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Abstract

This paper presents a 10-step read-across (RAX) framework for use in cases where a
threshold of toxicological concern (TTC) approach to cosmetics safety assessment is not
possible. RAX builds on established approaches that have existed for more than two
decades using chemical properties and in silico toxicology predictions, by further
substantiating hypotheses on toxicological similarity of substances, and integrating new
approach methodologies (NAM) in the biological and kinetic domains. NAM include new
types of data on biological observations from, for example, in vitro assays, toxicogenomics,
metabolomics, receptor binding screens and uses physiologically-based kinetic (PBK)
modelling to inform about systemic exposure. NAM data can help to substantiate a
mode/mechanism of action (MoA), and if similar chemicals can be shown to work by a
similar MoA, a next generation risk assessment (NGRA) may be performed with acceptable
confidence for a data-poor target substance with no or inadequate safety data, based on
RAX approaches using data-rich analogue(s), and taking account of potency or

kinetic/dynamic differences.
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Introduction

Read-across (RAX) is defined as the use of relevant information from analogous
substance(s) (the ‘source’ information) to predict properties for the ‘target’ substance(s)
under consideration (ECHA, 2017). The concept of RAX in toxicological risk assessment has
been around for at least two decades (Willett et al., 1998; Hanway & Evans, 2000; Kovarich
et al., 2019; Krewski et al., 2020), as a way forward to contribute to a chemical safety
assessment without the generation of new animal testing. Typically, RAX has looked at how
chemistry can be used to predict toxicological properties (Cronin et al., 2017). The
application of RAX is particularly pertinent where animal testing, for systemic toxicology and
kinetics, is not legally possible as is the case for cosmetic ingredients in the European Union
since 11 March 2013 (Laroche et al., 2018). In Europe, the Scientific Committee for
Consumer Safety (SCCS) state in the 10" Notes of Guidance (SCCS, 2018) ‘For the safety
evaluation of cosmetic ingredients, all available scientific data are considered, taking into
account the testing and marketing bans in force under Regulation (EC) No 1223/2009.’ This
includes all types of relevant scientific data, including the use of RAX, however in practice it
has been challenging to position RAX into regulatory decision-making for human safety (Ball
et al., 2016). As Patlewicz et al (2015) state ‘Acceptance [of read-across] is undoubtedly
thwarted partly by the lack of a systematic framework to characterise the read-across
justification and identify the uncertainties particularly for complex regulatory endpoints such
as repeated dose toxicity or prenatal developmental toxicity.” A framework for the positioning
and application of RAX in cosmetics safety assessment is therefore much needed for

assessing systemic toxicity without new animal data.

A number of developments now support the setup of such a framework: the EU-funded
research programme, SEURAT-1, led to the creation of an exposure based mode of action
(MoA) driven workflow for safety evaluation without generating animal data, including the

option for RAX (Berggren et al., 2017); ECHA released a report in 2017 on their Read-
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Across Assessment Framework (RAAF) (ECHA, 2017) for the purposes of EU REACH
regulation; the OECD developed guidance on the grouping of chemicals (OECD 2014) and
the US EPA have begun to incorporate general RAX (GenRA) approaches in the EPA
CompTox Chemicals Dashboard (Shah et al., 2016; Helman et al., 2018; Helman et al.,

2019; Thomas et al., 2019).

Since a workshop on NAM and RAX at the European Chemicals Agency in 2016 (ECHA,
2016), a number of RAX case studies have emerged in the literature (Mellor et al., 20163,
2016b; Mellor et al., 2017; Przybylak et al., 2017; Schultz et al., 2017a, 2017b; Gelbke et al.,
2018; Firman et al., 2018; Escher et al., 2019; Benfenati et al 2019; Luijten et al., 2020),
describing tools, good practice and approaches to support human safety decision-making in
a pragmatic and appropriately conservative way. These examples look at ways of
demonstrating similarity of an analogue(s) to a target substance, using evidence of
similarities with respect to chemical structure, physicochemical properties, metabolism and
toxicokinetics, toxicodynamics, as well as similar structural alerts using predictive QSAR
approaches for traditional toxicological endpoints. The ultimate intention is for these

techniques to be useful in a regulatory context.

The National Academy of Sciences, Engineering and Medicine (NAS) 2017 also report on
RAX ‘Using 215t century science to improve risk-related evaluations’ stating “One approach
for evaluating data-poor chemicals is to use toxicity data on well-tested chemicals
(analogues) that are similar to the chemicals of interest in their structure, metabolism, or
biological activity in a process known as read-across” (see Figure 1 and figure legend for

explanation).

[Insert Figure 1]
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Our presentation of the concept of next-generation RAX in this paper, involves building on
established approaches, with recognition of the specific challenges that face the cosmetic
sector, in terms of ensuring that no evidence or information comes from new animal data
performed for the purposes of the EU Cosmetics Regulation. The increasing availability of in
chemico and biological in vitro NAMs in recent years now provides a significant improvement
in the means to explore similarities and differences in metabolism, kinetics, toxicodynamics
and biological activity between data-rich analogues and data-poor target chemicals (Escher

et al., 2019; Krewski et al., 2020; Sauer et al., 2020).

The aim in NGRA, as with traditional risk assessment, is to derive a scientifically justifiable
guantitative point of departure (POD) for a target substance and an endpoint that can inform
either the derivation of a suitably protective Health Reference Value (HRV) and/or a
guantitative risk assessment for a predicted or observed adverse health outcome. A POD for
the target substance that has no or inadequate toxicology data is derived from a similar
analogue substance by RAX. This POD is then used together with exposure data on the
target substance to derive a margin of safety (MOS) and thus performing a quantitative

NGRA, accounting for the level of confidence in the overall outcome.

With this in mind and the set of nine principles proposed by Dent et al (2018) to guide NGRA
(Figure 2) it is apparent that a revised practical framework is needed for RAX, particularly to
support transparent and structured risk assessment in a regulatory context, to enable the
integration of both toxicokinetic and toxicodynamic based NAM data. Above all, we should
remember Principle 1 from Dent et al (2018), that the overall goal is to assure human safety

by performing an assessment that is relevant to humans.

[Insert Figure 2]
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A Proposed 10-Step Read-Across Framework for Next Generation Risk

Assessment

Figure 3 outlines a proposed 10-step framework structured in three tiers, showing the steps
associated with a NGRA based on a RAX. RAX is a component of a NGRA extending the
“traditional” read-across paradigm that has typically been applied, using chemical structures
and properties, by the integration of further lines of evidence to generate and substantiate
hypotheses relating to i) toxicodynamics (specifically the mode/mechanism of action (MoA))
and ii) toxicokinetics (relating to systemic bioavailability and metabolism). The approach
benefits from being a flexible and iterative procedure, at times requiring reflection on the
guality of read-across arguments in terms of associated levels of confidence, and how
confidence can be increased by obtaining or generating data from NAMs. A variety of
cheminformatics tools and in vitro assays can be used to inform on potential MoAs and
kinetics in a tiered and iterative approach for both source (analogues) and the target
chemical that is the subject of the RAX. This chemical and biological information is then
used to support the overall weight of evidence RAX hypothesis that increases confidence by
reducing uncertainty to an acceptable level, given a defined exposure scenario for the target

chemical.

To facilitate the implementation of RAX in a regulatory context, a framework to organise and
report the information is needed to enable transparent, reproducible and scientifically
defensible decision-making. We detail a 10-step framework that, as can be seen from Figure
3, is an evolution of the basic ideas that emerged as an output from the EU-funded research
project SEURAT-1 (Berggren et al., 2017)). The 10-step framework is a tiered approach to
RAX that is exposure driven and MoA based. It is possible to exit the framework at the end
of different tiers when confidence in the outcome is acceptable for a given exposure

scenario. Two case studies (for propyl paraben and caffeine as target chemicals) applying
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this 10-step framework accompany this manuscript (Ouedraogo et al., 2021; Bury et al.,
2021 respectively) and the reader is referred to these papers for learnings and practical
demonstration of the potential usefulness of the framework in supporting chemical safety

assessment. The next sections describe how to work through the framework step by step.

[Insert Figure 3]
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Tier O - steps 1to 4 of the 10-Step RAX framework

At the very beginning, one should consider the problem formulation and decision context, the
degree of exposure and the information gaps that exist for the target chemical of concern.
Clear and unambiguous problem formulation is required for NGRA (Embry et al., 2014;
Cronin et al., 2019). This RAX framework is predominantly exposure driven and as Berggren
et al (2017) describe, an early exit is possible during Tier 0 for chemicals where human
exposure is very low and below a relevant threshold of toxicological concern (TTC) value, as
defined on the basis of chemical structure and the known toxicity of chemicals sharing

similar structural characteristics (EFSA, 2019; Yang et al., 2017).

This paper considers a RAX approach in cases where a TTC approach is not possible as
exposure levels are higher than can be risk assessed using TTC, or the substance falls
outside of the TTC application domain. The workflow of the Tier O process as shown in

Figure 3, is discussed below.

Step 1: Identify exposure/use scenarios for target chemical

Assessment of the exposure to a cosmetic ingredient based on the product use scenario is a
key part of cosmetics safety assessment (SCCS, 2018). In general, there is agreement that
a tiered approach should be used for exposure estimates (Delmaar & van Engelen, 2006;

Embry et al., 2014; Meek et al., 2011 — see Figure 4).

In Tier O of this RAX framework, the approach can range from conservative deterministic
exposure estimates (as in the caffeine case study (Bury et al., 2021) derived using the
maximum % of a chemical ingredient in product(s) together with information on maximum
product usage, to a more sophisticated probabilistic modelling exposure estimate if
necessary, according to the principles of the Scientific Committee on Consumer Safety 10th
Notes of Guidance (SCCS, 2018), taking into account realistic habits and practices

information of product use. Ingredient occurrence data using Industry Survey data and
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consumer database information can also be used (as in the parabens case study

(Ouedraogo et al., 2021)).

