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﻿Foreword

Foreword

OECD member countries have been making efforts to expand the 
use of alternative methods in assessing chemicals. The OECD has been 
developing guidance documents and tools for the use of alternative 
methods such as (Q)SAR, chemical categories and Adverse Outcome 
Pathways (AOPs) as a part of Integrated Approaches for Testing and 
Assessment (IATA). However, there is a need for a systematic framework 
to characterise the individual biological and toxicological relevance of 
alternative methods in assessing chemicals in predicting toxicological 
endpoints. This framework could also inform their potential use in 
combination with other tools and methods to benefit from an integrated 
approach by applying mechanistic knowledge and understanding.

This document outlines an approach for the use of the AOP concept in 
developing IATA. It builds upon the workshop held in 2014 on a framework 
for the development and use of IATA (ENV/JM/MONO(2015)22) and 
experience to date with the development of IATA.

This document was prepared by the Secretariat and was endorsed 
by the Task Force on Hazard Assessment and is published under the 
responsibility of the Joint Meeting of the Chemicals Committee and 
Working Party on Chemicals, Pesticides and Biotechnology.
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1. Introduction

Chapter 1 
 

Introduction

Current regulatory toxicity testing and assessment approaches 
remain to a large extent based on a checklist of in vivo tests, conducted 
in accordance with standardised test guidelines or protocols such as 
OECD Test Guidelines. While this approach has evolved over the past half 
century, it is unlikely to efficiently meet legislative mandates that require 
increased numbers of chemical assessments to be undertaken without a 
concomitant increase in the use of animals and resources. New approaches 
are necessary to close the gap between the number of chemicals in use 
and the number assessed to date. 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 
using in vitro techniques are available for skin/eye corrosion and irritation, 
skin sensitisation, genotoxicity and endocrine disruption. In recent years, 
these alternative test methods have influenced regulatory decision-
making, especially when coupled with in silico approaches and grouping 
of substances into chemical categories. Thus, a shift is already occurring 
from a scheme basing toxicity assessment 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).

At present, many testing approaches, irrespective of the particular 
methodology employed, do not result in a mechanistic understanding 
of the induced toxicity. This is particularly the case with non-animal 
testing approaches and understanding the relationship between what 
is tested and the apical toxicity endpoint being predicted. This is one of 
the reasons why results from novel approaches are not yet widely and 
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consistently used for regulatory decision-making. Therefore, an objective 
and systematic framework is needed to characterise the individual 
biological and toxicological relevance of novel methods in predicting an 
adverse effect. The same framework could also inform their potential 
use in combination with other tools and methods to benefit from an 
integrated approach.
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Chapter 2 
 

Framework for developing and using integrated 
approaches for testing and assessment (IATA)

Integrated approaches to testing and assessment (IATA) are pragmatic, 
science-based approaches for chemical hazard or risk characterisation 
that rely on an integrated analysis of existing information in a weight of 
evidence assessment coupled with the generation of new information using 
testing strategies. IATA follow an iterative approach to answer a defined 
question in a specific regulatory context, taking into account the acceptable 
level of uncertainty associated with the decision context.

There is a range of IATA – from more flexible, non-formalised 
judgment based approaches (e.g.  grouping and read-across) to more 
structured, prescriptive, rule based approaches [e.g.  Integrated Testing 
Strategy (ITS)]. IATA can include a combination of methods and can 
be informed by integrating results from one or many methodological 
approaches [(Q)SAR, read-across, in chemico, in vitro, ex vivo, in vivo] or omic 
technologies (e.g. toxicogenomics). The understanding of the likelihood of 
effects at lower levels of biological organisation (e.g. initiation of a toxicity 
pathway based on structure-activity relationships (SAR) and in vitro 
models), can help inform, in combination with other types of information 
in the IATA (e.g. exposure), on whether more resource intensive testing is 
warranted. This then contributes to an increased efficiency in the amount 
and type of hazard testing. This implies that there are potentially many 
different ways of applying an IATA. Even in cases where the workflow or 
decision logic of an IATA is documented (e.g. in a Guidance Document), 
the final approach taken will depend on the nature and level of existing 
information and, being generally underpinned by a weight of evidence 
approach (judgement-based approach), the decision-making process may 
not be fully harmonised.
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While an IATA necessarily includes a degree of expert judgement 
(for example, in the choice of information sources and their weighting) 
some elements within an IATA can be standardised (i.e.  rule-based). 
Particularly in certain areas of toxicology (e.g.  skin sensitisation, skin 
corrosion and irritation), progress has been made in the development of 
defined approaches to testing and assessment, in which data generated by 
non-animal methods are evaluated by means of a fixed data interpretation 
procedure (OECD, 2014d; OECD, 2016b). Defined approaches could be 
standardised with a set of chemicals with available animal or human data 
for the hazard endpoint in question, before the methodology is applied 
for substances with data gaps. However, further experience needs to be 
gained in this area. When such approaches are clearly defined they can 
also be harmonised between countries to ensure consistency in how 
information is used in regulatory decision making. For this purpose, 
the development of testing guidelines (e.g.  in vitro tests) or guidance 
documents (e.g. on application of in silico models) for these components 
of defined approaches is highly desirable. To standardise the evaluation 
of IATA in regulatory decision-making, guidance is being developed to 
provide principles for describing and evaluating defined approaches to 
testing and assessment (OECD, 2016a). In addition, reporting templates 
have been developed for different elements of IATA, such as read-across, 
so that the same documentation format for describing and evaluating 
IATA and its elements is used (OECD, 2016c).

