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Ensuring Safe Ingredients for Foods, Drinks, Homecare
and Cosmetic Products

Risk Based Approach:

Considers both the hazard and the
exposure to evaluate the risk

Can we safely use % of ingredient in
product?

For consumers; workers;
the environment
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Next Generation Risk Assessment (NGRA)

Ggg_‘ A Strategic Roadmap for Establishing
= New Approaches to Evaluate the Safety
of Chemicals and Medical Products
in the United States

NGRA is defined as an exposure-led,

FDA'S PREDICTIVE
TOXICOLOGY ROADMAP

e gy

hypothesis-drivenrisk assessment Mt oo it Aoniiment -
approach that integrates New Approach '
Methodologies (NAMs)to assure safety

without the use of animal testing

USING New Approach
. A 21ST CENTURY Methods Work Plan
2o ) Ll SCIENCE 58 of a testing

TOXICITY TESTING IN THE 21ST TO IMPROVE
CENTURY: A VISION AND STRATEGY RISK-RELATED

EVALUATIONS

Safety without
animal testing




tection, not prediction of animal data
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NGRA

Distributions of Oral Equivalent Values and Predicted Chronic Exposures
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Integration of exposure and bioactivity for decision-making -
Case studies

NAMs to support hypothetical read-across NGRA NAMs applied in an ab initiohypothetica/NGRA case
case studies study

(e.g. caffeine and parabens)

TOXICOLOGICAL SCIENCES, 178(1), 2020, 236-252
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NAMs applied in real-life chemical safety

assessments
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Example how to integrate NAMs for a NGRA: coumarin
case study

0.1% COUMARIN IN FACE CREAM AND BODY LOTION \
(NEW FRAGRANCE)
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Exposure and PoD are plotted and used to derive a
Bioactivity-Exposure Ratio (MoE/BER)

PubChem ToxCast Cell Stress Panel
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Can we develop a systemic safety toolbox for estimating BERs?

PBK models

Free concentration Conc. Resp. models
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+ 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



Some challenges to developing and evaluating a systemic safety
toolbox

 Biological coverage:
o Are we using the right in vitro models?
o Are we measuring the right biomarkers?
« Accuracy of internal exposure estimates (PBK models)
 How large should be bioactivity exposure ratio to identify
an exposure as low risk?




An approach for evaluating the toolbox

BER threshold
Chemical exposures

scenarios

‘ ‘Low’ risk (from

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

: Low risk?

Rank order

‘High’ risk (from P
consumer goods
perspective) — e.g. drugs

0.01 1 100 1000

Bioactivity exposure ratio

Doxorubicin Mitochondrial mass
6 hours

Define typical use-case

ion (ng/mL)
s

Calculate the bioactivity
exposure ratio

scenarios benchmark ot I
chemical-exposures; > e > o

Mixture of High and low o w50 oon o1
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exposure estimate PoDs
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Overall evaluation strategy

Step 1 (pilot study)*

* Define what the toolbox contains (which NAMs) and the workflow through which they
should be used.

* Define process of how the toolbox will be evaluated, and the metrics that will be used to
determine it’s ‘performance’

* Explore using a small set of chemicals and exposure scenarios (11 chemicals, 25 exposure
scenarios)

* Define prototype decision model for determining the BER threshold.

Step 2 (full evaluation)

* Evaluate the toolbox using ~40 chemicals with ~100 exposure scenarios based on the
toolbox established in the pilot study.

e Use learnings from the toolbox evaluation to refine the toolbox in terms of NAM
composition and the decision model.

