Next Generation Risk Assessment (NGRA) -
Accelerating the Paradigm Shift

Dr Gavin Maxwell
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Unilever Policy & Approach
Safe & Sustainable Products without Animal Testing "

Uil

40+ years of developing
non-animal safety
science

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

 Animaltestingis not neededto
assess ingredient & product safety
— there are a wide range of non-
animal alternatives grounded in
modern science and new technology

70+ collaborations

600+ publications




A paradigm shiftis underway as use of non-animal safety science
increases & safety assessment frameworks evolve to embed NGRA

Non-animal safety science is increasingly being used to make decisions on:
1. safety of consumers exposed to chemicals in products
2. safety of workers exposed to chemicals during product manufacture

3. safety of people & non-human species if exposed to chemicals in the environment

‘Traditional’ Risk Assessment ‘Next Generation’ Risk Assessment
Exposure models Exposure estimation:
[PBK, free/total Plasma C,,,

concentration)

Calculation of Margin of

e | \ Safety (MoS) distribution

Point of departure Point of Departure

derived from Cellular stress

] Safe Dose concentration- Rty Transcriptomics Receptor
. response data indi
in Humans P / binding

e

e.g. Margin of safety is the
fold difference between the
Cmax and the in vitro POD
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Why is transitioning to NGRA increasingly urgent?

1. Citizen concerns about
the potentialimpacts of
chemicals on their health
& environment are high

[85% / 90% EU citizens are\
worried about the
impact of chemicals
present in everyday
products on their health
/ the environment
\ Special Eurobarometer 501 /

v'  Let's use NAMs & NGRA to
rebuild citizen trust that
chemical regulatory
frameworks are
protective

2.

v

Regulatory Animal Testing
of Chemicals is increasingly
seen as unjustifiable /
unethical by the majority of
society

Move to more sustainable 3.
sources of chemicals (e.g.
bio-based) is transforming
chemical innovation & use

Aug 2021 - Aug 2022:
1.4M+ signatures

- European Union

EUROPEAN CITIZENS’ INITIATIVE

Save
Cruelty Free
Cosmetics

SAFE AND SUSTAINABLE-
BY-DESIGN:

BOOSTING INNOVATION
AND GROWTH WITHIN
THE EUROPEAN CHEMICAL

INDUSTRY

v Let's use NAMs & NGRA to
fully replace the need for
chemical regulatory animal
testing

Let's use NAMs & NGRA to
ensure new chemicals are
Safe & Sustainable by
Design
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US EPA Next Generation Blueprint Tiered Testing Framework

( . Tier \
Chemical Structure Broad Coverage, Multiple cell types erl X . - _ 7
and Properties High Content Assay(s) +/- metabolic competence e NG = ew ppeooch
| | aki
No Defined Biological Defined Biological Target
Target or Pathway J or Pathway J

Y~

DA . United States
+ Tier2 ) \__/ Environmental Protection
\’ Agency

Select In Vitro : :
Orthogonal confirmation
Assays . '

——% Y
l 1 Tler3\

TOXICOLOGICAL SCIENCES, 169(2), 2019, 317-332

| SOCI&ty of doi: 10.1093/toxsci/kfz058
TOX.‘[CO.lOgy Advance Access Publication Date: March 5, 2019

" " Fi
www.toxsci.oxfordjournals.org o

\f

Existing AOP No AOP J
- > | -
l 1 FORUM
In Vitro Organotypic Assays and Identify Likely Tissue, The Next Generation Blueprint of Computational
Assays for other KEs Microphysiological Organ, or Organism Effect . : .
and Systems Modeling Setaie s Suschckible Popitions Toxicology at the U.S. Environmental Protection Agency
Russell S. Thomas,** Tina Bahadori, Timothy J. Buckley,* John Cowden,*
\ / Chad Deisenroth,* Kathie L. Dionisio,* Jeffrey B. Frithsen,§ Christopher M.
Grulke,* Maureen R. Gwinn,* Joshua A. Harrill,* Mark Higuchi," Keith A.
v v ) Houck,* Michael F. Hughes, E. Sidney Hunter, III,1 Kristin K. Isaacs,* Richard
Estimate I?ount?of-Departure Estimate Point-of-Departure Estimate Ponﬂbof-[?eparture S.Judson,* Thomas B. Knudsen,* Jason C. Lambert,” Monica Linnenbrink,*
csallseld °:h8'°":g'caLp‘::h“f‘; oF Based on AOP % Bas‘id OTEL;:E'Z T'_st;”e'&op Todd M. Martin,! Seth R. Newton,* Stephanie Padilla,” Grace Patlewicz,*
a a an- - - . R -
e il oo Lo Lot opuicl . odiie oo dbictas Katie Paul-Friedman,* Katherine A. Phillips,* Ann M. Richard,” Reeder Sams,*
Figure 2. Tiered testing framework for hazard characterization. Tier 1 uses both chemical structure and broad coverage, high content assays across multiple cell types Timothy J. Shafer,ﬂ R. Woodrow Setzer,” Imran Shah," Jane E. SimmOﬂS,'"
for comprehensively evaluating the potential effects of chemicals and grouping them based on similarity in potential hazards. For chemicals from Tier 1 without a de- Steven O. Simmons,* Amar Singh,* Jon R. Sobus,* Mark Strynar,* Adam
fined biclogical target / pathway, a quantitative point-of-departure for hazard is estimated based on the absence of biological pathway or cellular phenotype perturba- Swank,* Rogelio Tornero-Valez,* Elin M. Ulrich,* Daniel L. Villeneuve,”” John
tion. (;hemica]s from Tier 1 wi!_h a predicted biol‘ogical target or pathway are evaluated Tier 2 using targeted follow-up assays. In Tier 3, 'lhe' like]yl tissue, organ, or F. Wambaugh,* Barbara A. Wetmore,* and Antony J. Williams*
Y organism-level effects are considered based on either existing adverse outcome pathways (AOP) or more complex culture systems. Quantitative points-of-departure
% T for hazard are estimated based on the AOP or responses in the complex culture system. ‘National Center for Computational Toxicology, U.S. Environmental Protection Agency, Research Triangle
%g Park, NC 27711, 'National Center for Environmental Assessment, U.S. Environmental Protection Agnecy,
%%%‘ Washington, D.C. 20004, ‘National Exposure Research Laboratory, U.S. Environmental Protection Agency,
. Research Triangle Park, NC 27711, SChemical Safety for Sustainability National Research Program, U.S.
UA&WW Environmental Protection Agency, Washington, D.C. 20004, "National Health and Environmental Effects