We are ultimately aiming to perform a risk assessment by calculating an acceptable margin
of safety (MOS) where MOS = toxicological POD divided by an exposure estimate in the
same units. Tiered risk assessment is an iterative process of refinement of both exposure
estimates and toxicological hazard. If, at any tier, an acceptable margin of safety (MOS)
cannot be demonstrated, the assessment moves to a higher tier where more data are
generated to increase the level of confidence. However at lower tiers in the assessment,
there is often more conservatism applied (Solomon et al., 2008). The safety assessment is
finished if (at any tier of the approach) it has been demonstrated that the MOS is acceptable
for the population under consideration, or if at the highest tier the risk is not acceptable and
further refinements are not possible, then risk management measures such as restrictions

for use must be put in place.

It is necessary to note that exposure in the present context mostly refers to an external
exposure, i.e. external dose of the respective ingredient. So, in Tier O deterministic and
probabilistic exposure evaluations are used to determine an external dose metric, usually for

systemic toxicity endpoints in units of mg chemical/kg body weight/day.

However, only if a cosmetic ingredient enters the systemic circulation and reaches a target
tissue or organ, can it be possible for a systemic adverse effect to occur. The internal
exposure experienced by the body depends considerably on the route of exposure, including
respective kinetic and metabolic differences. The majority of cosmetic products are applied
via the dermal route and living skin is a barrier which can limit systemic exposure. Indeed,
there are many factors that are important in the overall exposure assessment and their
inclusion may be a consideration for further exposure refinement as needed as shown in Tier
1 of the framework. Knowledge about absorption, distribution, metabolism and excretion
(ADME) (via skin, oral or inhalation routes) can provide an internal dose metric. Moreover,
the application of physiologically-based biokinetic (PBK) modelling in Tier 2 may help to

9
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target internal dose metrics (i.e. chemical in organs, blood, etc) in animals and humans.
These kinetic data are considered in Tiers 1 and 2 of the proposed framework but for now, in

Tier 0, we only consider external exposure.

Step 2: Identify molecular structure of target chemical

In the RAX approach presented here and in the accompanying case studies (Ouedraogo et
al., 2021; Bury et al., 2021), there is a pre-requisite for the explicit definition of chemical
structure of the target compound(s) (for which the RAX is to be applied) and that of the
source compound(s) (analogues from which the data gap is filled via read across). The
chemical structure should be defined explicitly using e.g. SMILES, INChi, IUPAC name and
other relevant identifiers. Aspects such as stereochemistry, isomerisation and 2D structure
should be clearly defined. Existing commercially available chemicals will have a Chemical
Abstracts Service (CAS) number with the possibility of measured and predicted
physicochemical properties. It is possible that traditional analytical chemistry approaches will
enable the chemical structure of a truly novel chemical to be determined de novo as a
starting point without it being a registered chemical. In certain cases, RAX may be possible
for uncharacterised mixtures or UVCBs (Undefined Variable composition,
Chemical/Biological) where only the major constituents are defined and there are gaps in the
chemical similarity data, but where biological similarity data exists (Ryan et al., 2019; House
et al., 2021). The application of RAX for mixtures such as botanical extracts is under
development and promising progress is being made (Little et al., 2017; Vandermolen et al

2020).

In this step, structural features (such as molecular scaffolds or substructures, substituents,
functional groups, isomers, tautomers, alkyl chain lengths) are identified for the target
chemical that will enable the analogue search strategy in future steps. Any likely
biotransformations and metabolites should be predicted and/or measured (in particular
reactive metabolite formation) such that it can be hypothesised whether the parent chemical

10
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(as in the case of the parabens (Ouedraogo et al., 2021)) or a metabolite (as in the caffeine
case study (Bury et al., 2021)) is likely to act as the toxicant. The structures of major

metabolites should also be known.

Step 3: Collate supporting data on target chemical and define data gap(s)

All attempts should be made to collate data for the target chemical (and major metabolites of
interest) on physico-chemical properties; existing toxicology and NAM data; and absorption,
distribution, metabolism and excretion (ADME) data. An appropriate literature and database
search should be performed using the major authoritative sources of information and a
search strategy adopted such as those described in IATA (Integrated Approaches to Testing
and Assessment) case studies by the OECD (Van der Stel et al., 2021). A typical literature
and data search might include sources such as those in Table 1. All evidence should be

tabulated in a clear, systematic and logical form.

11



255  Table 1 Useful sources of physico-chemical data, toxicological, ADME and NAM information.
256  Note this table is not exhaustive but includes major sources of information at the time of
257  publication.

Source Weblink*

Physico-chemical Data

US EPA CompTox Chemicals | https://comptox.epa.gov/dashboard

Dashboard

ChemSpider https://www.chemspider.com/

SciFinder https://scifinder.cas.org/scifinder/view/scifinder/scifinderExplore.jsf
EpiSuite https://www.epa.gov/tsca-screening-tools/epi-suitetm-estimation-

program-interface

Toxicological Data

PubMed (National Center for https://pubmed.ncbi.nlm.nih.gov/
Biotechnology Information)

National Library of Medicine’s | https://pubchem.ncbi.nlm.nih.gov/
Hazardous Substances
Database Information

European Chemicals Agency https://echa.europa.eu/

— REACH data

International Agency for https://www.iarc.fr/
Research on Cancer (IARC)

National Toxicology https://ntp.niehs.nih.gov/

Programme (NTP) - USA

OECD Screening Information https://hpvchemicals.oecd.org/ui/Default.aspx
DataSet (SIDS)

Japan — NITE-CHRIP https://www.nite.go.jp/en/chem/chrip/chrip_search/systemTop
Database

Japan Existing Chemicals http://dra4.nihs.go.jp/mhlw_data/isp/SearchPageENG.jsp
Database (JECDB)

Cosmetic Ingredient Review https://lwww.cir-safety.org

(CIR)

EPA’s Aggregated https://comptox.epa.gov/dashboard

Computational Toxicology
Online Resource (ACTOR) —
CompTox Dashboard

QSAR —e.g. OECD Toolbox http://www.oecd.org/chemicalsafety/risk-assessment/oecd-gsar-
or the VEGA Hub toolbox.htm
https://www.vegahub.eu/about-vegahub/

New Approach Methods

PubChem and ChemIDPLus https://pubchem.ncbi.nim.nih.gov/

(National Center for https://chem.nIm.nih.gov/chemidplus/

Biotechnology Information)

Multiple databases for Many databases listed and described in Pawar et al 2019;
computational toxicology, http://www.oecd.org/chemicalsafety/risk-assessment/oecd-gsar-
metabolism prediction, toolbox.htm

In silico profiling tools (eg https://ec.europa.eu/jrc/en/scientific-tool/toxtree-tool

within OECD Toolbox,
ToxTree, DEREK etc)

US EPA ToxCast Data https://www.epa.gov/chemical-research/downloadable-
computational-toxicology-data

Toxicogenomic tools: http://ctdbase.org/

Comparative toxicogenomics https://norecopa.no/3r-guide/drugmatrix

database

NTP DrugMatrix

258  *correct at time of going to press
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If, at the end of this process, the target chemical has relevant data gaps, so that no point of
departure (POD) or health reference value for systemic toxicity can be derived, the data
gap(s) and the problem formulation must be clearly defined. Potential analogues are then

identified as in step 4, using a clearly described analogue search strategy.

Step 4: Analogue(s) a) Identify, b) collate existing data, c) determine similarity

hypothesis (with or without MoA data)

Step 4 is a crucial step in RAX as it allows for the identification of suitable analogues (source
chemicals) to be used as a surrogate(s) for the target chemicals, from which a toxicity
benchmark can be read across for the target based on a justifiable hypothesis. The process
of analogue identification is multifaceted and may require multiple iterations of refinement
depending on the data found in database and literature searches. It is driven by aspects of
chemistry and metabolism knowledge, chemical similarity, biological activity (mechanistic)
concordance, toxicokinetic similarity, toxicodynamic similarity, availability of evidence to
justify and support the similarity arguments and the availability and quality of data for the
source compounds. Similarity hypotheses may vary in type, from simple structural analogues
e.g. a common function(s) variation in carbon chain length (as in the RAX case study for
parabens (Ouedraogo et al 2020)) to more complex arguments based around MoA or
common metabolites (as in the RAX case study for caffeine (Bury et al., 2021)). It must be
remembered that even the most elegant read-across hypothesis will be let down if there are
insufficient high-quality data, so a pragmatic well reported evidence-based approach to

analogue identification is critical.

a) ldentify analogues
Potential analogues are currently identified using two-dimensional molecular similarity taking

account of features defined from step 2 such as substructures and functional groups,
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reactive chemistries as well metabolism. If a substance is part of a clear and obvious
chemical family, or homologous series (as with n-alkyl chain parabens for example
(Ouedraogo et al (2020)), then a structural analogue from the family may be found when
searching in a toxicological database or customised read-across tool such as the OECD
QSAR Toolbox, COSMOS DB or AMBIT. It is preferable, even when a homologous series is
known, to undertake a generic chemical similarity search using cheminformatics tools and
still proceed with care in inferring toxicity, as it is possible that unexpected toxicological
behaviour, possibly through biotransformaitions, can arise. Searches based on common
modes of action or metabolites would usually be undertaken when some prior knowledge
can be assumed or may be made available following in silico or even in vitro profiling. Such
information may also include structural alerts for chemical-biological interactions, as linked
to molecular initiating events (MIES) in Adverse Outcome Pathways (AOP) (Cronin &

Richarz, 2017) as well as any NAM data that already exist.

i) Similarity based on chemical class or homologous series based on common sub-
structures: The simplest form of read-across is to utilise a direct structural
analogue e.g. a compound of the same chemical class or that shares a similar
molecular scaffold or predominant substructure with the same substituents or
functional groups (as is the case for parabens (Ouedraogo et al., 2021)).
Preferably there would be very limited structural differences between the target
and source compounds. The assumption here is that the common functional
groups will have the same mode of action and the parent substance drives
toxicity. Differences in potency within a homologous series are often as a result of
definable differences in chemical structure or ADME properties. This is a simple
technique founded in several decades of experience of considering classes of
High Production Volume (HPV) chemicals. It is powerful due to its transparency

in principle, but demonstration of the assumed mode of action driving toxicity may
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not be trivial.

Chemical structure similarity: Different cheminformatics tools may be used to
search databases for appropriate source substances as analogues for the target.
Computed similarity scores are popular because of their speed of use and ability
to find closely related structural analogues which are not necessarily or obviously
in the same chemical class or homologous series.

