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1.

Safety Science

a) 1980-2000: Alternatives to Animal Testing

b) 2000-2020: Safety without Animal Testing

c) 2020-2025: Science to Regulation Gap
Regulatory Science

a) Consumer Safety: BP4 ab initio case study

b) Occupational Safety: Sl case study

c) Environmental Safety: EPAA community

Next steps

a) Harness Al: democratise NGRA & build capacity
b) Collaborate: Safe Spaces & Regulatory Sandboxes

c) Integrate: Human & Environmental Safety




Unilever Policy & Approach Unidlerver
Safe & Sustainable Products without Animal Testing

40+ years of non-animal
safety science

* Every Unilever product must be safe
for people and our environment

« Animal testing is not needed to assess
ingredient & product safety — there
are a wide range of non-animal
alternatives grounded in modern
science and new technology

/0+ collaborations

600+ publications




1980s — 2000s: Alternatives to Animal Testing

Early 1980s — Ex vivo ocular methods (IRE): Unilever scientists helped
originate and apply the Isolated Rabbit Eye (IRE) test for severe eye irritants

1990 - Cell-based in vitro screening: Unilever reported an agarose overlay
cytotoxicity assay to rank ocular irritation of detergent products, offering a
rapid in vitro alternative to new Draize testing.

1990 - Ex vivo HET-CAM work: Unilever researchers evaluated the HET-CAM
test as a predictor of eye irritation, building the ex vivo toolbox.

1994-1997 — QSAR and early computational toxicology (ocular & skin):

Unilever authors published some of the earliest QSARs linking eye-irritation
potency to structure/physicochemical descriptors; similar work tied in vitro
cytotoxicity to skin corrosivity prediction.

1999 - Early machine learning: A Bayesian neural network (BNN) model by
Unilever scientists predicted eye-irritancy of cationic surfactants—an early
application of ML/NAMSs in this space

Edited ChatGPT v5 Pro summary
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We use a wide range of non-animal approaches to assess the safety of the ingredients

L & l.

used in our products. Since the 1980s, our scientists have been developing and using
altemnatives to animal tests, e.g. computer modelling and cell culture-based experiments.
We regularly present and publish our work, and collaborate with others to share our
knowledge and apply exciting new science to assure product safety.
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https://www.unilever.com/sustainability/responsible-business/alternatives-to-animal-testing/?utm_source=chatgpt.com

European 7t Amendment to Cosmetics Directive and resulting Animal Unadever

Testing Bans drove scientific investment & replacement mindset

CONNECTING THE DOTS FOR ANIMALS:

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 animai testing of cosmetic ingredients
BAN of marketing of finished cosmetic products tested on animals 2 O O 3 2 O O ‘l
BAN of marketing of cosmetic ingredients tested on animals BAN of animal testing of finished cosmetic products enters Into forcein the EU

2009?ﬂ%ﬁf

EU FUNDING ON RESEARCH
ON ALTERNATIVES

TO ANIMAL TESTING

IN 2007-2011

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

1993

2013

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

7t Amendment to
n, \European Cosmetics Directive

/

L té[26

Official Journal of the Earopean Union 1132003

THE ELROPEA

DIRECTIVE 2003(15EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 27 Febmary 2003
amending Council Directive 76/768EEC on the approximation of the laws of the Member States
reliting to cosmetic products
Text with EEA relevance]

PARLIAMENT AND THE COLNCIL OF THE

EURDFEAN LINION,

Having regard to the Treaty extat

lishing the Eurapean Camams-
eod,

wity, and in particular Article 95 ther

Having regard to the prapesal from the Commission (9,

Having regard to
Social Committze [,

: cpinian of the Eurapean Econamic and

Acting in accondance with the procedure liid down in Amide

131 af the Tre
Conciliation Committes on § December 200,

¥ in the light of

approved by the

Whereas:

Coundl Dircctive 76/768/EEC () has comprehensively
harmomised the natiomal Lws relating s cosmetic
products and has as #s main objective the proeciion of
public health. To this end it continues io be indispen
sable to camy out centain toxicological tests o evaluate
the safety of cosmetic products.