Unilover *Middleton et al (2022), Tox Sci, Volume 189, Issue 1, Pages 124-147



Stage 1: defining the benchmark chemical
exposure scenarios

Risk
classification

Chemical Exposure scenario

2 scenarios: 0.5%; 2% sunscreen
Oxybenzone

Caffeine 2 scenarios: 0.2% shampoo & coffee oral consumption 50 mg

Caffeine 10g - fatal case reports High risk

3 scenarios: 4 mg/d oral consumption; 1.6% body lotion (dermal); TDI 0.1 mg/kg
oral

Coumarin

Hexylresorcinol | 3 scenarios: Food residues (3.3 ug/kg); 0.4% face cream; throat lozenge 2.4 mg
BHT Body lotion 0.5%
Sulforaphane 2 scenarios: Tablet 60 mg/day; food 4.1-9.2 mg/day

Niacinamide 4 scenarios: oral 12.5-22 mg/kg; dermal 3% body lotion and 0.1 % hair condition
Doxorubicin 75 mg/m2 1V bolus 10 min; 21 days cycles; 8 cycles High risk
Rosiglitazone 8 mg oral tablet High risk
Y‘clzl::;om Acig 2 scenarios: oral tablet 1000 mg & > 60 mg/kg High risk
. . . High risk
Paraquat Accidental ingestion 35 mg/kg
e
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Stage 2: Estimating PODs from bioactivity platforms

POD estimation

Concentration-response assays

e HTTr (MCF-7, HepG2, HepaRG)

« CSP (HepG2)

« IPP
Point of departure estimation
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Stage 2: Estimating PODs from bioactivity platforms

Normalised response

Bias comected count
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Butylated hydroxytoluene - X X ®
Oxybenzone - X X+ 00 o
Paraquat dichloride - X & ©
Hexylresorcinol A X + X000
Sulforaphane - X X +X @ [ [
Rosiglitazone X X + mX (L ]
Tunicamycin X XX @e
Trichostatin A X X Xe @
Doxorubicin{ # X X (X ) °
1073 1072 1071 10° 10! 102 103 104
PoD (uM)




Stage 2: Estimating Cmax using PBK models

POD estimation

Concentration-response assays

HTTr (MCF-7, HepG2, HepaRG)

CSP (HepG2)

PP
Point of departure estimation
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(Gastroplus) estimate
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In silico In vitro Human
parameter
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estimates PK data

\ (L1) (L2) (L3)

Cax Error
Distribution
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POD (Global
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Considering the errorin PBK models based on
parameterisation level

In silico only + In vitro + clinical data
parameters parameters
PBK L1 PBK L2 PBK L3
Sulforaphane Oral Food & Drink, 3.9 mg/day : X : x :
Salicylic acid Dermal Clinical | : x : x : x
Rosiglitazone Oral Medical, 8 mg E :ih’ >%
MNicotine Dermal Clinical : : x X :
Miacinamide Oral Food & Drink, 12.5 mg/kg bw/day - x i >:t >:t
Diclofenac Dermal Clinical : ® : ® : *®
Coumarin Oral 0.1 mg/kg bw/day i X i X i x
Coumarin Dermal Clinical X : x : x :
Caffeine Dermal Clinical X i EK ix
Caffeine Oral Overdose, 10g - X : * x :
Caffeine Oral Food & Drink, 400 mg/day x E i x x E
. . . . . . . .
=2 =1 0 1 2 =2 -1 0 1 2 =2 =1 0] 1 2

log10(Cmax predicted [ Cpnax measured)

 The PBK prediction error decreases as we go ‘up’ parameterisation levels
 Developed a Bayesian statistical model to quantify the error for a novel chemical




Stage 3: Estimating the BER from the toolbox

Biomarker response

Frequency

A

A

Exposure estimation

POD estimation

Concentration-response assays

HTTr (MCF-7, HepG2, HepaRG)

CSP (HepG2)

PP
Point of departure estimation

Response
8 data
® L ]
4
H Control data

Concentration [uM]

Summarise biomarker points of
departure

Concentration [uM]

HTTr platform
POD (Global
POD method or
lowest pathway
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Cell stress
platform POD
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IPP platform
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Ratio and Decision model

»
»

Concentration [uM] (log 10)

Bioactivity Exposure Ratio Distribution

BER=1

‘
‘
|
|
|
|
‘
|
‘
— — | g

Bioactivity Exposure Ratio (Iong)




o

Unilever

Stage 3: Estimating the BER from the toolbox

m

~
]

-

Doxorubicin, Intravenous, 75 mg/m?/day for 10 minutes -
Paraquat dichloride, Oral, Pesticide poisoning, 35 mg/kg/day -
Rosiglitazone, Oral, Medical, 8 mg/day -

