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Official Journal of the European Union L342/59

REGULATION (EC) No 1223/2009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 30 November 2009

on cosmetic products

(recast)

(Text with EEA relevance)

THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE EURO-
PEAN UNION,

Having regard to the Treaty establishing the European Commu-
nity, and in particular Article 95 thereof,

Having regard to the proposal from the Commission,

Having regard 1o the opinion of the European Economic and
Social Committee (1),

Acting in accordance with the procedure laid down in Article 251
of the Treaty (3,

Whereas:

(1) Council Directive 76/768/EEC of 27 July 1976 on the
approximation of the s of the Member States relating to
cosmetic products (°) has been significantly amended on
several occasions. Since further amendments are to be
made, in this particular case it should be recast as one

)

The environmental concerns that substances used in cos-
‘metic products may rase are considered through the appli-
cation of Regulation (EC) No 1907/2006 of the European
Parliament and of the Council of 18 December 2006 con-
cerning the Regisration, Evaluation, Authorisation and
Restriction of Chemicals (REACH) and establishing a Euro-
pean Chemicals Agency (), which enables the assessment
of environmental safety in a cross-sectoral manner.

This Regulation relates only to cosmetic products and not
to medicinal products, medical devices or biocidal prod-
ucts. The delimitation follows in particular from the
detailed definition of cosmetic products, which refers both
to their areas of application and to the purposes of their
use

The assessment of whether 2 product is a cosmetic prod-
uct has t0 be made on the basis of a case-by-case assess-
‘ment,taking into account all characteristics of the product
c produc mulsions,lot

gels and oils for the skin, face masks, inted bases (iquids,
pastes, powders), make-up powders, after-bath powders,
hygienic powders,toilet soaps, deodorant soaps, perfumes,

i s de Cologiog boih 2

Resource/time constraints

Regulatory Changes (e.g.
Cosmetics Regulation)
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NGRA: an exposure-led and hypothesis-driven approach for
protective decision making

Distributions of Oral Equivalent Values and Predicted Chronic Exposures
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2 H, SEN N L If there is no bioactivity observed at consumer-
. | relevant concentrations, there is unlikely to be
a Esgaa any adverse health effects.
I L 5 If there is bioactivity observed at consumer-
relevant concentrations, follow up testing is
Rotroff, et al. Toxicological Sciences 117.2 (2010): 348-358. required to determine whether that could result
5 in an adverse effect
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NGRA toolbox for systemic toxicity at Unilever
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Example exposure scenarios

O
) O)“\
O O kCH3

Coumarin (flavouring and fragrance, DEET (insect repellent, PT19)
naturally present in e.g. cinnamon)

Compound Use Scenario Exposure route Risk classification
Dietary intake, 4 | Oral Low risk
Coumarin
mg/day
DEET 15% in a sun Lotion | Dermal Acceptable risk based on risk-benefit
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Parameterisation of PBK models within a tiered risk assessment

framework
Level 0 PBK parameterisation levels
Identify use Estimate consumer
case scenario habits and practices . . . .
Level 1: Chemical-specific parameters informed using
in silico predictions (e.g., using e.g., QSAR models)
—— Level 1
Run PBK Generate in silico
JIEEE. e st Level 2: Some chemical-specific parameters informed

( Compare Cmax to POD —is there enough ves using in vitro data
confidence to make a safety decision?

L
Level 3: Some chemical-specific parameters are

No | Level 2| inferred by calibrating model against existing human
Run PBK Generate in vitro PK data for the same chemical (by a different exposure
model parameter estimates scenario
. Yes
‘( Compare Cmax to POD — is there enough
L confidence to make a safety decision? ** \While further refinement of the PBK model may not be possible,
refinement of the bioactivity/POD estimates using higher tier tools (e.g.,
No Level 3 micro physiological systems) should be considered.
- Yes Y No
Refine PBK Is it feasible to generate Eit™ Figure adapted from Moxon et al., 2020. Application of physiologically
Confidence model clinical data? g based kinetic (PBK) modelling in the next generation risk assessment of

level dermally applied consumer products. Toxicology in Vitro, 63, p.104746.
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Example exposure scenarios
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Coumarin (flavouring and fragrance, DEET (insect repellent, PT19)
naturally present in e.g. cinnamon)