The |r.um.| an_prosection and welfare of animals
T y of Amsterdam to the Treaty
tablshing the Eurapeun Communiey provades shat b
Commanity and the Member States: are to pay hull regard
o the welfar: requirements of animals in the implemen-
tation af Commanity policies, in particulir with regand
o the insernal markes

Counscl Directive £6{60%EEC af 14 November 1986 on
the approximation of laws, regulations and adminisra-
tive pravisions af the Member Staics mpanding the
protection of animals used for experimental and other
ic purposes ) has established common rules for
the 1 of aramals for experimental purpases within the
Commanity and bid down the comdirions under which
such cxperiments must be carmied o in the erony of
the Member States. In partiasdar, Aricle 7 of that D
tive requires that animal experiments be meplaced by
altcrmative methods, when such methods cxist and are

scientifically sasisfactory. In onder to facilitae the devele
opment and use of akemative methods in the cosmetic
sectar which do rat use live animals, specific
have been introduced
14 June 1993 amending for the sixih time Direciive 78]

T68/EEC on the apprommation of the laws af the
Memiber States relating o cosmetic products (<.

Hawever, these provisicns comcem anly  altermative
pds which do not wse animals an y do not take
m af altermative meshods deve in order w
e number of animals wsed for experiments or
to reduce their suffering. Therefore. i order 1o afford
optimal prosectian to animals used for testing cosmetic
products. pending imsplementation of the prahibition of
amimal tests for cosmetic produscts and the marketing of
animal-tested cosmetic producis i the Community.
these provisians shauld be amended in arder to provide
for the sysmematic use of aliernative methods, which
reduce the number of animak wsed or eeduce ihe
suffering caused, in shose cases where full replacemens
lh'ml ives are not yet avadable, as pn:Mdn] by Amice

pe

methods oficr consumers a kevel of pro
ta that of the conventional methods which they are
intended to replace.

In accordance with Directive 86/609/EEC and with
Directive 93/15/EEC, & is essenstial thas the aim of abol.
ishing animal experiments far testing casmetic products
be pursued and that the prohibition af such experiments
becomes effective in the temitory of the Member States.
In arder ta ensure that this prohibition & fully imple.
mented it may be necessary for the Commission to
bring forwand funher proposals to amend Directive 84
609/EEC.

Currently, only ahernative methods which are scentifi-
cally validated by the an Cenare for the Validation
of Alternative Methad: AM) or the Organisation for
Ecancmic Cooperation and Development (OECD) and
applicable to the whole chemical sectar ame sysicmati-
cally adapted = Community level. However. the safery
of cosmetic products and their ingredients may be
ensured through the use of aemative methods which
ate not mecessarily applicable to all wses af chemical
ingredients. Therelore, the wse of such methods by the
whele coemetic industry should be promosed and their
’ v level ensured when such
methods offer an equivalent level of prosection to consu-
mens.

 OJL151, 2361993, p 32

https://single-market-economy.ec.europa.eu/sectors/cosmetics/ban-animal-testing_en
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Safety without Animal Testing: re-framing the question to focus U

on the protection goal (i.e. what are you trying to prevent?)
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Comment

Experimental biclogy Clinical medicine

The Feasibility of Replacing Animal Testing for Assessing
Consumer Safety: A Suggested Future Direction

Technologies
For example, gemomics,
protecmics, metabonomics,
analytical techniques

Technologies
For example, gemomics,
proteomics, metabonomics,
analytical techmnigues

Julia Fentem, Mark Chamberlain and Bart Sangster

Safety & Environmental Assurance Centre, Unilever Cahworth L . Shambrook, B hire, LK

Sumimany — A present, we are unable to use much of the dats derived from altemative (non-animal) fests
For hurman hesih risk assszzment. This brief Comment cutines why i is plausitle that new parsdigms could
+ + be developed to enable risk azzexzment fo support consumer safety decizions, without the need to gmme

data in animal tesz. The availability of technclogies thet did nct exist 10 years sgs makes thiz new sgprosch
possile The sppraach s bsed on the concept tht deta and information dervd Fom applyig edting snd
new | madels can be i i terms of harm and diszase in man. A prerea-
I i ™ e ot e i ok ot aenerated i 8 dinveal setbng are valable 1o e this -pandia-
MDd'E‘Ii tion”. The incorporation of this_additionel tranclation step shouid make it pozzible to use data and
MDdEl!- informaticn generated in non-animal rmdeu as inputs to risk aszessment. The new technologies incude

