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Ensuring Safe Ingredients for Foods, Drinks, Homecare
and Cosmetic Products (not drugs)

Risk Based Approach:

Considers both the hazard and the
exposure to evaluate the risk

Can we safely use x% of
ingredient y in product?

For consumers; workers;
the environment
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Decision frameworks in NGRA - Tiered approaches

Problem formulation - Tier 0
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High Content Assay(s)
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Target or Pathway
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In Vitro Organotypic Assays and
Assays for other KEs Microphysiological
and Systems Modeling Systems

Tier 3 \

Identify Likely Tissue,
Organ, or Organism Effect
and Susceptible Populations
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Based on Biological Pathway or

Estimate Point-of-Departure

Cellular Phenotype Perturbation

Estimate Point-of-Departure

Based on AOP

Estimate Point-of-Departure
Based on Likely Tissue- or
Organ-level Effect without AOP

Thomas et al., 2019

Safety Decision

Problem formulation
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Safety without animal testing - Next Generation Risk Assessment (NGRA)

NGRA is defined as an exposure-led, hypothesis-

drivenrisk assessment approach that integrates

New Approach Methodologies (NAMs)to assure
safety without the use of animal testing

Distributions of Oral Equivalent Values and Predicted Chronic Exposures
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Application of NGRA case studies - Protection Goal

Skin Sensitisation
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Current status of AOPs

Challenge 1: After ~10 years of
development, only limited number of
AOPs, many of which have not yet
been verified (biological coverage).
There’s an issue of scale that needs to
be addressed.

—
Challenge 2: At present there are 446
AOPs on AOP-Wiki. Assuming 5 KEs
per AOP, that’s over 2000 assays.
- Toxcast has ~ 700 assays

AOPs listed in wiki

Author status

Under development At present, a decision

Included in OECD workplan framework based only on
SAAOP status || Endorsea/approves AOPs is not feasible.

Under review However, AOPs can used as
OECD <tatys open | a know!edge bas.e for

No statusisted enhancing a testing strategy

. Remaining AOPs to be defined




Case study 1. Skin allergy : AOP-informed testing strategy

-
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Electrophilic n— ;
substance * Activation of inflammatory
cytokines

* Induction of cytoprotective
genes

KeratinoSens
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Evolution of approach towards quantitative model of Skin Allergy
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* Unilever NGRA framework for Skin Allergy was designed to
use a tiered WoE based upon all available information,
accommodate range of consumer product exposure

S~
pt scenarios and provide a quantitative point of departure and
o plocd s risk metric - SARA DA
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Skin allergy example: AOP-informed testing strategy -

MCI/MI Deo 30ppm 0.0

MDBGN Deo 1000ppm

Propyl gallate Lipstick 1000ppm -
MCI/MI Face cream 30ppm -

MCI/MI Deo 8ppm -

MDBGN Face cream 1000ppm -
Propyl gallate Lipstick 500ppm |
Methylisothiazolinone Deo 100ppm

Human population Variability in Historic in vivo pQiCE Deo 15000ppm
variability in the sensitiser o e
HRIPT potency (prior for
human potency)

MCI/MI Body Ietion 30ppm -|
. Coumarin NAM Deodorant 10000ppm
LLNA predictor MDBGM Body lotion 1000ppm -
(converted EC3) Methylisothiazolinone Face cream 100ppm -

MDBGN Liquid hand soap 1000ppm -

Expected Variability of EC4s in
LLNA the LLNA (variability

predictor model)
MCIMI Liquid hand soap 15ppm -
IPBC Dea 70ppm -

Propyl paraben Deo 4000ppm -

Phenoxyethanol Deo 10000ppm -

MCI/MI Bedy lotion 8ppm

Benzyl alcohol Deo 10000ppm -

Methylisothiazolinone Body lotion 100ppm

. : IPBC Face cream 100ppm -

Relationship DPRA results (variability (converted max. s:.mum benzoate Deo 5000ppm
DEGN

between the predictor model) depletion) Shampoo 1000ppm -

HRIPT Probabillty of )
sample sensitisation Human sensitiser

variability st HRIPT dose, Potency (PoD)
(logarithm
of HRIPT EDyg,)

Expected Variability of DPRA DPRA predictor

Propy\ paraben Deo 1400ppm -
human MCI/MI Shampoo 15ppm -

: . Benzyl alcohol Face cream 14000ppm
potency In chemico

metric and Phenoxyethanol Face cream 10000ppm -
Benzyl alcohol Face cream 10000ppm -
the expected Benzyl alcohol Liquid hand soap 50000ppm -

predictorin |\ Expected Variability of KeratinoSens Benzyl alcohol Deo 2000ppm

o i Coumarin NAM Face cream 1000ppm -
the LLNA, KeratinoSens KeratinoSens results predictor Sodium benzoate Face cream 5000ppm
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study

s Propyl paraben Face cream 4000ppm |
incidents

Propyl paraben Face cream 1400ppm |

cell-basedin \PBC quﬁ\dnhand soap 100ppm
Conditionality
direction in likefihood
—_—