While f lexibility is foreseen in the construction of IATA, depending 
on the regulatory need and assessment context, IATA should ideally 
be mechanistically informed (Tollefsen et al., 2014). In other words, 
they should be based on knowledge of the mechanisms through which 
chemicals exert their toxicity. Mechanistic understanding provides a 
frame for the organisation and analysis of information from methods that 
target different levels of biological organisation, enabling the contribution 
of these test results in deciding on the likelihood of the adverse outcome 
of interest (Tollefsen et al., 2014; OECD, 2015; Patlewicz et al., 2015; 
Perkins et al., 2015). Such mechanistic understanding can be provided 
by Adverse Outcome Pathways as outlined below.
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2. Framework for developing and using integrated approaches for testing and assessment (IATA)

2.1. The Adverse Outcome Pathway concept

An adverse outcome pathway (AOP) is a logical sequence of key 
events (KEs) triggered by chemical exposure and occurring at the 
molecular, cellular, organ, whole organism or population level (Figure 1). 
These KEs are causally linked to the adverse outcome (AO) under 
consideration and they are measurable. The AOP is anchored at one 
end by a molecular initiating event (MIE), which represents the direct 
interaction of a chemical with a biological target (Figure 2). At the other 
end, the AOP is anchored by an AO at the organism or population level. 
The AOs are often the reported endpoints from testing conducted using 
standard in vivo OECD Test Guidelines, or may be observations in other 
toxicological or epidemiological investigations.

The link between an upstream KE and a downstream KE in an AOP 
is called the key event relationship (KER). The KERs include the available 
evidence supporting the causal relationship between a pair of KEs 
(Villeneuve et al., 2014b; Edwards et al., 2016). KERs can also contain a 
quantitative description of the relationship between KEs (i.e. the level of 
change in the downstream KE that would be expected given a measured/
predicted level of change in the upstream KE) and factors known to 

Figure 1. An AOP is a sequence of key events (KEs) linking a molecular 
initiating event (MIE) to an adverse outcome (AO) through different 

levels of biological organisation
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modulate that relationship. KERs also contain detailed mechanistic 
information of biological processes (named biological plausibility) that are 
involved and connect the upstream KE to the downstream KE.

Describing an AOP as a simple linear pathway beginning with a 
MIE and ending with an AO facilitates structured and clear organisation 
and evaluation of mechanistic information. This assumes that the 
simple linear model can indeed capture the essential elements of the 
perturbations of a biological system in order to adequately represent the 
critical phenomena that occur in vivo. However, AOPs that share KEs 
and KERs can form a larger AOP network that better represents the 
complexity of the pathways leading to an adverse outcome (Knapen et al., 
2015; Edwards et al., 2016).

During AOP development, the evaluation of the underlying evidence 
linking KEs to one another can be based on the evolved Bradford Hill 
considerations, which are already used for the analysis of weight of 
evidence in the Mode of Action (MoA) context (Meek et al., 2014a; Meek 
et al., 2014b). However, these have been modified to be applicable to 
chemical agnostic (i.e.  not chemical specific) AOPs (OECD, 2014a; 
Becker et al., 2015). The three primary considerations are:

ΩΩ The biological plausibility of KERs

•	 Is there a mechanistic (i.e. structural or functional) relationship 
between the upstream KE and the downstream KE consistent 
with established biological knowledge?

