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Next Generation Risk Assessment (NGRA)
Whatis NGRA?

1. Using new tools and approaches to build a risk assessment to enable
decisions to be made

2. An exposure-led risk assessment solution to biological pathway-indicated
hazard concerns
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Chemical safety - India (Using non animal
approaches)

1. Animal testing bans in place for cosmetics in many countries across the world
2. Unileveris a part of the Working Group of BIS - updating the Methods of Test
for Safety Evaluation of Cosmetics (IS: 4011) as well as Standard for Soaps

and Surface Active agents to include non animal approaches
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METHODS OF TEST FOR

SAFETY EVALUATION OF COSMETICS
ANNEX B

[Table 1, Sl No. (111)]
JERNATE METHODS FOR SAFETY TESTING

(Source R ¢ — OECD Guidelines, EURL ECVAM Recommendations)
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Can we use a new ingredient safely?

Can we safely use x% of an ingredientyina
product z?




EU scientific committee on consumer safety (SCCS)
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OECD tests that don't use animals: used for
many end-points
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Outline

1. Case study background: assuring the safety of 1% phenoxyethanolin body lotion

2. Methods used &)) OECD

Organisation for Economic Co-operation and Development

ENV/CBC/MONO(2021)35
3. Results Unclassified English - Or. English

27 October 2021

ENVIRONMENT DIRECTORATE
CHEMICALS AND BIOTECHNOLOGY COMMITTEE

4. Conclusion

Case Study on 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
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Rotroff, et al Tox.Sci 2010

Slide from Dr Rusty Thomas,

EPA,
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EPA, NTP, HC, A*STAR, ECHA, EFSA, JRC, RIVM...

Z A P c RA FAREC 414/448 chemicals =
J o< H ;- > . : L . .
ACCELERATING THE PACE OF N g 92% of the time this
CHEMICAL RISK ASSESSMENT S "’fev.‘ i naive approach appears
A Y conservative

Can we apply a similar
bioactivity: exposure comparison
not for the purposes of
prioritization but for safety
assessment?

Katie Paul-Friedman et al. 2019 Tox Sci
173(1): 202-225
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Guiding principles

TIER O: Ipenticy T
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SEURAT-1 Framework (Gocht et al 2014)

Computational Toxicology 7 (2018) 20-26

Contents lists available at ScienceDirect

A

Computational Toxicology

journal homepage: www.elsevier.com/locate/comtox

Principles underpinning the use of new methodologies in the risk assessment = ) |
of cosmetic ingredients =0

Matthew Dent™", Renata Teixeira Amaral”, Pedro Amores Da Silva”, Jay Ansell®, Fanny Boisleve",
Masato Hatao®, Akihiko Hirose', Yutaka Kasai®, Petra Kern", Reinhard Kreiling’, Stanley Milstein’,
Beta Montemayor”, Julcemara Oliveira, Andrea Richarz™, Rob Taalman"”, Eric Vaillancourt®,
Rajeshwar Verma', Nashira Vieira O'Reilly Cabral Posada', Craig Weiss”, Hajime Kojima'

ICCR Principles (Dent et al 2018)

SEURAT-
OXFORD

UNIVERSITY PRESS

N\

Chemical Structure Broad Coverage, Multiple cell types Tier1
and Properties High Content Assay(s) +/- metabolic competence
r
' '
No Defined Biological Defined Biological Target
Target or Pathway or Pathway
\_ /
4 . N\
Tier 2
Select in Vitro Orthogonal confirmation
Assays
. J
/ I l Tier 3
l Existing AOP J l No AOP ]
In Vitro Organotypic Assays and Identify Likely Tissue,
Assays for other KEs Microphysiological Organ, or Organism Effect
and Systems Modeling Systems and Susceptible Populations
\_ J

Estimate Point-of-Departure
Based on Biological Pathway or
Cellular Phenotype Perturbation

