized to
ensure rebust ard trarsporent review and determination of fit-for-purpose uses of
AOQPs. This should include discem inatien of all necessary datasets, model poram efers,
algor ithe s, etc., toendble stakeholder review and comme rt, fully independernt
verification ard indeperde nt scientific peer review. Whilst these processes have yet
to be defired globdly, in time, these should evolve To enable credible and trarcporent
use of ADPs with sufficient scientific confidence by all stakehaolders.

dw | [ |

4]

Deesoribed in Partiewiics et &l Using = Scentific Confidenc: Framework to Sepport Applicsrtion of Adwerse Dwbosmes Patinays 17
Tor Regulatory Parposes submithed to g Phanm Toxdool

<5
‘ﬁéﬁ (1) Lessons Learned That Influence
~¥5: Development of IATAs from this AOP

* Receptor binding and acute transcriptional
changes represent the Initial Molecular Event
(IME or a Pre-MIE) but this may not the
predictive of the AO

For IATA
— Assays that just measure AHR binding will have
limited utility
* May be used in decision tree as initial step to differentiate
binders from non-binders

* Cannot be used to predict other KEs or AOQ
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"*3“‘:_, (2) Lessons Learned That Influence
3‘? Development of IATAs from this AOP

* The Molecular Initiating Event is sustained AHR
activation

— Quantitative dose-response relationship of AUC
(hepatic TEQ) to AHR Sustained Activation (SA)
opportunity for inclusion of relevant assaysinan IATA

— The relationship of SA to 1) induction of hepatic foci,
2) inhibition of intrafocal apoptosis and 3) production
of proliferative stimulus in the liver are all potential
endpoints for assays in an |ATA

* short term in vivo rat liver initiation-promotion assay (e.g.
http://toxsci.oxfordjournals.org fcontent/16/3/525.full.pdf)

"*3“‘:_, (3) Lessons Learned That Influence

3‘? Development of IATAs from this AOP
* The Indirect KER of:
— SA to hepatopathy
— SA to bile duct hyperplasia and
— SA to oval cell proliferation
* Hepatopathy, bile duct hyperplasia & oval cell
proliferation may also all be potential endpoints
for assays in an IATA

— But these are in vivo responses that require
considerable treatment time to be manifested
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% (4) Lessons Learned That Influence
~#=: Development of IATAs from this AOP

* Bvaluating activity in assays (e.g., AC50) in the
context of human exposure improves
interpretation and thus should be considered as
an integral part of IATAs
— Examples of exposure:activity profiling:

Becker et al. 2014. Interpreting Estrogen Screening Assays in
the Context of Potency and Human Exposure Relative to
Natural Exposures to Phytoestrogens. Birth. Defects. Res. B.
Dev. Reprod. Toxicol. Birth 101:114-24

Wetmore et al. 2012, Integration of Dosimetry, Exposure and
High-Throughput Screening Data in Chemical Toxicity
Assessment. Toxicol. Sci. 125, 157-74
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Relationship between different stages of
AOP/MoA development and the informed types of
¢ IATA and its elements

Problem Formulation

1ATA (elements) Regulatory
application

Priotity setting

Hazard
identification

Hazard
Characterisation

Quantitative
Risk Assessment

Has semi-guantitative understanding of the ADP- assessment of the
experimental evidence and empirical data across the key events based on
multiple co unds andfor stressors studied at the key events.

The critical (early and late) key events are identified

Maoderate to strong level of confidence in the ADP:

*  Maoderate to 5trong support for the biological plausibility of some of the
KERs [Good understanding of the KER based on previous doumentation
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 key events)

Moderate Empirical support for the KERs [Demonstrated dependent
change in both events following exposure to a mult ple number of
specific stressors and some evidence inoonsistent with expected pattem
which can be explained by factors such as experimental design, technical
considerations, differences among labomtories, etc.)

Establishes quantitative understanding of some of the key events.

Mot able to determining the response-to-response relationships required to
scale in vitro effect toin vivo outcome.,

112



Z

o

s -

W
o <. AHR AOP for Rat Liver Tumor Promotion

Semi-Quantitative

Moderate to strong level of

c
L

onfidence inthe AQP:
Moderate to Strong support for the
biological plausibility of some of
the KERs
Moderate to strong support for the
Essentiality of KE
Moderate Empirical supportforthe
KERs
Establishes quantitative
understanding of some of the key
events
Mot ableto determining the
response-to-response relationships
required to scale in vitro effect to
in vivo outcome

E Strong support for KERs (MIE-KEL
or KE2 and KE1-A0)

B Moderate support for KER [KE2-
AD)

E Strong support for essentiality of
KEs

B Quantitative prediction
potentially possible based onthe
Indirect KERs KEZ-AD, MIE-A0

B Exposure-Activity ratio
calculationstofacilitate risk
assessment

Bl 5A (MIE) — AUC allows a Dose-_
responseto be examined -
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ANNEX 10 PRESENTATION CASE STUDY 4: AROMATASE INHIBITION LEADING TO
REPRODUCTIVE DYSFUNCTION (IN FISH). A QUANTITATIVE AOP CASE STUDY

SEPA TS

B

Aromatase inhibition leading to
reproductive dysfunction (in fish)

