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FOREWORD
OECD member countries collaborate in developing and harmonising methods for assessing
risk to human health and the environment, including methodologies for hazard and
exposure assessment. This document is intended to provide universal Guiding Principles
that should be considered when developing or augmenting systematic approaches to
Weight of Evidence (WoE) for chemical evaluation and Key Elements to formulating a
systematic approach to WoE. The ultimate goal is to facilitate that regulators follow a
consistent, clear and transparent delivery of evidence using the Principles and Elements
described in this document. This can be especially helpful for countries with no existing
WoE frameworks or those looking to augment their approaches. It also allows for
stakeholders to understand a WoE decision-making process, including potential for
unreasonable bias. These Guiding Principles and Key Elements can be employed to
develop frameworks that range from simple and pragmatic approaches to more elaborate
systems, depending on the context.
The development of this document was led by Mark Bonnell (Environment Canada) and
George Fotakis (European Chemicals Agency). Initial drafts were reviewed by a sub group
of the OECD Working Party on Hazard Assessment (WPHA). The WPHA helps member
countries to harmonise the methods and approaches used to assess chemicals by integrating
various information sources by applying Integrated Approaches for Testing and
Assessment (IATA), where establishment of WoE is highly important.
The draft guidance document was endorsed by WPHA during its 3rd meeting on 17-19 June
2019.
This document is published under the responsibility of the Joint Meeting of the Chemicals
Committee and the Working Party on Chemicals, Pesticides and Biotechnology.
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EXECUTIVE SUMMARY
Weight of evidence (WoE) is not a new concept with respect to decision-making. It has
been used in the practice of law for several centuries. With respect to the prioritisation and
risk assessment of chemicals, however, WoE definitions and practices vary in complexity.
WoE can be generally understood to mean a method for decision-making that involves
consideration of known lines of evidence where a “weight” is assigned to each line of
evidence based on the confidence associated with the evidence. Evidence is combined and
the overall strength of evidence determined to support or refute a hypothesis question posed
during a problem formulation stage. The ultimate goal of WoE is to provide a transparent
means for communicating decision-making such that decisions can be clearly understood
and questioned by all stakeholders.
There are many approaches to WoE in the open literature given that WoE is often context
dependent. Several of these approaches, both for human and ecological health have been
examined for the preparation of this document. While differences in terminology exist,
universal principles and elements have been identified and simplified to provide practical
guidance to increase the formal implementation of WoE in chemical management
programs, particularly where none yet exist and to help integrate different types of
emerging data.
This document first describes universal Guiding Principles that should be considered when
developing or augmenting systematic approaches to WoE for chemical evaluation. The
Principles can be viewed as principles for “good WoE practice” and are intended to be
endpoint and receptor agnostic. They can therefore be applied for both ecological or human
health purposes. The Principles include:







A Hypothesis which involves a clear formulation and statement of the problem
for which evidence is needed and possible alternative hypotheses
Be Systematic and Comprehensive in design by documenting a step-wise
procedure integrating all evidence and indicating how evidence was collected,
evaluated and weighed
Include a Treatment of Uncertainty arising from available data (knowns) and
data and/or knowledge gaps (unknowns)
Consider the Potential for Bias during collection, evaluation and weighing of
evidence
Be Transparent by including clear documentation to assist the communication
of WoE decisions so that they can be understood, reproduced, supported or
questioned by all interested parties.

Following from the Principles, Key Elements to formulating a systematic approach to WoE
are described. The Elements contain the necessary steps that should be taken to determine
the overall strength of evidence to answer a hypothesis question. The Elements include:
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Problem formulation (hypothesis development)
Evidence collection (establish lines of evidence and knowledge gaps)
Evidence evaluation (determine data reliability, uncertainty and relevance)
Evidence weighing (assign weight to evidence)
Evidence integration and reporting (examine evidence coherence and impact of
uncertainty).
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Central to the above Elements is the communication and treatment of uncertainty. The level
of acceptance and impact of uncertainty affects all elements of WoE and ultimately the
strength behind decision-making. It is thus a common thread throughout the Elements
described in this document and should be clearly understood from the beginning of problem
formulation.
Finally, WoE is based on human judgement and therefore subject to human bias. If the
Principles and Elements described in this document are considered, a consistent, clear and
transparent delivery of evidence can follow allowing all stakeholders to understand
decision-making including potential for unreasonable bias.
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1. INTRODUCTION
The guiding principles and key elements presented in this document take into consideration
that more than one method to establishing weight of evidence (WoE) is possible (very
simple to very complex). To achieve the goal of having widely applicable guiding
principles and a systematic approach, a relatively simple and practical approach is taken. It
is also important to acknowledge that forming a WoE is judgement or value based. Values
are subject to societal and context dependent-bias. As such, the important goal of any WoE
evaluation is to provide a clear and transparent process that can be easily followed,
reproduced and rationally discussed by all stakeholders.

1.1. Objective and Approach of Document
WoE remains a highly quoted and generally understood concept in chemical evaluation,
including risk assessment, at least from first principles, however, its definition remains
unclear and approaches can range significantly in complexity (Weed 2005). Weed (2005)
also noted that “metaphorical” approaches, where no systematic method is described, are
the most common approaches among regulatory agencies partly due to their simplistic
nature and lack of operational guidance for conducting WoE within an agency.
Appendix 1, based on EFSA (2017), provides several conceptual descriptions of WoE used
by various authors or agencies. Collectively, the descriptions consider WoE as a process
for collecting, assessing and integrating evidence to reach a conclusion posed by a
hypothesis question (which can be endpoint specific or overall risk or hazard
determination). The European Commission’s Scientific Committee on Health,
Environmental and Emerging Risks (SCHEER) also provide a short compilation of WoE
definitions used by various agencies (SCHEER 2018).
Conceptually WoE can be seen as a method for decision-making that involves
consideration of known lines of evidence (LoEs) where a “weight” is assigned to each LoE,
according to its relevance and reliability. A conclusion can be reached by combining the
various LoEs to determine if sufficient strength of evidence is available to address the
question posed under the hypothesis (e.g., a molecular initiating event will lead to an
adverse outcome). Useful definitions in this regard are provided by the USEPA (2016):
“Weight of Evidence: (1) A process of making inferences from multiple pieces
of evidence, adapted from the legal metaphor of the scales of justice. (2) The
relative degree of support for a conclusion provided by evidence. The result of
weighing the body of evidence.”
and by SCHEER (2018)
“Weight of Evidence: A process of weighted integration of lines of evidence to
determine the relative support for hypotheses or answers to a question”
and by OECD (2017)
“Weight of Evidence refers to a positive expert opinion that considers available
evidence from different independent sources and scientific viewpoints on a
particular issue, coming to a considered view of the available, oftentimes
conflicting data. It is preferred when every source does not provide sufficient
information individually”
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Defining a prescriptive and systematic universal method for WoE is difficult given the
context dependency of WoE (e.g., site-specific risk assessment versus chemical
prioritisation versus risk assessment) (Bonnell 2011; Hall 2017). For the purposes of this
document, however, it is possible to document Guiding Principles and Key Elements that
a WoE framework should include when making decisions on the impact of chemicals to
human health and the environment.