gemomics,

Their spplication o i vitro and hurman “medels™
enables large amounts of data to be grn:nd:d wary quickly. The procezsing, interpretation and franzleticn of
these data need 4o be supported by powerful informetics copabilities and stistical tools. The use of inte-
grated “zystems biclogy” will further suppo ion by providing better understand-
ing of the underling biclogical complexity and mechanisms of toxicity. Cinical medicine is using the
opportunities offered by the new "omics’ jiez to advance the ing of disease. The appi-
cation of these technolagies in dinicnl melicine wil generste massive amaunts of data that will need pro-
ceszing and interp to allow dlinicians to better diagnose disesse and understand the patients’
responses to tngmpem.: mtersentions. Support from clinical epidemiclogy will be essentiel. 1f these deta and
information can be mede generally sccessible in an ethical and legal wey, they should alzo permit the “trans-
Istion” of experimental non-animal data, o that they can then be used in risk sssessment.

For example, celliissue oculture,
hurman ex wivo,
in sifico methods

For example, patients,
cells/tissues
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Addreszs for cormezpondence: LH. Fentem, SEAC, Unilever Colworth Laboratory, Shembrook,

Bedfordshie MK44 100, UK.
E-mail: Julie. Fentem Gunilever.com

Introduction

Froducta that are sold to conmumeras must be aafe
for them to use. Most countrien have lawa that con-

there are more-elsborate regulatory mystems to
ez safety. These often inchade the need for pre
market regulstory approval, mach as for medisines,
pestiziden and funstional foods.

Innovation in terms of commumer products may
imvolve the introdustion of new active ingredients,
or the delivery of produsts in new ways, which could
alac inchude padkaging. The safety of all of these
new materials, or new product formats, nesda ta be
amensed In many cases, animal data are an integral
past of the safety svalustion procem.

Azimal tecting in @ mubject that often generates
heated debate, sinos there are many different views

in somety as to whether nrnm:anmal teating can be
1netatu-

morally justified. Governments, academin
tions, non-governmentsl orgenisations (NGO,
trade and i have

policies explaining their views and
practices regarding the use of antmala for teating.
Reoently, the European Union (EU) introdueed
the Beventh Amendment ts the Cosmetios
Dhractive (1), which includes a ban on the market-
ing in the EU of conmetica with ingredients that
have been tested on animals, anywhere in the
world, as of 2009 (for most teata) or 2013 (for all
teats). Cosmetics in this legislative contex:t
inahade soap, shampoos, deodorants, antiperapi-
racts and bwthpanten ie. produscta thm: play an
mpor:ant role in personal hygiene and denmtal
health of the Seventh A d
in that conmumera within the EU will acane o have

accesa to new coametion where innovation involves

Fentem 2004. ATLA. 32. 617-623
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Next Generation Risk Assessment Conceptual Frameworks  Unadever
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Ab initio chemical safety assessment: A workflow based
on exposure considerations and non-animal methods
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EU REACH & CPR interface: ‘Animal Testing as a Last Resort’, Save Cruelty Free (),.:0oxsor
Cosmetics & Commission Roadmap towards phasing out animal testing
AN

SO\/e EUROPEAN CITIZENS’ INITIATIVE X ,,
—5 Cruelty Free
t*Report” Upholding the EU’s Commitment to i::‘;:;? - C OSMm et | CS

Continuing Animal Tests on Cosmetic ‘Animal Testing as a Last Resort’ Under -
Ingredients for REACH in the EU REACH Requires a Paradigm Shift in How 5 v o
Jean Enight!, Costanza Rovidas, Reirhard Ereiing?, Cathy Zhu, Mrtis Krudsen and Thomas Hartungi We Assess Chemical Safety to Close the $SAGE

“fyste Rabbit Seuty LLC, Half Moon Bay, T4, US, Cmﬁﬂmﬂ:ﬂboauLkr_‘gl—nﬁlnp Usivenizy of Blonstans, Gap Between Regulato’-y Tesﬁng and

Honsizss, Gesmuasr, Caris: Prodeie Dvutschlznd) ke Sulsvach, Gurmany, “Rsstean & CAC, Comner for Altecnztives to Animal A
Testiag (CAAT), Jokms Hophing Universery, Blecubarg Scko] of Puskic Healte, Balssams, MD, USA Modern Safety Science

1.2M+ sighatures

We call on the European Commission to do the following:

