Safety, Environmental & Regulatory Science (SERS) | Unilever

Embracing innovative toxicological
science to transform regulatory
assessments of chemical safety

Dr Julia Fentem MBE FBTS

Acknowledgement:

>80 toxicologists, biologists, chemists,
computational modellers, data scientists &
exposure / risk assessors in Unilever’s Safety
& Environmental Assurance Centre (SEAC)




Safety, Environmental & Regulatory Science (SERS) | Unilever a

“Mind the Gap”: 215t century safety science, 20th century regulatory testing

Data-driven toxicological safety decisions
to protect people & the environment
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" Law—Not Science—Impedes Shift to Non-Animal Safety
M | Testing
Regulatory A ».
H s Gary Marchan
lnvestigative TOXIco.l?gy / BRI 1 @ Sar:!ra Day O'Eonnor College of Law
(Mechanistic) Toxicity —
Toxico logy Testin g A\mrnat;\;'es & Laboratory Animls
' . ' Upholding the EU’s Commitment to gzr'h'Aafzifc:)'zlem
‘Animal Testing as a Last Resort’ Under E_guide.m N
i REACH Requires a Paradigm Shift in How ggpl::)\\r;gft:)l‘?li?gsﬁlfo:osy
(EH We Assess Chemical Safety to Close the SSAGE
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Toxicological
Risk Assessment p——l

Julia Fentem, lan Malcomber, Gavin Maxwell and Carl Westmoreland

Closing the gap requires investment in new regulatory science capability and
use of modern scientific methods & new types of data for regulatory purposes
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Overview - toxicological risk assessment: more science, less art

Scientifically, is that the best we cando?
» A biochemist's first view of a chronic rodent toxicity study

Regulatory

Re-thinking consumer safety decision-making
» Responding to a ban on animal testing for cosmetics investigative W roxicity

Toxicology Testing

A new scientific paradigmrooted in human biology

Toxicological

» Shaping ‘next generation’ risk assessment (NGRA) approaches Risk Assessment

Advocating forregulatory change
» Applying innovative toxicological science in chemical safety dossiers
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Cytochrome P450, metabolism-mediated toxicity & re-thinking
risk assessment frameworks with our new safety science toolbox

JOURNAL ARTICLE
A Next-Generation Risk Assessment Case
Study for Coumarin in Cosmetic Products
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MSc Toxicology - is this substance likely to cause reproductive or
developmental effects in humans and at what exposure levels?

Test conditions Prenalal developmental toxicily, skelelal effects
Dose Effects Incidence of effects (%)
Type of study teratology segment Il including rearing group {mg/kg) Foetal basis Litter basis .
?
GLP yes Test  Cont. Hist. Test Cont. Hist. > SpeCIes relevance :
Animal species rat 6 occipital bone, incised and/or bipartite 46 0 002 182 0 01.2
vertebral arches cervical, bipartite 83 42 0-250° 364 222 N
Route of administration oral rib, supernumerary (14th) 417 63 0293 909 333 » Dose eXtrGPOlatlon?
Method of administration gavage 15 ot examined
Test = Treated animals; Cont. = Conirol; Hist. = Hisforical controls . P
Dose levels (mg/kg bOdyWEighﬂ 0' DT' 20' 60' 15.0 * includes split neural arches at cervical/ thoracic/ lumbar location > Data re p rOd u CI bl llty?
Days of treatment during pregnancy (TDF) 7-16 (evidence of mating = day 1)
Litt d foet ined
Number of animals per group 21,19, 17, 23 (C-seclion) o1 and foeluses examin > MeChClﬂiStiC Understaﬂdin97
8, Prenatal developmental toxicity, gestational parameters Foetuses
Visceral Skeletal .
Maternal toxicity Dose (mg/kg)  Effect Mean % by Litter 99 % > Uncertai nty factors?
15 A poslimplantation loss 345 1.8 . 95 101
Dose (mg/kg)  Effect 87 84
0-15 N bw TDP11-15 Prenalal developmental toxicity, foetal growth paramelers 123 108
(females of rearing group only)
Dose (mg/kg)  Effect Change towards control %
15 N foelal wt 20 . .
Guidance on Evaluation of
Pups surviving weaning . -
Prenalal developmental toxicity, external effects N (%) Reproduc tive Toxlc:ty Data
83 (96.5)
Dose (mg/kg) Effects Incidence of effects (%) 90 (93.8) v
Foetal basis Litter basis 89 (96.7)
Test Cont. Hist. Test Cont. Hist. 57 (67.9)
15 cleft palate 60.9 0 <0.01 87.5 0 <0.01 o
- exencephaly 50.3 0 <0.01 75.0 0 <0.01
% %“g spina bifida 31 0 <0.01 18.8 0 <0.01
@6@‘ open eyes 16.8 0 <0.01 56.3 0 <0.01

Monograph No. 31

Unmxww Test = Trealed animals; Conl. = Conlrol; Hisl. = Historical conlrols
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MSc Toxicology - developing new models & mechanistic insights

TR

. . . F
i Toxicology in Vitro ﬁ S?&&?ﬁ%‘ﬁﬁa
sl VRS HES Volume 4, Issues 4-5,1990, Pages 452-457 a0
ELSEVIER m—

Session 3

Biliary excretion of fluorescent
cholephiles in hepatocyte couplets:
An in vitro model for hepatobiliary
and hepatotoxicity studies

].H. Fentem ° *, B. Foster ® T, C.O. Mills ¥, R. Coleman 9, ].K. Chipman °

@ Department of Biochemistry, University of Birmingham, UK

¥ Department of Medicine, University of Birmingham, UK
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PhD Biochemical Toxicology - metabolism & hepatotoxicity of coumarin
g

Comparative Study > Xenobiotica. 1991 Jul;21(7):895-904. doi: 10.3109/00498259109039529. Comparative Study = > Biochem Biophys Res Commun. 1991 Aug 30;179(1):197-203.
doi: 10.1016/0006-291x(91)91354-f.

