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1. Purpose

The International Cooperation on Cosmetics Regulation (ICCR) held its ninth annual meeting
(ICCR-9) November 5, 2015 in Brussels, Belgium®. At this meeting, discussions related to the
evolution of the working group on in silico methods/quantitative structure activity
relationships (QSARs) and updates on alternatives to animal testing approaches took place.
These led to the proposal that a single new joint working group, covering a holistic approach
to identify modern methods and Integrated Approaches to Testing and Assessment (IATA),
relevant to the safety assessments of ingredients used in cosmetics, be formed.

The purpose of the new ad hoc Joint Regulators-Industry Working Group (JWG) is to outline
principles that underpin the integration of novel methods and data in an exposure led
approach for the safety assessment of cosmetic ingredients.

2. Scope

The scope of the novel methods that were considered included in silico methods (including
(Q)SARs and other computational modelling approaches), in chemico methods and in vitro
tests.

It is understood that the science in these areas is rapidly evolving, with a large number of
models and approaches referenced in the literature, ranging from exploratory to those that
can be considered mature and well developed but whose applicability domain is outside of
cosmetic ingredients.

In this report, the JWG focused on the principles that underpin the integration of novel
methods and data in an exposure-led approach for the safety assessment of cosmetic
ingredients. New approach methodology (NAM)will be addressed in a future report.

3. Selected Abbreviations

AUC Area Under Curve

ECHA. . . . European Chemicals Agency

GIVIMP. . . . Good in vitro methods practice

GLP. . . . Good laboratory practice

HTS. . . . High Throughput Screening

ICCR. . . . International Cooperation on Cosmetics Regulation
IATA. . . . Integrated Approaches to Testing and Assessment
JWG. . . . Ad hoc Joint Regulators-Industry Working Group
NAM. . . . New approach methodology

NAS National Academies of Science

NO(A)EL. . . . No observed (adverse) effect level

MOoA. . . . Mode of Action

OECD Organisation for Economic Co-operation and Development
(Q)IVIVE. . . . (Quantitative) in vitro to in vivo extrapolation

1 A more comprehensive discussion of the outcomes from this and previous meetings may be found at the
ICCR web site at: http://www.iccrnet.org/chairmanships/
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(Q)SAR. . . . (Quantitative) structure activity relationship

SOP. . . . Standard operating procedure
SR. . . . . Systematic Review
TTC. . . . Threshold of Toxicological Concern

4. Introduction

Cosmetic products and ingredients should be safe for consumers under their conditions of
use. Historically the safety assessment for some toxicological endpoints relied on animal
testing. However, concern for animal welfare, regulatory action and a desire by companies
to bring safe products to market without the use of animal testing using more human-relevant
data has brought the need for a different approach to evaluating safety. In 2007 the US
National Academies of Science (NAS) published a seminal document entitled Toxicity Testing
in the 215t Century, A Vision and a Strategy (NAS 2007, Krewski et al., 2010). This NAS report
called for a transformation in toxicity testing, “from a system based on whole-animal testing
to one founded primarily on in vitro methods that evaluate changes in biological processes
using cells...of human origin.” This transformation will require the use of new types of data
that have not routinely been used in cosmetic safety evaluation. In 2017, the NAS followed
up on the conceptual frameworks laid out in the 2007 report and a 2012 report on Exposure
Science in the 21° Century (NAS, 2012) with the report on Using 21° Century Science to
Improve Risk-Related Evaluations (NAS, 2017). This new report discusses the advances and
challenges in risk assessment related to interpreting and integrating new types (and volumes)
of data, with an emphasis on exposure considerations. In parallel, the use of data and
information from NAMs has also been discussed in a broader context in Europe in a dedicated
European Chemicals Agency (ECHA) Topical Scientific Workshop held in April 2016, identifying
their potential and existing barriers to support regulatory decisions for the assessment of
chemical substances (ECHA, 2016).

ICCR has produced recommendations for the use of alternatives to animal test methods in
cosmetics safety evaluation for a number of years. Given the rapid evolution in the science
of toxicological safety assessment, and the opportunities provided by NAMs as described in
the above NAS and ECHA reports, a fundamental change in our approach to safety evaluation
is becoming possible. The purpose of this ICCR report, prepared by an ad hoc Joint Regulators-
Industry Working Group (JWG) is therefore to outline principles that underpin the integration
of novel methods and data in an exposure-led approach for the safety assessment of cosmetic
ingredients. This builds on a previous report for ICCR which describes the overall principles
of cosmetic product safety evaluation.
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5. Discussion

This report summarizes major overarching principles for incorporating NAMs into an
integrated strategy for risk assessment of cosmetics ingredients (or ‘Next Generation’ risk
assessment), along with examples showing their usefulness to safety evaluation.