Estimate Point-of-Departure
Based on AOP

Estimate Point-of-Departure
Based on Likely Tissue- or
Organ-level Effect without AOP

Toxicological Sciences, Volume 169, Issue 2, June 2019, Pages 317-332,
https://doi.org/10.1093/toxsci/kfz058

The content of this slide may be subject to copyright: please see the slide notes for details.



https://doi.org/10.1093/toxsci/kfz058

ICCR Nine principles of NGRA

4Main overriding principles:

« The overall goal is a human safety risk assessment
« The assessmentis exposure led

 The assessmentis hypothesis driven

 The assessmentis designed to prevent harm

International Cooperation

on Cosmetics Regulation

° ° ° ;‘, ,3§ ) Computational Toxicology
Principles describe how a NGRA should be ot
c o n d u c te d : Principles underpinning the use of new methodologies in the risk assessment L:
of cosmetic ingredients =
» Following an appropriate appraisal of existing information Nt e e e Amar' e A S, J Al Fny o

Masato Hatao®, Akihiko Hirose’, Yutaka Kasai®, Petra Kern”, Reinhard Kreiling', Stanley Milstein’,
Beta Montemayor", Julcemara Oliveira', Andrea Richarz™, Rob Taalman“ Eric Vaillancourt®,

« Using a tiered and iterative approach e i S . e
« Using robust and relevant methods and strategies

4 Belgium
* Clariant Prodikte (DE) Gk, Giobal Toxicology and Ecomicolagy, Am Unisys-Park 1, 65843 Suizhach, Germany
4 US Food and Drug Administrtion (US FDA), Ofice of Cosmetics and Colors (OCAC), Center for Food Safety and Applied Nusrition (CFSAN), 5001 Carmges Drive,

2 Principles for documenting NGRA: e

« Sources of uncertainty should be characterized and documented
* The logic of the approach should be transparent and documented




Existing data

1. Data for 1,646 assays found in the PubChem database, 3 non-animal assays
positive:

Human retinoid X receptor (RXR) agonism

- Arylhydrocarbon receptor (AhR) activation

« Human SUMO peptidase NEDD8 specific (SENP8) inhibition

« loss of function results in defective cell cycle progression

2. Data for 785 ToxCast/Tox21 assays (1 potential positive)

 Trans-activation of retinoic acid receptors (RARa, RARb, RARg, RXRa, RXRb and RXRg) and
cis-activation of DR5 response elements by RAR/RXR negative

« AhR assays negative (one of these was the same assay reported above using a different
analysis method)

« Positive hit from one of the BioMap Diversity 8 assays




New data generation and predictions

Bioactivity
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|| Highthroughput | i
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Exposure assessment

In silico predictions
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INNOVATIVE CELL BASED SCIENCE

PBK modelling (parent and metabolite)

PhE Concentration
35

Plasma —
Liver —

Concentration (uM)
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Time (h)

PAA Concentration

Concentration (uM)
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Population PBK modelling output

Blood Blood Blood Blood Kidney' Kidney
PhEC_ . PhEAUC,, PAAC__ PAAAUC,, PAAC__ PAAAUC,,
MM pmol*h/L MM pmol*h/L MM pmol*h/L

Average 3.7 7.3 10.5 230 36 789

SD 1.4 4.2 4.9 115 17 401
5th %ile 1.8 3.3 4.5 93 15 312
Median 3.6 6.2 9.3 206 32 699

95th %ile 6.2 15 20 453 69 1569




In silicotools to identify possible MoA

« Derek Nexus (v5.0.2 Lhasa Ltd)
‘inactive (hegative) in the Ames assay

« OECD QSAR Toolbox v. 4.1

*in vivo mutagenicity (micronucleus) in rodents: 1 R
alert for H-acceptor-path3-H_acceptor ToxCast Model Predictions