Figure 2. Examples of types of events that could be identified at different 
levels of biological organisation within AOPs
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ΩΩ The essentiality of KEs

•	 Are downstream KEs and/or the AO prevented if an upstream 
KE is blocked?

ΩΩ The empirical support of KERs

•	 Does the empirical evidence support the hypothesis that a 
change in an upstream KE leads to an appropriate change in 
a downstream KE?

•	 Does the upstream KE occur at lower doses and earlier time 
points than the downstream KE and is the incidence of the 
upstream KE more pronounced than that for the downstream 
KE?

Based on the weight of evidence (composed of biological plausibility 
& empirical support) for each KER and the essentiality for each KE, AOPs 
can be divided into the three operationally defined stages of development, 
which are described in more detail by Villeneuve et al. 2014a (see Table 1).

Table 1. Three operationally defined stages or phases of AOP development

Operationally 
Defined Stage/Phase 
of Development Characteristics

Putative AOP Assembly of a hypothesized set of KEs and KERs supported 
primarily through biological plausibility and/or statistical inference.
Assembly of partial AOP with incomplete linkage between the MIE 
and AO as a result of known gaps and uncertainties.

Qualitative AOP Assembly of KEs supported by descriptions of how the KEs can be 
measured and KERs supported by empirical evidence in addition to 
plausibility or statistical inference, along with qualitative evaluation 
of the overall weight of evidence supporting the AOP.

Quantitative AOP Assembly of KEs supported by descriptions of how the KEs 
can be measured and the accuracy and precision with which 
the measurements are made along with KERs supported by 
quantitative understanding of what magnitude and/or duration of 
change in the upstream KE is needed to evoke some magnitude of 
change in the downstream KE.

Source: adapted from Villeneuve et al. (2014a).
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2.2. IATA based on the AOP concept

The AOP concept can be applied as a framework to develop IATA as 
it allows one to: (a) evaluate in a structured way the existing information 
that is available for the chemical(s) of interest (see Figure 3) and possibly 
conclude on the hazard based on existing information; (b) identify and 
generate the type of information that might be required to increase 
the confidence level concerning evidence of a particular hazard; and 
(c) iteratively suggest which information is required to make a regulatory 
decision (see Figure  4). By evaluating existing information, an AOP 
allows for the mapping, organisation and integration of various types of 
information, ranging from in silico and in chemico data to field study data, 
around the MIE, KEs and the AO (see Figure 3).

A high level of confidence and specificity of an AOP is important to 
derive test methods and defined approaches to be applied in a regulatory 
context. In some cases a quantitative AOP would be needed. Further 
defining how the level of evidence supporting a KE or KER should be 
classified during AOP development (OECD 2014a) will inform the 

Figure 3. An AOP allows for the mapping, organisation and integration of 
various types of information, ranging from in silico and in chemico data to 

field study data, around the MIE, KEs and the AO
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level of confidence in the reliability and applicability of AOPs in various 
situations. In some cases a lower degree of confidence might be sufficient 
for an AOP to be used in an IATA context. This will be determined 
by the regulatory purpose. For example, a structural and mechanistic 
understanding from a putative AOP may be sufficient to interpret non-
standard test results in a meaningful manner to prioritise substances for 
further assessment or testing. Qualitative AOPs, for which documented 
empirical evidence from one or more chemicals are available, can also 
inform the development of structure-activity relationships (SARs) that 
can even be quantifiable (QSARs) when a response-response relationship 
between the KEs is known (see section  3.1 and 3.2). Putative AOPs 
may also be valuable for the interpretation of data derived from high 
throughput (HT) and high content (HC) methods or omics technologies 
(see section 3.5).

To target the type of information that would be needed for regulatory 
decision making, AOPs can inform the design of testing strategies (see 
section  3.3). The extent of coverage of KEs within a testing strategy 

Figure 4. Framework for how an AOP can be applied to inform and 
structure IATA in a decision context
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will very much depend on the assays developed for individual KEs and 
the mechanistic understanding derived from an AOP. To inform the 
development of testing strategies, at least the early and late KEs within 
an AOP need to be known and a qualitative understanding of the KER is 
needed. In principle, the higher the confidence in an AOP the smaller the 
number of KEs will need to be covered in a testing strategy.