SARA
variability

Relationship between

Benchmark sensitiser potency and

exposure risk in market (logistic
regression model)

f ower gel 1000ppm -
vitro tests for v Benzyl alcohﬂl Body lotion 14000ppm -
sensitisation n h-Clat predictor Propyl paraben Body letion 4000ppm
Expected Variability of h-Clat {converted min. Phenoxyethanal Body lotion 10000ppm |
. MCI/MI Shower gel 15ppm

of CD86 ECys Propyl paraben Liquid hand soap 4000ppm -
and CD54 ECy0) Phenoxyethanel Liquid hand soap 10000ppm
Benzyl alcohol Bedy lotion 10000ppm |

Benzyl alcohol Liquid hand socap 10000ppm
Benzyl alcohol Shampoo 50000ppm o
Sodium benzoate Bedy lotion 5000ppm
Expected Variability of U-Sens U-Sens predictor b IPmp,,vlw1 parf_nendﬂhunydlutmn i:ggppm B
LS, rmria bl ropyl paraben Liquid hand socap ppm -
U-Sens results (variability (converted CD86 Sodium benzoate Shampos 25000ppm -

predictor model) ECis0) IPBC Shampoo 100ppm

h-Clat results (variability
predictor model)

model
component

Risk Exposure risk
classification metric

Model output Auxiliary output Propyl paraben Shampoe 4000ppm |

Phenoxyethanol Shampoo 10000ppm
, Benzyl alcohol Shampoo 10000ppm

Benchmark In vitro Benzyl alcohol Shower gel 50000ppm
Propyl paraben Shampoo 1400ppm |
Sodium benzoate Shower gel 25000ppm
IPEC Shower gel 100ppm -|

(latent variable) (latent variable)

Propyl paraben Shower gel 4000ppm -

The use-case of the SARA DA is to estimate: Prenocycthanl Showe? el 10000som ——

Propyl paraben Shower gel 1400ppm ——
100 10! 10? 10? 10*% 10° 10° 107

1. ED,,, the dose at which there is a 1% chance of sensitization in Margi o Exposure

an HPP‘T.-eIigibIe population o SARA: A Bayesian model describing statistical
2. Probability that a consumer exposure to some chemical is ‘low relationships between data associated with

risk’, conditional on the available data and the model different KE, which can be used to predict the

Reynolds et al 2022 https://pubmed.ncbi.nlm.nih.gov/35835397/ Margin of Exposure for a given scenario.

10

g‘g&@ Challenge 3: acceptance and development of AOP-based statistical
Unillover- or machine learning based approaches for quantifying risk
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qAOPs and NGRA decision frameworks

Problem formulation - Tier 0

{

-~ N _ - _ N EXDOSUre Understanding bioactivity vs adversity
PBK models AOP-informed Broad biological coverage Xp u
S m— (where possible) likely to
g B ", R Receptor Cellular triecoer "
\77 X/ 7 . binding stress . gg. . Ch-m e
= o ;’:‘ b i ‘_' ‘f .\ assays assays b|Oa CtIVIty /—\A stressor
... e )\ \‘ Z "‘t“/ . - - Sensoro Transducers 5“ —
P N\ P Phenotypic profiling B 5
A-O-P)-wiki Small BER L&
e, E
(i.e., Exposure I o
. Close to POD ====p Cellulardefences
. Exposure Hazard (points of departure) ) ) —
Low risk of exposure causing Large BER (i.e.,
any bioactivity Exposure << POD)

%@ Safety Decision <

Unilever
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Case study 2. Using gAOPs at tier 2 for distinguishing
between adaptive and adverse responses

Sulforaphane case study e “;j,‘,'} . ";“j":”d,".”,,m :‘ [
Caffeine, Oral, Overdose. 109 -
* Sulforaphane is a plant compound found in cruciferous vegetables S ok s o —
like broccoli, cabbage, cauliflower, and kale. SSlocon ok R kot =
* Under normal consumption, the BER<1 indicating exposure is likely oo, o 00 k. 25 g b -
Oxybenzone, Dermal, Sunscreen, 2% ———

to trigger bioactivity. [_Soteoprare o foog e 18 Doy

Oxybenzone, Dermal, Body Lotion, 0.5% —

e Sulforaphane is an activator of Nrf2. e o o =

lacinamide. Dermal, Body Lotion, 3%

e s the sulforaphane triggering an adverse effect? S ==

Coumann, Dermal. Body Lotion, 0.38%
lacinamide, Oral, Food & Drink, 22.2 mg/day
Butylated hydroxytoluene. Dermal. Body Lotion, 0.5%

