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36Systematic consideration of scientific support is a critical element in developing and, ultimately, using
37adverse outcome pathways (AOPs) for various regulatory applications. Though weight of evidence
38(WoE) analysis has been proposed as a basis for assessment of the maturity and level of confidence in
39an AOP, methodologies and tools are still being formalized. The Organization for Economic Co-operation
40and Development (OECD) Users’ Handbook Supplement to the Guidance Document for Developing and
41Assessing AOPs (OECD 2014a; hereafter referred to as the OECD AOP Handbook) provides tailored
42Bradford-Hill (BH) considerations for systematic assessment of confidence in a given AOP. These con-
43siderations include (1) biological plausibility and (2) empirical support (dose-response, temporality,
44and incidence) for Key Event Relationships (KERs), and (3) essentiality of key events (KEs). Here, we test
45the application of these tailored BH considerations and the guidance outlined in the OECD AOP Handbook
46using a number of case examples to increase experience in more transparently documenting rationales
47for assigned levels of confidence to KEs and KERs, and to promote consistency in evaluation within
48and across AOPs. The major lessons learned from experience are documented, and taken together with
49the case examples, should contribute to better common understanding of the nature and form of docu-
50mentation required to increase confidence in the application of AOPs for specific uses. Based on the tai-
51lored BH considerations and defining questions, a prototype quantitative model for assessing the WoE of
52an AOP using tools of multi-criteria decision analysis (MCDA) is described. The applicability of the
53approach is also demonstrated using the case example aromatase inhibition leading to reproductive dys-
54function in fish. Following the acquisition of additional experience in the development and assessment of
55AOPs, further refinement of parameterization of the model through expert elicitation is recommended.
56Overall, the application of quantitative WoE approaches hold promise to enhance the rigor, transparency
57and reproducibility for AOP WoE determinations and may play an important role in delineating areas
58where research would have the greatest impact on improving the overall confidence in the AOP.
59� 2015 The Author. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
60(http://creativecommons.org/licenses/by-nc-nd/4.0/).
61
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63 1. Introduction

64 A large number of substances in commerce require risk evalua-
65 tion to protect human health and the environment. A key challenge
66 for the regulatory community is assessing the potential for risks of
67 substances with limited toxicity or toxicology data. Accordingly,
68 various regulatory mandates and related initiatives in Canada,
69 USA, the European Union and, more recently, the Asian Pacific
70 region (see, for example, Council of Labor Affairs, Taiwan, 2012;
71 Dellarco et al., 2010; European Commission, 2006; Hughes et al.,
72 2009; Lowell Center for Sustainable Production, 2012; Meek and
73 Armstrong, 2007, Mitchell et al., 2013) reflect the rapidly growing
74 need for more efficient methods and novel strategies to assess the
75 hazards and risks of a wide array of chemicals. Due to costs and
76 time involved, as well as the desire to reduce animal use in
77 response to ethical considerations, traditional resource-intensive
78 standard in vivo toxicology studies are not feasible for the reg-
79 ulatory testing of all chemicals requiring evaluation. Adverse out-
80 come pathways (AOPs) hold great promise as important tools to
81 enhance efficiencies and the future success of risk assessment in
82 the implementation of pathway- and mechanistic-based
83 approaches that are able to accommodate substances and groups
84 of substances with varying amounts and types of toxicological
85 information (e.g., OECD, 2014b; CCA, 2012; Ankley et al., 2010;
86 NRC, 2010; NRC, 2007). However, it is important to note that these
87 promising concepts and approaches supporting the application of
88 pathway-based data and predictive modeling in hazard character-
89 ization and risk assessment need further development, evaluation
90 and acceptance before being used routinely.
91 The generation and consideration of mechanistic data has the
92 potential to increase our understanding of the modes of action
93 (MoA) underlying the toxicity of various individual chemicals
94 and groups of chemicals. It is anticipated that MoA information
95 will lead to improved estimation of potential risk to human health
96 and the environment. Investigators continue to elucidate the
97 modes and mechanisms underlying toxicity-related adverse effects
98 by applying emerging and increasingly more sophisticated com-
99 putational, molecular and in vitro technologies. Such approaches

100 have the potential to be used qualitatively and/or quantitatively
101 in a predictive manner to identify potential toxicities in the
102 absence of definitive data on adverse effects. A major challenge
103 faced by both research and regulatory scientists is the integration
104 of data and information being generated from diverse sources at
105 many different levels of biological organization in a manner that
106 is transparent, informative and suitable for regulatory decision-
107 making.

108Conceptually, an AOP is similar to a MoA (OECD, 2013) with the
109MoA representing a chemical and species specific application of the
110more general AOP. The AOP construct (Fig. 1) portrays a MoA in a
111structured framework that organizes and links knowledge of Key
112Events (KEs; a change in biological state that is both measurable
113and essential to the progression of a defined biological
114perturbation) in a sequence that commences with the molecular
115initiating event (MIE; the initial point of chemical-biological
116interaction within the organism that starts the pathway) and
117proceeds through a series of higher order biological events,
118culminating with the in vivo adverse outcome (AO) of interest to
119risk assessment. The series of biological events, or KEs, are
120connected to one another via linkages defined as Key Event
121Relationships (KERs). An AOP that is anchored to both a MIE and
122an AO provides a consistent structure that facilitates effective
123application and integration of diverse information on MoAs for
124various hazard and risk assessment uses, and provides a tool for
125the identification of key uncertainties and research needs (Ankley
126et al., 2010; OECD, 2013). Villenueve et al. (2015a, 2015b) provide
127detailed discussion of definitions of MIEs, KEs and KERs as well as
128strategies, principles and best practices to use when developing
129AOPs, and refer to work reported here with respect to conduct of
130WoE evaluations; other products from the 2014 workshop
131‘‘Advancing AOPs for Integrated Toxicology and Regulatory
132Applications’’ can be found at https://aopkb.org/saop/work-
133shops/somma.html#manuscripts.
134Under the auspices of the Organisation for Economic
135Cooperation and Development (OECD), scientists across the world
136and from all sectors have an opportunity to develop AOPs which
137will be peer- reviewed and publically accessible through a wiki-
138based tool (AOP-Wiki; aopwiki.org). Using the wiki format, con-
139tributions to improving the science basis and range of applications
140of AOPs can be made by experts from all sectors and regions. When
141fully actualized, the AOP-Wiki will serve as a knowledge base of
142AOPs, KEs and KERs for a wide spectrum of toxicologically-relevant
143pathways. This organized and integrated information is envisioned
144to address or inform a number of analytical domains in the deci-
145sion-making process including: (1) efficient grouping of chemicals
146based on common pathways of toxicity and potential consideration
147of non-test methods, such as read-across and (quantitative) struc-
148ture-activity relationship ((Q)SAR) modeling or targeted testing to
149fill data needs; (2) identification of research priorities relevant to
150data gaps in regulatory test batteries; (3) providing a framework
151for priority setting; and, (4) hazard characterization and risk
152assessment that incorporate qualitative and quantitative
153determinations of human and/or ecological relevance and
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