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What is next generation risk assessment (NGRA)?

. "An exposure-led, hypothesis driven risk assessment
approach that incorporates one or more NAMs to
ensure that chemical exposures do not cause harm to
consumers”

Dentetal., (2018) Comp Tox 7:20-26 '




Transition from apical endpoints in animal to cellular
human relevant in vitro models
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“Advances in toxicogenomics,
bioinformatics, systems biology, and
computational toxicology could

transform toxicity testing from a system

based on whole-animal testing to one
founded primarily on jn vitromethods
that evaluate changes in biologic
processes using cells, cell lines, or
cellular components, preferably of
human origin.” 2007
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Paradigm shift for systemic safety - Protection not Prediction

Distributions of Oral Equivalent Values and Predicted Chronic Exposures
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Tiered, exposure-led NGRA means we can make robust safety

decisions

- Many tools available (exposure-based waiving, read across, history of safe use)

« Increasing recognition that in vitro bioactivity is a part of this tiered approach (e.g.

Health Canada, SCCS)

Computational Toxicology 7 (2018) 20-26
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ARTICLE INFO ABSTRAGT

Consumer safety is a prerequisite for any cosmetic product. Worldwide, there is an ever-increasing desire fo
bring safe products to market without animal testing, which requircs 3 new approach to consumer safety. “Next
Generation Risk Assessment” (NGRA), defined as an expasure lod, hypothesis driven risk assessment approach
that g her din hes, provi nature.
of cach NGRA means that the development of 3 prescriptive list of tests to assure safety is not possible, or
appropriate. The International Cooperation on Casmetics Regulation (ICCK) therefore tasked a group of scien-
tists from regulatory authorities and the Cosmetic Industry 1o agree on and outline the principles for in-
corporating these new appraaches into risk assessments for cosmetic ingredients. This ICCR group defermined
the overall goals of NGRA (to be human-relevant, exposureled, hypothesis-driven and designed to prevent
harm); how an NGRA should be conducted (using a tiered and iterative approach, following an appropriate

il d using robust and relevant method: d

International Cooperation
on Cosmetics Regulation how d th h and sourees

of unceniainty). Those working an the risk i
the application of novel approaches, and cosmetic risk assessors are encouraged to consider these key principles
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‘i, Cosmetics Regulation (2018)

SCCS/1647/22

European
Commission
—

Scientific Committee on Consumer Safety

sccs

THE SCCS NOTES OF GUIDANCE FOR THE TESTING OF
COSMETIC INGREDIENTS AND THEIR SAFETY EVALUATION

12™ REVISION

‘ Scientific Committees

The SCCS adopted this guidance document
by written procedure on 15 May 2023

European Commission: Scientific Committee
on Consumer Safety (2021, 2023)

@)) OECD

for Economic Co-uperat

ENV/CBC/MONO(2021)35

Unclassified English - Or. English
27 October 2011

ENVIRONMENT DIRECTORATE
CHEMICALS AND BIOTECHNOLOGY COMMITTEE

Case Study an use of an Integrated Approach for Testing and Assessment
(IATA) for Systemic Toxicity of Phenoxyethanol when included at 1% in a body
lotion

Series on Testing and Assessment,
No.349

&) OECD

JT03483903

cityar aren.

OECD (2021)



https://doi.org/10.1016/j.fct.2017.08.043
https://doi.org/10.4103/0971-6580.85882
https://www.canada.ca/content/dam/eccc/documents/pdf/pded/bioactivity-exposure-ratio/Science-approach-document-bioactivity-exposure-ratio.pdf
https://health.ec.europa.eu/document/download/9770133c-8120-47cf-81e6-5af997060724_en?filename=sccs_o_273.pdf

SEAC | Unilever

Guiding principles for the ab initioNGRA applied to the

Benzophenone-4 case study
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Benzophenone-4 (BP-4) case study

@ English Search

Newsroom

Growth | Topics v | Archives

OVERVIEW » NEWS

Call for data on ingredients with potential endocrine-disrupting
properties used in cosmetic products

Is a tiered NGRA approach is sufficiently protective and useful to answer
a real-life question?

Is Benzophenone-4 safe in a sunscreen
product at the maximum approved
- level of 5%7?