The University of

Nottingham

Comparison of the effects of inducers of cytochrome
P450 on Mongolian gerbil and rat hepatic microsomal
monooxygenase activities

O-hydroxyphenylacetaldehyde: a major novel
metabolite of coumarin formed by rat, gerbil and

human liver microsomes

JHFentem ', JR Fry
JH Fentem ', J R Fry, D A Whiting
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1 Department of Physiology and Pharmacology, Medical School, Queen's Medical Centre,
Nottingham, UK.

Affiliation

1 Department of Physiology & Pharmacology, University of Nottingham, U K.
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Alternatives to animal testing for acute toxic effects of chemicals
EUR

ECVAM
P! Union Refe Lab y
for Alternatives to Animal Testing

P oy

' %) Toxicology in Vitro

. . . . . . . : !:L -‘:E;L Volume 12, Issue 4, August 1998, Pages 483-524 ﬂ
» validation of in vitro tests for eye irritation, VI ‘

skin corrosion & skin irritation The ECVAM International Validation Study on In

Vitro Tests for Skin Corrosivity. 2. Results and
Evaluation by the Management Team

> OECD teSt glJidelines J.H. Fentemn a &, G.E.B. Archer a, M. Balls a, P.A. Botham b, R.0. Curren ¢, LK. Earl d, D.). Esdaile e, H.-G.

Toxicology in Vitro ,
Volume 15, Issue 1, February 2001, Pages 57-93 @

A prevalidation study on in vitro tests for acute

» regulatory use for:
> hazard identification & characterisation

» classification & labelling skin irritation: results and evaluation by the

t E c I I a Management Team
J.H Fentem * & &, D Briggs *, C Chesné ®, G.R Elliott W Harbell ©, .R Heylings ®, P Portes ‘R Roguet ', J.J.M van

\ &, DBri
EUROPEAN CHEMICALS AGENCY

Sandt #, P.A Botham ©

How to use new or revised in vitro test methods to
address Serious eye damage/Eye irritation

Dy
F »
3 (Revised in February 2018)

Unilever
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Assuring safety of cosmetics ingredients & products without animal testing

> legislative bans on animal testing of
cosmetics in 45 countries

> full EU ban implemented via 2013
Cosmetics Regulation (consumer safety)

» 2003 EU Directive implementing bans
from 2009 (local effects) & 2013 (all
toxicological endpoints) stimulated
investment in non-animal approaches &
accelerated use for safety assessment

Dy
=%

.

Unilever

HISTORY OF THE EU BAN ON ANIMAL TESTING FOR COSMETICS

New directive introducing a set of provisions:
BAN of animal testing of finished cosmetic products
BAN of animal testing of cosmetic ingredients
BAN of marketing of finished cosmetic products tested on animals
BAN of marketing of cosmetic ingredients tested on animals

2 O 03 2 O O I BAN of animal testing of finished cosmetic products enters into forcein the EU

EU FUNDING ON RESEARCH
ON ALTERNATIVES

TO ANIMAL TESTING

IN 2007-2011

1997

postponing the BAN deadline until 2000
he lack of alternatives to animal testing

1995

2013

11 March: Full BAN enters into force
End of animal suffering just for cosmetic reason

FACTSHEET | 11 March 2013

History of the EU ban on animal testing for cosmetics

Ban on animal testing - European Commission (europa.eu)



https://single-market-economy.ec.europa.eu/sectors/cosmetics/ban-animal-testing_en
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Unilever’s “Assuring Safety without Animal Testing” research since 2004
re-thinking consumer safety decision-making

Safety assessment — future needs

> Altern Lab Anim. 2004 Dec;32(6):617-23. doi: 10.1177/026119290403200612. o ) ) )
— consumer safety decisions without animal testing

The feasibility of replacing animal testing for — based on scientific risk assessment
assessing consumer safety: a suggested future — improve relevant fundamental biological
direction understanding

— bring experimental biology/toxicology and clinical
Julia Fentem ', Mark Chamberlain, Bart Sangster medicine closer together (in context of human

- health risk assessment)
Affiliations: — collapse

— improve in vitro models (tissue engineering)

Affiliation . )
— apply omics/other new technologies as
1 SEAC, Unilever Colworth Laboratory, Sharnbrook, Bedfordshire MK44 1LQ, UK. appropriate

— develop in silico modelling tools

— move to a computational “systems biology”
approach

> Altern Lab Anim. 2006 Feb;34(1):11-8. doi: 10.1177/026119290603400116.

Working together to respond to the challenges of EU
policy to replace animal testing

=
%&9‘;@1 Julia H Fentem '
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Developing new mechanistic understanding, a new toolbox & new
exposure-driven safety risk assessment frameworks

Assuring consumer safety without the generation of new animal data is currently a considerable challenge.
However, through the application of new technologies and the further development of risk-based approaches
for safety assessment, we remain confident it is ultimately achievable. For many complex, multi-organ
consumer safety endpoints, the development, evaluation and application of new, non-animal approaches is
hampered by a lack of biological understanding of the underlying mechanistic processes involved. The
enormity of this scientific challenge should not be underestimated.

Assuring safety without animal testing:
Unilever's ongoing research programme to
deliver novel ways to assure consumer

safety. : . o . . ..
Y To tackle this challenge a substantial research programme was initiated by Unilever in 2004 to critically
West land C 'S5 ¢ hael P, Dent M, Fentem J, MacKay C, M G, Pease C, .y ags .
e evaluate the feasibility of a new conceptual approach based upon the following key components:
Author information » 1.Developing new, exposure-driven risk assessment approaches
ALTEX, 01 Jan 2010, 27(3)6165 2. Developing new biological (in vitro) and computer-based (in silico) predictive models

PMID: 21113564

3. Evaluating the applicability of new technologies for generating data (e.g. “omics”, informatics) and

Jor integrating new types of data (e.g. systems approaches) for risk-based safety assessment
Our research efforts are focussed in the priority areas of skin allergy, cancer and general toxicity (including
inhaled toxicity). In all of these areas, a long-term investment is essential to increase the scientific
understanding of the underlying biology and molecular mechanisms that we believe will ultimately form
a sound basis for novel risk assessment approaches.
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Collaborating to modernise the scientific data & tools we use for
making safety decisions - 20 years of research & evaluation
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Transforming our approach for Skin Allergy Risk Assessment (SARA)

Skin Allergy AOP and SARA inputs
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Assessing consumer safety of cosmetics ingredients without new animal
testing - maximising use of existing information & non-animal approaches

« Allourrisk assessments are exposu re- led

........