llllllllll Hexylresorcinol, Oral, Food residues. 0.0033 mg/kg bw/day

Sulforaphane . @ i \ “Z."JZ;:’;TZL..ZZ’.ZJJI T

sssssssss @\ Coumann, Oral, 0.1 mg/kg bw/day 4 -
> Coumarin, Oral. Food, 4.1 mg/day —
@ RDS/EI ctrophiles Niacinamide, Dermal, Hair Conditioner, 0.1% —
. 10 10 107 107 107 10° 10‘ 100 100 10* 10°
*s ,’ Bioactivity exposure ratio
‘e o
. .
*e ,0' HepG2_Sulforaphane_Waldstatistic_CONCENTRATION_0.8_vs_0_11_08_22 Summary Graj
* 4
* * .
o n K t -
o‘ o - v v ey eve n I n Cell death of othelial cells
GSH v

@ i
Antioxidant ROS/Electrophiles m u It I p I e

AOPS Iinked Cell death le;(:f?: IIIIH . Apopteﬂliver
- M \ to organ eéqq-__ P

2 remova toxicity A,,of //’ \ N
5@ ¢] \/
59 : No

|
|
|
= upregulated |
¥

Blue = downregulated NRF2-mediated Oxi (E‘ Stress Respon:
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CSP Bioactivity Summary Plot

Sulforaphane Toolbox Evaluation Phase Il Cell Stress

« Blue = PoDs for assay-specific biomarkers.

AhR Translocation -
BiP

= pooled PoDs for assay-specific

Caspase 3/7 Intensity

cell health. Cellular ATP -
DNA Content

DNA Dgraagestpsibn

* GSH content = lowest Platform PoD (0.51 —

p M) Heat Shock Respons:;;?pi:)a) :
Heme oxygenase 1

- Lowest PoDs related to Oxidative Stress & “le ]
Intracellular pH A

Inflammation Dt Release |

1
1
1
1
1
1
1
1
1
1
1
1
I
1
MTF1 A '
1
1
1
1
1
1
T
1
1
1
1
i
1
1

Membrane Permeability -
Metallothionein

D Concentration

, Andrographolide CDDO-me Diethyl Maleate Ethacrynic acid Sulforaphane TBHQ Leovsl_ Mitochondrial Mass -

08 /\\ Aitochondrial Membrane Potential |

—— o
g,;,—:%‘:_f;:;f S ——— Oxidative Stress (DHE)

o,
¢ 06 [ 1w Mitochondrial ROS
- : NRF2 -
Z E P - -~ 4 B [“v\_\_’w‘4
A &, - /;f\\* " /\ T 3 & rmmm 3 r
— ! \.. - X |

PERK 1

3 Phospho-p53 4
Phospholipidosis

4 Pre-incubated Func Mito ECAR A

|

1

1

1

1

1

:

— Pre-incubated Func Mito OCR !

,—”/ '
—— 5 rated Func Mito Reserve Capacity : -

o i

1

1

1

1

1

SRXN1-CFP

SRXN1 4
Gt Steatosis -
XBP1 4

T T T
1072 1071 10° 10! 102
Nominal concentration (puM)

HMOX1-CFP

- = 74

@ S5 10 15 20 26 0 5 10 15 20 25 0 & 10 & 20 25 o 5 10 15 20 2500 5 1w 15 20 25 of 5 10 15 20 28
Tima (hrs) Time (hrs) Time (hrs) Time (hrs) Time (hrs) Time (hrs)

R

Taken from Braak et al, Toxicology in vitro 84 (2022)
https://doi.org/10.1016/j.tiv.2022.105419
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Early Oxidative stress systems model Challenge 4: Developing qAOP systems toxicology
approaches that are truly chemical agnostic for

use NGRA decision frameworks.

Results from literature [Wul Simulation results
£ 35
24 N =Nuclear Nri2
w
3 2 25
k-3 2
- = 15
@ 1
s’ l
o, o
Mrfz  wild Keap1 Keap1
o KO type KD KO

O
.

WE5H fold....

1
0.8
[+X-]
04
0.z

o

Nef2KO wild  Kesp! Kaapi

' ey Wy, e h type KD KO
My &%%’@%’wﬁ

mmoliug Liver

Comparative analysis of model simulation results to literature
and experimental findings..

gammaGCS GR GPX GST catalase
-250
260 B 50% up+ROS
-270 ®10% up+ROS
> -280 normal activity+R0OS
£ -200 B 10% down+ROS
e
5 -310
-320
-330
-340
-350
?;% Determination of Redox Sensitive components
u%iw of the model — Glutathione redox potential
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Using qAOPs at tier 2 for distinguishing between adaptive
and adverse responses

* Various groups have built ODE-based mechanistic systems biology
models of the Nrf2 regulatory network such as in kidney, liver

* On the other hand, chemically agnostic machine learning based
approaches may be useful, but these will not necessarily be mechanistic.