Caffeine, Oral, Overdose, 10g -

Rosiglitazone, Oral, Medical, 1 mg/12 hours -

Doxorubicin, Intravenous, 4.5 mg/m?/day continuous infusion for four days -
Caffeine, Oral, Food & Drink, 400 mg/day

Sulforaphane, Oral, Tablet, 60 mg/day

Niacinamide, Oral, Food & Drink, 12.5 mg/kg bw/day +
Oxybenzone, Dermal, Sunscreen, 2% -

Sulforaphane, Oral, Food & Drink, 3.9 mg/day -+
Oxybenzone, Dermal, Body Lotion, 0.5% -

Hexylresorcinol, Oral, Throat Lozenge, 2.4 mg
Niacinamide, Dermal, Body Lotion, 3% -

Hexylresorcinol, Dermal, Face Serum, 0.5% -

Coumarin, Dermal, Body Lotion, 0.38% -

Niacinamide, Oral, Food & Drink, 22.2 mg/day

Butylated hydroxytoluene, Dermal, Body Lotion, 0.5% -
Hexylresorcinol, Oral, Food residues, 0.0033 mg/kg bw/day -
Caffeine, Dermal, 2 mg/cm?, 25 cm?

Caffeine, Dermal, Shampoo, 0.2% -

Coumarin, Oral, 0.1 mg/kg bw/day

Coumarin, Oral, Food, 4.1 mg/day -

Niacinamide, Dermal, Hair Conditioner, 0.1% -

|

iff

10> 107% 10~% 1072 107! 100

10?
Bioactivity exposure ratio

=
o
—

103

104

10°

Blue: low risk chemical-
exposure scenario

BER=1:
Cmax estimates coincide
with the minimum POD

What threshold value of
the BER is needed to assure
safety?



Visualising how the toolbox performs against the pilot study
data

PBK Level 2
Correlation with risk category: -0.76

iacinamide Hair Conditioner, 0.1%
affeine Shampofg, 0.2%
gumarin Food, 4|1 mg'day
oumarin 0.1 mgfkg bwday o °
'I.:aﬁehe 2 myem, 15 cm® Blue: low risk chemical-exposure
exylresorcingd Food pesiduss, 0.0033 mg/kg bw)iday o
utylated hydroxytoluesje Body Lation, 0.5% scenario
iacimamide Food & Drink. 222 mg/day
15 - : @ cumarin Body Lotion, 0.3§%
@Hexylresorcinol Face Senom,|0.5%

exylresorcingl Throat Lozengg, 2.4 mg
iacinamide Body Lotion, 3%

20 1

=
-

xybenzone Body Lotion, 0.5%
E 10 4 ulforaphane Food & Drink, 3.9 mag/day
.Nial:inamide Food & Drink, 12.5 kg bwiday

@0xytenzone Sunscreen, 2% Exposure scenarios within the blue
.E-ulf-:-!aphane Tablet. 60 mg/day

. - (] . L o)

@Cafieifie Food & Drink, 400 mg/day shaded region are identified as low
5 4 Hns,iglitaﬂnne Madical, 1 mgfl2 hours .
Doorubicih 4.5 maoim?fday continuous infukion for four days rISk

Caffeine Overddose, 1dg
Rosiglitazone Madical, B mofday
Paraquat dichloribie Pesticide poisoning, 35 mg/kgiday
0 4 Doxorubicin 75 mgim?fday for 10 minutes

1

I I I
10— 103 107! 100 100 10°
Bioactivity-exposure ratio
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An iterative approach to evaluating the toolbox

Systemic safety R Planned full
toolbox v.1 i evaluation
A (this talk) /\
. Improved NAMs Improved
b +—> . .
Use learnings from evaluation decision model

studies to improve toolbox

* Have now extended the evaluation to ~40 chemicals with ~100 associated high
risk and low risk exposure scenarios.

* Adopt iterative approach to evaluating and then identifying potential
improvements to the toolbox.

* Use of concepts from used model evaluation and development should help
build confidence in the approach.

* Unilever-EPA CRADA: Generating data for 10 cell lines, using high-throughput
transcriptomics and phenotypic profiling.
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