Iy amaure
............
woied | etwied | DO | expoere | ewosre

‘‘‘‘‘‘

Use all available safety data on the ingredient
« clinical, epidemiological, animal (if dates permit), in vitro, etc.

« Exposure-based waiving approaches (e.g. toxicological threshold of concern)
* Insilico predictions

« History of safe use &\:Qf ;{%\‘ K Wi
. : = LY |

- Read-across ; | OECD T6473

- : OECD T6432 ,
« Use of existing OECD in vitro approaches S S » o - 74
+ Next Generation Risk Assessment (NGRA) cecoressy WD o€ ToiuGn i -

- ‘" OECD TG4 oECD TG476
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Embracing Next Generation Risk Assessment (NGRA) for assuring
the consumer safety of cosmetics ingredients

NGRA is defined as an exposure-led, hypothesis-
driven risk assessment approach that integrates

Traditional’ Risk Assessment ‘Next Generation’ Risk Assessment New Approach Methodologies (NAMs) to assure
‘ . . .
D . ™ safety without the use of animal testing

and in vitro/computational modelling
“Risk assessment of cosmetics and their ingredients

o ‘ = -I ” — Gpmerrests Gpesus i is shifting towards a strategic combination of
== I ' Sasinied - NAMs and new technology with historical animal

S eplmA data, if available, to come to a Weight of Evidence

Sate Do s B ’\ Sateny (Ma3] Gevidation

n Hurars B 7 f‘
. e — A “ ----- (WoE) decision making approach.”
. i g~ Fremrgy ’ —_—
+ ML Scientific Committee on

= ,* A “ ‘ piaepshearta Scientific Committee on Consumer Safety Con sumer Safety (202 1 )
Sccs

THE SCCS NOTES OF GUIDANCE FOR THE TESTING OF

Contents lists available at ScienceDirect
COSMETIC INGREDIENTS AND THEIR SAFETY

Computational Toxicology EVALUATION

11™ REVISION

International Cooperation

omCosmetics Regulation | SEVIER journal homepage: www.slsevier.com/locate/comtox
International
Cooperation on —
- - - - - - - nt mmitiees
Cosmetics Principles underpinning the use of new methodologies in the risk assessment e e
Regulation of cosmetic ingredients B

Matthew Dent™’, Renata Teixeira Amaral”, Pedro Amores Da Silva”, Jay Ansell", Fanny Boisleve®,
(2018) th : ixei 1, Ped ilva® 1l isleve®

Masato Hatao®, Akihiko Hirose', Yutaka Kasai®, Petra Kern", Reinhard Kreiling', Stanley Milstein’,
Beta Montemayor®, Julcemara Oliveira', Andrea Richarz™, Rob Taalman®, Eric Vaillancourt”,

P 2 e 8 2 F < 1 . . 2 AL
Rajeshwar Verma', Nashira Vieira O'Reilly Cabral Posada', Craig Weiss”, Hajime Kojima' The SCCS adopted this guidance document
at s plenary meeting on 30-31 March 2021

Unilever
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Embedding use of new safety science for non-animal cosmetics assessments

Animal-Free Safety Assessment VYAFS CTPA Practical Teaching on Risk Assessment‘/
Cosmetics Education & Training program T . . 2
Covering NGRA from start to finish Of cosmetlcs USlng NAMS and NGRA Ctpa

Risk Assessment Would you like to become more confident in using Next Generation Risk Assessment

Collate Existing . Exposure Biological activity ‘ Exposure Conclusion (NGRA) and New Approach Methodologies (NAMs) for safety assessment?

Information Estimation characterisation Refinement

CTPA has been raising awareness and promating the use of Next Generation Risk
Assessment (NGRA) and New Approach Methodologies (NAMs) for safety assessment among
9. Global Regulatory Environment \ industry and regulators. Now, CTPA is organising a practical teaching day, where

attendees can put these methods in safety assessment into practice, thus increasing the
1. Problem 2. Consumer Exposure 3. Predictive Chemistry 5. Internal Exposure 7. Integration into risk
Formulation assessment

experience and confidence of safety assessors in the cosmetics, and other chemicals
4. Exposure Based 6. In Vitro Assay (=
8. History of Safe Use Waiving Synthesis AF S A Modules

sectors.

) CTPA has teamed up with experts among its membership who are highly experienced in
using NGRA and NAMSs, in order to organise a practical workshop on integrating these
methods into safety assessments. During the unique event, attendees will ‘play’ with
NGRA/NAMs based data and examples to reach a safety assessment conclusion, whilst being
assisted by experts. There will be plenty of opportunities to engage with the experts and ask
guestions on this topic, to overcome the challenges and barriers that you may be facing.