A quantitative AOP case study

Rory B. Conolly!, Karen H. Watanabe?, Wan-Yun Cheng?, Edward J.
Perkins?, Michael Mayo?, David H. Miller?, Daniel L. Villeneuve*
*US EPA, Integrated Systems Toxicology Division, Research Triangle Park, NC, USA
?Oregon Health and Science Univ, Institute of Envirenmental Health, Portland, OR, USA

*US Army Engineer Ressarch and Development Center, Vicksburg, MS, USA
*US EPA Mid-Continent Ecology Division, Duluth, MN, USA

* The contents of this presantation neither constitute nog necessarily, refiect US EPA views or policies

Outline

Background and purpose for AOP
development

Formal AOP description and weight of
evidence evaluation

* A prototype quantitative AOP (Q-AOP)
* Considerations for Q-AOP development
Q-AOP application(s)
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wEPA . Background

*CurrentUS EPA, EDSP, Tier 1, includes afish shortterm (21d) reproduction assay
(OECD 229; OCSPP 890.1350)

*Screenfor (anti)estrogens, (anti)androgens, steroidogenesisinhibitors
*Three weekin vivo reproduction assay + 2 week acclimation (typically)

* Improving efficiency, reducing cost, and animal use would be desirable

Diomarkers

wEPA . Background

*Identify alternatives to EDSP Tier 1fishshortterm
reproduction assay (OECD 229)

*Support the use of highthroughput invitroasan
alternative to FSTRA.

Overview of Fish Reproduction
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Putative AOP Development

Experimentallys upported
Entered into AOP-KB

Under development

Rejected

SEPA

*Distinct MIEs, but shared KEs and KERs
*Form an AOP Network

* Case study will focus on highlighted AOP

- * Due to shared KERs—much of Q-AOP may apply
tothe other AOPsaswell.
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- ; Formal AOP Description & Weight of
"EPA Evidence Evaluation
o = - — :
Q ORB-Y 12 e T R S PGS
Aopkb.org _—— |
Users’
handbook
suppiement to
QECD guidance
document for
developing and
assessng AOPs| e

Formal AOP Development —Key Events

Section 5- Summary of the AOP & Key Event Descriptions

*AOP consists of 8 KE, 7 KER

Reduced E2, Vig
synthesis

Arometase
inhibits

a
38 . & .
“

*Each key event is observable
*We can describe its normal role in biological context
*We can describe how it can be measured directly or indirectly
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Formal AOP Development-Key Events

.
Taxonomic Relevance

Gramioss
Reduced £2

Aromatase first appears in common
ancestor to amphioxus and &
Vertebrates (Baker 2011)- -, u};:..«:m..::nwd.&lnnum‘ -

MIE — likely applicable to most
vertebrates

Vitellogenesis-related key events
likely applicable to oviparous

O o<

vertebrates
L)
Baxar ME. 2011 Molec Ceill. Endocrinol. 334:14-20
e ) ) - - - ngw
wEPA Biological Plausibility
KER 1 Szwon | KER2
Chatesteral | symnesis £ 3
OYP11A ‘
cvpiz cYPL7
{nyaroxylaze) (iyoze)

Prege 17a-OH-Pregs DHEA
sﬁusn\ IFHED l 3FH50
a7 ovrs?
(dyaz=) ) N

*[KER1]: Aromatase is rate-limiting |,
for 17B-estradiol synthesis

*[KER2]:Ovary (granulosa) is the
primary site of systemic E2
synthesis.

118



ENV/IM/MONO(2015)22

ERE-Vtg

*[KER3]: 17B-estradiol regulates vitellogenin (Vtg) synthesis
*[KER4]: Vtg synthesized in the liver enters circulation
*[KERS]: Vtg critical egg yolk precursor
* accounts for up to 95% of egg mass/volume
*[KER6]: Mature oocytes required for ovulation to occur
*[KER7]: Reproduction required for stable/increasing pop. trajectory

Consistent set of KEs have been observed with other cyp1S inhibitors and in other
species:

Prochloraz, fathead minnow: Toxicol. Sci. 2005. 86: 300-308

Letrozole, Japanese medaka: Compar. Biochem. Physiol. Pt. C, 2007, 145: 533-541
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< EPA Empirical Support — Temporal Concordance

-

Ex vivo B2 (ngfml)

£
g -
12 Hour 24 Hourey E
e \lt
~ : o
E E:
E ~ glt
e £
] e
E .
6h 12h 24h s
: : : » PRO {200 pg/L)

Skoiness et G). 2011 Aquat. Towicol. 103:370-478

= Empirical Support ~ Tempora.l C.oncordanee
\",EPA & Essentiality
*Tempeoraiconcordance mantained acrossdirect
Grawioze O Coneat effects, compensation, and recovery

*KE4 — declining through d4

]
b ]
2 syrtrasic WD D
ﬁ‘i |—— . “ *KE1 — declining through d1 thencompensating
_i; 0 *KE2 — declining throughd2 thencompensating
1
3
y *Post-exposurerecovery in sametemporal order
4