1.2. Terminology
Many investigators of WoE approaches have noted the confusion resulting from common
terms cited in the scientific literature for describing how evidence can be weighed for risk
assessment. Subjective terms such as “relevance”, “confidence” or “adequacy”, for
example, can have different meanings depending on context. A glossary of terms is
therefore provided in Appendix 2 to ensure clarity of key terminology used in this
document. The glossary is not intended to be an exhaustive. Other WoE approaches (e.g.,
SCHEER 2018, EFSA 2017) can be consulted for additional terms.

1.3. Historical Background and Overview of Approaches
Some of the earliest guidance for the application of WoE by a regulatory body dates back
to the mid-1980s for human health risk assessment when the USEPA published their
Guidelines for Carcinogen Risk Assessment (USEPA 2005 updated) and in the 1990s, for
example, by Menzie et al. (1996) for site-specific risk assessment in the United States.
More recently, several regulatory bodies in Europe and North America [e.g., European
Commission (SCHEER 2018), European Food Safety Authority (EFSA 2017), European
Chemicals Agency (ECHA 2017), Government of Canada (GoC 2017), US Environmental
Protection Agency (USEPA 2016), and USEPA Endocrine Disruptor program (USEPA
2011)] have been active in establishing evidence-based frameworks (see Appendix 1).
More recently, OECD initiatives such as its Integrated Approaches to Testing and
Assessment (IATA)1 and Adverse Outcome Pathways (AOP)2 have also used WoE
approaches for integrating traditional and alternative data for hazard assessment. Appendix
1 contains a list of WoE related literature sources consulted for this document. This list is
also not exhaustive, but includes some primary sources of WoE literature to augment
references cited throughout this document.

1

http://www.oecd.org/chemicalsafety/risk-assessment/iata-integrated-approaches-to-testing-and-assessment.htm
http://www.oecd.org/chemicalsafety/testing/adverse-outcome-pathways-molecular-screening-andtoxicogenomics.htm
2
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2. GUIDING PRINCIPLES FOR ESTABLISHING WEIGHT OF EVIDENCE
Examination of WoE approaches reveals that there are common or universal principles that
underpin most approaches. It follows that development of WoE for chemical assessment
should include Guiding Principles in order to provide an effective means of communicating
decisions. The Guiding Principles are as follows:







Include a Hypothesis which involves a clear formulation and statement of the
problem for which evidence is needed and possible alternative hypotheses
Be Systematic and Comprehensive in design by documenting a step-wise
procedure integrating all evidence and indicating how evidence was collected,
evaluated and weighed
Include a Treatment of Uncertainty arising from available data (knowns) and
data and/or knowledge gaps (unknowns)
Consider the Potential for Bias during collection, evaluation and weighing of
evidence
Be Transparent by including clear documentation to assist the communication
of WoE decisions so that they can be understood, reproduced, supported or
questioned by all interested parties.

The above principles are intended to guide the development and application of evidencebased investigations, but do not themselves describe a systematic approach to WoE (i.e.,
elements and steps contained in WoE). Chapter three of this document will therefore
describe Key Elements to WoE in a step-wise approach. The key elements help to ensure
that the Guiding Principles above can be applied systematically when establishing and
conducting evidence-based evaluation.
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3. KEY ELEMENTS FOR ESTABLISHING A WEIGHT OF EVIDENCE FOR
CHEMICAL EVALUATION
3.1. Overview
Figure 1 illustrates the WoE elements following a step-wise approach. The elements are
organised to systematically allow for the incorporation of the Guiding Principles for
establishing a WoE within the context of chemical evaluation and are conceptually
consistent with several approaches reviewed (e.g., SCHEER 2018, Martin et al. 2018, GoC
2017, ECHA 2017, etc. - see Appendix 1). Terminology among existing WoE approaches
varies, but conceptually, they almost always contain the concepts presented in Figure 1.
The following chapters will discuss these elements in relation to the Guiding Principles
outlined in Chapter 2 in more detail.

Figure 1: Key Elements for Weight of Evidence for Chemical Assessment

3.2. Problem Formulation
The first step to establishing a WoE is asking the right question in order to set the hypothesis
to be tested against the available evidence. In the analysis of WoE approaches provided in
Lutter et al. (2015), based on work by Rhomberg et al. (2013), the authors strongly
supported a hypothesis-based approach for chemical evaluation. This is a critical step in
the WoE process because if the wrong question is asked, the wrong evidence will be
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gathered and the results will likely be meaningless (i.e., lack of plausibility of the
hypothesis). Hypothesis-based questions are prepared during the problem formulation
stage of chemical evaluation. Problem formulation should define the scope and goals of the
assessment, the level of uncertainty that is acceptable as well as the urgency of the
assessment. Here, hypothesis questions can be phrased either as general text in relation to
a specific process or can have additional sub-questions that would assist information
gathering. Evidence is gathered in subsequent WoE steps to accept or reject the hypothesis
question(s). Brunk (2007) has noted, in scientific enquiry the “standard of proof” required
to reject a null hypothesis is typically high (i.e., “greater than 95% confidence” or
equivalently “beyond reasonable doubt”). However in risk assessment, as in some legal
contexts, the “standard of proof” may be lower – e.g., “a preponderance of evidence” or
“greater than 50% confidence” (Krimsky 2005). The level of confidence required to accept
or reject a hypothesis formed during problem formulation can be associated with the
acceptable level of uncertainty given the context in which the question is being asked.
Acceptance of the level of uncertainty is directly linked to the protection goal(s) outlined
during problem formulation and may differ between the human receptor (single species,
higher specificity often required) and ecological receptors (multiple species, lower
specificity is inherent). It may also vary according to the level or tier of evaluation
undertaken depending on the decision context. It should also be noted that in chemical
assessment, uncertainty is often bidirectional, that is, a decision may be overly conservative
or not conservative enough as compared to an optimally informed decision. For example,
during chemical prioritisation, a higher level of uncertainty can be acceptable if further risk
evaluation is planned for prioritised chemicals. However, when “deprioritising chemicals”
(which may not receive further risk evaluation), it is ideal to achieve a balanced uncertainty,
with a low chance of both false positives and negatives (i.e., good specificity and good
sensitivity) to ensure confidence in prioritisation results and maximize efficiencies.
Ultimately, the acceptance level for uncertainty is related to the decision context and the
protection goal and thus needs to be defined upfront at the problem formulation stage.
Examples of problem formulation questions within regulatory processes include:


Is there sufficient evidence to conclude on the presence or absence of hazardous
properties such as endocrine disrupting properties, aquatic toxicity,
carcinogenicity, mutagenicity or reproductive and developmental toxicity?



Does the substance fulfill relevant criteria for globally harmonized system (GHS)
classification?



Is there sufficient evidence on physical-chemical properties such as persistence
and bioaccumulation to fulfill relevant criteria?



Is there sufficient evidence to conclude that a mechanism of action observed in
experimental animals is (not) relevant for humans?



Is there sufficient evidence to accept the read-across of hazardous properties for
similar chemicals for a specific endpoint or property?



Is there sufficient evidence of potential exposure to indicate potential risk to
human health or the environment?

Problem formulation becomes a key element when considering the regulatory use of
emerging or alternative data. A roadmap for Risk Assessment in the 21st Century (Embry
et al. 2014) available at https://risk21.org/webtool-user-guide/ provides guidance for
establishing a problem formulation and is useful when integrating alternative data with
traditional data sources. The National Academy of Sciences, Engineering, and Medicine
also (NAS) provide useful problem formulation guidance including on substances with the
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potential for endocrine disruption (NAS 2017). Balls et al. (2006) include WoE guidance
for test methods and testing strategies based on output from a workshop sponsored by the
European Centre for the Validation of Alternative Methods (ECVAM).

3.3. Evidence Collection
Evidence is gathered and assembled into “lines of evidence” (LoE) relevant for addressing
the hypotheses under the problem formulation. As noted by Linkov et al. (2009),
assembling the lines of evidence is not a common feature of older approaches to WoE, but
is more common in recent approaches (e.g., Hull and Swanson 2006; Suter and Cromier
2011; Hoke and Clarkson 2014, Hall 2017, EFSA 2017, ECHA 2017, GoC 2017, Martin
et al. 2018, Balls et al. 2018). Assembling the lines of evidence is a key transparency
element of WoE that allows stakeholders to ensure all relevant lines of evidence have been
considered and helps to identify relevant information gaps. Different types of evidence
from multiple sources may be gathered or submitted and considered in context of “all”
available evidence to date. The full spectrum of sources and types of evidence may include:
company and/or third party generated studies of a proprietary nature, peer-reviewed
published scientific literature, expert opinion reports, decisions and analysis reports from
regulatory authorities, incident reports, randomised controlled clinical trials, adverse
reactions submitted to regulatory authorities, and unpublished data. The application of a
systematic review process (e.g., Beronius and Vandenberg 2016) is a useful standardised
approach to document sources of information collected and cited as evidence for
evaluation.
In principle, all direct lines of evidence (e.g., measured endpoints or properties) and indirect
lines of evidence (e.g., regulatory decisions in other jurisdictions) can initially be
considered as lines of evidence. As noted by Suter and Cormier (2011), evidence can be
assembled into categories that share a common line of inquiry (e.g., by endpoint or
property), share common qualities in a weighting scheme (e.g., common mechanism of
action) or come from common sources (e.g., laboratory data). For example, toxicological
evidence can be collected or generated for various levels of biological organisation such
as:
 In situ (field or epidemiological population-based) evidence


In vivo (living organism) evidence



In vitro (e.g. cell and tissue based) evidence



In chemico (chemical reactivity) evidence



In silico (computer modeling) evidence

In practice, only some of the data collected will be considered relevant to the hypothesis
formed under problem formulation and will depend on the context of the question being
asked. For example, following a problem formulation for hazard assessment, data may be
collected for specific endpoints. If substance Y is suspected of being endocrine active, lines
of evidence can be assembled to establish that an adverse outcome is the result of cascading
biological effects consistent with a plausible molecular initiating event. When the scope is
larger, for example, for an overall conclusion of risk, more lines of evidence are needed to
be assembled and organised in a manner such that they tell “the story” of the risk outcome
(e.g., from physico-chemical properties to exposure and effects). Indicating the criteria for
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inclusion or exclusion of the information/evidence when assembling lines of evidence will
also improve transparency and reproducibility of the WoE.
The collection of information is typically comprised of the following:
a. Collection Strategy (data generation or identification)
b. Documentation of the collection strategy
c. Selection and grouping of the evidence for use in the WoE

To increase transparency in the decision making process it is recommended that the search
strategy be reported and include the key words and sources searched. For example, Table
1 below summarises limited examples of typical sources of information that are relevant
for hazard assessment in a regulatory setting under REACH (Registration, Evaluation,
Authorisation and Restriction of Chemicals in European Union). Additional lists of sources
for information collection are available within ECHA Guidance (IR/CSA R2-R4), and as
an example of data collection using an IATA approach for endocrine disrupting substances,
by ECHA and EFSA (2018).