Animal-free Safety Assessment for Cosmetics

nai earn more abou ) [ 3 ss the modules

ADVANCING
INTERNATIONAL ANIMAL'FREE
stenasediptihll SCIENCE FOR

COSMETICS
Cog, WORLDWIDE

Master Class Overview « Module 3: Predictive C... 2

Module 4A: Exposure-b... oz Module 4B: Safety of ... e Module 6 - Internal Ex... s Module 8: Global Regul... s
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Cosmetics regulations ban animal tests, Chemicals regulations require them

COSMETICS
’ : : CHEMICALS
Animaltestingbanssince 1998

* \‘3 5 o
|| r
P
’ AT ban in place
" Exemption for common cosmetics
AT draft ban in discussion
’ Unileverdriving discussionto create a ban Canada & Australia registrations may require AT
. " r ir T
P N6 B tinderdisaission No current requirements for A

Unilever
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US National Academy of Sciences report in 2007 catalysed engagement of
regulatory authorities with a new approach anchored in human biology

Review > Toxicol Sci. 2009 Feb;107(2):324-30. doi: 10.1093/toxsci/kfn255. Epub 2008 Dec 12.

Toxicity testing in the 21st century: bringing the
vision to life

1

Melvin E Andersen ', Daniel Krewski

Affiliations + expand
PMID: 19074763 DOI: 10.1093/toxsci/kfn255

Abstract

| e

In 2007, the U.S. National Academy of Sciences released a report, Toxicity Testing in the 21st Century:
A Vision and a Strategy, that envisions a not-so-distant future in which virtually all routine toxicity

TOXICITY TESTING IN THE 21ST
CENTURY: A VISION AND STRATEGY

testing would be conducted in human cells or cell lines in vitro by evaluating cellular responses in a
suite of toxicity pathway assays using high-throughput tests, that could be implemented with robotic
assistance. Risk assessment based on results of these types of tests would shift towards the avoidance
of significant perturbations of these pathways in exposed human populations. Dose-response
modeling of perturbations of pathway function would be organized around computational systems
biology models of the circuitry underlying each toxicity pathway. In vitro to in vivo extrapolations
would rely on pharmacokinetic models to predict human blood and tissue concentrations under
specific exposure conditions. All of the scientific tools needed to affect these changes in toxicity
testing practices are either currently available or in an advanced state of development. A broad
scientific discussion of this new vision for the future of toxicity testing is needed to motivate a

departure from the traditional high dose animal-based toxicological tests, with its attendant
challenges for dose and species extrapolation, towards a new approach more firmly grounded in

% %'% human biology. The present paper, and invited commentaries on the report that will appear in
< Toxicological Sciences over the next year, are intended to initiate a dialog to identify challenges in

Unillover implementing the vision and address obstacles to change.




Safety, Environmental & Regulatory Science (SERS) | Unilever @

Next Generation Risk Assessment (NGRA) approaches for assuring safety

EPA/G00/R-14/004 | September 2014 | www.epa.govincea

1. IDENTIFY USE SCENARIO Read across
TIER 0: 1pentiy W e
USE SCENARIO, 2. IDENTIFY MOLECULAR STRUCTURE | EXPOSU"e'baSEd ‘waiving
CHEMICAL OF CONCERN A \ Exit TTC s ,' )
AND COLLECT EXISTING 3 Cou.Ecr\E{:ISTING paA | > — In silico tools
INFORMATION (W) — =
N~ . 7 P 4 2 . A .or .
|_ 4. IDENTIFY ANALOGUES, SUITABILITY ASSESSMENT AND EXITING DATA | :> . EXLREADACROSS o’ Metabolism and metabolite identificatiol
W A . "
e - Physiologically-based kinetic modelling
Next Generation Risk Assessment: : TIER 1: Hyeoruesis >0 "gﬁgfufﬁ';ﬂnﬁ':i“jz;ﬁjnxirjﬁ; i p— 2 e E— — e
Incorporation of Recent Advances in Molecular, Computational, and Systern Blology‘ FORMULATION FOR AB ” oz / INTERNAL TTC/ In chem,co assays
INITIO APPROACH 6. MOA HYPOTHESIS GENERATION -‘ ‘Omi
(WEIGHT OF EVIDENCE BASED ON AVAILABLE TOOLS) ) mics
2 | | Reportergene assays
TIER 2: 7A. TARGETED 78. BIOKINETIC REFINEMENT . - - -
Pkl TESTING ¢ i] ’ (":Nvml::;"uivf: :::;’I:IA:N‘;N __ Invitro pharmacological profiling
INITIO APPROACH \ ==
3D culture systems
8. POINTS OF DEPARTURE, IN VITRO IN VIVO EXTRAPOLATION,
UNCERTAINTY ESTIMATION, MARGIN OF SAFETY EXIT Organ-on-chi
Final R rt ) ™3 s — _Asimo g p
inal Repo ~ -
9. FINAL RISK ASSESSMENT OR SUMMARY ON INSUFFICIENT Pathways modelling
SEQEMATION AREROMN ’ ~Human studies
U.S. EPA. Next Generation Risk
Assessment: Inco rporation Of Recent Comput Toxicol, 2017 Nov;4:31-44. doi: 10.1016/j.comtox.2017.10.001.
Advances In Molecular, Computational, Ab initio chemical safety assessment: A workflow based on exposure considerations and non-
And Systems Biology (Final Report). U.S. animal methods.

Environmental Protection Agency,
Washington, DC, EPA/600/R-14/004, 2014

Berggren E1, White Az, Quedragggg3, Paini A, Richarz AN1‘ Bois FY4. Exner T5, Leite S8 Grunsven LAVS. Worth AT, Mghony_C7
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Advancing NGRA scientific capabilities for chemicalrisk assessment

Unilever : U.S. EPA and Unilever Announce
Major New Research Collaboration to
Advance Non-Animal Approaches for
Chemical Risk Assessment

09/08/2015 | 09:01am EDT o 0 ° o

Research collaboration will develop ground-breaking scientific approaches to

Next Generation Risk Assessment is highly interdisciplinary

better assess the safety of chemicals found in some consumer products without
using animal data

