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Unilever - Safety & Environmental Assurance Centre (SEAC)
Ensuring Unilever’s Innovations & Products are Safe & Sustainable by Design
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Leading safety and Safe and sustainable by design Keeping people and the Reducing our environmental

environmental sustainability How we build safety and sustainability into every product environment safe impact

sciences innovation. The science-based approaches we use to keep our How we harness the latest science to minimise our
consumers, workers and the environment safe. environmental footprint.

The scientists behind our safe and sustainabie products

Unilever Product / Ingredient Safety Governance

= Provide scientific evidence to manage safety risks
& environmental impacts




Unilever’s products must be safe for the people who use and

make them and for the planet
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Article 18 — Animal Testing

74 Cosmetic products are not permitted on the GB market if the product's ingredients,
combination of ingredients or final formulation have been the subject of animal
testing used to prove their safety for the purposes of this Regulation. However,
historic animal testing data from animal testing that took place before such testing

STATUTORY INSTRUMENTS

2021 No. 904

CONSUMER PROTECTION
ENVIRONMENTAL PROTECTION
HEALTH AND SAFETY

The REACH ctc. (Amendment) Regulations 2021
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THE REACH ETC. (AMENDMENT) REGULATIONS 2021

s

‘was banned at EU level may still be used in order to meet the requirements of the
Regulation

for the purposes of this Regulation shall be undertaken only as a last resort.

Article 25

Objectives and general rules

Alternatives to
animal testing

Our approach

We use a wide range of non-animal approaches to assess the safety of
our products. Since the 1980s, our scientists have been developing and
using alternatives to animal tests, e.g. computer modelling and cell
culture-based experiments. We regularly present and publish our work,
and continually collaborate with others to share our knowledge and
apply exciting new science to assure product safety.

Unilever.com



Next Generation Risk Assessment (NGRA)

NGRA is defined as an exposure-led, hypothesis-driven
risk assessment approach that integrates New
Approach Methodologies (NAMs) to assure safety
without the use of animal testing
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TOXICITY TESTING IN THE 21ST
CENTURY: A VISION AND STRATEGY
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Use of NGRA for safety assessment - Regulatory uptake
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iered and iterati h, fallowing an appropriate literature search
I avaléation of the vatable data, and using robust and relevant methods and strategies.
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10015 useful for safety evaluation of eosmetic ingredients, which could also be used in case
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NGRA would be taken as 3 possible workflow in the future, are deseribed in chapters 3-4.2 to
3-3.14. Treshold of Toxicological Concer (TTC) and Internal TTC (ITTC} approaches as a risk
assessment tools are described in 3-5.2.

International Cooperation on — - OECD
wemsime COsmetics Regulation (2018) OECD (2021)

European Commission: Scientific
Committee on Consumer Safety (2021)




is observed at consumer-
relevant concentrations, there
can be no adverse health
effects.

At no point does NGRA attempt
to predict the results of high
dose toxicology studies in
animals
NGRA uses new exposure
science and understanding of
human biology

The hypothesis underpinning
this NGRA is that if no bioactivity
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Key tools in our NGRA approach for systemic effects

/PBK Modelling .o \ /In vitro pharmacological profiling \
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Developmental and Reproductive Toxicology (DART)

?fronliers
in Toxicology

OPEN ACCESS
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Beyond AOPs: A Mechanistic
Evaluation of NAMs in DART Testing

Ramya Rajagopal*, Maria T. Baitazar, Paul L. Carmichasl, Matthew P. Dent, Julia Head,
Hequm Li, Iris Muller, Joe Reynolds, Kritika Sadh, Wendy Simpson, Sandrine Spriggs,
Andrew White and Predrag Kukic

Linover Safty and Environmentai Assumance Coentre, Cowart Soence Fark, Shambmok, Linted Kingdom

Mew Approach Mathodologles (NAMs) promise to offer a unique opporiunity 1o enable
human-relevant safety decisions to be made without the need for animal testing in the
context of exposure-drivan Maxt Ganeration Risk Assessmant (NGRA). Protecting human
haalth against the potential effects a chamical may have on embryo-foetal development
and/or aspects of reproductive blology using NGRA ks particularly challenging. These are
nat single endpoint or health effects and risk assessmants have traditionally relied on data
from Developmental and Reproductive Tosdcity (DART) tests in animals. There are
numerous Adverse Outcome Pathways (A0Ps) that can lead to DART, which means
defining and developing strict testing strategies for every ADP, to predict apical outcomeas,
Is nedther a tenable goal nor a necessity to ensure NAM-basad safety assassments are fit-
for-purpose. Instead, a pragmatic approach iz needed that uses the available knowledge
and data to ansure MAM-based exp lad safety are sufficiently
protective. To this end, the mechanistic and biclogical coverage of axisting NAMSs for
DART were assessed and gaps to be addressed ware identified, allowing the development
of an approach that ralies on ganerating data relevant to the overall machanisms Iivolved in
human repreduction and embryo-foetal development. Using the knowledge of callular
procasses and signaling pathways underlying the key stages in reproduction and
development, we have developed a broad cutline of endpoints informative of DART.
‘Whan the exicting NAMs wera compared against this outline to datermine whather thay
provide comprehenshive coverage when integrated in a framework, we found them to
generally cover the reproductive and developmental processes undertying the traditionally
evaluated apical endpoint studies. The application of this safaty assessment framework is
llustratad using an exposura-lad case study.