It is noted, that due to the network of pathways that AOPs may create 
it cannot be excluded that KEs other than those known and described in 
the AOP are in fact also leading to the same final AO. Therefore, an AOP 
informed IATA can only be used to identify substances with a likely AO 
and generally not to identify substances with no effects. It is important to 
derive a clear plausible relationship between the KE and the AO, in order 
to be able to conclude on which AOP is leading to an AO and whether 
there are interacting (networks) AOPs.

In an IATA it is also important to consider toxicokinetics since an 
AOP starts with the MIE only and therefore does not comprise ADME 
(i.e.  absorption, distribution, metabolism and elimination) data. To 
determine the likelihood that a chemical and/or its metabolite(s) can 
reach the target organ(s) in the species of interest, however, toxicokinetics 
have to be taken into account. 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, the potential activation 
or detoxification processes, as well considering available toxicokinetic data 
or generating such data within IATA is crucial for supporting the validity 
of the prediction.

An important step in making AOPs useful for regulatory use is the 
development of reliable assays for KEs. Section 3.5 describes how to use 
AOP for the selection of the most essential KE(s) for the further assay and 
test guideline development.

The following sections aim to illustrate how AOPs may inform 
the development of different IATA for different purposes. Much of the 
information provided in section 3 derives from the report of a 2014 workshop 
on a framework for the development and use of IATA (OECD, 2015).
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Chapter 3 
 

Examples on how AOPS can be used in the 
development of IATA

3.1. Development of (Q)SARs

As the MIE in each AOP involves a rather specific interaction 
of chemicals with biological systems, it may be used for generating 
mechanistically based structure-activity relationships (SARs) that can 
be used to predict whether a chemical can trigger an AOP. The SAR can 
also be used for chemical grouping to facilitate associated read-across or 
testing strategies (OECD, 2014c). If in vitro, ex vivo or in vivo assays have 
been developed for the MIE and/or one or more KEs along the AOP and 
have been tested for a certain number of chemicals, these results can 
be used to develop SARs, or QSARs (categorical or continuous when 
quantifiable) that can be used as a prediction or to confirm or refine the 
grouping of chemicals. This concept has been implemented within the 
OECD QSAR Toolbox for skin sensitisation (Dimitrov et al., 2016). SARs 
(called Profilers in the OECD QSAR Toolbox) have been developed that 
identify chemicals that trigger the MIE, i.e. the covalent binding with skin 
proteins. (Q)SARs that give continuous predictions or predict different 
categories (e.g.  non, weak, moderate, strong) have also been developed 
based on substances that have been experimentally tested in assays 
characterising the different MIEs/KEs. Thus, a substance can be predicted 
to trigger the MIE/KE based on either a structural alert (SAR) or a QSAR 
and may be categorised as moderately reactive based on another SAR/
QSAR derived from results of an assay measuring the MIE/KE.
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When 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 based on 
results from in chemico, in vitro, ex vivo and/or in vivo assays, the toxicity 
of many other chemicals acting through the same AOP may be practically 
determined by predicting the MIE or any of the KEs, as illustrated in 
Figure 5. As mentioned earlier, it will be important to know the comparative 
kinetics and metabolism of the chemicals in question (i.e.  both for the 
source and target substances).

3.2. Grouping of chemicals into chemical categories

AOPs can inform chemical grouping and subsequent data gap filling 
by read-across or trend analysis. Chemicals that are shown to activate the 
same AOP based on results of assays or predictions of the MIE or 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 structural similarity. AOPs 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.

Whilst a complete knowledge of the AOP from the MIE to the final 
AO 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 6 illustrates how a category of chemicals 
presumed to trigger the same AOP can be used for a read-across.

Figure 5. Use of an AOP to develop QSARs
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In the example outlined in Figure 6, it is predicted that exposure to 
four source substances (1-4) result in the same AO. The same information 
is lacking for a target substance which is structurally similar. An AOP 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 
specific KEs, identified in vitro 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 
exposure to the target substance will result in 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. 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 by 
using this structured mechanistic information that derives from the 
AOP. 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 data and consideration of 
toxicokinetic aspects may permit an even more robust conclusion to be 
reached and even a relative ranking of potency amongst the substances.

