%

Unilever

Practical use of
Bioactivity Exposure
Ratio (BER) in animal-
free cosmetic

ingredientrisk
assessment:

Matt Dent, Unilever Safety and
Environmental Assurance Centre, UK

SEAC | Unilever




SEAC | Unilever e

Practicality of BERs in a tiered approach
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Protection and prediction in current and future assessment approaches

Current Toxicity Testing Paradigm

Systemic In Vivo
Toxicity Tests

Mechanism/Specific
Endpoint Tests

Integrated Combination of In Vivo
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Non-Specific Specific

MOA/Specific Hazard-
Based Assessment

Systemic Endpoint-
Based Assessment

Protective Predictive

NAM-Based Toxicity Testing Paradigm

.

\

Broad Coverage
Technologies/Models

Target-Specific
Technologies/Models
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and Models (i.e., IATA)

Non-Specific Specific

AOP/MOA-Based
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Bioactivity-Based
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Protective Predictive
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Browne et al., (2024) https://doi.org/10.1016/j.yrtph.2024.105579
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Practical considerations

« Confidence in exposure predictions (including role of metabolism)
« Breadth of biological coverage (how much is enough?)

« Common understanding of the meaning of the BER
...and its place in a tiered NGRA
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Practical considerations

« Confidence in exposure predictions (including role of metabolism)
« Breadth of biological coverage (how much is enough?)

« Common understanding of the meaning of the BER
...and its place in a tiered NGRA

« How confident can you be in the use of BER for safety decision making?
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Breadth of biological coverage

Historical: animal in vivo New: human-derived in vitro
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Practical utility of BERs can only be determined by benchmarking
safety decisions

PBK Level 2
Correlation with risk category: -0.77

: @ Niacinamide Hair onditioner, 0.1%
I @ Coumarin Food, 4.1 mg/day
| @ Coumarin 0.1 mg/kg bw/day . .
50 4 | e High risk benchmark
| @ Caffeine 2 mglem?®, 25 cm?
| @ Hexylresorcinol Food residues, 0.0033 mg/kg bw/§ay .
: @ Niacinamide Food & Drink, 22.2 mg/day . LOW rISk benChmark
| @ Butylated hydroxytoluene Body Lotion, 0.5%
95 | @ Niacinamide Body Lotion, 3%
: @ Oxybenzone Body Lotion, 0.5% . EXpOSU re under
Py | @ Hexylresorcinol Face Serum, 0.5% eval_u ati on
P @ Benzophenone-4 Sunscreen
g ‘ Hexylresorcinol Throat Lozenge, 2.4 mg
10 A @ Niacinamide Food & Drink, 12.5 mg/kg bw/day
® S+Iforaphane Food & Drink, 3.9 mg/day Emp|r|ca'l Emp|r|ca'l Ut|l|ty
@ Opybenzone JESEEREEE Level th reshold Protectiveness
@ Sulforaph;ne Tablet, 60 mg/day
@ Caffeine Fogd & Drink, 400 mg/day
5 - Rosiglitazone Meglical, 1 mg/12 hours 1 1 O 6/6 (1 OO%) 3/1 8 (1 7%)
Doxorubicin 4.5 mg/h*/day continuous infusion for four days
Caffeine Overdose, 10g : 2 1 1 6/6 (1 OO%) 6/1 8 (3 3‘70)
Rosiglitazone Medical, 8 ing/day
Paraquat dichloride Pesticide pPlsonmg. 35 mg/kg/day 3 2. 5 5/5 (1 OO%) 9/ 1 3 (69%)
0 Doxorubicin 75 mg/m?/day for 10 minutes
1076 10-4 102 10° 102 104 106
Bioactivity-exposure ratio
:g§ % P Benzophenone-4 case study conducted as part of
@%;&%# Based on Middleton et a[.l (2022) i |E_URR%F§ | Cosmetics Europe’s Long Range Science Strategy and ICCS

taken forward by the International Collaboration on

Unilaver https://doi.org/10.1093/toxsci/kfac068 S Cosmetic Safety
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Including relevant benchmarks