1R

< 8=
Hed 3f
25, 23
s ) !‘;
i iz
& ae

e
"o
-
-
o«
=
"
=4
S

Day Day

Vilenouve of ol 2003 Snwimn. Heolth Fersoect. 117524631

120



ENV/IM/MONO(2015)22

wEPA Qualitative Confidence in AOP

Anomatass, Inhibition Directhy Lesds to

1 Tiyerta-mctradiol syrtesis by
orarian prarubkoss oslks, Reduction
Elzzma IFDete-astradiol "
5 3 Dirscthy Lasds to
oomosrbrartices, Beduction
Trarscription and transistion of 5
witelkoereniin in Iinsr, Raduction =z 2

Plsms wibeliomenin conosrtrations, | .
5 Duracthy Lesds to
Reduction

Vb lhopmenin uorbais ivbo ard
Doorte mrowtn /deceiement, Directiy Lesds to
Reduction

‘Durmpilatine Ssoundity snd spswnine, |
- Diirsctly Lssds to
Reduction

- 2 Weignt of
Evidence
1Tnetarestradiol syrbhesis by owarian .
Eraruboss aslls, Reduction 2
Pluoma 1 Theta-schradiol conosrtrations -
Rcuction e

: 2 = ..s.tm

Pluoma witeliomenin oonommtrations, Reduction Strone

Witbelioememniin uptaios ibo oocybes and cocyte

Eroatny'derelopment, Beduction ocerts

‘Cumrilative Secundity and sozaming, Reduction hoderate

Population trajsctory, Decresss Maodsrats

Overall, based on plausibility, essentiality, and empirical support wehave strong
confidencein thequaliative relationships depicted inthe AQFE

wEPA Qualitative Confidence in AOP

»Structural alerts and in vitro measures indicative of aromatase inhibition provide
strongevidence of potential hazard as a reproductive toxicant(in fish).
*Viable alternatives to FSTRA asaTier 1screen

*We have strong scientific confidence that in vivo observation of sustained
reductions in ovarian aromatase activity, circulating EZ, and circulating VTG are
indicative of probably reproductive hazard (infish).

*5uitable as confirmatory endpoints that account for ADME

* ADP cansupport the development of a tiered or sequential testing strategy for

aromatase inhibitors:
*Invitroscreening

*Short-term invivo(e.g., 22h) —focused on KE 1-5
*Long-term invivo (FSTRA) — focused on KE 1-7
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SEPA |

Quantitative Understanding

Can invivo measures of KE 1-5 be used to predict probability or severity
of AO (KE 7, 8)

Can the dose-response time-course behaviors of KE 1-5 be predicted in a

manner that informs the design of confirmatory short-term in vivo tests?

Can in silico structural alerts or in vitro surrogate measures of KE 1,2.4 be

used to predict the probability or severity of the AO (KE 7, 8)?

Computational Model
Breenetal. 2013
Cheng et al. (in deveicpment)

Mayo et al. (in gevelopment)®
Lietal.2011

Miller and Ankiey 2004
Miller et al. 2007

Input KE(s)
Aromatase inhibition
Aromatase inhibition
Aromatase inhibition
PlasmaViG

Cumulative fecundity
PlasmaViG

Output KE(s) Type!
Circulating E2 BB
CirculatingE2and VIG BB
CirculatingE2and VIG BB

Cumulativefecundity S/C
and spawning
Populationtrajectory BB

Population trajectory BB/S/C

*employs a different model construct thanCheng/Breen
* BB = biologicaly-based (mechanigic); $/C = statigtical /correlation-based
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*Breenetal ;Chenget. al.; Mayo et al.
* Developing computational modekthat account for

compensation/feedback.
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Quantitative Understanding:
Computational modeling of the HPG axis

TR
o | @ Meamnedti gt

Breen @t ol. 2053 Ropicel. 5C. 133: 234237

Linkage of HPG axis to vitellogenin synthesis in
the liver

M. Mayoetal, [in plipmtbn]

1

= Androgen receptor signaling initiatestranscription,

translation, and phosphorylation events

= Varying Fadrozole exposures cause varying plasmaE2

response

123

i Liver compartment (vitellogenesis)

== TakesplasmaE2 input and models:
o ERbinding E2

= ER complex homodimerization

o ER complextransactivationof

vitellogenin
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Qocyte Growth Dynamics Conceptual Model
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TR e - .+ Dynamics Model -
- : Predicts Fecundity
LARY based on VTG levels
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i . ! i -
! ] o) ; G == | o
_' ll..:i" _;- 3.
Prediction of normal Effects of fadrozole
fecundity vs Lab (mean) on fecundity vs lab
results at 21-days results

Linking aromatase inhibition to fecundity
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The entire QAOP — aromatase inhibition
linked to population dynamics

Metabolism CESSpEEmsmssorscoroonsRed
— : e ] ==
Lem s el recezese ol PEEST | — <
L ~hibidce etyrs) +ageciam | 7 iy hesriarod = ¢ waiee [P SR
®aleazclc P 2 3T an prelocien :_‘;e:d-:g-m-r:: 3 3zeweing neisy
= VTG/fecundity correlation
B (e b v
- ] = | Oy G Dy —————
- —— | - o
] L=
— = - 2 — !‘
= 2 i \
Vig Oocyte development, Population
production °v“|at'°'j' and sustainability
spawning
\ ) L R S
i ~Pre

By .
R T e E A roe
= AT sy ~ -
. — "~ o . »
. w0 . - Pore P
— Il . .