3.3. Development of testing strategies

The AOP concept can be used to develop testing strategies for endpoints 
of interest by combining assays or prediction models that evaluate specific 
KEs along a particular AOP. However, the assays or prediction models 
and their combinations should be well characterised in terms of their 
applicability domain, their performance characteristics and combined in 

Figure 6. Use of the AOP concept to categorise chemicals for a specific 
endpoint
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a transparent manner so that conclusions can be independently verified. 
For the use of AOPs in the development of testing strategies, it is of major 
importance that quality criteria (strong KEs, strong KERs, sufficient 
examples of relevant chemicals, relevant toxicological endpoints) to ensure 
confidence in the use of AOPs in developing a testing strategy.

Once the available hazard information for a chemical has been 
identified and considered, the aim of a testing strategy is to gather 
information from a combination of tests that address different KEs along 
the AOP 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 for the decision to be taken.

When developing a testing strategy, the level of confidence in an 
AOP can be used when deciding how many and which of the assays or 
prediction models developed for particular KEs need to be included in 
the testing strategy.

Figure  7 illustrates an example of how an AOP can potentially be 
used to inform a sequential testing strategy for the identification of a 
discriminant (positive or 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 has been compared to a standard in vivo test.

In Figure  7, 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 

Figure 7. Use of an AOP in a testing strategy
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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 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. 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.

3.4. Interpretation of results from non-standard test methods

Linking a non-standard test method to a KE in an AOP provides 
context for understanding how to interpret these types of results and link 
them to an AO. 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 of triggering a particular KE along an AOP leading to an adverse 
effect in the whole organism. Any omic dataset could potentially be 
associated with a KE, depending on the actual design of the experiment 
that was used to generate such data.

HT and HC data generated through in chemico methods, receptor 
binding or receptor transactivation assays, cellular reporter assays, may 
also serve to enhance identification of the chemical space associated with 
a particular KE. HT approaches have the potential to provide data on large 
numbers of chemicals in a cost efficient manner (Judson et al., 2013). 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. HTS or in vitro methods closely linked to 
a KE within a well characterised AOP would have high value in predicting 
an AO. It is noted, however, that such screening can only be used to identify 
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substances with a likely (adverse) effect and generally not to identify 
substances with no effects because it cannot be excluded that KEs other 
than those known and described in the AOP are in fact also leading to the 
same final AO. This might then motivate the development of qualitative or 
quantitative AOPs and the creation of AOP networks that could eventually 
reduce subsequent higher tier testing. If the AOP consists of a clearly, 
quantitatively linked sequence of events (i.e. a chain of causative KEs), HTS 
assays might only need to target one of these events to be predictive.

3.5. Selection of methods for Test Guideline development/refinement

By linking KEs in an AOP to in vitro test methods and, when relevant, 
kinetic/ADME information (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 is necessary for the final AO to occur, 
but none of them individually is sufficient. In practice, for predictive 
purposes, not all KEs need to be represented in a predictive model of 
the AO. Identifying KEs that are essential to induce the AO and have 
an established relationship with 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 8 aims to illustrate how 
the most appropriate assays can be selected for test guideline development.

Figure 8. Illustrative example to show that a (semi)quantitative AOP can 
be used to target a KE, for which a Test Guideline could be developed or 

refined to predict an AO
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Chapter 4 
 

Areas of uncertainty in the development of IATA based on AOPS

In an AOP-informed IATA, the level of uncertainty is partly related 
to the limited development of the AOP, and partly to the reliability and 
coverage of methods used to measure or predict the MIE or the KEs. The 
following paragraphs investigate the sources of uncertainty associated 
with AOPs and the assays that are used in the development of IATA.

The amount and quality of data that ascertain the biological plausibility 
and empirical support of KERs, as well as the essentiality of KEs in an 
AOP or network of AOPs influence the confidence in the IATA conclusion. 
While the categorisation of AOPs in different stages of development 
(Table 1), as mentioned above, will be helpful to characterise AOPs, each 
AOP needs to be evaluated individually to determine its application in 
IATA based on the evidence provided. In this evaluation, the available 
evidence and associated confidence in the AOP is used to decide which 
KEs or KERs should be included in IATA. As confidence grows in a given 
AOP, it should allow more decisions to be made based on only a selected 
number of KEs. However, depending on the endpoint of interest, more 
than one AOP within an interconnected network might be needed in order 
to fully account for the biological processes that may influence the final AO. 
In this case, common KEs can emerge that should be considered during 
IATA development. However, many common KEs will be in close distance 
to the AO, but special attention should be given to also include KEs in the 
IATA that are higher up (closer to the MIE) and which may play a more 
fundamental role in the AOP network.