In the context of cosmetics safety evaluation, a Next Generation risk assessment is defined as
an exposure-led, hypothesis driven risk assessment approach that incorporates one or more
NAMs to ensure that use of a cosmetic product does not cause harm to consumers.

The 4 main overriding principles are articulated in this definition:

The overall goal is a human safety risk assessment

The assessment is exposure led

The assessment is hypothesis driven

The assessment is designed to prevent harm (i.e. distinguish between adaptation
and adversity)

PwnNPE

The following 3 principles describe how a Next Generation risk assessment should be
conducted:

5. Using a tiered and iterative approach
6. Following an appropriate appraisal of existing information
7. Using robust and relevant methods and strategies
Finally, 2 principles for documenting Next Generation risk assessments are described:
8. The logic of the approach should be transparently and explicitly documented

9. Sources of uncertainty should be characterized and documented

This report is intended to help those involved in cosmetic safety assessment build integrated
safety assessments without generating animal data.
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6. Principles underpinning the use of NAMs in the risk assessment of cosmetic
ingredients

Principle 1: The overall goal is a human safety risk assessment

Firstly, the safety assessment should enable a decision to be made on the safety of the
ingredient/product to humans, not be designed as a battery of tests to replicate the results
of animal studies.

Each of the cosmetics regulatory authorities in ICCR (i.e., Brazil, Canada, the European Union,
Japan and the United States) has an established framework governing cosmetic safety. While
a side by side comparison will show some differences across regions the commonalties are
far more numerous. These includes uniform agreement that pre-market approval is not
necessary for the vast majority of products; ingredients should be labeled; good
manufacturing practices should be respected; and as an undeviating cornerstone -- the
responsibility of Manufacturers to substantiate the safety of the cosmetic product.

Thus, each region has as its overarching principle that cosmetics must be safe. Similarly, it is
consistent across all five regions that the regulations do not prescribe specifically how the
safety of the cosmetic must be determined. No iterative list of tests is required but rather it
is the responsibility of the manufacture to assure that cosmetics placed in the market are safe
for the consumer. In this regard cosmetics are unlike many other regulated product categories
where a fixed testing data set, often including specified animal tests, is obligated by law or
regulation. When considered in light of the move away from animal testing in general, this
presents cosmetic manufacturers with opportunities to ensure safety risk assessments are
grounded in human biology rather than replicating the results of a prescriptive list of animal
tests. This is especially important for mechanism-based risk assessments that are informed
by changes in cellular signalling pathways in cells or tissues of human origin, because results
of such tests cannot (and should not) be ‘validated’ against the results of apical animal studies.

Principle 2: The assessment is exposure led

Exposure assessment is “the process of estimating or measuring the magnitude, frequency,
and duration of exposure to an agent, along with the number and characteristics of the
population exposed. Ideally, it describes the sources, routes, pathways, and uncertainty in the
assessment” (IPCS, 2004).

Exposure assessment is one of the four essential steps in cosmetic ingredient human safety
assessment; others include hazard identification, dose-response assessment, and risk
characterization. While historically, the safety assessment was hazard driven, it has now
shifted towards exposure driven approaches (SCHER et al., 2013). Estimating human exposure
as early as possible in the safety assessment is crucial. This is because in an exposure-driven
paradigm exposure estimates will define the degree of hazard data needs and guide further
data generation. For example, techniques such as exposure-based waiving using thresholds
of toxicological concern (TTC) may be sufficient to assure the safety in case of very low
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exposures, and calculated internal exposure concentrations will guide concentrations to be
used for possible in vitro tests performed for the risk assessment and may also contribute to
the mode of action hypothesis by indicating target organs. As well as the cosmetic ingredient
itself, it may also be necessary to characterize exposure to any relevant impurities present in
the ingredient and/or metabolites.