Orzan/tissue ievel™ Animal ievel Animal level

QAOP predictions: Population sustainability at
different levels of fadrozole

Mayo et al. HPG axis model -> Modified Breen etal. model->
OGDM -> Leslie matrix model OGDM -> Leslie matrix model
Population Suw [Propartion of Carrying Capacity] V. Time Population Se [Progortion of Carmyng Capaciny) V. Time

e e ]
P a Prprras o ( oy (st
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QAOQP and key event relationships

Dose-response & time course data

N

Plasma E2 Plasma VTG

Binary and higher-order mixtures of
aromatase inhibitors

* Use “Toxicity Equivalent” approach with data from the
EPA’'s ToxCast® database.

* Specify the potency of other aromatase inhibitors relative
to fadrozole.
— chemical X is 50% as potent as fadrozole
— Y molarX+ Y molar fadrozole = 1.5*Y molarfadrozole
— Assumes the individualdose-response curves are parallel.

* Computational modeling and lab work in progress!
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Return on the investment

* A fully developed QAOP is powerful predictive
tool.
— Input exposure scenario of interest
— Qutput prediction of change in adverse outcome

* But dataneedsarelarge
— Expensive and time consuming
* Mature QAOP could serve as an “in silico”
description of in vivo biology to aid in design of in
vitro tests and interpretation of in vitro data
— IVIVE

Confidence in the QAOP

* Evaluation of confidence in predictions provided by the
QAOP will be a critical step.

— Handbook contributing to consistency in considerations

* Regulatory decision-makers are likely to use the decision-
support tools that are most reliable, least uncertain.

— Degree of confidence application-dependent

* Need to plan for evaluation of not only of confidence in the
QAQP, but of the confidence in the QAOP relative to that for
the decision-support tools used in the absence of the QAQP.
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Research Needs for Development of gAOPs

Computational modeling

* Experimentalstudiesneeded to establish better
links between existing mechanistic/
computationalmodels at different levels of
biological organization

* Determine the feasibility of developing a single
computationalmodel to represent a gAOP (from
MIE to AO) versus linking existing models

* Development of a seamless modeling framework
to facilitate implementation of gAOPs inrisk
assessment
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ANNEX 11 PRESENTATION OUTCOMES FROM THE SOMMA LOMBARDO WORKSHOP:
ADVANCING ADVERSE OUTCOME PATHWAYS FOR INTEGRATED TOXICOLOGY AND
REGULATORY APPLICATIONS

Outcomes from the Somma Lombardo
Workshop: Advancing Adverse Outcome
Pathways for Integrated Toxicology and

Regulatory Applications

Ed Perkins, US Army Corps Engineers
Chair: Natalia Garcia-Reyero, Mississippi State University

Organizers: Rick Becker’, Natalia Garcia-Reyero?, Ksenia Groh3,
Marlies Halder?, Sean Kennedy?, Teresa Lettieri, Edward ]
Perkins*, Knut Erik Tollefsen®, Bart Van der Burg?, Dan Villeneuve®,
Maurice Whelan#

US Army Corps Engineers Engineer Research and Development Center, Vicksburg,
MS, USA: 1 Amernican Chemical Society, USA: = Mississipp: State University, USA;
EAWAG, Switzerland; 4 Joint Research Center. Italy; 5 Environment Canada, Canada;
6 NIVA, Norway;7 BioDefection Systems, The Netherlands;

8 Environmental Protection Agency, USA

/,_..;;; R

: Purpose of the Workshop

Provide feedback, consensus opinion, and
recommendations concerning the practical
implementation of AOPs and the AOP Work
Process to both the OECD and to scientists and
regulators.

With the goal of....

Advancing AOPs for Integrated Toxicology and
Requlatory Applications
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g e —
= OECD B4
OECD
Extended Advisory Group on Molecular Screening and
Toxicogenomics

WORKPLAN FOR DEVELOPMENT,ASSESSMENT, AND
USE OF ADVERSE OUTCOME PATHWAYS (AOPs)

*Inform Test Guidelines development

*Permit development of Integrated Approaches to
Testing and Assessment (hypothesis-driven testing)

*Support the use of the QSAR for grouping chemicals

seeetOver. 50 participants from 11 different countrles_ gy »
e “Industry, academia, gover_nmentvnon-proﬁi e T
el leferent perspecﬁvesld(sclplmes wmking‘ :

a4 X Human health & Eco: Together *
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Adverse Outcome Pathway :
-~ Whatis itgood for?

Molecular S
S < ol Cellular Organ Individ Population
Chemical mg:;ng I25pOnse Tesponse effect effect

\ T 2P
Molecular initiating event Key exient(s) Adverse outcome

( 1 |
1 f 1

Overview of OECD Work Processfor

developing AOPs

|4
(i

1. Proposal by stakeholder to
develop AOP

2. Development of an AOP in
the AOP-KB

3. Review by OECD expert
Groups

4. Approval by Sub-bodies of
the JM declassification and
publication

Courtesy of Anne Gourmelon, OECD
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~Alignment ‘UfWOfkgroupchargféy
with OECD work process

1. Proposal by stakeholder to develop WG1: Priorities for AOP
AOP - development

2. Development of an AOP in the WG2: Strategic approaches
AOP-KB to AOP development

3. Review by OECD expert Groups WG3: WOE evaluation of an

= AOP

4. Approval by Sub-bodies of the JM

declassification and publication. ™% WG4: Review and “acceptance”
for regulatory application

5. Practical application in Testing and

assessment m  WGS5: Application to IATA -
hypothesis driven testing

development in"
_—/ -
Ecotoxicology

Obijectives
Identify priority areas for AOP development in ecotoxicology

Background:

* Anumber of sublethal effects on organisms have high
significance for potential population-level effects but are not
efficiently characterized using current testing guidelines and
strategies.