SEURAT-1 NGRA framework: tiered testing to support
human health safety assessment

SEURAT-1

1. IDENTIFY USE SCENARIO — R'e'ad across
TIER O: Ipentiy 4 - w : P
USE SCENARIO, 2. IDENTIFY MOLECULAR STRUCTURE _ Exposure-based waiving
CHEMICAL OF CONCERN W ) Exit TTC p o ,
AND COLLECT EXISTING ki coma\asﬂNG patA | . " In silico tools
INFORMATION W) e
bo 4 — v, @ 5 . : - Wi o .
4. IDENTIFY ANALOGUES, SUITABILITY ASSESSMENT AND EXITING DATA —> \ EXIEREAD-ACROSS o Metabollsm -a_n,d met_abollte ldent|f|cat|o|
LVL —_ . . 1 . . A1, &
. 5. SYSTEMIC BIOAVAILABILITY (PARENT VS. METABOLITE(S), TARGET ~ ___\ EXIT 1 Physiologically-based kinetic modelling
TIER 1: HypotHesis > .
ORGANS, INTERNAL CONCENTRATION) —_ INTERNAL TTC. 3 o :
FORMULATION FOR AB . - : In ch.e__mtcoas_says
PRTI AP 6. MOA HYPOTHESIS GENERATION N ‘omi
(WEIGHT OF EVIDENCE BASED ON AVAILABLE TOOLS) mics
37 i Reporter gene assays
7A. TARGETED 78. BIOKINETIC REFINEMENT |
TIER 2: &= i . : e
. TESTING J # (INVIVO CLEARANCE, POPULATION, In vitro pharmacological profilin
APPLICATION OF AB ll IN VITRO STABILITY, PARTITION) T P & R &
INITIO APPROACH J -
8. POINTS OF DEPARTURE, IN VITRO IN VIVO EXTRAPOLATION, 3D culture systems
UNCERTAINTY ESTIMATION, MARGIN OF SAFETY EXIT Organ-on-chi
3 . —) Asinmo S _J g P :
9. FINAL RISK ASSESSMENT OR SUMMARY ON INSUFFICIENT Pathways mOde”mg
INFORMATION APPROACH ) H uman studies
0¥
o . .
@@5 Berggren et al (2017) Computational Toxicology 4, 31-44
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Tier 1: Chemical Screening & Assessment using NAMs

Friedmann et al. 2020 APCRA ‘proof-of-concept’ case study demonstrated
the feasibility of applying a high throughput NAM-based approach for
screening-level assessments

- POD \am o5 Value was less than or equal to the POD ,4itionat VELUE
(derived from in vivo toxicology data) value for 89% chemicals
- Bioactivity-exposure ratio is a useful data-driven metric

ACCELERATING THE PACE OF

for chemical prioritization CHEMICAL RISK ASSESSMENT

TOXICOLOGICAL SCIENCES, 173(1), 2020, 202-225

Societyof T PR
ASTARHIPPTox | ToxCast ACSO SOT |5y Eigne S e
sl academic.oup.com/toxsci i
EC10 (uM) (M)
Utility of In Vitro Bioactivity as a Lower Bound Estimate £
of In Vivo Adverse Effect Levels and in Risk-Based
v hieh ] Prioritization
APP y nigh= Katie Paul Friedman @ ,*' Matthew Gagne, Lit-Hsin Loo,’ Panagiotis
throughput Karamertzanis,® Tatiana Netzeva,’ Tomasz Sobanski® Jill A Franzosa,’ Ann
toxicokinetics M. Ri‘chard,' Ryan R. Lougee,"”l‘\ndrea Gissi,ijia-Yngaey Lee,iMichelle
Angrish,! Jean Lou Dorne, !l Stiven Foster,” Kathleen Raffaele,” Tina
(h“k) toget Bahadori,' Maureen R. Gwinn,’ Jason Lambert,’ Maurice Whelan,* Mike
m‘/k‘.bw/d.y Rasenberg,’ Tara Barton-Maclaren,’ and Russell S. Thomas @ *