Table 1. Examples of accessible sources of information for identification of relevant
information for hazard assessment
Sources
eChemPortal

Type of information
Experimental studies (in vivo,
in vitro) and regulatory
decisions

Link
https://www.echemportal.org/

QSAR
Toolbox

Experimental studies, QSAR
models, read-across generator

https://qsartoolbox.org/

Science
Direct

Scientific literature

https://www.sciencedirect.com/

Pubmed

Scientific literature

https://www.ncbi.nlm.nih.gov/pubmed/

It is often the case that evidence for a line of investigation important to the problem
formulation has not been measured and cannot be estimated. When quantifying human
exposure via the dermal route, for example, if no measured data are available for a
substance’s rate of absorption across human skin, the dermal uptake rate remains unknown.
Dermal absorption, therefore, cannot be considered a measured line of evidence for the
WoE analysis and it remains a critical unknown affecting the strength of the overall
evidence for human dermal exposure. Unmeasured, but highly relevant lines of evidence
to the hypothesis are therefore considered remaining uncertainties, which should be made
known when reporting the outcomes of the WoE. Remaining uncertainty has a direct impact
on the “confidence” underpinning chemical assessment conclusions. It can provide
reasoning for further data requisition (see section 3.6).
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3.4. Evidence Evaluation
Perhaps the most critical of the key elements in a WoE approach is evaluation of the
available evidence because it provides the outcomes to determine the weight given to
evidence. Regulatory and non-regulatory agencies often use different terms for describing
evidence evaluation. However, in all cases the aim of evidence evaluation is to determine
the inherent quality, usefulness and completeness of the available data. For the purposes of
this document, this is described using two key terms: reliability and relevance. These terms
are defined in the sections below. When combined, these elements provide the strength of
inference, that is, the ability to infer the likelihood of an outcome based on the available
evidence. This also directly affects the degree of extrapolations or assumptions used in
chemical assessments. The application of a systematic review approach to evidence
evaluation (Beronius and Vandenberg 2016; NAS 2017) may be beneficial at this point
depending on the regulatory context and practicality. A systematic review approach also
offers additional benefit in evaluating variability from biological differences and reduces
bias in weighing evidence consideration.

3.4.1. Determining Data Reliability
There are many definitions of reliability as it pertains to WoE, as outlined in Moermond et
al. (2017), as well as criteria for assessing the quality of individual test data (e.g., Hall et
al. 2017, SCHEER 2018). Most definitions and terminology relate to determining the
confidence of a study or data set. For example, the definition of reliability in USEPA (2016)
for ecological assessment is “a property of evidence determined by the degree to which it
has quality or other attributes that inspire confidence”. This document adopts the concept
of the USEPA definition in that greater reliability in available evidence inspires confidence
and in turn provides greater strength of inference. Reliability can refer to the assessment of
individual studies as well as entire data sets and can scale from very low to very high. In
this document, reliability refers to the quality, sufficiency (quantity) and consistency of the
data evaluated under a LoE, and considers the associated contribution of uncertainty of
each of these parameters. These key concepts are described in more detail in the following
sections.

3.4.1.1 Data Quality
There are numerous approaches to assess data quality and it is not the purpose of this
document to recommend one approach over another. A selected approach for data quality
assessment should be applied consistently across all lines of evidence. Selected examples
of data quality evaluation criteria are given below. Many regulatory agencies
internationally use the Klimisch criteria (Klimisch et al. 1997) to assess the reliability of
toxicological data, including the European Chemicals Agency (ECHA) (for the assessment
of reliability) and the US Environmental Protection Agency (EPA). In this approach,
available studies are sorted into four categories: 1) Reliable without restrictions, 2) Reliable
with restrictions, 3) Not reliable and 4) Not assignable. Other bodies that support policymaking such as SCHEER have similar criteria for assessing the quality of the data
(SCHEER 2018):
a. Studies are considered to be of good scientific quality if they are appropriately
designed, conducted, reported, and use a valid (which in many cases means:
validated according to internationally accepted guidelines) methodology;
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b. Studies of adequate/utilisable scientific quality have some significant limitations,
yet are scientifically acceptable. These have some important deficiencies in the
design and/or conduct and/or the reporting of the experimental findings;
c. Studies of inadequate scientific quality have serious flaws or concerns with the
design or conduct of the study;
d. Studies that are not assignable have insufficient detail to assess their reliability.
However, in many cases, regulatory agencies may be assessing substances with few
available data requiring a more qualitative review of data quality (Beronius and
Vandenberg, 2016). ECHA (ECHA 2017) also acknowledges this in the ECHA Guidance
IR/CSA R.4, “the scoring of information should not exclude all unreliable data from further
consideration by expert judgment because of possible pertinence of these data related to
the evaluated endpoints”. The Hazardous Substances Advisory Committee (HSAC, 2015),
in the United Kingdom, considers the quality of the data through examining a number of
related concepts that lend themselves to determining the confidence of the evidence. HSAC
examines the transparency of the aims of a study, or ability to appropriately test or falsify
the hypothesis. The Committee recommends that studies be weighed based on having clear
and transparently recorded methodology and that known biases have been addressed and
acknowledged to the extent possible.
The process and level of complexity for determining data quality is context dependent and
linked to the acceptable level of uncertainty set during the problem formulation. Lack of
data of sufficient quality ultimately affects the reliability of the available evidence and
results in lower inferential strength. It is therefore necessary to transparently communicate
how data were evaluated for quality to allow the process to be reproducible and so that
stakeholders may understand the impact of data quality on reliability.

3.4.1.2 Data Sufficiency and Consistency
Data sufficiency, for the purposes of this document, refers to the concept of enough data to
address the question from the problem formulation. When there is sufficient data, there is
an acceptable number of data points or studies to address the hypothesis question set within
the context of the problem formulation. The degree of data sufficiency is context
dependent, and is based on the accepted level of uncertainty set during problem formulation
(section 3.2). The term “adequacy” is also used by some agencies when referring to data
quantity, but it can also refer to aspects of data relevance as well. In this document, the
term adequacy is discussed further under evidence relevance (section 3.4.3).
The term “completeness” can also be associated with sufficiency when referring to
available data. However, completeness more often refers to a prescribed regulatory
requirement for data submission (e.g., new substances regulations in Canada, REACH
dossier requirements), which may not provide sufficient data for a WoE.
Data consistency refers to the degree of consensus or corroboration among available data
within a line of evidence (e.g., developmental effects). Data sufficiency and consistency
are interrelated. A higher number of acceptable studies for a line of evidence will allow for
a greater understanding of natural variation. For example, if only one data point is available
for an endpoint or property, there is no knowledge of the variability, sensitivity or
specificity of the endpoint or property (i.e., the direction of uncertainty is unknown). Thus,
higher consistency may occur as a result of lower variability and/or uncertainty.
Conversely, data may be inconsistent due to high variability or because of a plausible
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methodological or mechanistic reason (e.g., different species sensitivity). Reasons for
consistency or lack thereof should be investigated and reported.
In summary, the highest level of data reliability is achieved when, given the context of the
question, there is a sufficient amount of quality data that are internally consistent and can
be shown to support the hypothesis with a plausible explanation (see also evidence
integration in section 3.6).