Compound Use Scenario Exposure route Risk classification
Dietary intake, 4 | Oral Low risk
Coumarin
mg/day
DEET 15% in a sun Lotion | Dermal Acceptable risk based on risk-benefit
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12 GastroPlus(TM): Coumarin PBPK.mdb (C\Users\Ans.Punt\OneDr. \PBK m.\Hequn.\PBK F.\skinpen\2018 .\Coumarin\) - o X
File Edit Databsse Simulation Setup Controlled Relesse Tools Modules (Optional) Help
Compound I Gut Physiology-Hum ) Phamacokinelics ) Siulation )| Graph

Selected Compound
wver. 9.8.3002

L 4] ¢ [Eﬂuma"" dermal Ford » M| =] | st Teans Time (=33 Mean Abs Time () = 0.26
Longest Diss. Time (h) is @ pH 6.8 = 0,104 hours
o e C u a r We I [Curent=5: Total = 8 Max Abs Dose (S+)= 2685E+4mg.  Max Abs Dose (it) = 4.2E+3 mg
= Support Files
Q. 0.
g/mo S

Coumarin dermal Ford.opd

_ Dowge [fBlqsan =] @ Effective Permeability
= Ci Source —
. Initial Dose (g 18
Log P 1.89 ADMET predictor L1 S S e
Dosing Interval (h): 0 Sim Peff x10°4 (Human) 6.39
Molecular Formula: [ C9HB02Z Dose Volume (L} T Convert from Data ‘
Molecular Weight (g/mol): 14615 pH for Ref. Solubility: I 7 More
logP (nevkal[ 733 @t [ F | Sobbity(mo/nl @pHe7 037 — o Birelevant Solubilies |
Mean Precipitation Time (sec): 900
pKa Table ‘ l l Dose No. - N/A ‘
Diff. Coeff. [em"2/s » 1075} 121
Enzyme Table ‘ Drug Particle Density (g/mL}: 12 [ Absorption No. = N/A ‘
Transporter Table ‘ Patticle Size (form 1): R=25.00, D=50.00 | l Dissolution No. = N/A ‘

Hepatic intrinsic 105 ADMET predictor L1
clearance (L/h)

|All propeties are predictions from ADMET Predictor v7.2.0.0
Tendency Supersaturate=SupSat; Likelihood of BBB =High: PgpIntititor=No (34%): Pgp- (79%); DATP1B Inkititor=N

pKa Table | logD: Emp-6.1 Diss Model Johnson PartSize-Sot: ON | BileSalt-Sok ON | Dift. ON || ConstRad: OFF | Precip: Time  Ppara: Zhim || EHC: OFF | ACAT: Conc.

Population Simulation: Coumarin dermal Ford

2 Wean Cp-Venaus Retum-Parent P m Oenesien I

Unbound fraction in 0.24 ADMET predictor L1
plasma (f,;)

GastroPlus- ==

0,036
0.034
0,032

003

+ 0028

© 0.026:
ﬁ.'f 0.024
£ 0022
2 o002
& 0018

Blood: plasma ratio 1.08 ADMET predictor L1 o

c
S 0012
D 001
© 0.008
0.006
0.004
0.002

o

o Plus, nc.. All ights reserved

3
Time (h)

% 1. Hansch, C,, Leo, A., & Hoekman, D. (1995) Exploring QSAR: Hydrophobic, electronic, and steric constants (Vol. 2).
P gg, American Chemical Society.

@%,.;9 2. Moxon, T.E., et al (2020). Application of physiologically based kinetic (PBK) modelling in the next generation risk
Unilaver- assessment of dermally applied consumer products. Toxicol In Vitro, 63, 104746
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Example 1: exposure to coumarin through oral dietary intake (BER>1)

Food, 4.1 mg day

Points of Departure from in vitro
cell assays, measured in uM

E PBK-model predicted maximum

=

2

c

9

"(.'6 .

5 concentration (C_.,)

S | :

S 105 PBK-model predicted concentration

< - of coumarin in venous blood plasma

oY over|time 2

= _

10-10 -
0 50 100 150 200 W
Tlme (hrs) b m R SR N

%;% PODs: In vitro pharmacological profiling (MAO-A) m ®m® High throughput transcriptomics (MCF-7)
S

Unillover- mm== High throughput transcriptomics (HepG2)
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Example 1: exposure to coumarin through oral dietary intake

Molecular weight 147.1
(g/mol)

Log P 1.89 ADMET predictor

Hepatic intrinsic 105 ADMET predictor

clearance (L/h)