Unilover
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Identified use

scenario

Framework
used for BP-4 molecular

structure

Collected TTC not possible
? OH » Assumed no animal or human data available

Generated in vitro ADME data and Performed PBK modelling to derive See tiered approach
systemic exposure concentration (SEC) (plasma C,,,., estimation) for internal exposure

Identified

/CH 3 Generic hypothesis: Biological activity measured using a broad suite of human-relevant test systems is sufficiently protective. If
O bioactivity is not observed at concentrations experienced systemically in consumers then there are no adverse effects. PBK model
indicated that concentrations of BP-4 is higher in the kidney than in any other organ, therefore a relevant kidney cell model was
included in the testing strategy. In silico tools predicted binding to estrogen receptor.

Generic Core tools?

______________________________________________________________________________________________________________________________________________________________________________________________________

i Broad suite of assays and analysis used as part of

the systemic toolbox as outlined in Middleton et al: EATS activity: Investigated the BP-4 Tools to
estrogenic, androgenic, transport, clearance and address specific
: risk assessment

questions

Cell stress panel (CSP) in HepG2 cells thyroidogenic and toxicity in the primary
In vitro pharmacological profiling (IPP)?

High-Throughput transcriptomics (HTTr) in
HepG2, HepaRG, MCF-7 cells

steroidogenesis using human proximal tubule
CALUX assays model (aProximate™)

Calculation of Bioactivity-Exposure ratio (BER). Assessment
based on lowest of PODy,,, together with weight of evidence

COSMETICS

Dy
% %§ Risk evaluation and
%ég@? TTC: threshold of toxicological concern risk assessment
Unllever  PBK: physiologically based kinetic modelling documentation



Derek

nexus

Gathering information: In silico results

‘Benzophenone-4 did not trigger many alerts within the tools ‘w Meteor

nexus

used. The most common alert across the tools was for skin

&) OECD

sensitisation, or protein binding as an indication of skin

sensitisation, in the DEREK, TIMES and OECD Toolbox outputs.

‘Benzophenone-4 triggered one potential alert for estrogen

receptor binding in the VEGA profiler, however this was not \V.EGHN\ @P ERA
(0)

. . PE RA
consistent across other profilers that also assess estrogen R

receptor activity.

Follow up with in vitro assays to confirm whether or not
BP-4 binds to estrogen receptor and other endocrine
related endpoints - CALUX EATS (estrogenic, androgenic,
thyroidogenic and steroidogenesis
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Tiered approach for Exposure estimation )"C reme

GLOBAL

Table 2: Estimated daily exposure levels for different cosmetic product types according
to Cosmetics Europe data (SCCNFP/0321/00; Hall et al., 2007, 2011).

Calculated
o o Product type d:ifti:r:?udnt ':rerl':’t”‘\:‘: Retention Cald:::f;e‘j I-etj‘a'tlwe
Level 0: Characterise exposure scenario’ i o™ | Sppies | ocer! | exore | 220
[ ] (ma/kg bw/d) (g/d) (m/kg bw/d)
Bathing, showering ‘ ‘ | |
) Bathing
Shower gel 18.67 g 279.20 0.01 0.19 2.79
* 5% in Sunscree oduct
(0] I n u n r n r u 7 Hand wash soap 20009 | - | 001 | 020°]| 333
Hair care
M M M Shampoo 1046 g 150.49 0.01 0.11 1.51
* 18g/day, two times, 9g/application, oot | st || on | oo | ou
Hair styling
P duct: 4,009 57.40 0.1 0.40 574

« On body and face 17500cm?2 (total body area)

Level 1: PBK model built with in silico parameters only
& sensitivity analysis'2
« Predicted sensitive parameters

« Fup (Fraction unbound in plasma)
« Liver CL,, (intrinsic clearance)

« Dermis water partition coefficient
« Dermis diffusivity

Level 2: PBK model built with vitro parameters’-2

N

n\‘w
GastroPI
Release Webinar, April 23: 5'PI ED'

%?&@ﬁ 422. F SimulationsPIusf
Unllevers  2Moxon et al. 2020. Toxicology in Vitro, Volume 63, 104746. 2
3Li H. Toxicol Appl Pharmacol. 2022 :442:115992.