* E.g., effects on behavior, growth, immune function, etc.

Case studies
Growth impairment as an outcome of chronic toxicity in fish
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WG1: Priorities for AOF
_developmentin

Ecotoxicology

Why focus on growth? )
% of total testanimals needed (REACH)

10.00% 20.00% W00% 000% 0.00% 80.00%

,gwwm' regulatlon in fish e

*E_g., role of growth hormone JE= {E’:
axis T =

*Nutrition
*Balancing energy allocation:
survival, growth, reprod.

*Used conceptual model to identify
relevant key events to use as a
nucleus for AOP development.

*Prioritize research needs tofil ===
gaps in AOPs related to the case il = I
study. 5 ——

Groh et af 2014. Development and application of the advarse outcoms pethwsy framework for undsrstanding and
pragicting chronic toxicity: L ChaBisngss and resaarch neads In ecotoxicology Chemosphers. In press.
Groh et al 2014. Deveiopment and appiication of the adverse outcoms pathway framework for understanding snd
predgicting chronic toxicity: & A focus on growth impairment in fish. Chemosphers. in press.
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‘WG?2: Strategic approaches to
AOP development

AOP development involves identifying:
-relevant molecular initiating event(s)
~key events
-adverse outcome(s)
-establishing the biological plausibility and evidence that define and
support the predictive relationships between those events.

OECD guidance on developing and assessing adverse outcome pathways
defines the type of information that should be included in an AOP
description.

Challenge: common questions and challenges encountered by new AOP
developers and practical strategies and best practices have been lacking.

WG2: Strategic appmacM'Ofdevelopment

__/’/

Core Principles of AOP Development

1. AOPs are not chemical-specific
2. AOPs are modular
» Key Events — functional unit of observation —nodes
» Key Event Relationships —functional unit of
inference/extrapolation — edges
3. AOPs (linear) are a pragmatic functional unit of development
and evaluation.
 For a theoretical “pure ligand” they are a functional unit of
prediction
4_For most real-world scenarios, AOP networks are the
functional unit of prediction.
5. AOPs are living documents

Villenze et 3l Aderse Outoome Pamway (AOP) Development 1 Strategies and Principles. ToxScl in press

hotece e a8 od Bdhmiee Mfeeee Fmeei. SAMSN Fle deaeead S PPenh e ebieee Teied de —eee
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_“./_‘--—- e — —m—
In Practice, AOPs are Networks ?—‘.
Pt

[ "1 1

n\—ut

S & > 4 l

o 3] . e - - -
3]
N e . T (xp13)
@ VAN g (vem oot iy \_
Ky Nt (K11 hard by Gy [vm Mt HER
. ACH Wares by mutice AR

AOPs share Key Events ———— - AOP networks

Vileneoe et 3l (sunmimad) Aderse Outcome Paway  (AOCP) Dawelooment I Best Practices

WG3: Wef?ht'ofewden' ce evaluation
of the quality of an AOP

Challenge: Data populating AOPs can be relied upon to
different extents. Consistent use of a standardised approach to
Evaluation the Evidence is key to successful use of AOF.

Objectives: Assess the suitability of (modified) Bradford Hill
considerations for WoE evaluations related to AOP

development and provide guidance/documentation to use in
regulatory applications.

Case studies: Endocrine disruption (Estrogen/Androgen),
Sustained AhR activation leading to toxicity...and more.

Becker et al. Increasing Scientific Confidence in AOPs: Application of Tailored
Bradford Hill Considerations for Evaluating VWeight of Evidence. In preparation.
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WG3: Weight of evidence evaluation™

- —Modified Bradford Hill considerations

Incorporated into AOP developers Users Handbook
( covered in Betty Meek talk on Monday)

Modified BH Considerations
Key Event Relationship Ranked in order of
Descriptions perceived importance
Key - Key ‘ Biological Concordance WO E
event |>vent ;
: S ol Essentiality of Key events Evaluation
*Plausibility
*Evidence Concordance of Empirical
*Quantitative Observations
understanding
*Inconsistencies iy
Analogy

weak, moderate, strong

~ -

~ WG3:Weight of evidence evaluation
(e P ke, Fo{KE,, F{ ke, F>{ a0 )

WoE evaluation (BH-criteria)

[ Mecharte Buin |w]

(__Socmeormnce | Ow]

[ Deogyoe of Unowr standeg Iw]
[ Eiperiments Evdence IV’] @
(ot ace v | o)

&

. )

[ owessimen (e W) () wy
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- WG4: Using AOPs for

regulatory applications

Challenges: AOPs offer a scientifically-credible foundation for
hazard assessment and regulatory decision-making, but a
roadmap/guide for practical use has not been established.

