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Paradigm shift for systemic safety - Protection not Prediction
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Distributions of Oral Equivalent Values and Predicted Chronic Exposures

B Estimated Exposure

B +-[]+@oo ®

+ - {1 oao

-CIJ40 o

'__

sl
1
1
1
\ u]
n a
o o
[
4
o
1T 11717 17T T TTTTTTTTTTTTTTTTTI
[ORN i =l I i i o L O X — o cc g O= 0T O Cc C T w oot unco <= = cwnc
B'z'ﬁ‘a'_OOJgCO":ogOEOOGCCB‘:EO%:DO'EOEOE_‘EEOOO
R O o —= —a2o0<c Y ¢ s ® =2 0o 2 a =270 < 3% L =Z2ococc X 2 X
“SQBEEEQUED‘NE\'E%Eggg‘—’:g3'_%-23'“89-_0%89-::000‘59
é%s—d—"zﬁSog“E = :EXCDS.EF—')E_“(E%xomgzg':-—.gE-gg(—ueng
2 Q< o n . §8 [} ImeESE=C X = O S QocogToeards <o <G 9
WESaesa—o2yg o c Ak DN O C 5 = (] 5 on0 2 <=
GT@—-38 §m 3 2 oo 02 g msgo8=2chHF g9 g Aa
2= a 5 v L e > =< Sla) = w Om =
> > o = %) © c e} >
oo g o S o 2 o
[m) = LLE ; 2
> =
a © ()

Slide from Dr Rusty Thomas,

EPA, with thanks

Rotroff, et al. Tox.Sci 2010

The hypothesis
underpinning this type of
NGRA is that if thereis
no bioactivity observed
at consumer-relevant
concentrations, there
can be no adverse
health effects.
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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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The key NAMs in our NGRA approach

PBK Modelling _ cee In vitro pharmacological profiling
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Exposure and PoD are plotted and used to derive a
Bioactivity-Exposure Ratio (BER)

In-vitro pharmacological

ore Cell Stress Panel
profiling (IPP)
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How do we build scientific confidence in a systemic

safety toolbox?

1. Determine whether the toolbox s fit for
purpose (leads to safety decisions that are
protective of human health).

2. Take into account human safety in assessing
the approach (where possible)

3. Identify what an appropriate safety decision

might be (e.g., BER threshold).

Accelerating the Pace of Chemical Risk
Assessment (APCRA)

TOXICOLOGICAL SCIENCES, 173(1), 2020, 202-225
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How do we build scientific confidence in a systemic
safety toolbox?

BER threshold
Chemical exposures | I -l
scenarios % | 1 Low risk? o
| I ®
O | [ @
’ ‘Low’ risk (from 3] I I.
consumer goods _g ! i
perspective) — e.g. foods, o | i
cosmetics S @ [
ke , l
‘High’ risk (from P | :
consumer goods i i
perspective) — e.g. drugs i I >
0.01 1 100 1000
Bioactivity exposure ratio (BER)
Define typical use-case e

ion (ng/mL)
s

scenarios benchmark
chemical-exposures; >

Calculate the bioactivity
exposure ratio

124
1.0 s dseedbosoneiy
—PBPK ol 097 g
Measured eral 0.8
0.74
061 CDS:1.00

Mixture of High and low

0.0001 0.001 0.01 0.1
Concentration (uM)

Time ()

risk PBK models of systemic In-vitro cell assays,
exposure estimate PoDs

Unilever



Visualising how the toolbox performs against the pilot study
data
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Extending the evaluation to 38 chemicals and 70 exposure
scenarios

PBK level: L2
PoD types: IPP lowest IC50, CSP global PoD, HTTr global PoD, Minimum pathway BMDL
Protectiveness: 52/55 (95%), Utility: 9/39 (23%)
Correlation: -0.58
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A framework for establishing scientific confidence in new approach

e Have now extended the evaluation to 38 methodologies
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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 3: Estimating the BER from the toolbox

Biomarker response
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Stage 3: Estimating the BER from the toolbox

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% -

10> 107% 10~%® 1072 107! 10° 10! 107

Bioactivity exposure ratio

103

104

10°

Blue: low risk chemical-
exposure scenario

BER=1:
Cmax estimates coincide
with the minimum POD



Progress in the application of NAMs in NGRA for systemic safety

NAMs applied in an abinitiohypothetica/NGRA case
study (e.g. coumarin and phenoxyethanol)
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NAMs applied in real-life chemical safety
assessments
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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

Unilever



Stage 2: Estimating PODs from the different bioactivity assays
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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
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