Exposure may be estimated using an iterative tiered approach, ranging from screening-level
to a refined exposure assessment which considers both external (applied dose) and internal
(systemic) exposure. Exposure data feeding into a human safety assessment can be
deterministic or probabilistic, and describe exposure from a single product or combined
exposure from multiple products or sources (aggregate exposure). As the first step, a
screening level assessment using basic tools (e.g., simple exposure calculations, default
values, rules of thumb, conservative assumptions, deterministic approaches) can be
conducted. Depending on the results of the screening-level assessment further evaluation
through refinements of the input data and exposure assumptions or by using more advanced
models, such as skin absorption studies and probabilistic exposure assessments may be
warranted. Probabilistic models rely on data distributions instead of point values and hence
result in exposure distributions better characterizing realistic consumer exposures.

In ‘traditional’ cosmetic safety evaluations exposure is often expressed as either the applied
dose per unit area (e.g. ug/cm? for local effects) or as total body burden (e.g. mg/kg body
weight/day for systemic effects). For risk assessments that integrate NAM, depending on the
methodology and health effect being evaluated it is likely that exposure will be expressed on
an internal basis using metrics such as Cmax or area under curve (AUC), and calculated using
relevant pharmacokinetic models. In the cases where a quantitative in vitro to in vivo
extrapolation (QIVIVE) is required, the QIVIVE must allow a valid comparison between the
actual dose in the in vitro test system rather than the applied dose. In these cases the free
concentration of the test chemical may be a more valid metric than the total applied dose
(Groothuis et al., 2015)

At each level of assessment one needs to decide if the degree of confidence in the data is
good enough to achieve the purpose of the assessment or if successive iterations using more
data or refinements are required. The ability to integrate the refined exposure assessment
with the hazard identification and dose-response assessment into the human safety
assessment (and possibly incorporate this into regulatory decision making) is influenced by
the quality of the exposure characterization.

Principle 3: The assessment is hypothesis driven

Historically, safety assessments were animal-based relying on the assumption that clinical and
pathological effects seen at high doses in animal models are relevant and titratable to much
lower exposures (often by a different exposure route) in humans. More specific mode of
action (MoA) hypotheses only tend to be articulated once adverse effects are seen in intact
animals and it is then determined whether the effects are relevant to humans.
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In the context of non-animal toxicological safety assessments it is important to use
appropriate information to establish a hypothesis (or hypotheses) about the biologically
relevant MoA that may be associated with a specific chemical exposure.

The Oxford Dictionary defines hypothesis as:

“A supposition or proposed explanation made on the basis of limited evidence as a starting
point for further investigation”.

Furthermore, from a statistical perspective, a (null) hypothesis is an affirmation that is
testable using appropriate statistical analysis.

The ‘limited evidence’ that could be used to establish the hypothesis should include all
available existing data. This could include in vitro or in vivo data, read across and in silico
predictions. This being said, care needs to be taken not to bias the hypothesis based on the
focus of previous investigations. For example, if a chemical has been researched and shown
to interact with a specific receptor, this should not be the entire focus of the safety evaluation
as other important MoA could be missed. This is where a broad high throughput screen (HTS)
could be used to inform potential MoA, to consider alongside the existing data. The assays
represented in this HTS could include consideration of stress response pathways (e.g.
oxidative stress) as well as specific protein/receptor interactions (e.g. oestrogen receptor
activity). Any available animal data should be used with care at this step of the safety
evaluation. If relevant in vivo data are sufficient to complete a risk assessment using
traditional methodologies, the expectation is that a risk assessment based on the in vivo data
will be performed. However, where there are significant data gaps in the existing in vivo
dataset, existing animal data should only be used if it can help to identify potential modes of
action which could help to establish or refine the hypothesis. Furthermore, in this instance,
as the goal is to produce a human-relevant safety assessment, it is important that the
hypothesis is not focussed on predicting or confirming reported adverse effects in the
available limited animal data. For example, if limited animal test data suggest hepatic toxicity
at a particular dose, this information is only of use if it can be used alongside the HTS data
help identify the MoA that may cause adverse effects in humans. The hypothesis in this
example should therefore not be ‘Chemical X causes liver toxicity in rats after an oral dose of
10 mg/kg/day’, because this will send the safety assessment on course to evaluate changes
in animal models that may not be relevant for humans. Rather, the hypothesis established
should be focussed on the MoA thought to be responsible. Examples of such hypotheses
based on HTS screens could be:

‘At relevant exposures, Chemical X perturbs the p53 pathway which results in increased
cancer risk in consumers’, or ‘At relevant exposures, Chemical X does not cause adverse
effects in consumers due to an ability to antagonize the androgen receptor’.