Objectives: develop a conceptual approach to weight AOP data
to quantify and reduce uncertainty of different levels of the

AOF.

Case studies: Reproductive toxicity via aromatase inhibition,
SKin sensitization, hepatocellular proliferation leading to
cancer, mitochondrial fatty acid beta-oxidation inhibition leading
to steatosis, membrane disruption (Narcosis) leading to
respiratory failure

AOPs and Regulatory use

AOP Continuum Examples

Correlative/qualitative [3] Membrane disfuption
" ?ﬁwo emsmm = ?e;?ﬁm o MEAE {Narcosis) leading to
- simple statitical oorrelztons WA ! respiratory failure
| plzusioliny Detween : :
ffgéf ?;gb:oiu " i B Mﬂochorydn;l Fatry Acid
) VAP % Beta-Oxidation Inhibition
& Qualitative 2 2] Leading to Steatosis
= * 50m2 mechanistic understanaing of z »-?,
E' linkages between MIEKE a1 AQ - Y ; Hepa!ooenular
g * s0me esdence for c3usal linkages g E profifaration lzading to
E- Semi-quanfitative ; cancar
e - some q.mxavfm ungerstEnang E g’
= fXICOKNEtss. meszooilsm % : Covalent binding to
= R0 'E proteins jeading to
£ | Quantitative }_3 i Skin sensitization
= . Drecisthe causal-Ike QuITRENE % &
r: models -2 E P
a8 - Dose retationsnips :
z - Some undersanding of Interecting &g :
g oz g Aromatase inhibition
Predictive system - : E re‘:a’tgd‘“fct‘:e
- Quamthate understanding of = : ucavE.
relstionships of INMErsectng pITINEYS 8’ - ._° dysfunction (in fish)
« Inoreszed cenaky of IKeihood of 3 g
pEmeUlET AQVE S0ME OIEr OUcame :

Parkins et 3l 2014, Using Adverss Outcome Pathways for Regulatory Applications
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Three differenttypes of g AQRs—"""

Scoring/ Weight of Evidence Quantitative Approach
+ Elements are weighted value based on expert opinion and
well-documented criteria.

Probabilistic Quantitative Approach
« Statistical relationships exist that permit extrapolation between
MI or KE and the AO

A Mechanistic Quantitative Approach
+ Mathematical models of MIE, KE and KER are used to
quantitatively predict AO in a dose-responsive manner

sﬁ)ﬁngl Welght of Evidence Seml-Quantltatlve Approach

Receptor Molleev%li'ar CFelluliar Tllevel Cfégg[\ In w»dPaI
ACP
MIE KE 1 KE 2 KE 3 KE 4
[VE Jemp KE T fKE 2] JKE S RE a] (0]
=T T T T Undred KER

AOP with

[MIE Jmsdp{KE 1|?>|KE 2} {KE 3pmp(KE 4] Ao] weighted KER

Evidence for
[ MIE |—>|KE 1|—’|KE 2I—->|KE 3'——>|_|—)m chemical X
causing or

(RS ST TTTETT initiating AOP

Based on Criteria established in modified bradford hill based
weighting in AOP users handbook

hitps:#/aopkb.org/common/AOP_Handbook. pdf
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W k of AOPs Ieadlng t0 RO AICONENC Iver steatosis

P27 - D
free FA Ad;pose 28
| uptake

"~

Aowerse Outcoms Patwiay (ACP) network $or non aioonolic Iver steatosts.  Edgnt difierent ACPs are Riated by
molecular MREMNG vents (MIE, hei3gon boves) $e30ing to the aderse outcome Steatosis. The prodsdiiRy (o) that one
auent leads 10 anomer ks represented by 3n arrow. The Prodaniiy an event will ineriere with of Nk anoer event I

Mwawmwmmmr;mmmmuhmsm o M2 ot
pronanify distrivution 3070ss I3t AOP. Possile Crosstak Detwesn difierent AOPs are revealed I b2 NENNOTK The efiect
of complex mbaures could e 3ssessed by eaminihg mmmmmmmm ghen e

210k o3 Nead » name acroyms Still

Y.
Sl
—

Reduced Vtg Egg production Population

production trajsciory
J
~Pwe -
-:""’ﬁ o~ o mEE
.. ‘ L - - h’
orgm!!ssoe e Animal tevel Popuiztion leel
HTP Assays In vitro assays FSTRA
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support In tegzated Approaches
“to Testing and Assessment
(IATA)

Challenges: AOPs offer conceptual approaches to the
assembly and integration of data into knowledgebases, but

are not, in and of themselves, sufficient for regulatory
decission-making.

Objectives: Develop strategies for how AOPs may
inform/assist practical applications for potential regulatory use.

Case studies: Skin sensitisation, Endocrine disruption (EAT),
AChE inhibition leading to Lethality.