—_— ‘National Center for Computational Toxicology, Office of Research and Development, US Environmental
Protection Agency, Research Triangle Park, NC, 27711; sy dC Safety
Health Canada, Government of Canads, Ottawa, Ontario, Canada, K1AOKS; ‘Innovationsin Food and
Chemical Programme and ! A for Science, Technology and Research,
Singapore, 138671, Singapore; SComputational Assessment Unit, European Chemicals Agency, European
Chemicals Agency Annankatu 18, F.0. Box 400, FI-00121 Helsinki, Uusimaa, Finland; ™ational Health and
Environmental Effects Research Laboratory, Office of Research and Development, US Environmental

Protection Agency, Research Triangle Park, NC, 27711; 'Oak Ridge Institute for Science and Education, US.
Department of Energy, Oak Ridge, TN 37831, USA; "National Center for Environmental Assessment, Office of

Research and us Protect: DC, 20004 and Research
Triangle Park, NC 27711; "'Scienstifi ittee and g Risks 1 Risk

Scientific Assistance, Via Carlo Magno 1A, 43126 Parma, Italy; *Office of Land and Emergency Mansgement,
us. Protecti DC, 20004; and “Buropean Commission, Joint Research

Bioactivity-exposure
ratio

Centre (IRQ), Via Enrico Fermi, 2743, 1 - 21027 Tspra, Iraly
T whom correspandence shou be sdiremed st 105 TW. Alexander Drive, sl Tvop D143.02, Research Trisnge Fark, NC 27711 Fax: 915 411154

POD,,,4 : PODyap ratio

2202 Ak 21 U0 98 59995 UOLIORI oRAE9 L AMSRY AQ BLEHLSSIZ0R 5L

POD ueions P
Slh Canada, or the JRE.
ABSTRACT
Figure 1. Overall workflow of the case study. This case study includes 448 substances with exposure predictions, in vitro assay data, HTTK information using the httk R et i : P ke
on iy, tazrd
package, and in vivo hazard information. The 50th and 95th percentile from the Monte Carlo simulation of interindividual toxicokinetic variability were used to esti- s bt (vams)

usingthe SOth (FODsus <o) andthe 95th (PODyus, 29

mate administered equivalent doses (AEDs), and the minimum of either the ToxCast or HIPPTox-based AEDs were selected as the PODyan, so OF PODyay, os- The
PODyaum estimates were compared with the fifth percentile from the distribution of the PODa4isona1 Values obtained from multiple sources to obtain the log,, POD ratio.
The logic bioactivity:exposure ratio (BER) was obtained by comparing the PODyam estimates to exposure predictions. All values used for computation were in logio-mg/ R
kg-bw/day units.
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https://doi.org/10.1093/toxsci/kfz201

NGRA for consumer product safety assessment: integrating exposure
& bioactivity information to estimate a safe Margin of Exposure (MoE) /
Bioactivity Exposure Ratio (BER)

Hazard
identification and
characterisation
i i Point of d
of |ngrEd|entS OLn:r?vede?raor:reCellularstress Receptor isk
concentration- assays Transcriptomics binding Others RIS Assessment

response data

Calculation of Bioactivity

. Exposure Ratio (BER)

Exposure models Exposure estimation: . .

Consumer (PBK, free/total Plasma C,,., ’ The BER/MokE is defined as
Exposure concentration) the ratio of the PoD and the

characterisation\/ T relevant exposure estimate




NGRA for Systemic Exposure & Effects: 0.1% coumarin in face cream

/ - ~ . PODm vitro .t
/ Local and systemic \\ ) neuffictent Surmicient
! exposure estimates \ {" Vlt.ro high . Determine LR Risk
I [__Use scenario | —» Eigiog o e, B — Margin of Assessment
I Exposure e i : Activity refinement Safety Conclikion
| Estimation ___and Practices I Characterization
: [r Applied Dose 1] | '/ Initial PoD N I Increased \| I Lowrisk I
: ADMtE | : identification : I certainty in PoD I I conclusion |
| parameters | | and IVIVE | based on the
I —— I | [ ToxTracker® J I : — : | margin of |
[ Exposure (PBK) I I , : [ safety |
I | I l?ei:xogce:lr;gl. | 1 Qidenication) | I\ calculations.
I Problem : I U-Sens™ I |[ 3DModels |1 === -
| Formulation : I I N /
I Collate [ Molecular ] I I [SafetySqreen44® ] :
; In sili ioMa

\\ Information [ prgdsicl:t’ioot:ls ] /I : 3 Diversity 8 Panel ) :