It is vital that the correct approach for assessing similarity is used. Generally
these methods are provided to query available databases to find similar
structures or may be accessed via websites such as ChemMine

(https://chemminetools.ucr.edu/), however these can sometimes lack

transparency. The similarity search method uses some means of reducing the
chemical structure to a digital representation and then comparing these
representations using an algorithm to compute a similarity score. The most
frequent means of characterising a molecule is the creation of binary fingerprints,
or bit strings, representing the presence or absence of individual sub-structural
features e.g. a functional group. There are many methods of creating these
fingerprints varying from general descriptions of organic chemistry, to functional
groups relevant for toxicology (Cereto-Massagué et al., 2015). Mellor et al (2019)
reviewed a number of the fingerprint methods as means to support read-across,
with some showing better functionality. Also, fingerprints based on toxicologically

relevant functional groups (e.g. ToxPrint chemotypes, https://toxprint.org/) often

perform well. A method is also required to determine ‘relative similarity’ between
two molecules. There are many methods to do this, a simple approach that is
widely used is the application of the Tanimoto Index which assesses the
proportion of the overlap in fingerprints between two molecules (Bajusz et al.,
2015). It is essential to note that the similarity between two molecules is a
function of the fingerprint that is used. Different fingerprints will find different
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ii)

analogues, and the Tanimoto coefficients will vary according to the fingerprint
and the information it contains. Often the use of chemical structure-based
similarity can yield quite a number of potential ‘similar’ substances or substances
with different toxicological profiles from the target compound. The search can be
refined by identifying the molecular scaffold or predominant structural features
with required functional groups and similar physico-chemical properties and
searching the relevant database by substructure (Wu et al., 2010, Lester et al.,

2018).

It should also be remembered that source analogues with limited toxicology data,
and particularly for the endpoint(s) of interest required for the target chemical, are
not viable candidates for further RAX consideration, so informatics protocols for
searching for this dependency early on are useful. Once this process is complete,
considerations around the nature of the analogues returned should be made e.g.
regarding core structural components, reactive groups, and structural variations

that are or are not hypothesised to impact the toxicological outcome.

Physico-chemical property similarity: Similarity can also be assessed in terms of
physico-chemical properties and the associated data. Except in specific
circumstances (e.g. pKa relating to skin corrosion), which are unlikely to be
relevant for chronic human health effects, physico-chemical properties in
themselves are not the basis of a read across argument. However, they will
provide strong supporting evidence for toxicological similarity for similar chemical
structures and are essential to assist in the determination of differences in
toxicokinetics and potency since physico-chemical properties may affect

bioavailability and consequently biological responses observed in vitro or in vivo.
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A number of types of physico-chemical data could be included to assess
similarity, for instance those that are requested in the SCCS 10™ Notes of
Guidance (2018): appearance/physical state, molecular weight, purity/impurity
profile, presence of isomers, solubility in water, oil-water partition coefficient (log
Pow), homogeneity, stability and identity of degradation products. Other basic
properties would include: melting point, boiling point, density, vapour pressure,
flash point, oxidising properties, pKa dissociation constant, pH in water, viscosity,
polar surface area and number of rotatable bonds. Any special considerations
can be added if necessary, e.g. for polymers or nanoforms of particulate
materials. Other parameters such as hydrogen bond donors and hydrogen bond
acceptors, which are part of the Lipinski Rule of Five (Lipinski et al., 2001) for

predicting bioavailability, are useful to compare.

Similarity of common metabolite or degradant. Similarity between molecules can
be assumed if they elicit the same metabolite or a common degradant (as in the
caffeine case study (Bury et al., 2021)). In this case the read-across is usually
performed considering a principal metabolite, assuming toxicological data exist
for it (Ball et al., 2014). Often studies using this approach will utilise relatively
similar starting molecules, but it does also allow for compounds that are not close
structural parent analogues to be considered, when they yield the same
metabolite. This approach forms one of the cornerstones of the read-across
scenarios in ECHA’s Read-Across Assessment Framework (RAAF) (ECHA,
2017). Similarity of this type usually requires prior knowledge and detailed
technical considerations, in addition, experimental evidence of extent and rates of
metabolism (from in vitro studies, PBK or human evidence) may be required to

strengthen the RAX argument.
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Biological similarity: Biological, or toxicological, similarity can be used either to
identify analogues or support similarity hypotheses. Similarity, in terms of a
common toxicological mode/mechanism of action (MoA) for target and
analogue(s) may be assumed from commonality of chemical structure. Chemical-
specific MoAs can be considered together with a chemical-agnostic biological
adverse outcome pathway (AOP)) (Ankley & Edwards, 2018). In an AOP there
may be known key mechanism(s) associated with an identifiable molecular
initiating event (MIE) (Cronin and Richarz, 2017). This could include gene
expression markers or receptor based mechanisms, for example. Generating a
hypothesis on a common MoA and also demonstrating similar patterns for similar
chemicals may be achieved through in silico profilers. For instance Mellor et al
(2016a) developed profilers for nuclear receptor ligands as an upstream
mechanism of action associated with hepatic steatosis (fatty liver disease).
Another example of a common MoA is the blocking of Al-adenosine receptors by

methylxanthines, as shown in the caffeine case study (Bury et al., 2021).

Biological similarity can also be supported directly from experimental data where
it exists and this may be combined with physico-chemical properties to increase
confidence e.g. the Chemical-Biological Read-Across (CBRA) approach (Low et
al., 2013). The ‘Generalized Read-Across (GenRA)’ approach developed by the
US EPA’s National Center for Computational Toxicology (NCCT) is an approach
where in addition to chemical similarity, NAM bioassay data from the ToxCast
programme have been used to cluster substances based on biological similarity
(Shah et al., 2016; Patlewicz et al., 2017; Helman et al., 2018; Helman et al.,
2019). It should however be noted that special consideration must be given to the
potential issues with ‘hit calls’ from flawed dose response curves. Blackburn et al
(2020) have proposed an initial framework for use of ToxCast data into a RAX
safety assessment that takes account of this.
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Following the identification of suitable analogues for the target substance, step 4b will be
undertaken to retrieve appropriate toxicological data. These data should also be tabulated in
a clear, systematic and logical form and analysed for concordance with the target and other
source substances. If data are lacking or available data are insufficient in terms of study
guality, other analogues may have to be sought as described above which may require
attempting other means of searching for and selecting appropriate analogues. This is

therefore an iterative process based on the analysis of the analogue data set.

b) Analogue — collate existing data

Iteratively, as analogues are being identified and narrowed down for comparison with the
target compound using the chemical/biological similarity approaches as described above,
searches for toxicological data (for the closest analogues) should be performed from all
available sources (e.g. in Table 1). Data on the selected analogues may be available in
global public data sources, such as from PubMed or authoritative reviews, such as the
Cosmetics Ingredients Review (CIR) website, the European Chemicals Agency (ECHA)
REACH database (as publication permits), or data may be available in company archives. It
is relevant to collect all toxicological endpoint data for target and analogues, e.g. on the
range of endpoints as would be included in an evaluation according to the SCCS 10" Notes
of Guidance (2018), not just the study data type that is relevant to the target chemical data
gap, as other data can also be used to substantiate biological and toxicological similarity.
Ideally, the study quality should be reviewed and reported for all source analogues, most
commonly undertaken as per the methods of Klimisch et al (1997) or possibly using the
approach developed as a webtool for both legacy in vivo data and in vitro data in the SciRAP

project (http://www.scirap.org/).
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In order to address the toxicological data gap defined in Step 3, good quality systemic
toxicology studies (e.g. 28-day, 90-day, 2-year bioassay, reproductive, developmental study
data etc) are needed (ideally performed to OECD guidelines and to GLP, but these
conditions may not always be available) to determine a toxicological POD for at least one
close analogue. If there is a homologous series of analogues, it is hecessary to collect all
toxicology data for all analogues. There may be a good quantitative dose response, from
which a no (or low) observed (adverse) effect level (NOAEL/LOAEL) or a benchmark dose
(BMD) can be derived; or no effects may be seen in the study for the closest analogue and
the top dose in the study acts as the NOAEL. The analogue selection and choice of data
must be justified in a structured and rigorous report (similar to the approach described in
Schulz et al 2015), as being sufficiently similar to the target, such that a similar MoA leading
to the same degree and type of toxicity can be assumed for both. Given, the availability of
good data, the POD for the analogue can then be read across for the target, with a certain
level of confidence. However, the possibility of differential potencies must be considered and
will be discussed below in terms of substantiating the RAX and assessing confidence in an

outcome.

c) Determination of similarity hypothesis

It is important early on in a RAX to give some thought to the overall hypothesis for the
similarity between the target and source chemicals. It is also important to consider any
impacts on the selection of analogues and accompanying data from any differences that
may arise from the route and duration of exposure for target and analogue substances. In
this regard it may be helpful to consider the scientific basis and definition of the RAX
scenario on the basis of chemical similarity, metabolism and mode of action as follows

(Berggren et al., 2015; ECHA, 2017):
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Chemical similarity of compounds that do not require (or do not undergo)
metabolism to exert a potential adverse human health effect
Il. Chemical similarity involving metabolism (resulting in exposure to the
same/similar substance(s))
M. Chemicals with general low or no toxicity
V. Distinguishing chemicals (in a structurally similar category) with variable toxicities

based on the MoA hypothesis

In one of our accompanying case studies, a search for chemically similar analogues and
existing knowledge on caffeine metabolism led to the decision to use the major caffeine
metabolites as source chemicals for the target caffeine (Bury et al., 2021). In the other case
of parabens, the search for chemically similar analogues led to a focus on the homologous
series of short-chain n-alkyl parabens, with the use of physico-chemical properties to help
define the boundaries of similarity (Ouedraogo et al., 2021). It is essential that the similarity
hypothesis is pragmatic, can be supported by sufficient evidence to make it acceptable and
fit for purpose, and crucially there are sufficient high-quality toxicity data for the source

molecules.

To summarise, when selecting read-across source (analogue(s)) for the target (chemical of

interest), it is necessary to address the following considerations:

» Chemical structure, physicochemical, reactivity and metabolism properties

» Whether traditional good quality, quantitative toxicology data are available

» Whether in vitro data and/or NAM data are available

* Hypothesis of potential mode/mechanism of action common to the source and target

chemicals in terms of the scenario to be assessed (as per categories | to IV above)

As one works through the Tier O process, it is likely that in the first instance a ‘category’ of
similar analogues will be formed and then as more information on toxicological data and
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biological similarity becomes available this iteratively focuses the analogue selection to
either one analogue or a small category of analogues with suitable good quality quantitative

data to derive a POD for the data gap defined in Step 3.