12 GastroPlus(TM): Coumarin PBPK.mdb (C:\Users\Ans.Punt\OneDr.\PBK m.\Hequn.\PBK F.\skinpen\2018 .\Coumarin\) - o X
File Edit Database Simulation Setup Controlled Release Tools Modules (Optional) Help
Compound I Gut Physiology-Hum ) Phamacokinelics ) Siulation )| Graph
Selected Compound
ver. 98,3002
[14] 4JCoumarn dermaiFord » [M] =] (st Trans Time r) = 33 Mean Abs Time (h) = 0.26
Longest Diss. Time (h]is @ pH 6.8 = 0.104 hours
[Curent=5; Total =8 Max Abs Dose (S+)= 2685E+4 mg.  Man Abs Dose () = 4.26+3 mg.
Support Files
(Coumarin demal Ford.opd
Q. 0.
X | RS
Dossge  [ipilgsan <] (3 | Effective Permeability
. P Dose TD: Liq Soln D)
Source: [ETEER >
Initial Dose (g 18
Subsequent Doses (g} 0 Peff (cm/s % 10°4): 6.33
L 1 Dosing Interval (b} o Sim Peff x10°4 (Human) 53
Molecular Formula: [ C9HB02Z Dose Volume (mL}: 1 Convert from Data ‘
Molecular Weight (g/mol) 14615 pH for Ref. Solubilty: | 7 Moe
logP (neutiall[ 183 @pH: [ Solubilty (mg/mL @pH=7): a7 Ry Biorelevant Solubilties |
Mean Precipitation Time (sec 500
pKa Table ‘ > Ll l Dose No. - N/A ‘
Diff. Coeff. fem"2/s x10°5} 121
Enzyme Table ‘ Drug Particle Density (g/mL}: 12 l Absorption No. = N/A ‘
Transporter Table ‘ Patticle Size (form 1) R=25.00, D=50.00 | [ Dissolution No. = N/A ‘
[All propettes are predictions from ADMET Predictor v7.2.0.0
L 1 Tendency Supersaturate=SupSat; Likelihood of BBB =High; Pgpnhibitor=No (34%): Pgp- (73%): DATP1B1 nhibitor=N:
pKa Table |logD: Emp-6.1 Diss Modet Johnison  PantSizeSol: ON | BieSak-Sok: ON IDiff: ON || Consifiad: OFF |Precip: Time  Ppara: Zhim || EHC: OFF [ACAT: Cone

Unbound fraction in 0.24 ADMET predictor
plasma (f,;)

Population Simulation: Coumarin dermal Ford

2 Wean Cp-Venaus Retum-Parent P m Oenesien I

L1 GastroPlus- =

£ 0022
2 o002
& 0018
@ 0.016:

o Plus, nc.. All ights reserved

Blood: plasma ratio 1.08 ADMET predictor

3
© 0.014

§ 0012
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3 001
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0.006-
0.004
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o

Unilever

3
Time (h)

Hansch, C., Leo, A., & Hoekman, D. (1995) Exploring QSAR: Hydrophobic, electronic, and steric constants (Vol. 2).
American Chemical Society.

Moxon, T.E., et al (2020). Application of physiologically based kinetic (PBK) modelling in the next generation risk
assessment of dermally applied consumer products. Toxicol In Vitro, 63, 104746
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Example 1: exposure to coumarin through oral dietary intake

L1 —in silico Food, 4.1 mg/day (L1- in silico) Food, 4.1 mg/day (L2- in vitro)
L2 — in vitro | | | | | | | |

Log,, concentration (uM)

0 50 100 150 200 0 50 100 150 200

Time (hrs) Time (hrs)
%gg% PODs: In vitro pharmacological profiling (MAO-A) m m ® High throughput transcriptomics (MCF-7)
G

Unilover- mmmm  High throughput transcriptomics (HepG2)
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Uncertainty quantification and decision making

Point estimates
Why do we care about quantifying uncertainty? M (single value)
* In this example, using point estimates results in Cmax m
appearing below the POD (i.e., the BER>1).

* The true values of both metrics are subject to BER>1

uncertainty. < >
* These uncertainties can be captured in terms of

distributions.
* The distributions show the range of plausible values
for the Cmax and POD. .

* Quantifying uncertainty in quantities like Cmax and \ Y ) Concentration (LM)
the POD can be helpful to determine when a safety Cmax>POD? (i.e., BER<12)
decision can be made with confidence, or when

more refinement is needed. ‘

W Prob(BER > 1)=?