Literature f D

N e _[ ______ ] -7 : Cell Stress Panel : Assumed that:
| [ HTTr=TempO- | .
v s ), - Coumarinwas 100% pure
| P g— -

N - Noin vivo data was available such as
animal data, history of safe use (HoSU)
or clinical data or use of animal data in

0O~ SO read across

Uniovor Baltazar et al., (2020) Tox Sci Volume 176, Issue 1, 236-252




Key NAMs used in Coumarin case study

PBK Modelling _ cee In vitro pharmacological profiling

D i eevoe PERSPECTIVES
1 1
i 7 s Nuclear
= e T YRR Boman receptor GPCR panel
| Reducing safety-related drug panel
D o i ,:[':.' o e | attrition: the use of in vitro
Ry =2 pharmacological profiling
Face Cream
Transporter lon Channel
panel / panel
60 . N,
I Clearance
40 BN in silico 98.57 L/h
in vi £
I in vitro 929 L/h /' Enzyme panel
20
0

0.002 0.004 0.006
Cmax (ug/mL)

Toxicology in Vitro (2020), 63, 104746
/Transcriptomics Cellular Stress Pathways

<% eurofins

Cerep

Use of full h L2 13 chemicals, 36 Biomarkers; 3 Timepoints; 8 Concentrations; ~10
se oTTu uman gene padne g N Stress Pathways
= 2 1 k 2 -E-HepaRG 2D Cym
‘ 24 hrs ex pos U re é 20 | “SHeRe2 Ifi.;::.'_:'{;;.mt.u, groumarin @, av EvoTEC cOMPANY
+ 7 concentrations H o . gherexyetnanal
= e B el iacinamide oxorubicin Mi ol mass
+  3celllines HepG2/ HepaRG/ ‘é; 0 — o Piclofenac L S
£ Biological * Frenompatha éaffeine 14
MCF7 i &m 150 0’2::::::; / . 5.?’7?:‘,::‘; ffosd] eulforaphane 12
* 3D HepaRG spheroid o Xenichcs - s Jriclosan Lo pestemntererened
..... £ : 4BHO E
Z 1 Cytochrome P450 - f.:.‘:.‘:‘éﬂ‘.‘i‘.';‘;.u, &ioglitazone hydrochloride gg
-.g aranged by subsirata type comorret ook $osiglitazone o.-(: €DS:1.00
g = Functonalzation o g groglitazone 00001 0001 001 o1
=1 unctionalization N
B M D 2 § compounds &DDO-Me Concantration (M)
eXp re SS o o-of | oxorubicin
10 20 30 40 S0 60 70 80 90100 T T T T T
Calculated BMD mean value (uM) 1072 100 102 104 106
Margin of safety

Toxicol Sci (2020), 176, 11-33
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Examples of bespoke NAMs used in Coumarin case study

Genotoxicity assessment: ToxTracker®

-

/ Immunomodulatory screening assay: BioMap® Diversity 8 Panel

Coumarin predicted to have anti-inflammatory

LPs sAg BE3C CcASMaC HDF3CGF KF3CT
Fixoblasts  Keratinocyess Fibrobast
Coronaryarory SMOS._ygTNFaslEtys (LB TNFOENY

PBMC + Endothelial PBMC + Endothelial Bronchial epitheial
(TLR4) (TCR) (ILAB+TNFa+IFNy)

(LIBSTNFGUFNY e Gr peGF+PDGF-BB)  +EGFbFGF+TGFp)

LOEL= 500 yM

LOEL= 56 uM

LOEL> 500 yM |LOEL> 500 yM | LOEL= 167 yM LOEL= 167 yM

TSR

« Coumarinand its metabolites triggered genotoxicity .
alerts properties
3c 4H
DNAdamage ) p53 activation } Oxidative stress ) Protein damage ) +s9 @& Q
g Reporter . P e S ey
@ § : gsol21 LOEL=18.5uM Is.;)nEL;
Bscl2-GFP Rtkn-GFP Btg2-GFP Srxn1-GFP Bivrb-GFP Ddit3-GFP % —— B:;; o f
. . . o ~#— Rtkn P 2
Muta DNA General Oxidative Protein & —4— Blub 28s
. h BE & 109 —
genic  double cell stress, ROS damage —4— Ddi3 238 JW
DNA  strand stress production 0 250 500 750 1000 £ i
. Concentration (LM) <
lesion  breaks
s

6 GFP reporter mouse embryonic stem (mES) cells

\ /

° 18.5uM
56 uM

° 167 uM

® 500 uM

/

Metabollte identification & PoD refinement

PO \//
OH //\ 0. (o]
o ¢

OH |
\ /
/ Hydroxycoumarin sulphate
o
@i;/r (I/vr
Coumarin Hydroxycoumarin (4 isomers)
o,

o-HydroxyPhenylacetaldehdye
Seen as fragment of m/z 119

Human [n vitro
metabolism

o-HydroxyPhenylacetic acid
Seen as fragment of m/z 107

Coumarinis preferentially detoxified to
hydroxycoumarin

Hydroxycoumarin glucuronide

~

Cell stress & HTTr
in 3D HepaRG
models

» Low bioactivity also foundina
metabolic competent cell
model (HepaRG 3D)