At this point in the process it should be considered whether there are sufficiently similar
analogue(s) available with good quality toxicological data from which to move to Step 8 and
perform a RAX to using a POD for the target based on an analogue. If exposure is
reasonably low and the POD is predicted to be high from the RAX, it may be possible to
derive an acceptable MOS in Step 9, with the level of confidence in the POD prediction (low,
moderate or high) accounted for in the final assessment in Step 10. The derivation of a POD
for the risk assessment using RAX is explained below in Step 8. If the level of confidence is
not acceptable at this point in the framework, further data can be generated in Tier 1 related
to bioavailability and to substantiate biological similarity, thus increasing confidence in the

RAX hypothesis.

Tier 1 — Bioavailability/kinetics and MoA as relevant to the RAX

At the end of Tier 0, it may be the case that the level of confidence in the RAX derived POD
for the target is not sufficiently high and additional safety factors need to be used in the risk
assessment to account for uncertainties, either in potential differences between target and
source kinetics or mode of action. In some instances, exposure may be so low and the MOS
sufficiently high that the risk assessment is acceptable but given a higher exposure estimate,
the resulting MOS may not be considered acceptable and further refinement may be
needed. In Tier 1 such additional data can be generated using human relevant NAM

approaches.

Step 5: Systemic bioavailability/ADME of target chemical and analogues
Legacy toxicity data most often come from orally dosed studies in animals. The exposure

scenarios for a cosmetic are most often via dermal application. A default assumption of

22



528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

similar absorption both orally and dermally is the starting point for the safety assessment but
it is more realistic to determine or predict both the oral and the dermal absorption between
target and analogue(s), so that a refinement of the POD can be made or uncertainty factored
into the risk assessment to account for any relevant toxicokinetic differences in a proper

manner.

Dermal penetration data can be generated for cosmetic ingredients by in vitro techniques
(according to OECD guideline method 428 and criteria according to the SCCS Notes of
Guidance), using excised human skin obtained ethically from cosmetic surgery operations,
to estimate the systemic bioavailability i.e. a surrogate for an internal dose. Skin penetration
could in theory be estimated in silico and a model has been developed for fragrance
materials as described in Shen et al (2014) to predict flux (Jmax). However, in silico
predictions require further development for a broader range of chemicals. Recently, Hewitt et
al (2020) described dermal absorption datasets for 56 chemicals, and it is hoped that these

data can improve the predictivity of in silico modelling in the future.

Gathering as much evidence as possible on the similar and differential ADME properties for
both target and analogues will help to inform how confident the POD prediction is for the
target, whether adjustment is required and to ensure an appropriate level of conservatism is
factored into the risk assessment for differential toxicokinetics between target and analogue
and between routes of exposure. In vitro ADME parameters could be available in the
literature (e.g. as per sources in Table 1), or from using in silico tools (a range of ADME data
sources is listed in Pawar et al. 2019). Data may need to be generated to further justify the
analogue selection, for example, on extent of protein binding, comparative enzyme kinetics
(e.g. esterase activity for parabens), rate and extent of clearance (e.g. metabolism in liver),
comparative gut permeability, transporter effects. These are just some of the possible
bespoke ADME studies that could be performed and the data should be described in

accordance with an OECD guideline or other appropriate guidance, include an analysis of
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data quality and be expressed in clear and readable tabular form to enable an assessment

of similarity in bioavailability between target and analogue(s).

It could also be useful to use PBK modelling to estimate the internal dose metrics for route to
route comparisons, although many of the aforementioned ADME parameters will be needed
to do this. It may also be possible to derive PBK parameters using RAX approaches where
there are data gaps (Ellison & Wu, 2020), as well as POD endpoints. When kinetics are fully
accounted for, it allows for reduction of the uncertainty factors in relation to inter-species
toxicokinetics and PBK modelling has been used effectively in this regard in the case study

on parabens (Ouedraogo et al., 2021). More is described on this in Tier 2, Step 7b below.

Step 6: Supporting a Similar Mode/Mechanism of Action hypothesis

A mode or mechanism of action (MoA) hypothesis is the ideal starting point in deriving the
initial similarity hypothesis for the analogue selection of a target. This can be a difficult step
for cosmetic ingredients that are typically of no or low toxicity, for example there may be
observations such as body weight loss or gains, where a MoA is difficult to establish. In
situations where a MoA is not able to be defined well, it may only be possible to consider the

concordance between in vivo and in vitro data.

Based upon the findings of the chemical and biological activity similarity searches in Tier 0,
one can begin to form hypotheses for how the target and analogue(s) could act via similar
mechanisms and MoA in the body upstream of a serious adverse outcome, such as
reproductive or developmental toxicity, liver damage, cancer etc. Evidence on a MoA could
help to provide further justification for the RAX. For example, the adenosine receptor driven

MoA for a common metabolite in the accompanying caffeine case study (Bury et al., 2021).

As well as using evidence from existing in vivo studies that a similar MoA is at play for the
target and analogue(s), one could look for further evidence from NAMs to strengthen and

support the hypothesis. Toxicogenomics data are likely to be a key resource here and a
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good example of its application to confirm similarity in MoA is provided by Chen et al.,
(2020). Liu et al (2019) describe a vision beyond 2020 for how toxicogenomics and big data
approaches could be applied in RAX to underpin similarity hypotheses and toxicogenomics
data are also used in the case study on parabens (Ouedraogo et al., 2021), providing an
untargeted approach to inform on MoA and similarity. Toxicogenomics analyses can be
performed using in vitro models such as tissue slices, primary hepatocytes, cell lines, 3D
tissue models, stem cells, organoids or organ-on-a-chip models (De Abrew et al., 2015,
2019; Jiang et al., 2019; Liu et al 2019; Moroni et al., 2020; Punt et al., 2020) as well may be
existing from in vivo studies. Van Ravenzwaay et al (2016) demonstrated when forming a
category of analogues using physico-chemical properties for the target substance MCCP, a
herbicide, how metabolomics data from the two closest analogues may also be used to
substantiate the RAX and avoid the need to perform a 90-day study. In this case,
metabolomics data were available for all three substances from 28-day toxicity studies, and
valid 90-day toxicity studies for the two source substances, so legacy in vivo data were used
to prevent the need for a new 90-day animal study for the target substance. Similarly,
Sperber et al (2019) have actively demonstrated the principles of using metabolomics data
to support RAX for a REACH submission for 3-aminopropanol (3AP), based on read-across

from 2-aminoethanol (MEA).

A connectivity map (CMap) approach has been utilised by De Abrew et al (2019) where
transcriptional profiling data, obtained in vitro from a number of different cell lines, is used to
augment a RAX initially based on chemical properties and help assure that small differences
in chemical structure between target and analogues do not have significant biological
consequences. De Abrew et al describe two case studies; one for alkylphenols and another
for diaminobenzenes. In each case, they used the data to support why some analogues
were more suitable for RAX than others, due to biological activity similarity profiles. We have
also used the CMap approach in our accompanying parabens case studies to affirm

analogue identification and underpin the choice of analogue POD (Ouedraogo et al., 2021).
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All be it complex in its analysis, such an approach provides a broad biological coverage
although a targeted panel of ligands assays also proved useful in the parabens case studies
for a deeper understanding of effect at the molecular level. It can be expected that as high
content data streams continue to grow, spanning a larger chemical space, it may be
increasingly possible to derive analogues based on functional similarity rather than strict

analogy of chemical properties.

At this point at the end of Tier 1, as above, it could be possible to exit the framework and
move to Steps 8-10. However, if available data qualitatively support similarity but provide
insights into quantitative differences in the kinetic or biological activity profiles it may be

necessary to perform targeted testing and biokinetic refinements in Step 7a.

Tier 2 Targeted MoA testing and biokinetic refinement to support RAX

Where increased confidence is needed in the kinetics or MoA hypothesis and potency
derivation it should be investigated as to whether NAM data could be generated at Tier 2.
The selection of in vitro assays that are relevant to run in targeted Tier 2 testing would be
informed by the analysis performed in Tier 1. Also, refined estimates of internal dose using

PBK modelling may help to reduce uncertainty and achieve a more realistic MOS.

Step 7a: Targeted testing using NAM biological assays to strengthen hypotheses

Based upon the information collated and generated in Tier 0 and Tier 1, customised and
targeted testing may be needed to provide further evidence that supports a common MoA

hypothesis for the target substance and the source analogue(s).

For example, it may be hypothesised that the target substance and analogue(s) all exert
common toxicity through a receptor-driven mechanism of action associated with a specific

adverse outcome. This is the case in the caffeine case study based on adenosine receptor
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antagonism and nervous system/cardiovascular effects (Bury et al., 2021). There have been
other promising uses of biological assays for support of a RAX paradigm. Coulet et al (2019)
used a battery of in vitro bioassay data for nitrogen-containing polycyclic aromatic
hydrocarbons (PANHSs or aza-arenes), which are toxicologically data poor chemicals, to
perform RAX from more data-rich polycyclic aromatic hydrocarbons (PAHS). The hypothesis
tested was that PANHs are more potent inhibitors of aryl hydrocarbon receptors (AhR) than
PAHSs, and hence potentially more toxic. So as to avoid a significant amount of new animal
testing, the concept of MIEs was used to explore the mechanisms responsible for
carcinogenicity with PAHs. The problem formulation was to address whether PANHSs are
more potent carcinogens than PAHs. The MIE was described as the binding of the PAH
benzo[a]pyrene (B(a)P) to the transcription factor AhR followed by induction of cytochrome
P450 (enzyme) genes and subsequent B(a)P biotransformation into DNA reactive
metabolites, DNA-adduct formation, mutations, and ultimately cancer pathologies. Assays
included Chemical Activated Luciferase gene expression (CALUX) gene assays for reporter
cell lines were used: the Estrogen Receptor alpha and beta (ERa, ERB), the Androgen
Receptor (AR) and the Aryl hydrocarbon Receptor (AhR); standard Ames test and flow-
cytometric micronucleus tests for genotoxicity and the Phospho-y H2AX activation test
(Cellomics). These data showed that PAHs and PANHs could be best grouped in terms of
the number of rings in their structure and molecular size; substances with 5 aromatic rings
had similar biological properties to each other, different from 4 ringed and 3 ringed

structures.