Conversely, following the assessment of the available data and the HTS screen, the hypothesis
could be ‘At relevant exposures the biological activity of Chemical X is insufficient to cause
adverse effects in consumers’. Similarly, this hypothesis may require refinement, for example
by repeating the HTS in different cell lines to increase confidence in the safety evaluation, and
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it should be tested using appropriate statistical analysis while all underlying assumptions
should be clearly defined.

Determining the appropriate hypothesis (or hypotheses) will enable identification of relevant
guestions that need to be answered using appropriate techniques to complete a safety
evaluation.

Principle 4: The assessment is designed to prevent harm

It is normal practice in the interpretation of animal toxicity studies to distinguish between
adaptive effects of treatment (effect level) and those that are considered adverse (adverse
effect level), with the point of departure used in risk characterization being based on the dose
expected to cause no or minimal adverse effect (no observed adverse effect level -:NOAEL).
A limitation of this approach is that the biological mechanisms that underlie these adverse
effects are rarely known. In contrast, most NAMs are based on defining a chemical’s biological
activity to inform a mechanism-based risk assessment. When used in isolation, many NAMs
are not designed to distinguish between a biological effect (a treatment-related change
detectable in the test system) and an adverse effect (an effect that will result in an adverse
health effect in humans).

Whilst it may be relatively straightforward to identify an in vitro concentration that results in
perturbation of e.g. a stress response pathway by measuring altered levels of signalling
molecules or the expression of genes controlling the pathway of interest, determining a dose
which could result in adverse health effects in humans is much more of a challenge. An
important reason for this is that the homeostatic responses that allow an integrated in vivo
system to compensate for stress are missing in isolated in vitro test systems. Where no
biological effects at all are predicted to occur at human-relevant exposures this is not an issue,
because if there are no effects there can be no adversity. However, many NAMs can identify
biological effects with great sensitivity, meaning that in many cases it will be necessary to
develop tools and approaches to enable experimenters and risk assessors to distinguish
between a dose that may result in an adaptive or adverse response.

Although this could seem like an ambition that is currently out of reach, this may be
accomplished using pragmatic approaches such as benchmarking exposure and effect
concentrations against different chemicals with similar MoA where there is a strong
presumption of safety (or otherwise). The use of more elaborate approaches such as
advanced in vitro systems (e.g. 3D models) which are more in vivo like, or bespoke
computational models capable of modelling the dynamics of the in vivo system are additional
tools to refine the risk assessment. Whichever approach is taken Principle 5 (using a tiered
and iterative process) should guide the process so that the level of work is proportional to the
level of concern, ensuring that work stops once there is enough precision to make a decision
(Embry et al., 2014).
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Principle 5: Using a tiered and iterative approach

The amount of resources allocated to conducting a risk assessment should be based on, and
be proportional to, the level of concern. Because resources are finite, the greatest amount
of money, time and effort should be assigned to the most potentially significant risks.
Several factors can guide the resource prioritization process. Such factors include, but are
not limited to, the level of severity of the potential injury, the level of exposure involved,
whether a vulnerable population (for example, children, pregnant women, seniors) can be
identified, whether the hazard remains present when the cosmetic product is used in
accordance with its intended use, or the level of refinement of the hypothesis to be tested.

To ensure the allocated resources allow gathering the optimal level of precision to make a
decision, it may be useful to use a tiered approach for risk assessment which would thereby
involve tiered approaches for toxicity and exposure estimation. In some circumstances, it
may be sufficient to develop low tier estimates based on (Q)SARs paired with a Threshold of
Toxicological Concern (TTC) approach using minimal information such as physico-chemical
properties (Kroes et al., 2004; Embry et al., 2014). As an exposure-based waiving approach,
the TTC has been found to be broadly applicable to cosmetics (Kroes et al., 2007, Worth et al.,
2012, SCCS, 2016, Williams et al., 2016) and can also be used for inhalation exposure to
aerosol ingredients (Carthew et al., 2009). If low tier estimates yield enough information to
make a decision, then there is no need to allocate further resources to obtain higher-tier
estimates. If more refinement is required, however, increasing resources could be assigned
to produce higher tier in vitro estimates involving predictive assays paired with IVIVE using
deterministic exposure models encompassing population-specific exposures, or further
refinement yet using probabilistic exposure scenarios. Finally, if an even-greater level of
refinement is needed, further resources can be allotted to produce estimates based on dose-
response for the relevant MoA combined with biomonitoring data (Embry et al., 2014).