= PoDsrange:41-871 yM - similar
range as in from 2D cells




NGRA for Systemic Exposure & Effects: 0.1% coumarin in face cream

PubChe ToxCast Cell Stress Panel
m
103 4 Face Cream ’  J [ ]

o i '¢¢T+T7 TY | ¢4 r+fr

Determine

Margin of
Safety

Margin of safety

Concentration (uM)
5

\\\\‘Q roecataecotacaetoe'krolfaeektofa’boo
& < e,\ Oq’ OQ’ 0\" S o‘)( o‘§ 0\)'" o& o‘>§ 0( 0"\ o‘§ 0‘)( ¥ & o& o‘)k o"( (\QQ o& o‘g\ Q() ’Z%O’:’
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9 “ A . O _
SN ORI & 2 Qd‘((\ & R & IR &
(ng @é\ @‘6’ ,§‘0
& & A
&

The 5t" percentile of the MoS In this case study:

distribution ranged between - Weight of evidence suggested that the

706 and 96738 inclusion of 0.1% coumarin in face creamis
safe for the consumer

Baltazar et al., (2020) Tox Sci Volume 176, Issue 1, 236-252



W

Unilever

Can we develop a general toolbox for estimating BERs?

PBK models

Free concentration Conc. Resp. models

HTTr

CSP

o«
o
_p
-

Xenobiotics
Cytochrome P450

arranged \

0.1 1 10 100
Concentration (uM)

Bioactivity exposure ratio

10* 1 Face Cream , ’ ?

REE TR ERE

R J

Concentration (uM)

‘*ov“ S @o‘)(:P S

0,

()

()

0,
éﬂ

%
%
0,
5 %

‘0,

P

&P

& S
[vale (}‘0 A

HTTr: High-throughput transcriptomics  CSP: Cell Stress Panel

® Log § vs Log P for neutral chemicals in dataset Logp — PLD
o : IL-8
: GSH
Metabolism
I ATP
Biological oxidations 1

10 100 10°
Concentration (uM)

104

~BSSFSp

B
2

i
i
i
pgERLppERsnar
T e

i

+ Allbinding and enzymatic assay results were
negative at 10 uM, including COX-1and COX-2
* Highest inhibition [22%)] was for MAQ-A

Inform safety decision

IPP: In vitro pharmacological profiling



An approach for evaluating the Systemic NGRA toolbox

BER threshold
Chemical exposures I

scenarios

‘ ‘Low’ risk (from

consumer goods
perspective) — e.g. foods,
cosmetics

‘High’ risk (from
. consumer goods

perspective) — e.g. drugs

>

Lowrisk?

Rank order
O

0.01 1 100 ;000
Bioactivity exposure ratio

Oral administration Doxorubicin Mitochondrial mass
6 hours

(ng/mL)
s

Calculate the bioactivity
exposure ratio

Define typical use-case
scenarios benchmark >

chemical-exposures;

124
1.0 F1T SN
——PBPK onal 094
Measured ceal 0.8
0.74
0.6 CDS:1.00

Mixture of High and low PBK models of systemic In-vitro cell assays,
risk exposure estimate PoDs
Dy
& o

Unilever
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Ongoing: Systemic NGRA toolbox evaluation

Doxorubicin, Intravenous, 75 mg/m?/day for 10 minutes |  ——e——
Paraquat dichlonde, Oral, Pesticide poisoning. 35 mg/kg/day 4 ——————
Rosiglitazone, Oral, Medical, 8 mg/day 4 -
Caffeine. Oral, Overdose. 10g 4 -

Rosiglitazone, Oral, Medical, 1 mg/12 hours 4 —

Doxorubicin, intravenous, 4.5 mg/m?/day continuous infusion for four days 1
Caffeine. Oral, Food & Drink. 400 mg/day 4

Sulforaphane, Oral, Tablet, 60 mg/day 4

Niacinamide, Oral, Food & Drink, 12.5 mg/kg bw/day 4

Oxybenzone. Dermal, Sunscreen, 2%

Sulforaphane, Oral, Food & Drink, 3.9 mg/day 4 o

Oxybenzone, Dermal, Body Lotion, 0.5% 4

Hexylresorcinol, Oral, Throat Lozenge, 2.4 mg

Niacinamide, Dermal, Body Lotion, 3%

I.IJJ""

Hexylresorcinol, Dermal, Face Serum, 0.5% 4
Coumann. Dermal, Body Lotion, 0.38% -

Niacinamide, Oral, Food & Drink, 22 2 mg/day
Butylated hydroxytoluene, Dermal, Body Lotion, 0.5% 4

r——

Hexylresorcinol, Oral, Food residues, 0. 0033 mg/kg bw/day

Caffeine, Dermal. 2 mg/em?, 25 cm? 4 -
Caffeine, Dermal, Shampoo, 0.2% 4 o ——
Coumann, Oral, 0.1 mg/kg bw/day 4 -
Coumann, Oral, Food, 4.1 mg/day 4 o ——
Niacinamide, Dermal, Hair Conditsoner, 0.1% ——
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Figure 5. Centered 50% and 95% credible intervals summarizing the distribution of the bioactivity exposure ratio (BER) when using all available predicted C,,., esti-
mates. Background colors indicate the assigned risk category for each benchmark chemical-exposure scenario assigned at stage 1 (blue—low, yellow—high). The verti-
cal dashed line indicates a BER equal to 1.
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Blue: low risk chemical-
exposure scenario
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Are Non-animal Systemic Safety Assessments
Protective? A Toolbox and Workflow