— T
~ AOPs - source bedevelopmg#(ﬂs/

Toxicological |— i :
phcnov:gcm AOP —__ IATA | End uses |
Screening
Prioritisation
Classification
& Labelling
Testing «— Exposure Hazard and
s?m?e.g«es Assessment Risk

Assessment

¢.g. reed-goross,
ITS,
STS
Davelcoment of new test methods

Tollefsen- et al 2014. Applying Adverse Outcome Pathways (AOPs) to support Integrated
Approaches to Testing and Assessment (lATA)
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,Jnformed‘IATA to suppdrt regUldt.o'fy

decisions.
What existing r\ {Dmn AOP that is applicable

data and type is IATA Framework to the regulatory application of

available?
e.8. QSARS, Read-across, ITs | Interest?

Is data input adequate to
make regulatory

decision?
Additional Data, /\
Method Needs R

egulatory Applications
* Screening
* Prioritization
A + Classification & Labeling
"\SUfﬁCient Conﬁdeﬂce - Haza'd Assessment
What AOP-1ATA tools/assays * Risk Assessment
can be applied or need to be
developed to generate data
to make the decision? Regulatory
cisions
mamzoummmmvmﬁ ) %0 suppont

Covalent modification M°-—°“T‘-‘99“ MHC$ presented by DCs Allergic contact
of collular peoteins Activation & peolferation dermatitis
Keratinocytes of T calis on challenge

4 Inflammatory cytokines

Example:

Bayesian

integrated
testing

strategy

Figure 2. The structure of the Integrated Testing Strategy (ITS)-2. Each
arc is annotated by mutual information (MI) (%) between the child node
and the parent node, Open nodes denote manifest variables, gray nodes
denote latent variables, and the black node is the target variable, “Hioerar o aoee
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t binding to proteins leading to Skin Sensitization
-~ AOP bfoleglcau:gntext for IATA
- Dendritic colis
4 Inflammatory cytolines)
e and surface mobecules Lymph node Individual
ICovalent modification Mobiiza MHCs presented by DCs Allergic contact
of collular proteins Activation & peolferation dermatitis
L Keratinocyte of T calis on challenge
A Inflammatory cytdnes - T
Q/Clio plotective pafhways :—-.u.:::.m .
1 ‘m. - e
I .‘ ’ { e | [=TNL
’ .m | ™S 50« s
™ ™ q- syt v [iaem
, Acvesatn FL) wchve DCeWEten P E DOAswe

Example: s So% 6% D S paves
Bayesian Bioavailgaflity
inteygrated e e a2 ooy B

testing e .

3% || 2% 2 % %
strategy AUCI20
DFRACYys CD86 DPRAL

Figure 2. The structure of the Integrated Testing Strategy (ITS)-2. Each
arc is annotated by mutual information (MI) (%) between the child node

and the parent node, Open nodes denote manifest variables, gray nodes [

denote latent variables, and the black node is the target variable. ~zrcos s 014

The initial principles proposed are framed by a clear identification
of the regulatory requirement as well as the applicability domain
of the IATA itself:

* define the endpoint of regulatory concern being assessed;
+ define the purpose/application for which the IATA is proposed;

_ Principles for AOP-IATAs

+ describe the rationale, including mechanistic basis (e.g. AOP),
according to which the IATA is constructed;

= describe the individual information sources constituting the
IATA;

Ll

* characterize the predictive performance and applicability
domain of the IATA, or IATA subcomponent(s) that can be
expressed as a prediction model(s).
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ddressed key questions and challenges for practical application and
implementation of the OECD work process.
<* AOPs and elements of AOPS can be quantified
<+ New guidance produced for how to develop AOPs and hjow they
could be used.
<+ Set the stage for additional issues to explore in future AOP workshops

«* Products:
<+ Report highlighting major outcomes presented to OECD (May 2014)
< AOP WoE tables adapted and incorporated into the OECD AQOP Users
Guidance (AOPKB.org)
<+ 9 manuscripts providing detailed conclusions and case studies
(5 already published).

https://aopkb.org/saop/workshops/somma.htmli

“Advancing Adverse Outwmc
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* Natalia Garcia-Reyero (MSU, USA)
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* Ksenia Groh (EAWAG, Switzerland)

* MarliesHalder (JRC,EC)

* SeanKennedy (Env. Canada, Canda)

* TeresaLettieri (JRC,EC)

* Edward J. Perkins (ERDC, USA)
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ANNEX 12 PRESENTATION OUTCOMES FROM THE WORKSHOP ON THE ADVERSE
OUTCOME PATHWAYS: FROM RESEARCH TO REGULATION

Scientific Workshop

Adverse Outcome Pathways:
From Research to Regulation

September 3-5, 2014

William H. Natcher Conference Center
National Institutes of Health
Bethesda, Maryland, USA

Workshop Summary
Michelle Embry {ILSI HESI)
OECD IATA Workshop
18 November 2014

SOT | &8e M=t RMEE MR

by A by B e o Ty —

AOP workshop was co-
sponsored by:
NICEATM & PCRM
~120in-person

>350 webcast
+ Attendees/Speakers: * Format:
* Researchscientists * Symposium tatks
* Regulatory decisicn-makers * Discussicnforums
* Industrystakeholders * Postersessions
* Nonprofit groups * Juniorinvestigator awards
* Test method developers * Hands-ondemonstrations
* Computational modelers * AOP Wiki/Effectopedia
* Epidemiologists * Rotating breakout groups

* (Cazestudy presentations
* Charge questions

* Informaticians
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Workshop Steering
Team