The total amount of resources allocated to any risk assessment should be no less and no more
than that required to provide adequate precision, to reach a conclusion, and to make a
decision.

Principle 6: Following an appropriate appraisal of all existing information

It is important to ensure that all available relevant knowledge and information is used to
shape the scope and direction of the assessment. It is recommended to use systematic review
methodology to identify, select and critically appraise relevant information to ensure that all
the steps of the risk assessment process (hazard identification, hazard characterization,
exposure assessment, risk estimate) are based on relevant and robust data. Furthermore, the
findings of systematic reviews could provide information as input into risk assessment models.

A systematic review (SR) is an overview of existing evidence pertinent to a clearly formulated
guestion, which uses pre-specified and standardized methods to identify and critically
appraise relevant research, and to collect, report and analyze data from the studies that are
included in the review (EFSA, 2010). Statistical methods to synthesize the results of the
included studies (meta-analysis) may or may not be used in the process. Due to their
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methodological rigour, transparency and reproducibility SRs are different from narrative
reviews and can provide several important functions in the risk assessment process.

Most simply, an effective SR will prevent the conduct of redundant experiments not necessary
to complete the risk assessment, and reduce bias in the evaluation of existing information.
Where new data needs are identified, SRs may improve the design and therefore the
relevance and reliability of new experiments.

Secondly, a SR can allow the use of both high and low quality data. Where the evidence
located is of high quality the review may be able to produce an estimate of effect that is
unbiased and more precise than those available from any individual study. If the research
located is of poor quality then the review will document the limitations and flaws with the
existing evidence, formally identify knowledge gaps, and make informed proposals for the
weight given to the data in the overall assessment.

Principle 7: Using robust and relevant methods and strategies

For confidence in the validity of the safety assessment, it should be based on robust and
relevant methods.

Criteria to assess this may include adherence to the Organisation for Economic Co-operation and
Development (OECD) Test Guidelines and work in a relevant quality system (e.g. good
laboratory practice (GLP)), applying both to performing in vitro assays and evaluation of the
quality of existing study data. In addition, Good In Vitro Methods Practice (GIVIMP) has been
introduced in order to reduce variability in in vitro methods for regulatory safety assessment
and to allow harmonisation of approaches (Coecke et al., 2016, OECD, 2016a). GIVIMP is
based on good scientific and good quality practices, including considerations on standard
operating procedures (SOPs) of invitro methods, the minimum SOP requirements and
reporting features necessary as well as describing good experimental design and establishing
acceptance criteria for in vitro methods and performance standards. Similarly, any in silico
methods used should be sufficiently documented, transparent and reproducible (see also
Principle 8).

However, it should be noted that new approaches need not necessarily be formally validated,
endorsed by regulatory authorities, or performed to GLP to be useful. In the ECHA Topical
Scientific Workshop on New Approach Methodologies in Regulatory Science held in April 2016,
the usefulness of NAM for a number of regulatory uses was stressed, especially in providing
pertinent information about MoA (ECHA, 2016). In determining the usefulness of a method,
the applicability domain and limitations of the method need to be well understood and
documented, so that the methods can be applied appropriately. The relevance of the method
for the specific purpose also needs to be considered and justified.

The interpretation and combination of information from different methods to inform the risk
assessment can be standardised in defined approaches (DA) to testing and assessment, which
can be components of IATA. DA are rule-based approaches. Data generated by different
methods (in silico, in chemico, in vitro, in vivo), which are deemed relevant and fit for purpose
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for the health effect considered, are evaluated using a fixed data interpretation procedure
(OECD, 2016b). A DA can have the form of a sequential testing strategy or an integrated
testing strategy. An example is the guidance on reporting of DA for use within IATA for skin
sensitisation (OECD, 2016c). Any remaining uncertainties relating either to the methods used
or to the risk assessment strategy should be transparently documented (see Principle 9).