3.4.2. Integrating Uncertainty
Before discussing the integration of uncertainty into WoE, it is important to understand
what uncertainty encompasses in the context of this document. There are varying
definitions and viewpoints of what uncertainty involves depending on the agency, program
and the assessment of human versus ecological receptors. For example, the subject of
uncertainty characterisation for hazard assessment is discussed in detail for human health
in the guidance document from the WHO-IPCS (WHO 2018) and for human health
exposure assessment (WHO 2008). According to WHO/IPCS (WHO 2018) uncertainty is
defined as
“imperfect knowledge concerning the present or future state of an organism,
system, or (sub)population under consideration”. In relation to the specific topic
of this monograph, it can be further defined as lack of knowledge regarding the
“true” value of a quantity, lack of knowledge regarding which of several
alternative model representations best describes a system of interest, or lack of
knowledge regarding which probability distribution function and its
specification should represent a quantity of interest.”
The above WHO/IPCS definition generally describes “true” uncertainty from lack of
knowledge such as that generated from significant data gaps or suitable model. However,
uncertainty has been used to refer to other sources of potential error such as those described
by the USEPA (1998) below:
“Sources of uncertainty that are encountered when evaluating information
include unclear communication of the data or its manipulation and errors in the
information itself (descriptive errors).”
Quantitative uncertainty analysis is conducted to address potential model bias and address
variability in data sets, typically using statistical techniques such as probabilistic analysis
(e.g., Monte Carlo analysis) (e.g., USEPA 1994). However, the majority of chemical risk
assessments conducted for commercial chemicals typically involve a qualitative approach
to uncertainty analysis (e.g., safety factors, qualitative confidence statements) simply
because of the lack of adequate data to support statistical methods.
Therefore, for the purposes of this document, uncertainty shall be generalised to include
data variability and that created from lack or limitations of knowledge (unknowns) from all
sources. A useful generic definition in this regard is provided by EFSA (2016) which states
that
“uncertainty refers to all types of limitations in the knowledge available to
assessors at the time an assessment is conducted and within the time and
resources agreed for the assessment.”
It is likely that the majority of uncertainty assessment will be qualitative given the high
degree of data paucity for the majority of commercial chemicals (the exception is for
regulatory programs with prescribed data requirements, such as some pesticides or new
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industrial chemicals, that may provide sufficient data to conduct quantitative uncertainty
analysis). In situations where quantitative uncertainty analysis is conducted using quality
data and a point of departure (PoD) is selected from the distribution, the PoD is inherently
more reliable (e.g., vs single values) because it encompasses data variability, regardless of
where on the distribution it is taken from (e.g., 50th or 95th percentile). It does not,
however, account for potential unknown methodological issues in studies. The choice of
PoD selection is context specific and can range for less conservative to highly conservative.
Figure 2, for example, illustrates the impact of variability on the point of departure. At the
extremes of a data distribution, there is less chance the “truth” is represented (denoted in
Figure 2 as the average). When values from the extremes of distributions are consistently
used as “conservative estimates” in an assessment (e.g., in exposure modeling), in order to
have a higher certainty in ‘capturing’ the “truth” within the PoD, the error is exponentially
compounded such that unrealistic values with high uncertainty may result.

Figure 2: Impact of data variability on the point of departure
The assessment of uncertainty is essential for determining the weight that evidence should
receive and has a direct impact on the reliability or “overall confidence” in the data used
for a LoE. Many regulatory and non-regulatory bodies include a separate discussion of
uncertainty outside of, but not always linked to, a WoE analysis. SCHEER (2018),
however, provide a useful description of how uncertainty can be considered within weight
of evidence:
“In SCHEER Opinions, the uncertainty should be expressed in relation to the
question asked by risk managers and decision makers and should be appropriate
regarding the quality and quantity of information or data available to the
Committee.”
As proposed in this document, the above statement from SCHEER suggests that uncertainty
can be integrated into decision making for individual lines of evidence based on an
evaluation of available data, but importantly related to the hypothesis question. When
evidence is gathered with higher levels of uncertainty, confidence that the data describe an
outcome is lower and ideally there should be less reliance on these data when weighing the
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evidence (see section 3.5)3. Conversely, when uncertainty is determined to be low, there is
a higher level of confidence that the data describe an outcome and more reliance on these
data should be given when weighing evidence.
During the determination of data reliability outlined in previous sections, uncertainty is
implicitly considered when evaluating the available data (e.g., under data quality,
sufficiency and consistency) and it is possible to integrate this when evaluating data
reliability such that the “score” given to reliability reflects both data variability and, if
possible, lack of knowledge (data gaps). How uncertainty analysis is conducted and the
degree to which it is conducted will be case dependent and can vary in terms of complexity
depending on the goals and the acceptable level of uncertainty from the problem
formulation. SCHEER (2018) and read-across case studies under the OECD IATA
initiative (OECD 2018b) provide examples of qualitative and quantitative approaches for
expressing the results of uncertainty analysis as well as the impact of uncertainty on a line
of evidence.
Finally, it is often not possible to undertake the evaluation of “unknowns” or true
uncertainties generated as a result of data gaps or other limitations. These are remaining
uncertainties that should be communicated along with assessment outcomes (see section
3.6) noting that the impact of remaining uncertainties on the hypothesis question posed in
the problem formulation will vary from not significant to very significant. For example,
lack of soil toxicity data may have no impact on an assessment outcome in circumstances
where a highly water-soluble chemical is only released to water. Whereas new aquatic
toxicity data generated to fill data gaps for key trophic levels may impact and alter an
assessment outcome.

3.4.3. Determining Relevance
Much like reliability, the term relevance has various meanings in the WoE literature, but
more commonly refers to the appropriateness or degree of correspondence of evidence for
the hypothesis. When referring to ecotoxicological effects in decision-making, Hall et al.
(2017), for example, note that
“Relevance assessment can be divided into 3 categories: regulatory relevance
(fit for purpose to the regulatory framework, protection goal, and assessment
endpoints), biological relevance (e.g., related to the test species, life stage,
endpoints, and response function), and exposure relevance (e.g., related to test
substance, exposure route and exposure dynamics).”
ECHA (2017) defines relevance as covering the extent to which data and tests are
appropriate for a particular hazard identification or risk characterisation, which is
conceptually similar to that provided in USEPA (2016):
“A property of a piece or type of evidence that expresses the degree of
correspondence between the evidence and the assessment endpoint to which it is
applied.”
According to OECD (2018a) the term relevance describes whether a procedure is
meaningful and useful for a particular purpose.