Nicole Kleinstreuer (NIEHS)
Kristie Sullivan (PCRM)
Warren Casey (NIEHS)

Craig Rowlands (Dow
Chemical)

* Joanna Matheson (CPSC)
Elizabeth Maull (NIEHS)

* Sharon Munn (ECJRC)

George Daston (Procter & Stephen Edwards (USEPA)

Gamble) * Michelle Embry (ILSI HESI)

Donna Mendrick (USFDA)

Scientific Workshop

T

Workshop Topics

Workshop sessions:

* Building Upon Other
Efforts

* AOPs Under Development

* Case Studies: Regulatory
Uses for Well-ldentified
AOPs

* The Risk Context

* Breakout group topics

* The Process of Regulatory
Acceptance

* Using AOPs for Regulatory
Decisions: Confidence and
Criteria

* Taking Qualitative AOPs to
the Next (Quantitative) Level
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Breakout Groups
Conclusions:

* Need to incorporate variability and uncertainty around
exposure, species differences, kinetics, dynamics, and
quantification of AOPs

* Develop systematic, transparent frameworks for creating
confidence in AOPs across all stakeholders, based on the
application (prioritization, risk assessment, test method
alternatives, etc.)

* QOECD offers a path for international cooperation in the
development, evaluation, and application of AOPs, supported by
tools such as the Wiki Knowledge Base and Effectopedia

Breakout Group
Conclusions:
(cont’d)

* Weight of evidence approaches using the Bradford-Hill criteria
and reproducibility analyses, combined with databases of
validated assays, decision strategies (including assumptions and
applicability domains) and AOP networks, will allow fit-for-
purpose AOP validation

* Some priority pathways were identified based on public health
concerns (e.g. cardiovascular, respiratory sensitization, diabetes,
developmental toxicity)
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Key Messages:
People, Process,
Priorities,
Partnering

Key Messages:
People

* Engage a broader community
* Expand education and outreach

* Integrate disciplines beyond toxicology (e.g.,
medical, IT)

* Help biologists become more computational

* Ensure that communication/momentum
maintained
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Scientific Workshop

Adverse Outcome Pai

Key Messages:
Process

* Needs to be systematic/transparent
* Many aren’t aware of how to engage in the OECD

process
* Distinguish development of AOPs from application of
AOPs

* AOPs are useful even if they are not complete, but
should be applied with caution

* Establish whatis the minimum info (qualitative vs.
guantitative) needed to develop a confidence
framework

Scientific Workshop

Adverse Outcome Pai

Key Messages:
Priorities

* Determine priority AOPs to move forward, focus
efforts on those first

* Facilitate communication between groups (NICEATM
AOP listserve established)
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Key Messages:
Partnering

Determine how best to leverage resources to build
AOPs and facilitate regulatory use

Need to ensure that industry is engaged

How sustainable is the current mechanism for
getting AOPs done? (currently constructed based on
“volunteer” efforts)

Could establish working groups that could develop
AOPs rather than the ad hoc mechanism as currently

done.

Next Steps /
Follow-up

* Manuscript in preparation; will be reviewed
by workshop steering team

« NIH AOP Listserv Established:

* https://list.nih.gov/cgi-
bin/wa.exe?SUBED1=A0P&X=0C98C98B03C7F721C4
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ANNEX 13

PARTICIPANTS LIST FOR WORKSHOP ON A FRAMEWORK FOR THE DEVELOPMENT
AND USE OF INTEGRATED APPROACHES TO TESTING AND ASSESSMENT

Canada Dr. Tara S. BARTON-MACLAREN
Manager, Hazard Methodology Division
Existing Substances Risk Assessment Bureau
Health Canada

* Chair Ms. Kathy HUGHES Chief, Hazard Methodology Division
Research Manager, Hazard Identification
Environment Nutrition and health Science Directorate
Health Canada

* Rapporteur Dr. Bette MEEK
Associate Director, Chemical Risk Assessment
University of Ottawa
McLaughlin Centre for Risk Science

Denmark/Danemark Ms. Marie Louise HOLMER
Danish Environmental Protection Agency, Chemicals
Division
Danish Environmental Protection Agency

Dr. Susanne HOUGAARD - BENNEKOU
Ph.D. Toxicologist

Pesticides and Genetechnology

Ministry of the Environment (MIM)

Mr. Magnus LOFSTEDT
Ecotoxicologist
Danish Ministry of the Environment

France Ms. Sandrine ANDRES
Responsable de I'Unité
Direction des risques chroniques - unité ETES

Institut National de l'Environnement Industriel et des
Risques (INERIS)

Professor Barbara DEMENEIX
Directeur CNRS UMR 7221/MNHN USM 501

Lab Evolution des Régulations Endocriniennes
National Museum of Natural History

Germany/Allemagne Dr. Matthias HERZLER

Department Chemicals Safety, Unit Toxicology of
Chemicals
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Federal Institute for Risk Assessment (BfR)

Professor Gerrit SCHUURMANN
Department of Ecological Chemistry
UFZ Centre for Environmental Research

Mr. Gerd MAACK
Section IV 2.2
Federal Environmental Agency

Japan/Japon Dr. Takashi YAMADA
Safety Assessment Division, Chemical Management Center
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