Alistair M. Middleton ®,*” Joe Reynolds,” Sophie Cable,"

Maria Teresa Baltazar,” Hequn Li ®," Samantha Bevan,' Paul L. Carmichael,*
Matthew Philip Dent,’ Sarah Hatherell,* Jade Houghton,* Predrag Kukic,"
Mark Liddell,* Sophie Malcomber," Beate Nicol,* Benjamin Park, Hiral Patel,*
Sharon Scott,* Chris Sparham,” Paul Walker ®," and Andrew White*

‘Unilever Safety and Centre, MK44 1LQ, UK; 'Cyprotex Discovery Ltd,
Cheshire SK104TG, UK and *Charles River Laboratories, Cambridgeshire, CB10 1XL, UK

*To whom comespondence should be addressed at Unilever Safety and Environmental Assurance Centre, Colworth Science Park, Shambrook,

10Q UK. E-mait
ABSTRACT

An important question in risk is whether I new approach be
used to make safety decisions that are protective of human health, without being overly conservative. In this work, we
propose a core NAM toolbox and workflow for i safety for adult We also

present an approach for evaluating how protective and useful the toolbox and workfiow are by benchmarking against
historical safety decisions. The toolbox includes physiologically based kinetic (PBK) models to estimate systemic Co levels
in humans, and 3 bioactivity platforms, ing high ics, a cell stress panel, and in vitro
pharmacological profiling, from which points of departure are estimated. A Bayesian model was developed to quantify the
in the C,,,,,, estimates dep: g on how the PBK models were The y of the i
approach was tested using 24 exposure scenarios from 10 chemicals, some of which would be considered high risk from a
consumer goods perspective (eg, drugs that are systemically bioactive) and some low risk (g, existing food or cosmetic
ingredients). Using novel protectiveness and utility metrics, it was shown that up to 69% (%/13) of the low risk scenarios
could be identified as such using the toolbox, whilst being protective against all (5/5) the high-risk ones. The results
demonstrated how robust safety decisions could be made without using animal data. This work will enable a full evaluation
to assess how protective and useful the toolbox and workflow are across a broader range of chemical-exposure scenarios.

Key words: Bayesian modelling; new approach methodologies; point of departure; physiologically based pharmacokinetics;
probabilistic risk assessment.

20)

The rapid of new, 1 forcon- et al, 2015). Non-animal appreaches also have the potential to
ducting toxicological safety assessments has been driven by  improve safety assessments by using more human-relevant
several factors. These include ethical considerations, regulatory  tools through coverage of key biological pathways o targets
action (snimal test bans for certain types of and risk (NGRA) provides 3 way to inte-
the need to assure the safety of chemicals using efficient, cost-  grate new approach methodology (NAM) dats from various

effective, and robust methods (Dent et al, 2018, 2021; Thomas  sources into the decision-making process, allowing for safety

5 The Authar(s) 2022 y Presson Tomcalogy.
This is an Open Access article distribated under the terms of Auzibution License
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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NGRA for Skin Allergy: coumarin, 0.1% face cream & 1% deodorant

For the purposes of the case study, in vivo data and read-across were not used, and the
use of dermal sensitisation threshold (DST) was not appropriate.
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Skin Allergy Risk Assessment (SARA) Defined Approach

Bayesian probabilistic
model, which estimates
human sensitiser
potency using data
covering AOP KEs 1-3,
Adverse Outcome & risk
benchmarks

« original publication:

Reynolds et al. 2019:

https://doi.org/10.1016/
j.comtox.2018.10.004

« latest publication:
Reynolds et al. 2022:
https://doi.org/10.1016/
.yrtph.2022.105219

Ongoing collaboration
with NICEATM to adapt,
expand and evaluate to
predict GHS categories
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Unilever

NGRA Skin Allergy: coumarin case study conclusion

DPRA, KeratinoSens™, hCLAT and
USens™ data were used as SARA DA
inputs to define a human relevant PoD
(EDg, i.e the 1% sensitising dose for a
HRIPT population).

The MoE was calculated from the EDy,
for coumarin and the dermal exposures
for each product type using SARA DA

* 0.1% coumarin in face cream MoE
ranks with the low-risk benchmarks

* 1% coumarin in deodrant MoE ranks
with the high-risk benchmarks.