L]
u S 9 (] ;
M PDT (Los Angeles)

Ti (New York) | 8 Al

Dy
; Hall et al., Food and Chemical Toxicology 49 (2011) 408-
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PBK model simulation of C_ , for an American female with 60kg bodyweight

BP4-Systemic Exposure-repeat

%8 Kidney cellular 2.3 uM
g ’ Plasma 2.1 uM
Z1s
= BP-4 concentrations in
g 1 plasma and different
2 tissues after repeated
© 05 exposure of body lotion

. 18g/day, i.e., 9g twice per

day for a period of 10 days,

0 24 48 72 9 120 144 168 192 216 240 :
with 5% BP-4, on the whole

Time (h) bod
——Kidney cellular Plasma ody.
Kidney tissue total Kidney extracellular
Lung Adipose
- Muscle Liver tissue total
%éé@@i = Liver cellular = Liver extracellular
Uiiﬂ:zr Heart ———Brain

Repro
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Key bioactivity NAMs

/ Invitro pharmacologlcal profiling / Renal Toxicity \

S CALUX bioassays and binding Nephrotoxicity (3 donors, duplicate per donor) 8 concentrations,
receptor GPCR panel assays: TTR-TRB- and hTPO 24h and 72h tlmepOIntS ‘
H\NM' AR CALUX
/ L ~79 , 10od . -+ nos9 ° KIM-1
Tra::ic;:hw /,.f \ Ion:;;acr;ncl targets "E;_ E : ;S_? o NGAL
o ¢ Clusterin
//'E : : « TEER (Day 0 and Day 3)
nyme pane =
( S ot ettt e ATP
- . T eem T - LbH T
<% eurofins } -
Cerep Newcells aProximate™ platform
Bowes et al. 2012. Nat Rev Drug Discov 11(12): 909-22 Pi .. .
Sonneveld et al. 2005. Toxciol Sci 83(1): 136-48 iyush Bajaj et al. 2020. Toxicology. 442, 152535

BHOL Moan dccurltion Pt

CRID: 2435
Assay: Inflammation & pH Assay

/ High-Throughput transcriptomics ﬁ / Cell stress panel (CSP)

/

TempO-seek technology - full

: /‘i Chemlca!: Benzophenone-4
gene panel : / + 36 biomarkers covering 10 Blomarer IcAM
» 24hr exposure | iy cell stress pathways

« 7 concentrations | * HepG2

* 4 cell models: HepG2, MCF7,
HepaRG and aProximate cells

» 24hr exposure

Normalised response

* 8 concentrations

» Dose-response analysis using

« Dose-response analysis
BMDExpress2 and BIFROST

using BIFROST model

Concentration (uM)

g : 58 E = G e 1| ||
model - , . — / \ /
Reynolds et al. 2020, Comp Tox 16: 100138 Hatherell et al. 2020. Toxicol Sci 176(1): 11-33

Baltazar et al. 2020. Toxicol Sci 176(1): 236-252


https://newcellsbiotech.co.uk/nephrotoxicity/
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Results from the key NAMs- Deriving Points of Departure (PoDs) and BERs

BERs calculated for all individual NAMs tested

PODy,y Value [BER (using C,, of

Cell type |POD Type
Yp nav 'YP (M) 2.1 uM)

Global PoD

Cell stress panel [g[sJcp 140

HTTr HepG2 Global PoD 4.2 2

PODyn Value |BER (using C,, of

Cell type |POD Type

Global PoD 52 25

Calux (hTPO-
Global PoD 5.5 2.6 - LOEC 300 143
Calux (T4 binding
- LOEC 630 300

enal biomarkers
240 24h PTC Global PoD >1000 NA
pathway BMDL r exposure)

HepaRG

MCF7

Lowest

L t Renal biomarkers

owes

MCF7 330 157

pathway BMDL (72 hr exposure)
HTTr (renal cells)

(24 hr exposure)
HTTr (renal cells)

PTC Global PoD >1000 NA

PTC Global PoD 320 152

BER= PoD/Plasma C PTC Global PoD 320 152

(72 hr exposure)

max
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Results from the key NAMs- Deriving Points of Departure (PoDs)

Very little bioactivity: high throughput transcriptomics in HepG2 cells gave the lowest
point of departure

Benzophenone-4 HepG2

I
mﬂm 240 UM ) Bioactivity:Exposure Ratios

Gene level =

Maximum log; fold-change (median)

&
=
FGRBaIPeO -~ """~ ~~=~=7==77

101 10? 107
%g’% PoD median (blue) / BMDL (orange) (uM)
<

Unilever
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Acceptable BER?