* Leads to additional challenges around acceptance Chemica Use scenario Route | PBKLL Crmax | PBKL2 Cmax | PBKLS Crmax | Measured
. . ( ( ( Crnax (

* Focus on understanding homeostatic control of system to return to | o ) | el
. . Sulforaphane Food & Drink, 3.9 mg/day Oral 0.23 0.15 N/A 0.070
baseline - understand interplay between exposure and response Sufforaphane | Tabiet, c0mg/day | Ora 12 077 WA N/A

 Use repeat dose data generated in Leiden University

Nrf2 response under increasing concentrations of SFN

Unilever

Data generated Leiden University



Challenge -secondary non-specific effects occurring
within same dose range

Cotor

B Data from Toxcast Dashboard for Sulforaphane showing HTTr gene
i sets plotted against dose

In 2 cell lines — Nrf2 response gene sets highlighted in red

@
®
L[] L ®
5
Dose
®
“m ® O Chemical Use scenario Route PBK L1 Cmax PBKLZ Cmax | PBKL3 Cmax Measure d
e - >0 (uM) (um) (um) Crnax (kM)
AWika s Sulforaphane Food & Drink, 3.9 mg/day Oral 0.23 0.15 N/A 0.070
e . . Sulforaphane Tablet, 60 mg/day Oral 1.2 0.77 N/A N/A
IPA Plots from internal HTTr analysis of sulforaphane e - ,-
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Case study 3: Support consideration when specific mode of action
identified

- Example when specific modality has been identified with other non-specific effects
« Focus on Systemic toxicity consideration
« |dentified impact resulting in inhibition of 11B-HSD1 - no AOP identified

« Advantage human clinical relevant data identified

E ]
o] = E
R = e
HO z OH SitE .
’ c 3 . .
11B-HSD1_ 8 I . . *
oe CIrs Lt
T F
113-HSD2 e . .
B o g 107
2 8 F
. 1 -1
comsone <= Human (R=OH) —=) cortisol T 10
5} 3
' .
10° . : . .
RO S S ¢ & S @
Decreased local &8 &S & s qu o é@fé‘ &
P 5 A o 4 & & K3 § & 8] o
glucocorticoid generation & & & & & & F F L
& & & & & ¥ * 3@5' evi‘e e“qr ¢
+ £ & & & ' N
S S

Pituitary and Adrenal
Activation of HPA axis to
maintain circulating cortisol levels

ACTH driven adrenal androgen Bioactivity: exposure (BER) plot for consumer use scenario. Magenta line indicates the

- excess | predicted systemic exposure (2.2nM). pale pink region indicates the uncertainty
% o No specific hits from MIE panel including CERUP targets
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Case study 3 cont.

* Build a mechanistic model of systemic concentrations of cortisol,
cortisone and an inhibitor of 11bHSD1 — utilised to predict the =
corresponding impact on levels of cortisol from H11bHSD1 N
inhibitors S

Cortisol (red) and Cortiosne (blue) in Plasma Cortisol in Plasma - 14th Day

nglL

ngll
16400 1e+01  fe+02  1e+03

1
1e-01
L
=) —

* Initially replicating published clinical data parametrised in vitro h
findings and subsequently to support predictions of compound of o

interest. I R S
* model produces predictions of cortisol and cortisone plasma 5o

concentrations that agree reasonably well with clinical i

measurements of baseline but underestimates reduction in cortisol AN

« A second simplified model build subsequently improved in e R

replicating cortisone plasma kinetics and understand impact of :
steady state levels by following inclusion of a cortisol production 09
rate. >l

* Final image brings together in vitro inhibition to clinical data and
predicted systemic exposure

0.5

Effect as ratio to baseline
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Discussion

« NGRA is atiered approach for making decisions without the use of animal data

In many cases, protective safety decisions can be made without the use of AOPs e.g

« For chemicals where no lead MoA can be identified or where multiple targets of
activity are observed in a narrow dose range this is a more pragmatic solution

« For the foreseeable future we can foresee use of AOPs to address specific concerns rather
than a globally applicable solution for more complex endpoints, e.g.

« AOPs can be useful in designing either a tier 1 or 2 testing strategy when enough is
known about an endpoint of concern (e.g. skin sensitisation).

. qufDPs may also be helpful at tier 2 in distinguishing between adaptive and adverse
effects

« gAOPs do not necessarily have to be fully mechanistic (i.e., systems biology) models, and
other approaches should be considered (e.g., statistical or machine-learning based).

« The determination of what is required for acceptance for these models especially those
predictive models less reliant on mechanistic basis has yet to be defined.
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