Targeted testing was also useful in the two case studies that accompany this paper.
Paraben gene expression data pointed to in vitro estrogen receptor assays as being
potentially useful to assess similarity of short-chain parabens, so Toxcast ER data across
multiple assays was used to inform potency by virtue of the reported AC10 values across
this homologous series (Ouedraogo et al., 2021). For the caffeine case study, CMap hits

showed CNS and CVS activity, and published ligand affinity Ki values for relevant targets
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were used to inform potency of methylxanthines (Bury et al., 2021). In both instances the
mechanistic index, i.e. AC10, Ki values were justified and considered in relation to their
proximity to the internal exposure estimate informed in Step 7b. As at all Tiers of the
framework, the reporting and presentation of the data such that it is transparent and
understandable is of critical importance. In both case studies the targeted testing revealed
differences in biological potency in the target versus the analogue(s) from which it was

possible to derive relative potency factors (RPFs) for application to Step 9.

Often, there may be multiple biochemical and biological mechanisms at play in the
generation of an adverse health effect, so comparing the action of substances at the
receptor binding level is just one piece of molecular evidence to substantiate that the
substances act similarly through a molecular initiating event (MIE) but is not the total picture
of biological adversity in an intact organism. This is especially true for substances that
modulate endocrine systems, and where modulation may or may not lead to adversity. In the
parabens case it was conservatively assumed that the parent substance is the driver of
toxicity but targeted testing in an Estrogen, Androgen, Thyroidogenic, Steroidogenic (EATS)
panel, in the presence of S9 incubations, showed a decrease in bioactivity suggesting, in

fact ready metabolism to yield inactive metabolites (Ouedraogo et al., 2021).

Step 7b: Biokinetic refinements of target chemical and analogues

PBK modelling contributes to various aspects of NGRA. For instance, it can provide an
estimate of the internal concentration in humans of the target substance at the plasma/organ
level. Similarly, it is also possible to use PBK modelling to determine relevant internal tissue
doses in vivo and then use this information to set doses for in vitro testing that would
compare well with what the target cells are exposed to in vivo. Campbell et al (2015) used
an approach such as this for the parabens. There are various exposure metrics that can be

considered e.g. Cmax, AUC which are best informed by mechanistic considerations. In both
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the parabens and caffeine case study the MoA was a direct receptor mediated effect and so
maximum free concentration in blood (Cmax) was relied upon (Ouedraogo et al 2020, Bury
et al., 2021). Where total dose over time is a consideration, the Area Under the Curve (AUC)
may be a better choice. Considerations over the dose metric that is most appropriate to use

can be found in Groothuis et al., (2015).

In the reverse manner it is also possible to use PBK models to perform quantitative in vitro to
in vivo extrapolation (QIVIVE) (Punt et al., 2020). For example, intracellular nominally
effective concentrations (e.g. an EC10, a concentration that yields a 10% increase in effect)
of a chemical in in vitro experiments can be derived. This effective dose in cells can then be
used to compare and relate to an in vivo dose at a target organ or molecular target in vivo.
Escher et al (2019) and Punt et al (2020) explain further the details of PBK approaches and

how they can help in grouping chemicals and NAM-based NGRA.

In the parabens and caffeine case studies that accompany this paper, PBK modelling is
used to determine the estimated in human blood/plasma (ug/L) such that this could be
related to an internal blood/plasma POD concentration from a toxicity study in animals for
the analogue. In the parabens case it was also applied to determine the plasma
concentration associated with the analogue NOEL (Ouedraogo et al., 2021). PBK modelling
can be used as a means to compare kinetics of target and analogue substances in a
category (as per the parabens case study (Ouedraogo et al., 2021)), and to compare kinetics
between routes of exposure and between species (as per the caffeine case study (Bury et

al., 2021)).

A range of software tools are available and input parameters are needed to build, validate
and use substance-specific PBK models. Madden et al (2019) reviewed an extensive list of
different sources of software and data for PBK modelling and highlighted their increasing use
in the pharmaceutical sector over the past 30 years. It is important that PBK models are
robust, scientifically credible and reproducible. In 2010, the World Health Organisation stated
that a PBK model is ‘a model that estimates the dose to target tissue by taking into account
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the rate of absorption into the body, distribution and storage in tissues, metabolism and
excretion on the basis of interplay among critical physiological, physico-chemical and
biochemical determinants’ (WHO, 2010). WHO in 2010 developed guidelines for reporting
PBK models and the European Medicines Agency (EMA, 2016) have also published
guidelines on how a PBK model and how it has been parameterised should be reported.
Tan et al (2020) have proposed a structured reporting template to support the
communication and regulatory acceptance of PBK models, as they are complex
multiparametric models, where parameter selection can have a significant impact on
outcome. Most recently, the OECD have published a new guidance document for the
characterisation, validation and reporting of PBK maodels for regulatory purposes (OECD
2021). Therefore, such guidelines are relatively detailed and PBK modelling is a specialist
endeavour. Verifying model predictions (e.g. using existing in vivo data) and understanding
sensitivity towards different parameters is a critical component of the endeavour. A degree of
error in the PBK simulations may be acceptable if the uncertainty and direction of the
inaccuracy is described and its impact is considered relative to the protection goal. Some
examples of useful models available in the literature are for bisphenol A, 2-butoxyethanol,
methylene chloride, perchlorate, D5 and phenoxyethanol (Clewell et al., 2008; Fisher et al.,

2011; Troutman et al., 2015; McMullin et al 2015).

PBK models can also be built/verified using in vivo data and parameters on analogues to
inform the kinetics of a target substance that does not have in vivo kinetic study data and in
cases where no new kinetic data can be generated in animal models, such as for a cosmetic
ingredient in the EU. Building models using in vivo data on ‘PK analogues’ and then using
chemical-specific parameters for the target chemical allows for description of kinetics for the
target chemical. Ellison & Wu (2020) tested out this approach for caffeine (see more details

in Bury et al, 2020).

Increasingly human biomonitoring data are being generated in the general population to

demonstrate internal exposure to consumer product substances (e.g. the Human
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Biomonitoring Project for the EU (HBM4EU) project). However, in general the exact external
exposures and sources are not known that lead to the observed biomonitoring measures
and thus it is difficult to derive meaningful conclusions. Nonetheless, such data can help
verify PBK estimates and determine that internal exposures are generally low and can

support a risk assessment conclusion.

Step 8: Performing a RAX to derive a POD

A RAX can be iteratively performed to yield a POD at the end of either Tier 0, Tier 1 or Tier
2. Most often toxicology studies are performed by the oral route in animals. For cosmetics
safety assessments, the dermal route is usually the most important, since most cosmetic
products are applied on the skin. However, the oral route is important for oral care products
such as toothpaste and mouthwash (which fall under cosmetics products in the EU).
Inhalation is a route of exposure to consider for ingredients which are in spray and aerosol

products, and sometimes there is a specific inhalation toxicology POD available.

At Tier 0, in using a RAX approach, the POD for the effect of concern from data on the most
chemically and biologically similar analogue is used directly as the same POD for the target
substance. This is the simplest conclusion to draw i.e. that similar chemical properties lead
to similar toxicity. The level of confidence as to whether the POD is likely to be the same, or
at least a conservative estimate for the target chemical needs to be considered. What is the
chance the POD could be substantively lower for the target than the POD of the analogue? It
is useful to consider not just toxicological No Observed Effect Levels (NOAELS) but also
Lowest Observed Effect Levels (LOAELs) and also dose response curves (if available) to
assess the potency of the analogues. An additional uncertainty factor may be required if
there is low confidence in the POD being relevant for the target and it may cause one to
reconsider analogue selection. In Tier 1, further evidence from ADME experiments or MoA
NAM data may provide a higher degree of confidence that the target chemical is similar in
effects and potency to the analogue. The target could be less or more systemically
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bioavailable or more or less potent than the analogue in some assays etc. The POD may
well be taken as the same value but with higher confidence that the target will not be more

toxic than the analogue.

In Tier 2, if an acceptable MOS is not achieved with confidence after Tier 1, it may be
possible in Tier 2 to refine the risk assessment even further by using an internal
blood/plasma concentration metric for both the POD metric and the systemic exposure dose,
as relevant to humans using PBK modelling. Also, with targeted testing, more data from in
vitro assays could yield relative potency information, and a relative potency factor (RPF)
could be used to adjust the POD up or down, depending on how the target behaves relative
to the analogue. A RPF can be used in the final risk assessment, as is the case in the
caffeine case study (Bury et al., 2021). See also the parabens case study by Ouedraogo et

al (2020) as to how the POD was derived in this case.

Step 9: Performing an MOS evaluation

Once an estimate of exposure (as either an external dose (mg/kg/day) or internal dose
metric (e.g. pg/L blood)) and a POD for the target chemical have been derived from RAX
one can calculate a margin of safety (MOS) by dividing the POD by the corresponding

exposure metric (i.e. in the same units) for the ingredient in a product use scenario.

MOS = POD (read across from the most suitable analogue)/exposure estimate for the target

Whether the MOS is acceptable depends on the scale of uncertainty or level of confidence
as to how realistic the exposure estimate is, the level of confidence in the POD using RAX
and whether there are differences expected in the toxicokinetics and toxicodynamics

(TK/TD) between species, between human individuals or between the target and analogue.

At the end of Tier 0, comparison of an external dermal applied dose (mg/kg/day) with an
external intake oral dose POD (in mg/kg/day) from a toxicology study is a conservative
approach, as dermal absorption of a cosmetic ingredient is in reality lower than oral

absorption, due to the skin being an excellent protective barrier. In Tier 0, measured data on
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792  dermal absorption of the chemical into the body does not exist. At the end of Step 4 in Tier O
793 it could be possible to be confident in a POD that is based on good data from an analogue
794  and where a similarity analysis indicates that the predicted POD is conservative for the

795  target. It is possible that an acceptable MOS can be achieved after Tier 0 using a simple
796  worst-case assessment. In this case, where confidence is high that a conservative POD is
797  used, basic assumptions about toxicokinetic and toxicodynamics differences can be applied
798  as per a standard risk assessment approach. Safety assessors and regulators are used to
799  dealing with uncertainty in toxicokinetic and toxicodynamics in traditional risk assessment
800 and there are agreed frameworks to review the quality and confidence in using toxicological
801 data (SCCS, 2018). When high quality animal data are used to derive a POD for human
802  safety assessment, and using external dose metrics, an uncertainty factor of 10 (to account
803  for toxicokinetic differences) and another 10 (to account for toxicodynamic differences)

804  resulting in a margin of safety (MOS) of 100, is considered acceptable.