Accumaltive Number of Pathway Showing Dose response

RO SIS 0ECD T6430/431 i |-
’ DECD TG439 » » % w0 o0 ©n w0 e ) United States
Calcudaled B meen vaive (M) \.’ EPAEnwronmental Protection (o}
. . . enc
Biology Bioinformatics o
Environmental Topics v Laws & Regulations v Report a Violation v About EPA v
O Y ) D o 0™ [6P (s u) News Releases from Headquarters > Research and Development (ORD) CONTACT US
N g e 9 g, “g- T\
. Y= +er. . .
A ORI % Il PP EPA and Unilever Announce Major Research
- v Collaboration to Advance Non-animal
- .
Mathematical and Approaches for Chemical Risk Assessment
Chemistry statistical modelling August 19, 2021
Contact Information
EPA Press Office (press@epa.gov)
1 1 — WASHINGTON - Today, the U.S. Environmental Protection Agency (EPA) and Unilever announced a collaborative agreement to explore
U nlleve r' SQfetV & EnVIron mental Assu rance Centre (SEAC) YOUTU be better ways to assess chemical risks associated with consumer products. This agreement builds on prior cooperation between EPA and
U S s OT M arc h 2020 - N G RA conce pt & a p p roac h Unilever regarding New Approach Methods (NAMs), which are a promising alternative to conventional toxicity testing that are intended
to reduce reliance on the use of animals.
U n l leve r — Safetv & E nVI ro n me ntal ASS u ro‘n ce Ce ntre O‘t U n I leve r EPA and Unilever have been jointly evaluating and using NAMs since 2015. This collaboration is helping EPA implement its New Approach
1 1 _ 1 1 Methods Werk Plan and is the foundation for new efforts to demonstrate that these novel approaches can help decision makers better
Global IP Limited - YouTube US SoT March 2022 - integrating NAMs e ok Pl e Tdaion oy e
in NGRA for consumer safety decisions
oy “EPAis a pioneer in developing and applying NAMs to identify and quantify risks to human health, while reducing the use of animals in
ﬁ ;E;% chemical toxicity testing,” said H. Christopher Frey, Deputy Assistant Administrator for Science Policy in EPA’s Office of Research
%s é‘éﬁd and Development. “We are excited to continue the collaboration with Unilever, which enhances the robustness of our mutual research
) § to demonstrate the use of NAMs.”

%"

V)


https://www.youtube.com/watch?v=tJWG3YCXT0Y&t=5s
https://www.youtube.com/watch?v=5Z2S8MnKp7g
https://www.youtube.com/watch?v=5Z2S8MnKp7g
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Key tools in Unilever’'s NGRA approach for systemic effects
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NGRA frameworks developed to enable data integration & interpretation

Derivation of in vitro PoD across multiple cell models (HepG2, NHEK and
Face Cream m MCF7) & refinement with HepaRG 2D and 3D & metabolism studies
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Interpreting non-animal data for assessing chemical safety
Bioactivity - Exposure Ratio (BER) approach

MOCOLOCICAL SCIENCES, LN, 2000, X0-375

SOT Bocity of 51; ;t“gﬂ e e e

- Rrww o I AT e
academic.oup.com/lonsci

Utility of In Vitro Bioactivity as a Lower Bound Estimate
of In Vivo Adverse Effect Levels and in Risk-Based
Prioritization

Katie Paul Friedman @ ,*' Matthew Gagne,’ Lit-Hsin Loo,’ Panagiotis
Karamertzanis,¥ Tatiana Netzeva,® Tomasz Sobanslkd,® Jill A. Franzosa, Ann
M. Richard,” Ryan R. Lougee,™' Andrea Gissi,® Jia-Ying Joey Lee,* Michelle
Angrish," Jean Lou Dome,'' Stiven Foster," Kathleen Raffaele,” Tina

Bahadori,' Maureen R. Gwinn," Jason Lambert,” Maurice Whelan,™ Mike
Rasenberg,® Tara Barton-Maclaren,' and Russell 5. Thomas @ *
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Evaluation of in vitro NAMs, exposure modelling and dose-response models
For 89% chemicals NAM PoD was more conservative than traditional PoD

Bioactivity - Exposure ratios (BERs) approach useful to accelerate screening
and chemicals assessment using NAMs for hazard and exposure
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Unilever NGRA frameworks for using non-animal data for consumer safety decisions
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NGRA framework for systemic exposure: case study - coumarin (1)
Baltazar et al., (2020) Toxicol Sci 176, 236-252
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Next-Generation Risk Assessment case study workflow for 0.1% coumarin in consumer products. Initial steps involved collating existing data, generating in silico predictions, and A Next-Generation Risk Assessment Case Study for
problem formulation. In parallel, applied and systemic consumer exposure estimates were calculated based on the use scenario, habits and practices information, and chemical Coumarin in Cosmetic Products

parameters. A battery of in vitro assays was then conducted to characterize the cellular response to coumarin. From these data, point of departure (PoD) values with associated

L . . . . . . . . i Maria T. Baltazar, Sophie Cable, Paul L. Carmichael, Richard Cubberley,
uncertainties were determined, however, the lack of metabolic capacity of the cell line models used, and the potential toxicity of reactive metabolites led to the generation of

Tom Cull, Mona Delagrange, Matthew P. Dent, Sarah Hatherell,

additional data (metabolism refinement). All PoDs were compared with exposure estimates (plasma C,,,,) to calculate a margin of safety, which was used for the risk assessment Jade Houghton, Predrag Kukic, Hequn Li, Mi-Young Lee, Sophie Malcomber,
decision. Abbreviations: HTTr, high-throughput transcriptomics; IVIVE, in vitro to in vivo extrapolation. Alistair M. Middleton, Thomas E. Moxon (®, Alexis V. Nathanail,
Ok Beate Nicol, Ruth Pendlington, Georgia Reynolds, Joe Reynolds,
% %g Andrew White, and Carl Westmoreland
@g Unilever Safety and Environmental Assurance Centre, Colworth Science Park, Sharnbrook, Bedfordshire MK44

U -Q o 1LQ, UK
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NGRA framework for systemic exposure: case study - coumarin (2)

Exposure
Estimation

* Plasma Cmax oObtained (range 0.002- )

0.02 yM) from PBK models (Table 2)

= Stability assays indicated coumarin
rapidly metabolized mainly via
CYP2A6 )

Collate

Existing
Information

* Genotoxicity and protein-binding
alerts for parent compound

= Hydroxylation predicted as main
route of biotransformation

= Reactive metabolites (eg epoxides)
predicted.