Reynolds et al (2021) Reg Tox Pharmacol, 127, 105075

SARA probability exposure is "low risk"

MCI/MI Deo 30ppm +

MDBGMN Deo 1000ppm o

Propyl gallate Lipstick 1000ppm -

MCI/MI Face cream 30ppm o

MCI/MI Deo 8ppm o

MDBGM Face cream 1000ppm +

Propyl| gallate Lipstick 500ppm -
Methylisothiazolinone Deo 100ppm

HICC Deo 15000ppm o

MCI/M| Face cream Bppm -

MCI/MI Body lotion 30ppm +

Coumarin NAM Deodorant 10000ppm
MDEGN Bedy lotion 1000ppm
Methylisothiazolinone Face cream 100ppm o
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IPEC Deo 70ppm +
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MDBGM Shampoo 1000ppm +

Propyl paraben Deo 1400ppm -

MCI/MI Shampeoo 15ppm

Benzyl alcohol Face cream 14000ppm o
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Benzyl alcohol Liquid hand soap 50000ppm -
Benzyl alcohel Dec 2000ppm -

Coumarin NAM Face cream 1000ppm
Sodium benzoate Face cream S5000ppm o
Sodium benzoate Liquid hand soap 25000ppm -
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IPBC Liquid hand soap 100ppm +
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Unilever NGRA frameworks for Consumer Safety decisions
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Ongoing Evaluations

Environmental Topics v Laws & Regulations v ReportaViolation v About EPA v

News Releases: Meadauarters Research and Development (ORD)

EPA and Unilever Announce Major Research
Collaboration to Advance Non-animal
Approaches for Chemical Risk Assessment

Contact Information

WASHINGTON - Today, the U.S. E tai Protect

In this Newsletter:

NICEATM to Collaborate with Unilever on Development of Predictive Model for Skin
Sensitization

NICEATM to C
Sensitization

with Unil on of Predictive Model for Skin

NICEATM has entered into an agreement with consumer products company Unilever to
collaboratively test and further develop their Skin Allergy Risk Assessment (SARA) predictive model.
SARA is a computational model that uses a variety of input data to estimate a probability that a
chemical will cause an allergic skin reaction in humans. NICEATM will test the SARA model using a
variety of chemical data sets, including chemicals of interest to U.S. and international regulatory
agencies. NICEATM and Unilever will also work together to expand the SARA model to include data
generated by NICEATM. The intent is to make the SARA model openly available for public use along
with other NICEATM predictive models. Availability of the SARA model will help further reduce animal
use for the endpoint of skin sensitization, and will impreve upon existing efforts by providing points
of departure for itative human risk it

Information about other NICEATM projects to evaluate alternatives to animal use for skin
sensitization is available at https://ntp.niehs.nih.gov/go/ACDtest.

prediction of human skin sensitizer potency for use in next

Reference: etal. Pr i
ion risk assessment. Comput Toxiel 9:36-49. hitps://doi.org/10.1016/j.comtox.2018.10.004

&) OECD



Use of NAMs and NGRA in Chemical Regulation: translation of NGRA concepts
into regulatory frameworks & guidance is underway but needs to accelerate

Stucki et al. 2022 reviewed

US, Canada and EU
strategic plans, guidance
and documentation
supporting use of NAMs to
assess the human health
effects of chemicals

“ frontiers ‘ Frontiers in Toxicology

@ Check for updates
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Use of new approach
methodologies (NAMs) to meet
regulatory requirements for the
assessment of industrial
chemicals and pesticides for
effects on human health

Andreas O. Stucki'*, Tara S. Barton-Maclaren?,

Yadvinder Bhuller?, Joseph E. Henriquez*, Tala R. Henry?,
Carole Hirn®, Jacqueline Miller-Holt®, Edith G. Nagy”’,
Monique M. Perron®, Deborah E. Ratzlaff?, Todd J. Stedeford”
and Amy J. Clippinger?*

IPETA Science Consortium International eV, Stuttgart, Germany, *Safe Environments Directorate,
Healthy Environments and Consumer Safety Branch, Health Canada, Ottawa, ON, Canada, *Pest
Management Regulatory Agency, Health Canada, Ottawa, ON, Canada, “Corteva Agriscience,
Indianapolis, IN, United States, *Office of Pollution Prevention and Toxics, US Environmental
Protection Agency, Washington, DC, United States, SScientific and Regulatory Affairs, JT Intemational
SA, Geneva, Switzerland, "Bergeson & Campbell PC, Washington, DC, United States, *Office of
Pesticide Programs, US Environmental Protection Agency, Washington, DC, United States

TABLE 1 US, Canada, and EU: industrial chemicals and household products.