805 Inthe SCCS 10" Notes of Guidance (2018), it is explained how a PODsys is calculated

806  usually from an oral toxicology study, and in the absence of any oral absorption data, the
807  oral intake is divided by 2, as it is assumed as a default that only 50% of the orally ingested
808  substance is absorbed via the gut. To calculate a systemic exposure dose (SED) following
809 dermal exposure, in the absence of valid absorption data, the starting default assumption is

810 that 50% of the dermally applied dose is absorbed.

811  Therefore, at the end of Tier O it is possible to achieve an acceptable MOS. If not, for

812  cosmetic ingredients, a dermal absorption value can be generated from in vitro human skin
813  experiments in Tier 1, and it is possible to refine the SED using this further information for
814  input to the MOS calculation. Further ADME and NAM data can also increase the confidence
815 in the POD if these new data substantiate biological similarity of the target and analogue. For
816  example, there may be toxicokinetic arguments in relation to relative potency that can be

817 made, and allow for adjustment of a POD if the target is expected to have lower or higher

818  potency than the analogues.
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With these refinements, the MOS may be considered as acceptable at the end of Tier 1,

given an improved level of confidence in the RAX POD and/or lower refined exposure.

If at the end of Tier 1 the MOS remains unacceptable, it is possible to refine exposure using
a PBK model to estimate blood concentrations following exposures to the respective
substance in experimental animals and humans. A MolE differs from a traditional margin of
exposure (MoE) in that it is calculated as the ratio of a measure of internal exposure, such
as blood concentration or target-tissue dose, rather than a measure of external exposure
concentration or ingested dose (Bessems et al., 2017). The ability to rely on a measure of
internal rather than external exposure reduces the uncertainty in the risk assessment by
incorporating chemical-specific information on the uptake, distribution, metabolism and
excretion of the chemical in both the experimental animal and the human (Clewell et al.
2008). In particular, calculation of internal exposures with a PBK model can be used to
replace the default uncertainty factor of 4 for interspecies differences in toxicokinetic
differences (WHO, 2010). The USEPA follows this practice in determining Reference
Concentrations and Reference Doses (USEPA 1994, 2006, 2011). Thus a MolE of 25 would
be equivalent to the default MOS of 100, but with greater precision for the chemical of
concern. Internal exposures may also be scaled for potency of effect using a RPF derived
from in vitro testing. In the caffeine (Bury et al., 2021) and parabens (Ouedraogo et al.,
2021) case studies, the target substance was deemed to be a weaker antagonist/agonist
than the respective analogues. Such insights can serve to increase confidence that the POD
used for the risk assessment is conservative for the target or as was the case in both of our
accompanying case studies the internal exposures were scaled by their respective potency
factors. In this way, further refinement of uncertainty factors relating to toxicodynamic

differences may be possible.

Step 10 Assessing the level of confidence for establishing if the MOS is acceptable
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In order for a safety assessor to accept a RAX prediction for a cosmetics safety assessment,
the assessor needs to have confidence in the accuracy and scientific credibility of the
prediction and that the risk assessment where the prediction is used, is suitably conservative
SO as to ensure consumers are protected at the proposed exposure/use levels. This is
mentioned as the last step, as this is how it may be reported best. However, in reality, one is
considering the level of confidence and quality of data all the way through the process. It
may be that at the end of the process, the confidence is so low in the process, that one has
to re-loop to the beginning and consider alternative hypotheses. However, the process will
have been transparent and scientifically rigorous in explaining whether confidence is high or

low at the end of the process.

Confidence can be attained by providing sufficient high quality data, evidence and scientific
rationale in the RAX documentation, and assessing against a set of defined questions, such
that the predictions can be reproduced if necessary, and a full scientific critique can be
performed by a body such as the SCCS in Europe. To meet these requirements for
transparency and reproducibility, clear documentation, descriptions of searches and results,
the databases used and on what date searches were made, etc and reporting following a

consistent template structure or agreed framework would be extremely helpful.

Examples of how one could document a RAX and address levels of confidence in the
evidence have begun to be discussed in Blackburn & Stuard (2014), Schultz et al (2015,
2019) and Escher et al (2019), but it is acknowledged that to support a cosmetic safety
assessment, each case will have its own unigue weight of evidence and levels of confidence
to be considered and reported. For the purposes of hazard identification, grouping and data
gap filling in the context of EU REACH, the read-across assessment framework (RAAF) was
published by ECHA in 2017, which aims to codify a systematic approach for read across.
Aspects of this framework for the chemistry-based parameters could be useful as applied to
RAX in this framework for cosmetics. However, as each case is expected to be different in
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terms of the tiers and steps needed, particularly when we are talking typically about low
toxicity substances in cosmetics, more flexibility is required for a cosmetics safety
assessment based on an overall risk evaluation. A specific framework such as that proposed

here is needed for cosmetics safety assessment that allows for flexibility with transparency.

We propose that for a cosmetics safety assessment, a RAX justification can best be
provided by following the proposed 10-step approach and by considering in Step 10 some
general questions around level of confidence as described in Table 2. If a RAX justification
is needed for a data gap as highlighted in a cosmetics safety dossier for a target substance,
we propose a structured RAX Annex document (based upon describing the steps in the
framework) is submitted together with the main safety dossier, to provide full scientific
justification for a RAX. The case studies for caffeine (Bury et al., 2021) and parabens
(Ouedraogo et al., 2021) are examples of how a RAX Annex document may theoretically be
written up to enable scientific scrutiny and account for uncertainties in an explicit way.
However, it should be noted that in ‘real-life’ RAX is not required for assuring the continued
safety of these substances, they are used purely as exemplars. Both case studies have
taken up the challenge laid out by Schultz & Cronin (2017) who having reviewed a number of
read-across case studies, looking particularly at the many new types of uncertainty that arise
in justifying a RAX scenario state ‘Similarity in chemistry is often not enough to justify fully a
read-across prediction, thus, for chronic health endpoints, toxicokinetic and/or toxicodynamic
similarity is essential.” This would suggest that confidence in a POD can almost always be
increased through the use of NAM, unless exposure is very low, which may be the case for
some cosmetics ingredients. Therefore, it is hoped that NAM can reduce the uncertainties in
RAX by generating more information on toxicodynamic, toxicokinetic, including metabolic
parameters, and refining exposure estimates as demonstrated in our accompanying case

studies.
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Suspected analogy between chemicals e.g. in regulatory contexts, that may look alike
chemically and structurally, without such scientific justification toxicologically and biologically

may lead to inappropriate regulatory action.

We recognise that performing a RAX approach could in principle include a large amount of
data/information in electronic format as raw data, and all search information and modelling
would need to be shared to enable scientific scrutiny and reproducibility. New systems for
data sharing and review and training with respect to the new data types being used may be

needed for the regulator to reproduce any findings.

Bringing the analogue POD and exposure together in the preceding step, is essentially the
same MOS calculation as would be covered in a standard cosmetics safety dossier today
with traditional data. The level of confidence in the overall risk assessment covers potentially
two separate aspects and is customised for each substance: i) the confidence that the POD
for the analogue is suitably conservative to be used for the target and ii) the confidence that
an exposure estimate is conservative. Consideration of both of these areas will determine

the overall acceptability of the MOS.

When one has justified the level of confidence in the analogue POD, one can determine if
the MOS (using external dose) or MolE (Margin of internal exposure) would be acceptable
with or without application of further uncertainty factors. Blackburn & Stuard (2014) proposed
additional uncertainty factors for inclusion in the risk assessment to account for the level of
confidence in the POD when using a SAR-based read across. They exemplified the
approach of assessing level of confidence using case studies. It is to be underlined here that
each cosmetic safety assessment has its own unique weight of evidence and levels of
confidence (low, medium or high) to be considered can be informed by questions outlined in

Step 10 of Table 2.

The level of confidence should also consider the degree of conservatism vs realism in the

accompanying exposure estimation, and especially in the context of the exposure estimate
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as input data into a PBK model. A tiered approach to exposure estimation is taken as
described earlier; from a worst case deterministic value to a realistic estimate from
probabilistic modelling. The positioning of PBK modelling in the context of external exposure

estimation as input dose information is illustrated in Figure 4.

[Insert Figure 4]

In Tier 1 of an exposure assessment (on the left hand side of Figure 4), only limited
information is available on the maximum % use level of a cosmetic ingredient in a product.
Using information in the SCCS Notes of Guidance (2018), one can then calculate a standard
exposure estimate in mg/kg/day. Tier 2 brings more information from survey % use levels of
the ingredient in products and habits and practices data. Tier 3 of an exposure assessment
refines the external dose exposure assessment even further by using habits and practices of
product use information, together with market occurrence data of the ingredient in a product
and specific population characteristics. These established tiers of exposure assessment are

different from the Tiers O to 2 used here in the 10-step RAX framework.

Cosmetics exposure assessment can be done on a single product type, or exposure can be
calculated for aggregate exposure scenarios, and there is specific guidance on this from the
SCCS (2018). In all of these cases, an external dermal dose as a mg/kg/day can be
calculated and this can then act as input data for a PBK model, that incorporates the aspects
of dermal delivery and systemic metabolism and clearance to estimate an internal metric (an
area under the curve; or a maximal concentration Cmax value). Data can also be used from
human biomonitoring information in Tier 4 internal dose assessment, however such data can
be misleading if not supported by appropriate source exposure evidence for the substance
and PBK modelling interpretations of substance kinetics and metabolism in the human body.

In performing an MOS calculation using internal dose metrics, a like-for-like comparison
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must be made i.e. the POD expressed as a Cmax in the blood of an animal in the toxicology

study would be compared with a human exposure estimate as a Cmax in blood value.