* 90%~-100% coumarin predicted to be
freely available in vitro

« Low bioactivity in ToxCast and
Pubchem: binding to Carbonic
Anhydrases and MAO-A/B reported

* Lowest PoD was 3 pM for carbonic

\\ anhydrase | (Figure 7)

o ————————————————————————

\

In Vitro Biological

Activity

/

Characterization

\

ToxTracker negative; weak
activation of DNA damage
reporters (only +S9)

No immunomodulation
potential

Low bioactivity confirmed
by binding/enzymatic
assays, HTTr and cell
stress panel.

PoD range: 31-912 uM
(Tables 4 and 5).

Potential metabolite-driven
bioactivity not addressed

BALTAZARETAL. | 241

Toxicol Sci 176, 236-252

Metabolism Determine

Margin of

refinement Safety

~

= Hydroxylation confirmed
as main route of

: Updated MoS
biotransformation at 1 Body lotion MoS: 2137-2197
UM , Face cream MoS: 9538~

= Reactive metabolites not 9601
.

formed at consumer
relevant exposures

* Low bioactivity also
found in a metabolic
competent cell model
(HepaRG 3D)

Preliminary MoS
Body lotion MoS: 158 -

22048
* PoDs range: 41-871 yM Face cream MoS: 706 -
(Tables 4 and 5). 96738

Figure 3. Summary of the key results from each step on the Next-Generation Risk Assessment case study workflow (see Figure 1) for 0.1% coumarin in face cream and
body lotion. Abbreviations: HTTr, high-throughput transcriptomics; MoS, margin of safety; PBK, physiologically based kinetic; PoD, point of departure.
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Unilever NGRA framework for skin allergy

Regulatory Toxicology and Pharmacology 127 (2021) 105075
Contents lists available at ScienceDirect i B
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Building confidence in the application of new tools & data

( Fitness for Purpose (Independent Fteﬂew)

Archives of Toxicology (2022) 96:2865-2879
https://doi.org/10.1007/500204-022-03365-4
Human
REVIEW ARTICLE Biﬂlﬂgiﬂﬂ'

Framework for Establishing
Scientific Confidence in NAMs

Relevance

A framework for establishing scientific confidence in new approach

methodologies Technical
Characterization

Data Integrity
and Transparency

Anna J. van der Zalm'® . Joao Barroso? - Patience Browne? - Warren Casey” - John Gordon® - Tala R. Henry® -
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Evaluating the new non-animal toolbox for systemic safety assessments
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Overview - toxicological risk assessment: more science, less art

Scientifically, is that the best we cando?
» A biochemist's first view of a chronic rodent toxicity study

Regulatory

Re-thinking consumer safety decision-making
» Responding to a ban on animal testing for cosmetics investigative W roxicity

Toxicology Testing

A new scientific paradigmrooted in human biology

Toxicological

» Shaping ‘next generation’ risk assessment (NGRA) approaches Risk Assessment

« Advocating forregulatory change
» Applying innovative toxicological science in chemical safety dossiers
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Advocating for regulatory change - modernisation of chemical safety
assessment approaches & application of innovative toxicological science

Unilever: EU needs ‘paradigm shift’ in

e eme chemical safety assessment methods
> use of modern scientific

westigate | Toucotosy/ methods & new types of data i ~ £ [wlin]=

(Mechanistic) Toxicity

Toxicology Testing forregulatory purposes - =
Cosmetics
design-europe.com =
> i nve st m e nt in n ew reg u lato ry THE LONG READ: IN CONVERSATION WITH UNILEVER SAFETY & ENVIRONMENTAL ASSURANCE CENTRE (SEAC) EXECUTIVES
Toxicological H HH The future of animal-free chemical testing? There's a ‘big
et science capablllty frustration’ in the scientific community, say Unilever
execs
yKaceyCuliney?
N h o
Alternatives to Laboratory Animals . ~ [ »
. . 2021, Vol. 49(4) 122-132 "
Upholding the EU’s Commitment to T st 02
. 0 -lxl
‘Animal Testing as a Last Resort’ Under Aotk reuse guideons

REACH Requires a Paradigm Shift in How 55 /7ol sismomms
. journals.sagepub.com/home/ad

We Assess Chemical Safety to Close the ®SAGE

Gap Between Regu‘atory Testi ng and Non-animal methods (NAMs) have to be fast prioritised in EU chemicals testing under REACH and much can

. be learned from the US Environmental Protection Agency [Getty Images]
Modern Safety Science

Animal testing Animal testing alternatives non-animal testing methods REACH Chemicals Regulation. next-
generation safety assessments Unilever safety assessment

Julia Fentem, lan Malcomber, Gavin Maxwell and Carl Westmoreland . y . . .
A complete shift in the safety assessment of chemicals will be necessary if the EU is to uphold

its "animal testing as a last resort’ policy under the European Chemicals Agency’'s REACH
regulation - a critical aspect to maintaining the wider cosmetics animal testing ban, say
Unilever execs.
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Regulatory assessments of chemical safety - use of new tools & data

r‘ E C H A AboutUs  Contact  Jobs

EUROPEAN CHEMICALS AGENCY

LEGISLATION CONSULTATIONS INFORMATION ON CHEMICALS

REACH Alternatives to animal testing under
REACH

Chemicals can cause cancer; affect the immune,

u nce Identificatiol S
Registration 6& respiratory, endocrine, reproductive or cardiovascular
- systems; weaken human resilience and the capacity
Evaluatic — to respond to vaccines; and increase vulnerability to
Authortcatio - —~ diseases.