Conceptually, with the following assumptions a BER>1 indicates a low

risk of adverse effects in consumers following use of the product:

a) The invitro measures of bioactivity provide appropriate biological

coverage

b) Thereis confidence that the test systems are at least as sensitive to

perturbation as human cells in vivo

¢) The exposure estimate is conservative for the exposed population

s o
= o
[ ,g’? ok
L

Unilever
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Considering the determinist BER using lowest PoD (BER=2)

PBK level: L2

‘enzuphen-:-ne«d. Dermal, Sunscreen

I I I I
10~> 10-3 10-1 10! 10° 10°
Bioactivity exposure ratio

Given all the information before, how confident would you be to conclude low risk?

(G

()
a@!{g}'—u
it

¢
Unilever
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What if the same approach was applied to 10 other chemicals with
varying risk classifications

PBK level: L2
Correlation: -0.68

‘Ilan narmide, Dermal, Hair Conditioner, 0.1%
iaﬁeine. Dermal, Shampao, 0.2%
‘:}umarin. Oral, Food, 4.1 mgfday

4 i:}umarin. Oral, 0.1 mg'kg bwiday .
20 e, Derma, 2 majens 25 cr Chemical exposures
‘exrlresnn:inul. Cral, Feod residues, 0.0033 mo/kg bwiday scenarios

‘ut;.'lated hydroxybeluene, Dermal, Body Lotion, 0.5%

‘Iiacinamide. Oral, Food & Drink, 22.2 mgfday ‘Low’ risk (from
15 - ‘ex:,'lresercinul, Dermal, Face Serum, 0.5%

consumer goods
PBK level: L2 perspective) — e.g. foods,

cosmetics

Rank

PN

l ‘enmphenoneui. Dermal, Sunscreen ngh I’ISk (from
consumer goods
perspective) — e.g. drugs

T T
1073 1073 1071 101 103 107
Bioactivity exposure ratio
LR ULILI, 11T SV RS, S p TGO Uy LU UL TSR 1 0wy
Laffeine, Oral, Overdose, 10g
Rosiglitazone, Oral, Medical, 8 mg/day
Paraquat dichloride, Oral, Pesticide poisoning, 35 malkg/day
0 Doxorubicin, Intravenous, 75 mg/m?fday for 10 minutes
f T T T T 1
10— 1073 1071 101 103 10°

Bioactivity exposure ratio

Dy

L

Univr Note: Low risk is different than low toxicity; it is all about integrating exposure.  Middleton et al., 2022



https://doi.org/10.1093/toxsci/kfac068
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NAM Systemic toolbox remains protective (95%) when 38
additional chemicals and 70 exposure scenarios were tested

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

grde—nhalation, Inhalation

« Toolbox not protective for 3/55 of
the high-risk exposure scenarios

80

« Chemical- Exposure scenarios not
protective for:
o Warfarin therapeutic oral dose
o Trimellitic anhydride inhalation
exposure

60

Rank

40 -

« Using BER>11, only 23% of the low-
risk chemical-scenarios would be
correctly identified as such

o Forthe other 77%, refinement
by using approaches to
distinguish bioactivity from
adversity would be needed.

20 4

mi Rf
o - #zathioprine, Oléz.a&h c; E}ﬁ g“hﬁfﬁj‘.lg IE}D

T T T T
10-5 103 107! 10! 103
Bioactivity exposure ratio

Manuscript in preparation *BER > 11 from Middleton et al., 2022
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Conclusion & reflections

- Case studies have demonstrated it is possible to integrate exposure
estimates and bioactivity points of departure to make a safety decision
without generating animal testing.

« These case studies showed that the approach is exposure-led and follows
a tiered approach for both exposure and bioactivity

 Bespoke NAMs can be added to the NGRA to fill gaps identified along
the process

 ‘Early tier’ in vitro screening tools show promise for use in a protective
rather than predictive capacity.

e " NGRA requires a mindset shift and a multidisciplinary team!
L

Unilever
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