It is important at the end of the risk assessment in Step 10, whichever method (external or
internal dose metrics) is used, to discuss the scale of conservatism that is represented by
the exposure estimate used in the MOS calculation. This should take account of method
reliability, data quality and extent of data and reflect what, if any, additional information is

required to increase confidence or whether additional uncertainty factors required.

Consideration of the use of 10-step RAX for regulatory review of

cosmetic ingredients

As we have mentioned throughout, accompanying this paper, which describes the generic
10-step RAX framework, we also provide two case studies to illustrate the workflow for
collating and using the data to underpin an analogue RAX-derived POD and the use of PBK
modelling to derive internal exposure concentration estimates: one case study is where
caffeine is the hypothetical target chemical (Bury et al., 2021) and the second where propyl
paraben is the hypothetical target (Ouedraogo et al., 2021). Working through the framework
for these two case studies has enabled us to demonstrate practically how a RAX supported
by NAM can be used for assuring the safety of cosmetic ingredients in a regulatory context.
We have built on the established concepts of RAX as based upon the principles of chemical
similarity, and incorporated NAM data (in vitro assays, in silico profiling, PBK modelling etc)
to inform the toxicokinetic and toxicodynamic aspects of an exposure driven, mode of action
based RAX. The structured, step-wise approach to gather the necessary evidence for using
a RAX-based approach to NGRA, is summarised in Table 2 and is intended to initiate a
dialogue regarding the general inclusion of RAX-based risk assessment in future regulatory

guidance for cosmetics safety assessment.
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Table 2. A 10-step RAX Framework - Aspects considered useful for regulatory review

Aspect

Description

Tier O

Step 1: Identify
exposure/use
scenarios

e Exposure estimates based on a tiered approach, starting with a rough
deterministic estimation of exposure at the low tier and evolving to a more
complex subject-orientated probabilistic approach at higher tiers
(e.g. as per SCCS Notes of Guidance 2018)

Step 2: Identify
molecular structure of
target chemical

Step 3: Collate
supporting data on
target chemical(s) and
define data gap

Step 4: a) Identify
analogue(s), b) collate
existing data and c)
determine similarity
hypothesis (at this
stage still mostly
structure-based but
can be refined to d)
biological similarity —
MOA where data is
existing)

e Review full composition of raw material, including any potential low-level
impurities

e Summarise structural features of the target chemical by identifying
molecular scaffolds or substructures, substituents, functional groups,
tautomeric forms, and alkyl chain lengths.

e Identify known or likely biotransformations for the target chemical,
identifying any potential for reactive metabolite formation.

e Collate Physico-chemical data (e.g. as per SCCS Notes of Guidance 2018)

e Collate Toxicological, ADME and existing NAM information
o Present all available evidence in a clear and readable tabular form
e Definition of problem formulation and the identified data gap

e Using structural features from steps 2 & 3, describe the analogue search
strategy based on; (sub)structures, metabolism, reactive chemistries,
physico-chemical properties

o Define chemical (e.g. Tanimoto) similarity comparisons of molecular

fingerprints plus searching by substructure with required structural features

e Capture the broad search results for analogues

e Collate physico-chemical data for structurally similar analogues

e Collate existing toxicological and ADME data for structurally similar
analogues

e Collate existing NAM information for structurally similar analogues

e The data should be expressed in readable tabular form, including an
analysis of data quality such that it can be reviewed by a competent
scientist/risk assessor

¢ Include an analysis of concordance of data between target and
analogue(s);

o Can go back to start of Step 4 to broaden or narrow analogue
selection/revisit analogue search strategy based on outcome of
analysis of existing data set.

Derive a hypothesis of mechanism of action for target and analogues in
terms of the effect to be assessed by RAX
(for example; low/no toxicity; parent versus metabolite-mediated toxicity)
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= Analogue(s) with good quality data and hypothesis for RAX — Go to Step
8
=>» Analogues but insufficient data to be confident — Progress to Tier 1

N.B. If no analogues or there are analogues but no data are identified, RAX is
not possible and another safety assessment strategy should be considered.

Tier 1 refinement

Describe rationale for generating additional ADME and MoA information

Step 5: Supporting
Similar

bioavailability/ADME of

target chemical and
analogues

Step 6: Supporting
Similar
Mode/Mechanism of
Action (MoA)
hypothesis

Types of data to inform on similar ADME properties — Examples include
rate and extent of skin and gut permeability; extent of plasma protein
binding; nature of major clearance route (metabolism or renal); rate and
extent of skin, liver, plasma metabolism; likelihood of transporter effects etc

Types of data to inform on similar MoA - Untargeted gene expression or
protein activity; targeted receptor/enzyme activity or cellular responses etc
The data should be described in accordance with guideline/non-guideline
study requirements and expressed in clear and readable tabular form,
including an analysis of data quality such that it can be reviewed by a
competent scientist/risk assessor

Include an analysis of concordance of data between target and
analogue(s).

Assess weight of evidence to support or refine the biological similarity
hypothesis with regards to ADME and MoA. This is likely to be qualitative at
this stage, serving to increase confidence in the analogue choice but could
include insights into quantitative aspects that can be refined at Tier 2.

= Analogue(s) with good quality data and hypothesis for RAX — Go to Step
8
=>» Analogues but insufficient data to be confident — Progress to Tier 2

Tier 2 refinement

Describe rationale for generating more targeted/quantitative information

Step 7:

a) Targeted testing to
strengthen MoA
hypotheses

AND/OR

Explain what MoA is appropriate to follow up on for the safety assessment
based on similarity hypothesis and toxicological relevance

A value related to MoA (e.g. Ki/IC50/AC10) should be justified and
considered in relation to the internal exposure (derived in Step 7b)

The data should be described in accordance with guideline/non-guideline
study requirements and expressed in clear and readable tabular form,
including an analysis of data quality such that it can be reviewed by a
competent scientist/risk assessor

Assess relative biological potency of target versus analogue(s) to derive a
relative potency factors (RPF), as appropriate

Refine as necessary based on in vitro biokinetic considerations (measured
or modelled)
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b) Biokinetic
Refinements of target
chemical and
analogues

Explain what internal exposure metric is appropriate for the safety
assessment based on mechanistic considerations e.g. Cmax, AUC; free
or total concentration; intracellular or extracellular concentration
Search for existing PBK data (animal and human exposure); build a PBK
model relevant for the target and relevant analogues
Type of data needed to parameterise PBK model — Rate and extent of
skin and gut permeability; extent of plasma protein binding; rate and
extent of skin, liver, plasma metabolism, clearance etc
Produce kinetic profiles for analogue (toxicity data) and human use
scenarios (defined/refined in Step 1) to derive internal exposure values
(defined at start of Step 7b)
Document kinetic modelling according to current best practices (WHO,
2010)
Verify model outputs (for example, using in vivo/human data or PK
analogues). Run sensitivity and uncertainty analysis versus established
criteria for PBK models
o N.B. adegree of inaccuracy in the simulations may be
acceptable if the direction of the error is described and its impact
considered relative to the protection goal

=> Analogue(s) with good quality data and hypothesis for RAX — Go to Step

8

= Analogues but insufficient data to be confident — End No RAX possible

Perform Next Generation Risk Assessment

Step 8: Performing a
RAX to derive a POD

With suitable in chemico, toxicology data and NAM data for the
analogue(s) from either Tier O, Tier 1 or Tier 2 evidence, and with a
substantiated hypothesis of similarity between target and source
chemicals, the POD from the most suitable analogue(s) can be used as
a basis for deriving a POD for the target chemical.

Step 9: Perform a
MOS/MolE evaluation
using RAX

Tier 0 MOS 2100: POD source / target exposure
Tier 1 MOS 2100: POD source / target exposure
o 100 accounts for toxicokinetic and toxicodynamic differences
between species and between individuals. There may be a need
to allow for some adjustment of the acceptable MOS by using
systemic exposure dose and kinetic assumptions e.g. default
oral absorption and consideration of data uncertainties etc
Tier 2 MolE 225: PODsys source / (target exposuresys X RPF)
o Assumes that kinetics are fully accounted for which allows the
interspecies TK UF to be setto 1
= *f NAM data allow
o Further adjustment of UFs up or down may be needed
depending upon uncertainties in the data and using
toxicodynamic information

Go to Step 10 to assess confidence in the risk assessment
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Step 10: Assessing
confidence in the risk
assessment

Describe overall level of confidence (low, medium or high) that the RAX
is appropriately conservative as part of an exposure driven risk
assessment. Throughout the whole process, uncertainties and the level
of confidence in the data should be captured as transparently as
possible and integrated to provide and overall level of confidence in the
assessment.

Examples of questions to address:

o

O
)

What type of category formation was attempted and was it
suitable for the context of the read-across?

How well made was the premise or hypothesis of the read-
across argument?

What rationale was used to select the NAMs used and how did
they support the decision making?

How was mechanism of action considered supported and
assessed?

How was similarity in TD/effects defined and assessed to
support the MoA?

How was similarity in TK/potency defined and assessed?
What were the uncertainties in the toxicological data for read-
across data and how did they allow for an assessment of
robustness of these data?

How were NAMs applied and did they assist in the reduction of
uncertainty?

What are the key strengths of the case study?

What are the key limitations of the case study?

If overall confidence is not acceptable e.g. method reliability, data quality
and extent of data, what additional information is required to increase
confidence or are additional uncertainty factors required?
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Discussion

In this paper, we have built on the EU SEURAT-1 programme and ICCR concepts and
further developed a practical and structured 10-step framework to illustrate how RAX using
NAM can contribute to consumer safety assessment for cosmetic ingredients. We propose a
Tiered exposure-driven and evidence-based approach to RAX, where NAMs are used to
strengthen a mode/mechanism of action hypothesis and support data on kinetics and
exposure. Accompanying this paper we have presented two case studies (Bury et al., 2021,
Ouedraogo et al., 2021) which will help to illustrate how this framework can be followed in
practice. Further case studies and full RAX submissions in the form of regulatory dossiers
will help to cement how this framework can be followed in practice, determine which kinds of
data are most helpful for supporting RAX and over time inform on what the magnitude of the

MOS/MolE should be based on a wider experience to assure safety.