1. Protect and strengthen the cosmetics animal testing ban.

A Initiate legislative change to achieve consumer, worker, and environmental protection for all cosmetics
EU cosmefic ingredients are emed two lations that conflict. Regulation EC 12232009, the Cosmetic i i T 1 H 1
R e mmhgw P A S 372009, b e ingredients without testing on animals for any purpose at any time.
ingredients. At the some fime, the Registration, Evaluation, Autharizafion and Restriction of Chemicals (REACH] regulafion
«can impose In vivotesting of those same ingredients under its chemical festing requirements. Here, we examined REACH
dossiers for chemicals for which the only reported use is cosmefics to determine the extent of new In vivo festing caused
by REACH. We found the REACH datobase has 3,206 chemical dossiers with cosmefics as a reported use. Of thesa,
419 raport cosmetics as the only use, and 63 of have i vivo tests completed afer the Cosmesic Regularion ban
on in vivo testing. Regisirants langely used altemative, non-animal methods to avaluate ingredients for REACH, but some
sill conducted new wn vivo tests 1o comply with REACH requirements for soxicity data and worker safery ossassmens. In
some cases, ECHA, the ogency that evoluates REACH dossiers, rejected regisinants” aiemative methods os insufficient
and required new In vivotests. As ECHA confinues o evaluote dossiers, more requests for In vivo tests are likely. REACH
fests on cosmetic ingradients appear only as "indusirial chemicals legiskation” st in EU reports. Given the imporfance fo
consumers and the cosmetic industry of having cosmefics free of animal festing, the public should be mode aware of
REACH tesfing unil the conflict between the regulations is resolved.

Julia Fentem, lan Mal , Gavin and Carl W

2. Transform EU chemicals regulation.
Ensure human health and the environment are protected by managing chemicals without the addition
of new animal testing requirements.

Abstract

Anémal use for testing chemicals under REACH despite advances in non-animal safety scence during
the past 15 years. The application of modern science and technology. and the use of ‘next generation” weight-of-evidence
assessment approaches, are embedded in EU guidance for establishing the safety of cosmesics and foods — and of the
ingredients used in these products. Mowever, this is stil not the case for the regulition of chemscals. Under the new
Chemicals Strategy for Sustainabdity, thought leaders in human health and environmental protection are calling on the
European Commission to quickly embrace the benefits of modern and innovative non-animal safety science, in place of
outdated animal testing, if the EU is to be a leader in safe and sustainable innovation under the European Green Deal

3. Modernise science in the EU.
e ;"ﬂm‘::;:,"’."h: reore e Commit to a legislative proposal plotting a roadmap to phase-out all animal testing in the EU before

regulatory the integr Weareat ; :
2 tipping paint for closing the gap becween reguatory chemicals testing and modern safery science. Itis ime to join forces, the end of the current legislative term.
acrass policy makers, scientists, regulators and lwyers, to lead the paradigm shift needed to deliver what EU citizens
want ~ namely, chemicals and products that are safe and sustairable, without resorting to animal testing.

1 Introduction Thiz ban was confirmed ir Regulation EC 1223/2000 (EC,
2009), which replaced Directive 76768 EEC in 2009 Now,

cosmetic products has raisad h[ﬂ risk asssssment of cosm
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Consumer Safety: EU Scientific Committee for Cosmetics Safety (SCCS)  Unilover
create a 'safe space’ for Benzophenone-4 (BP-4) ab initio NGRA case study
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Fig. 1: NGRA case study workflow for 5% BP-4 in sunscreen body lotion
Adapted from Berggren et al. (2017) and Dent et al. (2021); @ Middleton et al. (2022), ® Cable et al. (2024).

Making safety decisions for a sunscreen
active ingredient using next-generation risk
assessment: Benzophenone-4 case study
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Occupational Safety: applying tiered NGRA approach to real-world
sodium-2-hydroxyethane sulfonate (Sl) case study
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Environmental safety: developing an animal-free regulatory paradigm Unilover-
for chemical safety assessment
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Bridging the Science to Regulation Gap:
Industry Perspective

1.