Bayesian modelling of the PBK Cmax error

1. Model inference

Sulforaphane Oral Food & Drink, 3.9 mg/day
Salicylic acid Dermal Clinical 4

Rosiglitazone Oral Medical, 8 mg

Nicotine Dermal Clinical §

Niacinamide Oral Food & Drink, 12.5 mg/kg bw/day -
Diclofenac Dermal Clinical -

Coumarin Oral 0.1 mg/kg bw/day q

Coumarin Dermal Clinical -

Caffeine Dermal Clinical -

Caffeine Oral Overdose, 10g

Caffeine Oral Food & Drink, 400 mg/day

Training data

PBK L1 PBK L2 PBK L3
T i i
X | x {-x
1 1 1
i X %

1 1 1

i it x|

1 1 1

| X x

1 ] )

i 1% 1%

] ] ]

i x i x X

] ] ]

i E -

1 1 1

i X 1%

i . i

1 % X

1 1 1

I X x 1
T - T - T T . .
-1 0 2 -2 -1 0 1 2 -2 -1 0 1 2

10910(Cmax predicted / Cmax measured)

Use Bayesian
inference to train
model and learn the
statistical model
parameters

Posterior distributions of the Cmax at

for different PBK levels

[ — 5
[—
[ as

Standard deviation of Cpay estimation error

T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

T
16

2. Application for novel exposure scenarios or chemicals

Use-scenario

PBK model

PR

In silico
parameter
estimates

—>

Human
in vivo
PK data

(L3)

In vitro

parameter
estimates

(L2)

(L1)

max

estimate

Plasma

C nax Error
Distribution
model (CMED)

(Bayesian model)

Get posterior distribution of
the Cmax error obtained

using the Bayesian statistical
model

PBK model point estimate

| |

| |

| | The ‘bell-shaped

I | curve’ corresponds
I | to the posterior

I I distribution for the
I I Cmax error.

| |

v

P »

95% credible interval

max
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Adding credible range to Exposure estimates

Food, 4.1 mg/day (L1- in silico) Food, 4.1 mg/day (L2- in vitro)

=
= |
C
RS, | C% )
©
-'é:-; Cmax.
Q credible
S range
e (shaded
R4 region)
o
o
S

0 50 100 150 200 0 50 100 150 200

Time (hrs) Time (hrs)
o PODs: In vitro pharmacological profiling (MAO-A) m m ® High throughput transcriptomics (MCF-7)

353@%
Un%fw mmmm  High throughput transcriptomics (HepG2)
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Using different parameterisation levels with a tiered decision framework

Foc” " * maruiages.1* = ~*lico)

A small region of the C,_, credible interval
overlaps with the lowest POD. This can be
quantified in terms of the probabilities:

| - Prob(BER > 1)=0.88

Level 1

enerate in silic
-
amef a
5 Yes
Compare Cmax to POD — is there enough
confidence to make a safety decision?
No Level 2
Run PBK enerate in vitro
model al al
q Yes
[ Compare Cmax to POD —is there enough

confidence to make a safety decision? ]

Log,, plasma concentration (LM)

. — Can we confidently conclude low risk?
Al Rl D) o
0 50 100 150 200
Time (hrs)

Go to the next level
of refinement

Food, 4.1 mg/day (L2- in vitro)

Generate in vitro data on key
parameter to obtain better
estimates.

- 1)=0.88 B Prob(BER > 1) ~ 1
%gi % data to make decision

Unilever
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Examples 2: dermal exposure to DEET (BER < 1)

Dermal, L1 ,_ _ , Dermal, L2
* For the dermal scenario, i
we would assign this as N N, : i A

R R E e T e e T R e T e CCU LI CC T I

uncertain risk. \ \
10° 10";

* |t may be possible to
refine the DEET dermal

exposure scenario 107 102,
further at higher tier
tOOIS. 10_40 5 1I0 1I5 2I0 1040 5 1I0 1I5 2I0

ea

3

E«%

Unilever

()
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Evaluating the systemic safety toolbox across a wide range of
chemicals and exposure scenarios

Selection of chemicals and exposure scenario

* Chemicals with well-defined human exposures

* Traditional safety assessment available

Chemical

Risk

Exposure scenario classification

Oxybenzone

2 scenarios: 0.5%; 2% sunscreen

Caffeine

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

Caffeine

10g - fatal case reports

Coumarin

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

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 IV bolus 10 min; 21 days cycles; 8 cycles High risk
Rosiglitazone 8 mg oral tablet High risk
Paraquat Accidental ingestion 35 mg/kg Al

10 chemicals — 25 exposure scenarios

1

Unilever

Middleton et al (2022), 7ox Sci, Volume 189, Issue 1, Pages 124-147

PBK Level 2, Blue shaded region BER> 11

iacinamide Hair Conditioner, 0.1%
affeine Shampog, 0.2%
ocumarin Food, 4|1 mgiday

@Coumarin 0.1 mgfky bwiday
ine 2 mg.l'cn?’. 5 om?