PBK level: L2
N @ Miacinamide, Dermal, Hair Conditioner 0.1%
BenCh mO.rk Wlth SClme @ Hexylresorcinol, Oral, Food Residue §.0033 mg/kg bw/day
mode Of ClCtion QS @ Caffeine, Dermal, Shampoo 0.2%
20 1 @ Coumarin, Oral, Food 4.1 mafday
substance under evaluation @ Climeonole, Dermal, Face Cream 0.2% High risk benchmark

@ Butylated hydroxytoluene, Dermal, Body Lotion 0.5%
@ Niacinamide, Oral, Food 22.2 mg/day .
15 - @ Hexylresorcinol, Oral, Throat Lozenge 2.4 mg . LOW rlSk benCh mO.rk
@ Niacinamide, Dermal, Body Lotion 3%
.F‘mchluraz, Oral, Food Residue

Aé @ Oxybenzone, Dermal, Body Lotion 0.5% . EXpOSU re u nder
@ Sulforaphane, Oral, Food 3.9 mg/day .
& 10 4 @ Niacinamide, Oral, Food 12.5 ma/kg bw/day evaluation

® Oxybenzone, Dermal, Sunscreen 2%
@ Caffeine, Oral, Food 400 mg/day
@ Sulforaphane, Oral, Tablet 60 mg/day
Rosiglitazone, Oral, Medical 1mg/12 hours
5 4 Doxorubicin, Intravenous, 4.5 mg/m3/day continuous for four days
Caffeine, Oral, Overdose 10 g
Rosiglitazone, Oral, Medical 8 mg/day

v Paraquat dichloride, Cral, Pesticide poisoning 35 mafkg bw/day
Prochloraz, Oral, Accidental Ingestion
04 Doxorubicin, Intravenous, 75 mg/m3/day for 10 minutes
10-* 10-3 102 101 10° 101 10? 10° 10*

Bioactivity exposure ratio

Dy

Climbazole case study conducted as part of Cosmetics

%‘é&;% | FLURB%F{SE Europe’s Long Range Science Strategy and taken ICCS
Unilovor &~ forward by the International Collaboration on Cosmetic

Safety
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Lessons from testing broader chemical space