Safety Science

a) 1980-2000: Alternatives to Animal Testing

b) 2000-2020: Safety without Animal Testing

c) 2020-2025: Science to Reqgulation Gap
Regulatory Science

a) Consumer Safety: BP4 ab initio case study

b) Occupational Safety: Sl case study

c) Environmental Safety: EPAA community

Next steps

a) Harness Al: democratise NGRA & build capacity
b) Collaborate: Safe Spaces & Regulatory Sandboxes

c) Integrate: Human & Environmental Safety




Harness Al: To democratise NAMs/NGRA approaches
and rapidly build global capacity

9 Identify structure

DNNs to predict chemical-protein off-targetinteractions

mmmmmmm

4 \7/’\7/ N \/\

Allen etal., (2022)

Mabecutar gt

Ouarittativs Adverse Octcorre ooy

@ Mode of Action Hypothesis

NLP to understand Human Development and Reproduction

A : 8 ] c

Rajagopal et al.,(2022)

NLP to create new AOPs

= =y _— o =
= -
HEE == ==
Ertvelde et al.,(2023)

TIER O: 1penmiey
USE SCENARIO,
CHEMICAL OF CONCERN
AND COLLECT EXISTING

INFORMATION

TIER 1: Hyeoruesis
FORMULATION FOR AB
INITIO APPROACH

PPLICATION OF AB
INITIO APPROACH

1. IDENTIFY USE SCENARIO

&
k 2. IDENTIFY MOLECULAR STRUCTURE J

v >
3. COLLECT EXISTING DATA

vy

J

L 4. IDENTIFY ANALOGUES, SUITABILITY ASSESSMENT AND EXITING DATA

=

1
L -

5. SYSTEMIC BIOAVAILABILITY (PARENT VS. METABOLITE(SINJARGET

ORGANS, INTERNAL CONCENTRATION)
A =
6. MOA HYPOTHESIS GENERATION
(WEIGHT OF EVIDENCE BASED ON AVAILABLE TOOLS)
3 ‘
— v
A. TARGETED
TESTING < l ’

|

.

N

8. POINTS OF DEPARTURE, IN VITRO IN VIVO EXTRAPOLATION,
UNCERTAINTY ESTIMATION, MARGIN OF SAFETY

¥
9. FINAL RISK ASSESSMENT OR SUMMARY ON INSUFFICIENT
INFORMATION APPROACH

78. BIOKINETIC REFINEMENT
(IN VIVO CLEARANCE, POPULATION,
IN VITRO STABILITY, PARTITION)

EXIT READ-ACROSS

> Exiv
oy INTERNALTTC _~

4.3
i

|

Abbreviations:
. NLP — Natural Language Processing
. DNN — Deep Neural Network

,;»"/

Unlever

e Collect existing data

*NLPs to automatically extract PK parameters from literature

TaskLabel User

Data Source Creation
A D
LY )

O

ol < R —

Cumtorn Dute

Bozada et al.,(2021), Hernandez et al., (2021)

**DNNs to predict ADME properties

egrated MLPROX |
motel workfiow U . -
3 - 1
o
i =11 4 205 .
L o5 ol PSTT DU v pp—p—— #aT oA
< - . — B AN .
> n { = Zhoe
»

vt ed S o 18t et sty
P pairers o, ALK v O

Chou et al.,(2023)

e Identify analogues

DNNs for toxicogenomic read-across

.,s Donneretal., (2018)
v

i

DNNs to predict protein allergenicity potential AllerCatPro
T s S g
&< ¢

= - — ‘g:

Jumper et al., (2021),
Nguyen et al., (2022)




Collaborate: We need to create ‘safe spaces’ & strengthen ‘regulatory Unilonor-
sandboxes’ to build confidence in NAMs/NGRA together

I * I Grd e * uropean
Canada Canada =K% ommission
!‘y v
‘19 ‘Safe space’ ‘Regulatory Sandbox’
A forum allowing confidential data sharing with regulators to A forum where method developers and regulators would discuss
discuss the potential acceptability of a specific (set of) method(s) more generally the regulatory needs and solutions being
Science Approach Document for a given case. developed to meet them.
Early/ Qualification/ Scientific Identification Co-design Standardize Regulatory
. o . Safe Harbour . for Regulatory Use Case
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Science approach document - Bioactivity
exposure ratio: Application in priority
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Change Management working group overview of Safe spaces and Regulatory Sandboxes
presented at 3" Commission Roadmap workshop
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Integrate: integration of human health & environmental NGRA as first Unilonor
step in establishing safe & sustainable by design (SSbD) frameworks
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To bridge the science to regulation gap:

1. Harness Al to democratise regulatory use of NAMs/NGRA
and rapidly build global capacity

2. Create confidential ‘'safe spaces’ for industry: regulator
scientific exchange to support new innovations

3. Strengthen ‘regulatory sandbox’ platforms to accelerate |
confidence-building in NAMs/NGRA use |

4. Integrate human health & environment NGRA frameworks
as first step in establishing SSbD approach
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