There are still challenges in determining how the weight of evidence 
supporting the KERs, and the causal support for the entire AOP, should 
be applied within an IATA. While biological plausibility is generally 
weighted more heavily than empirical support, there might be cases 
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where the empirical evidence is quite strong whereas the biological 
plausibility has not been firmly established (Edwards et al., 2016). Both 
the AOPs for narcosis and hepatocellular proliferation are incomplete in 
the identification of essential causal KEs, but there is strong empirical 
evidence for the AO (Perkins et al., 2015). Consequently, during the 
construction and reporting of IATA, the combined considerations of 
biological plausibility and empirical support related to KERs or the whole 
AOP are required. It must also be emphasised that AOPs will exist on 
a continuous gradient from poorly-defined to extensively documented. 
And for this reason, evaluation of weight of evidence can facilitate the 
justification for a chosen KER or AOP to play a role in an IATA.

If an AOP-based testing strategy is developed, special attention should 
be given to the identification or possible development of assays that are 
needed for the measurement of the KEs. In some cases validation of 
the assays for the chosen KEs may be necessary, whereas in other cases 
reporting following the non-guideline in vitro methods guidance (OECD, 
2014b) may be considered sufficient. In the reporting of the individual 
information sources used in a testing strategy, the status of development, 
standardisation or validation of an assay needs to be captured, indicating if 
the information source is: (a) an officially adopted (standard) test method 
(e.g.  an OECD Test Guideline); (b)  a validated but non-standard test 
method; (c) a test method undergoing formal evaluation (e.g. prevalidation, 
validation, others); (d) a non-validated test method widely in use; or (e) a 
non-validated test method implemented by a small number of users (OECD, 
2016a). An advanced example of this process is the evaluation of assays 
measuring the KEs from the skin sensitisation AOP (Reisinger et al., 2015). 
The case studies on skin sensitisation (ENV/JM/MONO(2016)29/ANN1) 
indicate that even though single methods can be developed and validated for 
the different key events, it might be difficult to standardise and harmonise 
their regulatory application. Hence their validity and usability in testing 
strategies or defined approaches remains to be elucidated.

The same considerations are valid for (Q)SARs when they are used 
in an AOP-informed IATA. The limitations and the uncertainties related 
to the (Q)SAR models and their predictivity as well as the information 
and assays on which they are based, need to be taken into account. 
Furthermore, the validity of the (Q)SAR and its predictions should 
be evaluated with reference to the OECD principles of validation, for 
regulatory purposes, of (Q)SARs (OECD 2007).
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Chapter 5 
 

The way forward

As the number of documented AOPs increases and more examples 
of AOPs at different stages of development (i.e.  putative, quantitative 
etc.) are available, further demonstrations can be made, and guidance 
developed, of their application in IATA and also their use in various 
regulatory contexts. The current focus of the OECD is to continue 
the development of AOPs and to review case-studies on the practical 
application of IATAs. As experience grows, it is expected that guidance 
documents for the development of IATAs as well as harmonised IATAs 
will be developed.
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OECD member countries have been making efforts to expand the use 
of alternative methods in assessing chemicals. 

The OECD has been developing guidance documents and tools for the 
use of alternative methods such as (Q)SAR, chemical categories and 
Adverse Outcome Pathways (AOPs) as a part of Integrated Approaches 
for Testing and Assessment (IATA). However, there is a need for a 
systematic framework to characterise the individual biological and 
toxicological relevance of alternative methods in assessing chemicals 
in predicting toxicological endpoints. This framework could also inform 
their potential use in combination with other tools and methods to benefit 
from an integrated approach by applying mechanistic knowledge and 
understanding.

This document outlines an approach for the use of the AOP concept 
in developing IATA. It builds upon the workshop held in 2014 on a 
framework for the development and use of IATA and experience to 
date with the development of IATA.

This document is part of the OECD Series on Testing and Assessment 
which includes documents that are developed as part of the OECD 
work on chemical safety.

www.oecd.org/chemicalsafety/risk-assessment/
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