20 1

utylated hydroxytoluege Body Lation, 0.5%
iacinamide Food & Dring, 22.2 mo/day
15 - : @Coumarin Body Lotion, 0 3§%
@Hexylresorcingl Face Serum,|0.5%
g exylresorcinod Throat Lozengg, 2.4 mg
— iacinamide Body Lotion, 3%
wybenzone Body Lotion, 0.5%
g 10 S ulforaphane Food & Drink, 3.9 mg/day
.Mial:inamide Food E Drink, 12.5 kg bwiday
@ =ybenzone Sunscreen, 2%
.E-ulfﬂFaphane Tablet. 60 mg/day
.Eaﬁei’le Food & Drink, 400 mgfday
54 Fb:nsiglitaﬂl:-ne Madical, 1 mg/12 hours
Doxorubicik 4 5 mg/m?/day continuous infukion for four days
Caffeine Oveddose, 10g
Rosiglitazone Medical, B mo/day
Paraquat dichlorille Pesticide poisoning, 35 mo/kg/day
0 - Doxorubicin 75 mafmfday for 10 minutes
|

T T T
10— 102 107! 10! 10°  10°
Bioactivity-exposure ratio

BER=lowest POD/Plasma Cmax
Blue: low risk chemical-exposure scenario

exylresorcingl Food pesidues, 0.0033 mgfkg bw/day
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Evaluating the systemic safety toolbox across a wide range of
chemicals and exposure scenarios

PBK Level 1
Correlation with risk category: -0.71
T

Low risk exposure scenarios are blue dots, high risk are B
yellow dots.
Chemical-exposure scenarios with a BER point e - i e
estimate outside the blue-shaded region would be e L2
identified as “uncertain” risk under this decision model. " !
The grey dashed line corresponds to BER = 1.
BER threshold Empirical Empirical Utility . :
Level Protectiveness I e - 4
6/6 (100% 3/18 17% B|oactl\:::i:t(:zre ratio
Correlation with risk category: -0.75
2 11 6/6 (100%) 6/18 (33%) 15
3 2.5 5/5 (100%) 9/13 (69%) 2

Bioactivity-exposure ratio

Are these thresholds still protective if we increase the number

o and diversity of chemicals?
56
Onilover Middleton et al (2022), 7ox Sci, Volume 189, Issue 1, Pages 124-147

s
[



SEAC | Unilever @

Extended evaluation (38 more chemicals)

_W.ﬁ“::.%u B BER Empirical Empirical Utility
"'""E"'"** Level threshold Protectiveness
e _i—’lh
Hrabrag sl
JL

PBK level: L2

60 +

43/46 (93%) 2/24 (3%)
2 11 43/46 (93%) 6/22 (27%)

3 2.5 44/46 (96%) 0/3 (0%)
Highest - 44/46 (96%) 7/24 (29%)

* Chemical- Exposure scenarios not

ottt protective for:

mw;ﬁ_mm o Warfarin therapeutic oral dose
o Trimellitic anhydride inhalation

exposure

Rank

20 1

10 5
E, 5 w1
glvsrwitaas Barapets Il.mun-
i e ool 2 '\-u-\.ln > hngel v
%

* Further research is being performed to
explore additional relevant in vitro assays
to be added the toolbox.

10-#% 104 162 107 0% 1ot

Unilever
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Discussion and next steps

* The systemic safety toolbox and workflow has been evaluated for a range of
chemicals covering different exposure scenarios.
* Here, a key metric is the bioactivity exposure ratio, which uses:
* the minimum POD
* the Cmax
 PBK models can be refined as required by the risk assessment.
* A Bayesian statistical model has been used to quantify uncertainty the Cmax
estimates.
* Various areas of ongoing research include:
* Further work to quantify the PBK model errors.
* Comparing the results of different PBK models/software.
e Evaluating different in vitro assays and POD estimation approaches.

il
S

Unilever
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