Comparison of BERs and benchmark risk classifications
PBK level: L2

N ® Fimellitic anhyande Docupatipnal limit, 0.04mg/m3
1 aFenbuconazole 73% ADI of 0.006 mg/kg bwiday
1 wFenbuconazole ADI 0,006 mg/kg bw/day
1 TFimellitic anhydride Occupational, 0.77mg/m3
1 eAspartame ADI 40mg/kg bwiday
1 ‘eCypermethrin ADI 0.005 mg/kg/day
1 Warfarin High therapeutic, 10ma/day
B0 1 Warfarin Low therapeutic, 3maiday
1 @HC Red 3 3%
Glybenclamide Low therapeutic, 2. 5maiday
I eFluazinam 32% ADI 0.01 mg/kg bwiday
1 #Glutaraldehyde 0.10% . .
| ot High risk benchmark (46)
1 Glybenclamide High therapeutic, 15mgfday
| wL-Valine Dietary 4000 mgiday
e Ethyizingerons 0.70%
pLValine 26 mg/kg mean requirements
50 4 Fluazinam ADM 0.01 mafkg bwiday
Metfarmin Low therapeutic, 1000maiday .
sonechaie Cimoig s e ey dese ® Low risk benchmark (24)
wButylatéd Hydroxyanisole ADI Imglkg bwiday
Metfarmin'Max therapeutic, 3g/day
Digoxin Therapeutic, 1.5 ma/day. 0.25mg/day maintanance
wketoconazdle Therapeutic, 2% twice weekly
erapamil hydrochlaride Low therapeutic, 240mgiday
Werapamil hygrochloride High therapeutic, 480mgiday
eKetoconazole fherapeutic, 2% daily
40 4 Ouytetracycling hydrochloride Low therapeutic, 1000mo/day
Metoclopramide Low therapeutic, 10 malday
wCyclamate ADLT mg'kg bw/day
Hydralazine hyfrochloride Low therapautic, 25mg/fday
Metoclopramide High therapeutic. 30 mafday
) Cetirizine dihydrochloride Therapeutic. 10mgJday
=] Cetirizine dihydrochleride Therapeutic, LOmgiday
wDEET 13% 1
§ QDuytetracycline hydpochloride Low therapeutic, 1250/1000mg/day with rapid leading
Oxytetracycline hydmpchloride High therapeutic, 2000mg/fday
30 4 wFenazaquin 17% ADI 005 mgikg bw/day
Paracetamol Low therapgutic, 500maiday
Topiramate Low thera peu‘t;%. S0mglday
wButylparaben 0.1%% {requlation says limit is 0.14% as acid)
Digoxin Poisoning, 10 mg actte adult
Paracetamal High therapeutic, 4000mao/day
Furcsemide Therapeutic, 40/20 rha/day
Nitrofurantoin Low therapeutic, 30mgfday
Hydralazine hydrochloride High therapeutic, 200mg/day
o 2-Aming-G-chloro-&-nitrophenal 2% |
201 sFenazaquin ADI 0.005 mg/kg bwiday |
Paracetamal High therapeutic, 4g/day
Topiramate High therapewtic, S00mg/day
Nitrofurantoin High therapeutic, dOlng.l’day:
Dexamethasone Therapeutic, 0.5mg/day
Chlorpyrifos 0.1 mg/kg
Metoclopramide High therapeutic, 30 mg/day 1
|buprofen 10% 1
Ibuprofen Low therapeutic, 200mo/day 1
‘Werapamil hydrochloride Therapeutic-acute, 5-10 myg 1
10 1 Ibuprofen High therapeutic, 1200mg/day 1
Furpsemide High therapeutic, 800mgiday 1
Dexamethasone Therapeutic, 10mg/day 1
Ketoconazole 200 moglday for fungal infection 1
Cyclophosphamide Therapeutic , 3mgikg bwiday I
Ketoconazole Therapeutic, 1200mg/day . .
Furosemide Max therapeutic, 1300mg/day 1 C b l l 0 ( l g l
Cyclophosphamide Therapeutic, 40 mglkg bw 3-weekly 1 a e et a 7 2 24 TOXICO o Ica
Cyclophosphamide Therapeutic, 80 malkg bw for 2 days 1 . A
Azathioprine Low therapeutic. 50mgiday 1 S d)
ﬁ 3% () {__»Azathioprine High therapeutic. 300mg-225ma/day 1 Cler‘(:‘esl Cce pte
& = T T T T T
#s @’% 10-% 10-4 1072 10° 102 104
Do BER
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Which NAMs contribute to the protection?

Pharmacological Cell Stress HTTr - Gene HTTr - BMD minimum Protectiveness Utility
profiling Panel pathway
Y Y Y 96% (44 out of 46) 29% (7 out of 24)
Y Y Y 83% (38 out of 46) 54% (13 out of 24)
Y 89% (41 out of 46) 33% (8 out of 24)

Y 48% (22 out of 46) 62% (15 out of 24)

Y Y 96% (44 out of 46) 29% (7 out of 24)

Y Y 74% (34 out of 46) 54% (13 out of 24)

For this toolbox and benchmarks, the cell stress panel does not add to the level of
protection if the gene-level HTTr PoD is used

The level of protection depends on the tools used and the analysis methods

As a low-tier approach, it is designed to be conservative, and where BER is insufficient, this

e o allow you to identify areas for refinement

Unilever
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Lessons from practical application of BERs

- BERs provide a robust basis for safety decisions

« An acceptable (low risk) BER is dependent on the toolbox and analysis techniques used
Hence the need to define for the combination of tools used

« "uncertain risk” isn't the same as “high risk”: the risk assessment is tiered

 BERs need to be integrated with other lines of evidence (existing data, in silico
predictions)

« Suitability of benchmarks needs to be considered (are relevant benchmarks included?)

DY
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