. The European Parliament and Council adopted
chemicals legislation to protect people and the
fon in the supply chain environment from such harm and to promote alternative test methods

e List substances in articles

In practice, this means companies must test their chemicals for safety - by using

Lec tior alternative methods or - as a last resort - testing on animals. Animal tests are only
permitted if there is no alternative way to gather the safety information

Alternatives to animal testing under

REACH The law requires companies to use alternative methods whenever possible - so

companies should only ever test on animals as a last resort
Enforcement

Archives of Toxicology (2022) 96:743-766
https://doi.org/10.1007/500204-021-03215-9

REGULATORY TOXICOLOGY
A framework for chemical safety assessment incorporating new
approach methodologies within REACH

Nicholas Ball' - Remi Bars? - Philip A. Botham® - Andreea Cuciureanu® - Mark T. D. Cronin® - John E. Doe®® -
Tatsiana Dudzina® - Timothy W. Gant” - Marcel Leist® - Bennard van Ravenzwaay®

EU REACH legislation has been in place since
June 2007. It was introduced to protect people
& the environment from harm and to promote

alternative test methods.

Science & technology have advanced hugely
and chemicals regulations need to catch up
- framework for using best scientific data for
safety decisions.

Unilever

Regulatory Toxicology and Pharmacology
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ELSEVIER The European Partnership

for Alternative Approaches to Animal Test

Use of New Approach Methodologies (NAMs) in
regulatory decisions for chemical safety: Report
from an EPAA Deep Dive Workshop

ALTEX, accepted manuscript
published July 4, 2022
doi:10.14573/altex.2204281

Food for Thought ... %ﬁ g‘;%
Ready for Regulatory Use: NAMs and NGRA for @gﬁ%
Chemical Safety Assurance Uniowrore

Paul L. Carmichael™, Maria T. VBaffa:m"'. Sophie C '{rbfe}. Stella C odri'ana?{ Matthew Dent’, Hequn Li,
Alistair Middleton’, Iris Muller’, Georgia Reynolds', Carl Westmoreland' and Andrevw White'

‘Safety & Environmentsl Assurance Centre (SEAC), Unilever, Shambrook, Bedfordshire, UK: *Toxicology. Wageningen University &
Research. Wagenineen. The Netherlands
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Protecting workers by applying NGRA and non-animal approaches

E Estimati In Vitro Biological Activity
D Characterisation

The worst-case levels of exposure of workers to 51 in several factory environments were estimated using factory- The bioactivity of 51 was assessed in a battery of NAMs relevant to systemic [6], reproductive, and developmental toxicity
specific data and occupational exposure models including CHESAR and ART. These exposure values were then [7]. Concentration-response curves were derived for 40 cell stress markers and High Throughput Transcriptomics was
used to estimate worst-case levels of systemic exposure to Sl following occupational exposure using conducted in HepG2, HepaRG and MCF7 cells. Pharmacological profiling of 51 against 73 targets was conducted as well as
Physiclogically Based Kinetic (PEK) modelling [5]. Experimental ADME data from NAMs were also generated on Si specific assays relating to developmental toxicity (Reprotracker, devTOXax).
for this PEK modelling.
; ' ; oS 2
. Worker Exposure Data . Data Generation ~. _— PBK Modelling ~ IP5C based tools ~ In vitro Pharmacological Profil ga%* '@Q’
\ N 7 ™, f NS
\| \ ( \ [ e & ‘ <6Va Nntage’ R
il CLARIANT :
ERM Unilower
SR REPROTRACKER
In vitro data on SI: : i A+ 8
dermalabsorption e e An exposure-led approach to worker safety assessment of
C— . . .
- Blood to plasmaratio —— 09030 969 oo SOMium 2- hydroxyethane sulphonate using New Approach Methodologies
— - — - \ - \ =
* Plasma protein binding B | — - ol inVitre (2020), 63, 104746 Carl , Catherine Breffa?, Caroline Chaine?, Susann Fayyaz?, Fabian Grimm?, Steve Gutsell’, Reiko Kiwamoto*, Moung Sook Lee?, Colin Smith*, Willemien
. - _ . T . Wieland®, Adam Wood' and Tristan Zellmann®
Metabollc stability B ~ High-throughput Transcriptomics (HTTr) ~,  Cell StressPanel (CSP) i b VA A BN A A : " o O S R
[ T /! \ 36 Biomarkers 3 Timegpoint] 08198, France & Unleve, roniand 14,108 WH Wageningen, Th Netheriands 5. Enironmental Resources Management Limitad. £4M Nederiand 8, 85 55, 3311 4G Dordirecht, Vantage Leuna GmbH, Bau 7302, Am
Mauptior, 06237 Leuna. Germany
=Fi= Stress Pathways
------ YR https://seac.unilever.com/files/c52d0ce8-0fbd-44a4-
867b-fadf7¢1260d4/si-poster-for-wc12-final.pdf
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(12 different assays, 107 Experiments, 8 CROs)

e e o it el o S m Next Generation Risk Assessment
for Occupational Chemical Safety -

~ BERestimation N « The PBK modelling indicated a worst-case plasma Cmax of 0.80 uM across
the factory environments studied a Real Wor"d Example

* Points of Departure (PoDs) for Sl in the in vitro assays ranged from 104-5044

HM. Adam Wood et al.
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[ %g ruled out female population simulation) covering the entire life cycle of Sl, resulting in
% the most conservative BER for Sl of 130.



https://seac.unilever.com/files/c52d0ce8-0fbd-44a4-867b-fa4f7c1260d4/si-poster-for-wc12-final.pdf
https://seac.unilever.com/files/c52d0ce8-0fbd-44a4-867b-fa4f7c1260d4/si-poster-for-wc12-final.pdf

Safety, Environmental & Regulatory Science (SERS) | Unilever @

Regulatory modernisation - starting the transition with new pre-regulatory
frameworks & roadmaps for phasing-in new approaches