Principle 8: The logic of the approach should be transparently and explicitly
documented

When conducting a risk assessment, all data used, assumptions, methodology and software
should be clearly documented and be available for an independent review. More specifically,
the following should be considered: The problem formulation, the assumption(s), the
rationale for each assumption, the hypothesis(es), the potential MoA, and why the selected
approach is valid should all be clearly articulated. Hyperlinks (preferably direct object
identifiers) to freely accessible peer-reviewed literature should be provided along with the
original risk assessment; the methods, reagents, cells, tissues, and statistical tests (including
outlier treatment) should be detailed and unambiguous; for in silico methods, it should be
stated whether commercial or open-source application software is used. Such software
should be high-quality (including the statistical level of confidence in the predictions and the
determination of the domain of applicability and associated with transparent software
descriptions and processes to generate the predictions. Because software may be available
in numerous versions, it is important to document the exact version used and, if possible, the
substances used to build the model (the training set) to ensure replicability and relevance.
For documentation of QSARs, the QSAR Model Reporting Format could be used, which follows
the OECD principles for validation of QSARs (OECD, 2007)

The levels of transparency and clarity need to be such as to allow a non-expert, decision-
making reviewer to understand the data and reasoning of the assessment, to start an
independent review from the beginning, and to reach the same conclusions as those outlined
in the original analysis.

Principle 9: Sources of uncertainty should be characterized and documented

“Uncertainty can be caused by limitations in knowledge (e.g. limited availability of empirical
information), as well as biases or imperfections in the instruments, models or techniques used”
(ECHA, 2012). There are limitations, biases or imperfections leading to uncertainty in any risk
assessment regardless of the methodology used. Traditional (animal-based) risk assessments
have evolved strategies to deal with uncertainty. These include development of regulatory
guidance describing data needed to complete a risk assessment, test guidelines to describe
how studies should be performed, and guidance documents describing how data should be
interpreted. In terms of safety decision making some uncertainties are addressed with the
use of default or data-driven uncertainty factors (Renwick and Lazarus, 1998). These
uncertainty factors (also referred to as safety or assessment factors) are intended to allow for
possible inter-species and inter-individual differences in response to test chemicals (both
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tokicokinetics and tokicodynamics) as well as other considerations such as duration of study
and overall quality of the database. Therefore, although not always explicit, uncertainty has
always been a feature of toxicological risk assessment and has been addressed in a variety of
ways.

All sources of uncertainties should be identified and characterised to provide transparency
for the decision process. Variability and uncertainty should be distinguished and all different
sources should be considered, e.g. measurement or method uncertainties (EFSA, 2016).
Where novel tools are used in the safety or risk assessment process, especially where
guidance for the evaluation of these approaches is not available, the uncertainty associated
with their use should be explicitly described, also considering that the results from different
types of methods will be integrated in a weight of evidence approach. For example, where
data from in vitro studies are directly used in a risk assessment, sources of uncertainty could
include how representative the test system is of human cells/tissues, i.e. the mechanistic and
human relevance. Rather than relying on conservative default factors to address this
uncertainty, it would be scientifically more robust to transparently characterize this
uncertainty and where required develop a strategy to reduce the uncertainty, e.g. by
generating data addressing limitations in knowledge. The data quality and uncertainties
related to in vivo study data considered in the Integrated Strategy have similarly to be taken
into account.

As stated in the ECHA document on uncertainty analysis, “The underlying principle is that a
tiered approach should be followed and that the amount of detail should be proportionate to
the level of uncertainty and its potential impact on the risk characterisation.” (ECHA, 2012).
This means that the assessment of uncertainty needs to be refined and uncertainties in the
assessment reduced until an acceptable level is reached. If e.g. an analysis of the sources of
uncertainty associated with use of novel tools or approaches indicates that generation of
further data to address limitations in knowledge (e.g. on the relationship between the
response of a human-derived in vitro test system to human cells in vivo) is unlikely to affect
the outcome of the risk assessment this should be justified and documented.

This approach is dependent on the acceptable uncertainty being defined by the risk managers
before the data are generated, and depending on the purpose of the risk assessment, as
failure to do this could result in a number of failures. For example, only considering the level
of acceptable uncertainty after data are generated could introduce bias, e.g. by deciding that
a high level of uncertainty can be tolerated after poor quality data are generated. Another
outcome of not deciding up-front the level of acceptable uncertainty could be paralysis of the
decision making process, i.e. never being satisfied that the information are sufficient to
enable a decision to be made.

Ideally, the uncertainties should be quantified, but can also be described qualitatively to
support the decision making on a transparent basis.
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