RAX becomes more customised as one progresses through the Tiers of the Framework, e.g.
it differs depending on the problem formulation, MoA information, data availability, resources
available to support further experimentation or data gathering. Even in absence of formal
‘validation, it can be seen that scientifically valid NAM approaches can be useful for risk
assessment. The challenge comes in how to document and report the approaches taken in a
credible and reproducible way such that a regulatory scientist can review in a step-wise way
and critique with transparency. The possibilities for using different types of evidence
depending on the problem formulation, leads to an approach based on good science but one

that is by nature less prescriptive and more flexible.

Using toxicology data on similar substances for risk assessment, carries a level of
uncertainty but risk assessors are used to dealing with uncertainties through application of
uncertainty factors, usually around toxicokinetic and toxicodynamic differences. The level of
confidence analysis in a RAX approach based on chemical similarity alone is qualitative and

somewhat relying on expert judgements and narrative statements. The most straight-forward
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case of NAM is to underpin and increase confidence in a POD for a target chemical, reading
across from toxicology data generated for a similar analogue(s), and one can exit the
framework when one is sufficiently confident in the POD selected. There has been an
expansion in the number of tools and databases in the past decade, including for physico-
chemical and ADME analyses, in vitro data and toxicogenomics data etc, that can be used to
underpin analogue(s) identification in terms of similarity (Pawar et al., 2019), many of which
we used in our parabens case study (Ouedraogo et al., 2021). It is therefore difficult to see
that a single unified approach to searching, analysing and reporting out of these new tools
could be done, as it would limit possibilities of using the best scientific tools of the day.
Therefore, a general approach for analogue selection based on sound scientific principles
that can be supported with a variety of tools and databases could be used so long as they
are explained well and justified. The scientific method for analogue selection should be
reported using a structured narrative, and description of the adopted search process and
tools provided in such detail that the process and conclusions drawn can be reproduced by a
regulator and reviewed by a competent and trained professional risk assessor with
experience of the tools being used in the submitted dossier. It is important that close working
relationships exist as new tools develop, between the regulatory scientists, academia and
industry, so that working knowledge and confidence of NAMs grows in all sectors relevant to
performing safety assessment. It is envisaged that as knowledge on adverse outcome
pathways (AOPs) develops, for defined modes and mechanisms of action, standard
batteries of NAMs will make it easier to support a targeted rationale but equally important is
the ability to cast a wide net and cover a broad biological space with data such as
toxicogenomics, to ensure no unexpected modes of action for a target substance compared
to its analogue(s). As we have seen in both of our case studies, targeted toxicodynamic
differences, e.g. differences in the binding affinity at a target receptor, can also result in
relative potency differences between target and analogue that could in principle be
considered in the risk assessment. However, one must be confident that the measure on
which the RPF is based, is the driver for a potential potency difference in humans.
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Some of the biggest uncertainties in RAX have been attributed to metabolism and
toxicokinetics between species and between target and analogues substances. NAMs that
are used to generate data on ADME properties are useful to compare substance behaviours.
Metabolite analysis in cells and tissues is today relatively straight forward using mass
spectroscopy and other analytical chemistry techniques. PBK modelling can generate
information on internal concentrations in blood/plasma or target organs, in order to reduce
uncertainty in exposure considerations in relation to in route-to-route extrapolations, between
species and between target and analogue substances. Therefore, when relying on internal
exposures a lower MOS is acceptable in the risk assessment since an uncertainty factor for
interspecies kinetic differences is not necessary. PBK models also may be used to
determine if differences in kinetics might lead to differences in effects or relative potency for

the target substance vs the analogues.

It is a long term ambition of the cosmetics sector to derive an approach that relies on no
animal data what so ever, which requires confidence in NAMs to cover the breadth and
depth of the known world of mechanistic toxicology and how to implement the knowledge
within the context of human adverse outcome pathways. RAX is seen as important stepping
stone in this journey. In a report from the Regulators-Industry Joint Working Group (JWG) of
the International Cooperation on Cosmetics Regulation (ICCR) the potential for use of NAMs
in an ab initio risk assessment is outlined, where the approach is exposure-driven, NAM are
used to inform a MoA hypothesis and the possibilities for performing a QIVIVE approach in
deriving a POD using in vitro data exist (ICCR, 2017b, 2018). We see RAX as a vital
element also in this discussion to support the generation of a confident MoA hypothesis, i.e.
in showing that similar structures may have a common MoA, even if the data are missing to

conclude the risk assessment based on read across.

In summary, our 10-step read-across (RAX) framework builds on established approaches for
defining chemical similarity by substantiating hypotheses on toxicological similarity of

substances using NAM in both the biological and kinetic domains. A next generation risk
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assessment (NGRA) may then be performed with an acceptable level of confidence for a
data-poor target substance, based on RAX approaches using data-rich analogue(s) with

integration of kinetic/dynamic differences as appropriate.
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Figure Legends

Figure 1 (as appears in the NAS 2017 report) An approach to deriving health reference values when
data on similar chemicals are available. Similarity can be based on such characteristics as chemical
structure, physicochemical properties, metabolism, key events in biological pathways, or gene/protein
expression; similarity of several characteristics increases confidence in the analogy. The point of
departure (POD) of the appropriate analogue could be adjusted in this approach on the basis of
toxicokinetic and potency differences between the chemical of interest and the analogue (e.g. with
respect to biological activity such as receptor activation) or a relative potency factor could be used in
the risk assessment. Relevant uncertainty factors would then be applied or models would be used to
derive a health reference value. Accounting for uncertainty results in a determination of the level of
confidence in the read-across, and would include consideration of the degree of similarity of the
analogue to the chemical of interest and the extent and quality of both the in vivo data and the new
approach methodology (NAM) data on the analogue and target chemical.

Figure 2 Nine principles of next generation risk assessment (NGRA) (Dent et al., 2018)

Figure 3 A tiered 10-step framework to enable a human safety decision to be made using NAMs and
RAX, which in (a) diagrammatically builds on the SEURAT 1 workflow (Berggren et al., 2017) to
perform a next generation risk assessment without new animal data; the steps are tabulated in (b).

Figure 4 The positioning of PBK when used in the context of refining exposure for a risk assessment
(building on the concepts in Embry et al 2014).
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Principle 1:
Principle 2:
Principle 3:
Principle 4:
Principle 5:
Principle 6:
Principle 7:
Principle 8:
Principle 9:

the overall goal is a human safety assessment

the assessment is exposure-led

the assessment is hypothesis-driven

the assessment is designed to prevent harm

the assessment follows an appropriate appraisal of all existing information
the assessment uses a tiered and iterative approach

the assessment uses robust and relevant methods and strategies

sources of uncertainty should be characterised and documented

the logic of the approach should be transparently and explicitly documented




Tier 0

Exposure assessment (external dose)

1. IDENTIFY EXPOSURE/USE SCENARIO I
Bt
‘ 2. IDENTIFY MOLECULAR STRUCTURE OF TARGET CHEMICAL & ITS MAJOR METABOLITES ‘
-
| 3. COLLATE SUPPORTING DATA ON TARGET CHEMICAL & ITS MAJOR METABOLITES |

s

—h‘ 4. IDENTIFY ANALOGUES AND BASIS FOR SELECTION: COLLATE EXISTING DATA ‘ ‘

S -

5. SYSTEMIC BIOAVAILABILITY/ADME (INTERNAL CONCENTRATION)
OF TARGET AND ANALOGUES

Adjustmentsto POD?

Derive Target
Chemical POD

6. DERIVE MOA HYPOTHESIS

7A. TARGETED TESTING DATA
— generate new invitro data ontarget

and analogues toimprove confidence
inhypothesisand analogueselection

7B. PHYSIOLOGICALLY-BASED BIOKINETIC
(PBK) REFINEMENT
— data from PBK models orhuman
plasma/urinedata

!

Exposure assessment (internal dose)

A 4
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10. Assess level of
confidence)
Human
MOS and level safety
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b)

Tier0
Step 1: Identify exposure/use scenarios for target chemical

Step 2: Identify molecular structure of target chemical

Step 3: Collate supporting data on target chemical and define data gap(s)

Step 4: Analogue(s) a) Identify, b) collate existing data, c) determine similarity hypothesis
End Tier 0 = Potential to move to Steps 8-10 if data are sufficient

Tierl
Step 5: Systemic bioavailability/ADME of target chemical and analogues

Step 6: Supporting a Similar Mode/Mechanism of Action (MoA) hypothesis
End Tier 1 - Potential to move to Steps 8-10 if data are sufficient

Tier 2
Step 7: a) Perform targeted testing to strengthen hypotheses and/or b) Biokinetic refinements of
target chemical and analogues

The Assessment
Step 8: Performing a read-across (RAX) to derive a point of departure (POD)
Step 9: Performing a margin of safety (MOS) evaluation

Step 10 Assessing the level of confidence for establishing if the MOS is acceptable




Tiered exposure refinement

Tier 1 = highly conservative screening level —generic assumptions
Tier 2 = moderately conservative - informed by habits and practices data
Tier 3 = remains conservative —realistic habits and practices & market data

Internal dose metrics using PBK for consumers

*Alltiers can incorporate % skin absorption or % oral absorption values \\ Tier 4:
to generate an internal systemic exposure dose (SED) metriceither \ Measured blood/plasma/urine concentrations
per product or as an aggregate SED X from human biomonitoring data
Deriving exposure dose metrics for consumers*
- e 4 .
i Tier 3: probabilistic output, / gﬁ' Tier 3: /
“N x x 4 < % /
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o\ _/,; » Zmg/kg/day — ¢ C mg/ke/day /"
PRA /€ A
2,22\ i~ \ Tier 2: 4
T3 0 \ Tier 2: probabilistic output, /& \ 7 /
Y kY /& \ PBK blood/plasma/
P % use level, ! & X Z 2
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% //E 8 mg/ke/day
’[f' ("’h
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T .
e PBK internal /
/‘15‘ concs: /[
e
& —— Xmg/kg/day fromA/  NB. The PBK model includes
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AlexWhite et al — Highlights

e A 10-step framework for applying read-across (RAX) and novel approach methods (NAM) in
cosmetics safety assessment

e Confidence in using RAX and NAM in cosmetics safety assessment by defining mode(s) of
action in biological effect pathways

e Incorporating physiologically-based biokinetic (PBK) modelling to refine cosmetics ingredient
exposure assessments

e Using NAMs for both toxicokinetics and toxicodynamics in tiered and integrated assessment
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