3

Noting that in many cases uncertain data may be the only data available for a LoE and judgement must be used to
accept or reject the data depending on the goals of the problem formulation
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However, the term “adequacy” is also used when referring to the appropriateness or
relevance of data, but this term can also refer to the sufficiency of data in some literature
and by some agencies. Consequently, for the purposes of this document, the term relevance
is preferred and refers to the appropriateness or degree of correspondence of evidence to
the hypothesis question outlined in the problem formulation. The definition provided in
Hall et al. (2017) is also critical for chemical assessment because relevance can refer to
both the relevance of regulatory and scientific evidence (biological and exposure) for the
hypothesis question posed during the problem formulation. For example, the octanol-water
partition coefficient (logKow) is relevant for describing bioaccumulation in aquatic
receptors. However, in most jurisdictions it has lower regulatory and scientific relevance
compared with laboratory bioconcentration factor (BCF) data.
Human and ecological chemical assessment often requires that data be extrapolated beyond
their designed intent (e.g., laboratory to field, in vitro to in vivo). In such cases, the degree
of extrapolation directly affects the relevance of the data. For example, application of
aquatic toxicity data to assess the hazards for soil dwelling organisms is often performed
for ecological risk assessment, but the scientific relevance of aquatic data for soil organisms
might be questionable on a case by case basis as the data are being applied outside of their
designed intent (aquatic laboratory studies with no soil). Similarly, from a human health
perspective, consideration of data for dermal toxicity may not be appropriate when
exposures are expected to occur via an oral or inhalation route or at least not without
significant extrapolation.
Even when data are applied within the designed intent (appropriate), relevance may also be
called into question. For example, laboratory water-based test data for superhydrophobic
substances requiring the use of solubilising agents to achieve exposures may not be fit for
purpose when considering actual exposures in the environment or to humans. In this case,
considerable uncertainty arises when extrapolating to real world exposures, both internal
and external to the organism. This issue is mentioned by the HSAC in the UK (HSAC
2015):
“one of the caveats to the use of any study is the relationship of the broader
environment or human condition to the experimental conditions described, so it
is important that the conditions are relevant to the problem under investigation.”
The determination of relevant versus non-relevant data will be context specific and care
should be taken when determining non-relevant data. Beronius and Vandeberg (2016), for
example, point out that much of the research on endocrine disruption would be considered
of lower quality according to the Klimisch et al. (1997) criteria, but that these criteria would
miss key information that might be relevant to a health endpoint. SCENIHR (2012)
suggests a qualitative assessment of the relevance of data in which relevance is assessed as
“direct relevance, addressing the agent (stressor), model and outcome of
interest; indirect relevance, addressing a related agent (stressor), model or
outcome of interest or insufficient relevance, not useful for the specific risk
assessment being conducted.”
In summary, highly relevant lines of evidence are those that correspond closely to the
hypothesis generated in the problem formulation (i.e., have high regulatory and scientific
impact and require lower extrapolation).
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3.5. Evidence Weighing for Lines of Evidence
In the comprehensive review of WoE approaches by Linkov et al. (2009), the authors
concluded that a quantitative approach to WoE was preferred. However, others such as
Weed (2005), Suter and Cormier (2011) or Rhomberg et al. (2013), note that from their
review of approaches, more often a qualitative approach is used to weigh evidence. Suter
and Cormier (2011) highlight that numerical scores can be used to weigh lines of evidence,
but “those scores are numerical but not quantitative”. Thus, there is no advantage to a
numerical system; in fact it may appear to be more “rigorous” than is possible (Suter and
Cormier, 2011). Regardless of the approach used, the above authors all conclude that one
of the most important aspects of weighing evidence is transparency of the approach. It
follows that the goal of this element is to develop a transparent approach to assigning a
weight to each line of evidence assembled based on the combined influences of reliability
and relevance. Scoring can involve symbols or numerical values that are related to a
qualitative description or rule, but these are not essential if a fully qualitative approach is
preferred (e.g., low, moderate, high). Hall et al. (2017) provide a good example of this idea
for scoring ecotoxicological data. Determining a score is judgement based and context
dependent and thus absolute rules or criteria to judge the level of reliability and relevance
are not provided here and should be developed by individual agencies. The number of
scoring descriptors is also subjective and can be selected according to the context of the
problem. Table 2 below provides a simplistic qualitative example of a scoring scheme for
reliability and relevance using three descriptors (low, moderate, high) where weight
assigned is a combination of the score for reliability and relevance for each line of evidence
(based on Bonnell 2011; ECCC 2016; GoC 2017).

Table 2. Example Qualitative Scoring Scheme for Determining Weight for Each Line of
Evidence
Line of evidence
LoE 1

Reliability
[low,
moderate;
high]

Relevance
[low,
moderate,
high]

Weight assigned

[low; low to moderate;
moderate; moderate to high;
high]

LoE 2
LoE 3
etc.

In Table 2, there are a total of nine possible weight outcomes (i.e., 3x3 matrix). This can
be simplified to five outcomes because some outcomes are repetitive. To provide the best
transparency, it may be important to document all lines of evidence considered, not just
those considered more relevant. In such cases, a scoring scheme can include a “null”
weight, that is a descriptor to indicate that a line of evidence is not of sufficient reliability
and/or relevance to be used for the weight of evidence (i.e., is less than low in Table 2
example), but was examined nonetheless. This is explained by several agencies and
organisations (ECHA, 2017; HSAC, 2015; NAS 2017; SCHEER 2018), who recommend
documenting all evidence viewed, whether used or not. However, from a practical
standpoint, there are often inadequate resources to formally tally all of the evidence
reviewed, but not used. At minimum, it is recommended that agencies be able to justify
why certain evidence has or has not been incorporated into the WoE.
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Regardless of the simplicity or complexity of the approach used for scoring and WoE,
transparency and tracking of outcomes should be communicated, noting that a more
complex approach will make this more difficult.