Agency

Strategic plans, guidance, and other documentation for the implementation of NAMs referenced
in this manuscript

EPA OPPT

CPSC

HC HECSB

ECHA

Interim science policy: use of altemative approaches for skin sensitization as a replacement for laboratory animal testing EPA

(2018b)

Strategic plan to promote the development and implementation of alternative test methods within the TSCA program EPA
(2018d)

Utility of In Vitro Bioactivity as a Lower Bound Estimate of In Vivo Adverse Effect Levels and in Risk-Based Prioritization Paul
Friedman et al. (2020) *

List of alternative test methods and strategies (or new approach methodologies [NAMs|), Second update: 4 February 2021 EPA
(2021d)
b

New approach methods work plan, reducing use of animals in chemical testing EPA, (2021¢)

A WoE Approach for Evaluating, in Lieu of Animal Studies, the Potential of a Novel Polysaccharide Polymer to Produce Lung
Overload Ladics et al. (2021)

Recommended Procedures Regarding the CPSC's Policy on Animal Testing (16 CFR Part 1500)
Guidance on Alternative Test Methods and Integrated Testing Approaches CPSC, (2022)

Fact sheet series: Topics in risk assessment of substances under CEPA HC, (2016b)

Guidance document for the notification and testing of new chemicals and polymers HC, (2021¢)

Canadian regulatory perspective on next generation risk assessments for pest control products and industrial chemicals Bhuller

et al. (2021)

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

Friedman et al. (2020)

Science approach documents HC, (2016c), HC, (2021f), HC, (2022c), HC, (20211), HC, (2022¢)

How to use altematives to animal testing to fulfil the information requirements for REACH registration ECHA, (2016a)
Read-across assessment framework ECHA, (2017)

4th report on the use of altematives to testing on animals for REACH ECHA, (2020)

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

Friedman et al. (2020)

Skin sensitization ECHA, (2021)

*EPA Office of Research and Development (ORD) involved.

®Applicable to all EPA offices.

CEPA, Canadian Environmental Protection Act; CFR, Code of Federal Regulations; CPSC, Consumer Products Safety Commission; ECHA, European Chemicals Agency; EPA OPPT,
Environmental Protection Agency Office of Pollution Prevention and Toxics; HC HECSB, Health Canada Healthy Environments and Consumer Safety Branch; NAM, new approach
methodologies; TSCA, Toxic Substances Control Act; WoE, weight-of-evidence.
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How can we accelerate the NGRA paradigm shift?

1.

We need more scientific
exchange between
industry and regulatory
scientists to accelerate
knowledge exchange &
necessary adaptations to
regulatory frameworks &
guidance (e.g. OECD,
EPAA, APCRA, PARC,
ASPIS...)

/,

2. We needtore-focus

validation / confidence-
building activities on our
NGRA frameworks to

ensure they are protective /

fit for purpose (e.g. OECD
DA Skin Sens. & Integrated
Approaches for Testing &
Assessment (IATA) activities)
(e

As a stand-alone assay

Which regulatory
statutes are data from
the NAM intended to
comply with?

As part of a defined

approach

As part of an integrated
approach lo testing and
assessment or weight of

EU REACH Fitness

Purpose

3. We need to greater

harmonization /
coordination to aid
transition to animal-free
sustainable innovation
(e.g. International
Collaboration for
Cosmetics Safety (ICCS),
Save Cruelty Free
Cosmetics EU Citizens
Initiative)

JRC TECHNICAL REPORT
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Accelerating the transition to animal-free, sustainable innovation
e.g. Save Cruelty Free Cosmetics European Citizen Initiative (ECI) proposal

We call on the European Commission to do the following:

1. Protect and strengthen the cosmetics animal testing ban.

S O \/e Initiate legislative change to achieve consumer, worker, and environmental protection for all cosmetics
ingredients without testing on animals for any purpose at any time.
C rU e | ty Fre e 2. Transform EU chemicals regulation.
C O S m etl C S Ensure human health and the environment are protected by managing chemicals without the addition
of new animal testing requirements.
Suggested actions to re-think & strengthen 3. Modemise science in the EU.

Commit to a legislative proposal plotting a roadmap to phase-out all animal testing in the EU before

E U Com miSSion "AT as a last resort" Com mitment: the end of the current |egis|a't|'\|re term.

1.immediately pause all animal tests on existing cosmetics ingredients; safety can be assured without AT
2. ensure return on EU investment >€1.5B over past 20 years in developing alternatives to AT

3. establish open dialogue on, and transparent scientific evaluation of, NAM strategies for specific
chemicals / chemical groups, facilitating application of advanced safety science

4. accelerate knowledge transfer & training in advanced safety science and NAM-based chemical
assessments with EU regulators, sharing expertise across JRC, EFSA, EMA & ECHA and accessing leading
edge NAMs chemical safety assessment capability of US EPA & other authorities

5. stimulate EU capacity building in NAMs to increase the number of service providers of new “NAMs toolbox”

6. develop a modern, science-based, chemicals regulatory framework, which facilitates use of 21C science
= & technology to better protect people and the environment, under the Chemicals Strategy for Sustainability
2

L

v 1. define a roadmap to phase out AT for EU chemicals regulatory compliance purposes & deliver against that




Conclusions

- A paradigm shift is underway as use of nhon-animal safety science increases & safety
assessment frameworks evolve to embed NAMs & NGRA

* Translation of NGRA concepts into chemical regulatory frameworks, strategic plans
& guidance is moving forward steadily but needs to accelerate

« We can accelerate the NGRA paradigm shift through working together to facilitate
the transition to animal-free, sustainable innovation
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Resources

Access publications, presentations and posters on our 21% century safety sciences
produced by SEAC scientists, and also in coll ion with our scientific partners.