Bl oommet Qosmemant
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SETTING AND CHEMICAL RISK ASSESSMENT

I*I Government  Gouvernement
of Canada du Canada search Canada.ca

REGULATORY USE OF BIOACTIVITY-EXPOSURE RATIOS FOR PRIORITY- J

Humane Society International
Webinar on Risk Assessment
July 13, 2022

| Use of new approach methods (NAMs) in risk assessment

Fact sheet series: Topics in risk assessment of substances under the Canadian Environmental Protection Act, 1999 (CEPA
1999)

Tara Barton-Maclaren, PhD, Heailth Canad

Canada

Notice of intent on the development of a strategy to guide the CEPA, HC and ECCC continue to
replacement, reduction, or refinement of vertebrate animal testing|on the establishment of frameworks
under the Canadian Environmental Protection Act, 1999 (CEPA)

prioritization and risk assessments. These scientific advances align with the work of a growing number of regulatory

ternative approaches into

authorities, including those in the United States, Australia, and the European Union, where an emphasis is being placed
on modern approaches to replace, reduce, or refine the use of vertebrate animals in toxicity testing wherever possible.
This includes the development of strategies and research programs to accelerate development and implementation of

NAMs for regulatory decision-making.

Unilever
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-cul @ English Search
“ Commission 9

Business, Economy, Euro

Internal Market, Industry, Entrepreneurship and SMEs

Home | Single market and standards | Industry | Entrepreneurship and SMEs = Access to finance Sectors | Tools and databases

Home > Presentations from the Workshop on the Commissicn roadmap towards phasing out animal testing for chemical safety assessments

Presentations from the Workshop on the Commission roadmap towards
phasing out animal testing for chemical safety assessments

These presentations were given as part of the Commission's workshop that was held in Brussels as
a 2-day hybrid event from 11 - 12 December 2023. 7

“ECHA

EUROPEAN CHEMICALS AGENCY

31 May -1 June
Helsinki

Towards an animal-free regulatory system for industrial
chemicals

ECHA New Approach Methodologies Workshop background paper

The NAMs workshop "Towards an animal free regulatory system for industrial chemicals”
will provide the space for collecting feedback and commitments from all stakeholders on
how to accelerate the transition to a regulatory system with no or minimal reliance on
animal testing.
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Enabling application of modern safety science for regulatory purposes in UK

Paving the way for a UK Roadmap: NAMs Network launch event
Development, Validation and Regulatory Acceptance of Tue, Apr 30 2024, 9:30 - 17:00 2 0
New Approach Methodologies (NAMs) '

in Chemical Risk Assessment

YEARS

Pioneering Better Science

et
PP
e

Output and Review [/, .--""

Et?Odd d The NAMs Network is open to stakeholders from all sectors and at all career
2021 A andards levels. The purpose of the Network is to encourage and support conversations
gency and collaborations across sectors in new approach methodologies.

= Session 1; Welcome and overview of the NAMSs landscape.
= Invited presentations from Ruth Roberts (Birmingham University,
ApconiX) and Carl Westmoreland (Unilever).

= Session 2: Taking NAMs from development to application.

= Session 3; CRACK IT as a mechanism to accelerate the development and
uptake of NAMs.

= Session 4; Working together to accelerate the adoption of NAMs.

= Session 5: Changing the way we think about safety assessment.
= Invited presentation from Camilla Alexander-White (MKTox).
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Joining forces in advocating for regulatory application of
innovative toxicological science to “Close the Gap”

Natlonal Centre

for the Replacement
Reflnement & Reduction
of Animals in Research

Workshop report:

Opportunities for
the UK to develop
world-leading
chemicals regulation

Workshop: 11 May 2023
Report published: 23 October 2023

Dr Natalie Burden, NC3Rs

Dr Carl Westmoreland, Unilever

Dr Andrew Scott, Unilever

Professor Ian Kimber, University of Manchester

National Centre ‘
for the Replacement
Refinement & Reduction

of Animals in Research . i .
driving excellence in toxicology

Vision for a Modern Science-Based Approach to UK Chemicals Regulation

UK Chemicals Regulations: Time for change

1. As the result of exit from the European Union, the UK Government has a unique opportunity to modernise
the UK’s approach to assuring the safety of chemicals (including industrial chemicals, pesticides and
biocides). The Government can now make important changes to domestic regulations to improve the
scientific quality and relevance of chemical safety assessment to protect human health and the

environment.

2. Embracing a modernised approach to UK chemicals regulation that embeds the latest science and

technology into an agile system will yield significant benefits. These include scientific, business and
economic advantages as well as reducing the reliance on animal-based testing methods and developing a
more sustainable approach to safety assessment. The purpose of this short position paper is to share a
vision for a science-based approach to chemicals regulation which positions the UK as a world-leader
within global markets. The paper focuses on what can be achieved now and why change is important,

rather than mapping out the hurdles that must be negotiated to deliver the vision.
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A biochemist’'s view today: good progress in applying innovative toxicological
science; much more to do in strengthening regulatory science & its application
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MSc Toxicology - is this substance likely to cause reproductive or
developmental effects in humans and at what exposure levels?
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Thank You. ...

Unilever’s safety scientists in SEAC (Safety & Environmental Assurance Centre)

« External scientific collaborators - academia, companies and governmental & NGO leads

« Kevin Chipman & Jeffrey Fry

 Phil Botham

e Carl Westmoreland

« BTS Executive Committee

website link: Safety & EnvironmentalSciences | Unilever
Our Science
|

Safety & “‘h 0““‘“ .
Environmental
Science = V’\""‘f‘ S
Unilever's Safety and Environmental Assurance Centre (SEAC) ‘ % l L

Safe tyw!h ut Ani |mul1’ stin g Environmental Sustai hltys I VCﬂsf?Q}ufl‘i.es.

W -

Advances in science and
technology mean that we
can generate much more
relevant safety data to
protect people and the
environment using modern
non-animal approaches.
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