3.6. Evidence Integration and Reporting
The last step of the Weight of Evidence is the integration and final reporting of the process.
According to SCHEER (2018):
“The main objectives of the integration procedure are:


To check the consistency of different lines of evidence, that is the extent to
which the contributions of different lines of evidence drawing a specific
conclusion are compatible (EFSA, 2017)



In case of inconsistencies, to try to understand and explain the reasons for
them, possibly deciding if more than one answer to the formulated problem
is plausible



To reject cases of unacceptable or inconsistent outliers to conclude on the
WoE based on consistency and quality”

Additional guidance on performing the integration of evidence is provided in SCHEER
(2018).
The two key factors that need to be considered during the integration of evidence are the
coherence (or in other words consistency) of the lines of evidence for a property/endpoint
and the relationship of the collected evidence with the WoE outcome(s).
This can be done by examining the plausibility and causality of collected evidence as it
relates to WoE conclusions. This process is inherent during the evaluation of evidence for
hazard assessment, but at this stage all evidence for a hypothesis should be examined in a
coherent fashion to ensure outcomes are mechanistically supported.
Plausibility is one of the classic Bradford Hill (Hill 1965) considerations for determining
the confidence in the evidence. It is defined as “the likelihood a known mechanism explains
causality”. As Hill (1965) noted, however, this explanation will depend on the current level
of understanding of the phenomenon. Causality is the relationship between cause and
effect. It is also one of the key drivers of the Bradford Hill criteria and is used in the WHO/
IPCS Mode of Action Framework (Meek et al. 2013). Causality is integrally related to
temporality – determining that the exposure to the substance occurred prior to the effect. In
the absence of causality, the WoE to support or refute the hypothesis becomes much more
difficult, but not impossible. In chemical assessment, for example, if there is no plausible
mechanistic explanation for the hypothesis that observed reproductive effects are the result
of disruption of the endocrine system via substance X binding to the estrogen receptor (ER),
other competing hypotheses become possible. Effects could be the result of another
receptor mediated process such as interactions with thyroid or androgen receptors or of a
non-endocrine mechanism. Likewise, should there be multiple mechanisms of action that
could explain an outcome, more confidence should be put to those that are more plausible.
Evidence can be combined in a tabular format for reporting purposes to add clarity when
many lines of evidence are assembled. The weighting approach and results should also be
included for transparency. A narrative should follow the table to provide a verbal summary
of:
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 Each line of evidence and the rationale for its weight or null weight (outcomes of
the evaluation of the level of reliability and relevance).
 The coherence of the evidence. That is, how well individual lines of evidence
corroborate each other and with the hypothesis (e.g., Figure 3). Greater coherence
among lines of evidence with higher weighting yields greater strength of evidence
and should form the basis for accepting or rejecting the hypothesis.
 The conclusion - acceptance or rejection of the hypothesis according to the strength
of evidence and where relevant, possible alternative explanations of the results.
 Identification of remaining uncertainty generated from gaps in knowledge and the
sensitivity of the hypothesis to remaining uncertainty. Understanding the
sensitivity of the hypothesis to remaining uncertainty is particularly useful when
determining if new data will be of benefit to the problem formulation as well as the
overall uncertainty of a LoE. That is, the hypothesis or LoE may be sensitive, not
sensitive or sensitivity is neutral or unknown. SCHEER (2018) provide guidance
that can be consulted for expressing uncertainty at this stage of the WoE
particularly when indicating the direction of the uncertainty. Acquisition of further
data, if necessary, could therefore proceed for LoE(s) in which uncertainty has the
highest impact on the hypothesis under the problem formulation.
In addition, WoE reporting templates have been published by certain agencies that can
be considered or modified to accommodate this concept (e.g., ECHA 2017, EFSA
2017, ECCC 2016).

Figure 3: Possible lines of evidence for bioaccumulation or aquatic toxicity;
(ADME: Absorption, Distribution, Metabolism, Elimination).
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4. CONCLUSIONS
This document presents guiding principles that can be used to construct approaches to WoE
for chemical evaluation. The principles are intended to be endpoint and receptor agnostic
and therefore can be used for both human and ecological purposes. They can be viewed as
principles for “good WoE practice”. Based on a review of approaches from the literature,
this document also describes key elements for constructing or revising approaches to WoE
for chemical evaluation. They are described in a practical manner to facilitate the
implementation of WoE, particularly in cases where a WoE approach does not yet exist.
The data landscape for chemical prioritisation and risk assessment continues to change and
now includes multiple sources of non-traditional data. WoE approaches will necessarily
need to continue to evolve and adapt to meet this data context, particularly as it relates to
21st century risk science (including exposure science), IATA and development and support
for AOPs. A case study on the integration and application of alternative data for decisionmaking could provide an ideal example to demonstrate the principles and elements
described in this document.
Most literature on WoE agrees that having a clear and transparent process for all
stakeholders to track decision-making is a critical, and necessary, component of a WoE
approach. Central to this communication is the treatment of uncertainty. The acceptance
and impact of uncertainty is a primary factor that influences all elements of WoE. It is an
essential consideration at the very beginning of WoE formulation (before and during
problem formulation), during evidence evaluation and is accounted for when weighing
evidence. Its treatment should therefore be clearly documented, particularly when assessing
data reliability. Finally, most aspects of WoE are based on judgement which means that the
potential for bias is inherent in the process. The degree of bias will again depend on context
and the protection goals sought for the chemical evaluation. However, if both the guiding
principles and key elements captured in this document are adhered to, a consistent, clear
and transparent delivery of evidence can follow. All stakeholders can then trace decisionmaking to determine reasons for bias and determine when bias becomes unreasonable.
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Appendix 1: Selected Approaches and Methods from EFSA (2017)
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(1979,

Definitions or descriptions given for weight of evidence
‘In general terms, weight of evidence and systematic review are
processes of summarising, synthesising and interpreting a body of
evidence to draw conclusions … these processes differ from the
traditional method for risk assessment by promoting the use and
integration of information from all the available evidence instead of
focusing on a single study’
Defines weight of evidence as ‘the structured synthesis of lines of
evidence, possibly of varying quality, to determine the extent of
support for hypotheses’
States that ‘The meaning of weight of evidence intended here is the
collective summary and evaluation of all existing evidence after a
certain “weight” has been attributed to individual studies, e.g. by
evaluating reliability and relevance’
It is generally understood as a method for decision-making that
involves consideration of multiple sources of information and lines
of evidence. Using a WoE approach avoids relying solely on any one
piece of information or line of evidence. Risk assessments of
substances conducted under the Canadian Environmental Protection
Act, 1999 (CEPA 1999) generally consider multiple lines of evidence
to support a risk assessment conclusion (as defined in section 64 of
CEPA 1999).
Describes weight of evidence as ‘a term used in multiple disciplines
to generally mean a family of approaches to assess multiple lines of
evidence in support of (or against) a particular hypothesis, although
(it) tends to be used inconsistently and vaguely across disciplines’
Weight of Evidence approach can be generally described as a
stepwise process/approach of collecting evidence, assessing,
integrating and weighing them to reach a conclusion on a particular
problem formulation with (pre)defined degree of confidence.