DART, NAMS, imal NGRA, lusati

1 INTRODUCTION

The value of using New Approach Methodologies (NAMs) as alternatives to animal testing in the
evaluation of chemical safery has gained much attention and (BCC/HC, 2016; ECHA,
2016; ECHA, 2017; EPA, 218). To foster their development and application, various agencies have
put forward fi and workplans that ensure confidence, consistency and are fit-
for-purpose, when generating NAMs hazard daLa for various purposes (OECD, 2005 OECD, 2017;
OECD, 2008 Parish et al, 2020). The International Cooperation on Cosmetics Regulation (ICCR)
has outlined key principles that guide risk assessors to use NAMSs in an integrated manner for Next

Frontiers in Taxcokogy | www rontiersin.org 1
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Development
(Organs & Systems
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FIGURE 2 | NAMs within the Developmental and Reproductive Safety
Framework evaluated for being protective of DART effects spanning the key
stages in reproduction and development.




NGRA Framework for DART endpoints
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FIGURE 3 | An NGRA framework outlining the consideration of any existing information with exposure estimation including maternal and foetal ADME parameters
with in vitro biological activity characterisation including additional NAMs relevant for DART endpoints to determine the bioactivity exposure ratio and further refinements

7/

Rajagopal et al., Front. Toxicol., 07 March 2022 https://doi.org/10.3389/ftox.2022.838466
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Induced pluripotent stem cells (iPSCs) to detect developmental
toxicity
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modified from Shahbazi, (2020) Development Jul 17;147(14):dev190629

» Assays have been developed to either use iPSCs directly (devTox quickPredict platform; Stemina) or the differentiation
into heart, liver and neuronal cells (ReproTracker; Toxys) as New Approach Methodologies (NAMs) for developmental

toxicity wnill

:.: tOXVS" REPROTRACKER® OStemina devl (X?

BIOMARKER DISCOVERY quickPREDICT



US EPA and NGRA

i Tl =1 ) The next generation blueprint of computational
[

r T toxicology at the U.S. Environmental Protection

| i | e | Agency
i s P,
/

( Tier 2

Thomas R et al, (2019). Toxicol Sci. 169, 317-332.

< doi:10.1093/toxsci/kfz058

\f

Assays and Identify Likely Tissue,
gical Organ, or Organism Effect
, and Susceptible Populations

Estimate Point-of-Departure Estimate Point-of-Departure Estimate Point-of-Departure
Based on Biological Pathway or Based on AOP Based on Likely Tissue- or
Cellular Phenotype Perturbation Organ-level Effect without AOP

Figure 2.
Tizl:ed testing framework for hazard characterization. Tier 1 uses both chemical structure
and broad coverage, high content assays across multiple cell types for comprehensively
evaluating the potential effects of chemicals and grouping them based on similarity in
potential hazards. For chemicals from Tier 1 without a defined biological target/pathway, a
quantitative point-of-departure for hazard is estimated based on the absence of biological
pathway or cellular phenotype perturbation. Chemicals from Tier 1 with a predicted

biological target or pathway are evaluated Tier 2 using targeted follow-up assays. In Tier 3,
the likely tissue, organ, or organism-level effects are considered based on either existing
adverse outcome pathways (AOP) or more complex culture systems. Quantitative points-of-
departure for hazard are estimated based on the AOP or responses in the complex culture
system.




Principles of Next Generation Risk Assessment from ICCR

International Cooperation
on Cosmetics Regulation

é}:Main overriding principles:
» The overall goal is a human safety risk assessment
» The assessment is exposure led
» The assessment is hypothesis driven
» The assessment is designed to prevent harm

3Principles describe how a NGRA should be conducted:
» Following an appropriate appraisal of existing information
» Using a tiered and iterative approach
» Using robust and relevant methods and strategies

Principles for documenting NGRA:
» Sources of uncertainty should be characterized and documented
» The logic of the approach should be transparently and documented

Dent et al (2018), Computational Toxicology, 7, 20-26: https://doi.org/10.1016/j.comtox.2018.06.001
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A role for reproductive organoids in NGRA?

Organotypic assays and microphysiological systems have a key role in higher
tier human-based NGRA

NGRA needs multidisciplinary teams (Risk assessment, PBK modelling, early tier
bioactivity assays, mathematical modelling, informatics etc).

Could there be bespoke, investigative higher tier roles for reproductive organoids?
Higher tiers will always need expertise in areas identified in earlier tiers

Bringing complex in vitro biology and detailed mechanistic understanding together
with regulatory requirements for safety

Robust, reproducible models
Transferability, reproducibility
Good laboratory practice?
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