States that the ‘process of combining available lines of evidence to
form an integrated conclusion or risk characterisation is frequently
referred to as weight-of-evidence assessment. This term reflects the
principle that the contribution of each line of evidence should be
considered in proportion to its weight’
Describes weight of evidence as an ‘approach (which) considers all
relevant information in an integrative assessment that takes into
account the kinds of evidence available, the quality and quantity of
the evidence, the strengths and limitations associated with each type
of evidence and explains how the various types of evidence fit
together’
Defines weight of evidence as the logarithm of the ratio of the
likelihood of a given hypothesis to the likelihood of an alternative
hypothesis. This expression corresponds to the Bayes factor
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Linkov et al.
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NRC (2009)
Rhomberg et al.
(2013)
SCHEER 2018
Schleier et al.
(2015)
Suter
and
Cormier (2011)

Vermeire et al.
(2013)
Weed (2005)

WHO (2009)
Meek et al.
(2014)
Rooney et al.
(2014) (OHAT),
Morgan et al.
(2016)
(GRADE)
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Refers to Good for quantitative definition
Describes weight of evidence as ‘basically the process of considering
the strengths and weaknesses of various pieces of information in
order to inform a decision being made among competing alternatives’
Describes weight of evidence as ‘approaches (that) integrate various
types of data (e.g., from chemistry, bioassay, and field studies) to
make an overall conclusion of risk’
Defines weight of evidence as ‘a framework for synthesising
individual lines of evidence, using methods that are either qualitative
(examining distinguishing attributes) or quantitative (measuring
aspects in terms of magnitude) to develop conclusions regarding
questions concerned with the degree of impairment or risk’
States that ‘The phrase weight of evidence is used by EPA and other
scientific bodies to describe the strength of the scientific inferences
that can be drawn from a given body of evidence’.
Defines ‘weight of evidence framework’ as ‘approaches that have
been developed for taking the process from scoping an assessment
and initial identification of relevant studies through the drawing of
appropriate conclusions’
A process of weighted integration of lines of evidence to determine
the relative support for hypotheses or answers to a question
Describes weight of evidence as ‘approaches in which multiple lines
of evidence can be considered when estimating risk’
‘In sum, weighing evidence is a synthetic process that combines the
information content of multiple weighted pieces of evidence. The
information may be dichotomous (supports or not), quantitative
values (e.g., an exposure or risk estimate), qualitative properties
(e.g., large, medium or small), or a model. The weights that are
applied to the information may express various properties that affect
its credibility or importance and the weights themselves may be
qualitative or quantitative. The combining of evidence may be a
simple quantitative operation (e.g., weighted averages of
concentration estimates) but more often involves difficult qualitative
judgments’
Implicit definition: ‘The different and possibly contradictory
information is weighted and the respective uncertainties taken into
account in a weight of evidence approach’
Identifies three characteristic uses of the term weight of evidence:
metaphorical, methodological and theoretical. Does not propose a
definition but recommends that authors using weight of evidence
should define the term and describe their methods
Defines weight of evidence as ‘a process in which all of the evidence
considered relevant for a risk assessment is evaluated and weighted’
Uses the term weight of evidence but do not include an explicit
definition or summary description
These publications do not use the term weight of evidence but rather
use related terms including ‘evidence synthesis’ and ‘evidence
integration’
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Appendix 2: Glossary of Selected Terms

Adequacy (adequate): sufficient for a specific need or requirement
Causality (causation): the relationship of cause and effect. The degree to which a cause contributes to an
effect, where the cause is partly responsible for the effect, and the effect is partly dependent on the
cause4.
Consistency: the degree of variability and uncertainty within a line of evidence
Coherence: the degree to which multiple lines of evidence are corroborated or are mutually supportive
Direction of Uncertainty: the impact of uncertainty on the hypothesis (e.g., potential under- or
overestimation of risk)
Fit-for-purpose: appropriate and of a sufficient standard for the intended use or purpose
Hypothesis: an initial explanation or supposition to be evaluated based on the available evidence versus
alternative explanations
Inference (inferential strength): the degree to which evidence can be reasoned to corroborate or refute a
given hypothesis. This is different from “fit for purpose” where evidence is deemed suitable for its
purpose (e.g., meets acceptance criteria)
Line of Evidence: set of data/evidence with common properties (e.g., same type of test or directed to the
same endpoint) of scientific or regulatory relevance to the hypothesis
Plausibility: the likelihood a known mechanism explains causality (cause-effect)
Relevance: the degree of correspondence of scientific or regulatory evidence to the hypothesis
Reliability: the confidence assigned to evidence based on the assessment of data quality, sufficiency
(quantity), plausibility and uncertainty
Strength of Evidence: the overall level of confidence when various weighted lines of evidence are
combined
Sufficiency: refers to the concept of enough data to address the question from the problem formulation
Quality: the combined result of the judgement on relevance, reliability and validity
Uncertainty:
the combination of lack of knowledge (true uncertainty) and data variability OR according to EFSA
Guidance on Uncertainty “a general term referring to all types of limitations in available knowledge that
affect the range and probability of possible answers to an assessment question “(EFSA, 2016)
4

Bunge, Mario (1960) [1959]. Causality and Modern Science. Nature. 187 (3, revised ed.) (published 2012). pp. 123–
124.
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Weighing of Evidence: the process of assigning a weight to assembled lines of evidence based on the
combined impact of reliability and relevance
Weight of Evidence: a consideration of the weight assigned to each of the assembled lines of evidence to
come to an overall decision or conclusion
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