« CERAPP and CoMPARA

& Download ToxCast Model Predictions +

Model Receptor Agonist Antagonist Binding
° n o bi n d i n g p red icted € ToxCast Pathway Madel (AUC) Androgen 0.00 0.00
6 ToxCast Pathway Model [AUC) Estrogen 0.00 0.00 -
f. l € COMPARA (Consensus ) Androgen Inactive Inactive Inactive
¢ Co s M 0 S p ro I e rs 0 CERAPP Potency Level (From Literature) Estrogen Inactive (Inactive) Inactive {Inactiva) Inactive (Inactive)
€ CERAPP Patency Level (Consensus) Estrogen Inactive (Inactive) Inactive (Inactive) Inactive (Inactive)

(https://knimewebportal.cosmostox.eu/com.knime.enterprise.

server/#login /)

potential binding to Thyroid Hormone Receptor (THR)
- MIE Atlas (Allen et al. (2018) Tox Sciences doi:

o 10.1093/toxsci/kfy144)

no alerts

e
G
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https://knimewebportal.cosmostox.eu/com.knime.enterprise.server/#login /

Bioactivity assays
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BioMap Diversity 8 Panel (ToxCast)



BioMap Diversity 8 Panel (ToxCast)

Houck, K. A. et al. (2009) Journal of Biomolecular Screening. 14(9), 1054-

o United States
N Environmental Protection
\’ Agency

1066.
doi:10.1 3C 4H LPS SAg BE3C CASM3C HDF3CGF  KF3CT
Cell System | Endothelial Endothelial PBMC + PBMC + Bronchial Coronary Fibroblasts Keratinocytes
(IL1b+TNFa+l | (IL4+Hist) Endothelial Endothelial Epithelial artery SMCs | (IL1b+TNFa+ | + Fibroblasts
FNy) (TLR4) (TCR) (IL1b#TNFa+ | (IL1b+TNFa+ | IFNy +EGF ((IL1b+TNFa+
IFNy) IFNy) +bFGF+PDG IFNy +TGFb)
F-BB))
= 7 aex caouscsan o : B Biological readouts
§ associated with anti-
E i | proliferative and
m | tissue  remodelling
| | activities across all
! | cell systems
ACs (16.6 uM) | . No ssignificant change
;/, . inany other cells or
N ———— P — j markers (including IL8
" : A T 1 : T i orlLe6)
Log Concentration (uM)
. Constant Model . Gain-Loss Model . Hill Model




In VitroPharmacological Profiling & eurofins

Bowes et al 2012. Nature Reviews: Drug Discovery 11 909-922
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In VitroPharmacological Profilin
Bowes et al 2012. Nature Reviews: Drug Discovery 11 909-¢

Mean % inhibition for Bowes 44

panel

CCK1 (CCKA) (h) (agonist radioligand)
ETA (h) (agonist radioligand)
N neuronal alpha 4beta 2 (h) (agonist...
KV channel (antagonist radioligand)
PDE3A (h)
NMDA (antagonist radioligand)
5-HT2B (h) (agonist radioligand)
CB1 (h) (agonist radioligand)
Na+ channel (site 2) (antagonist radioligand)
cox2(h)
5-HT2A (h) (agonist radioligand)
Ca2+ channel (L, dihydropyridine site)...
5-HT transporter (h) (antagonist radioligand)
GR (h) (agonist radioligand)
Potassium Channel hERG (human)- [3H]...
PDE4D2 (h)
5-HT1B (antagonist radioligand)
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Lck kinase (h)
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dopamine transporter (h) (antagonist...
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kappa (KOP) (agonist radioligand)
beta 2 (h) (antagonist radioligand)
M2 (h) (antagonist radioligand)
D1 (h) (antagonist radioligand)
5-HT1A (h) (agonist radioligand)
5-HT3 (h) (antagonist radioligand)
D2S (h) (agonist radioligand)
mu (MOP) (h) (agonist radioligand)
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All binding and enzymatic
assay results were
negative at 10 uM

No receptor/target-led
pharmacological effect
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receptor GPCR panel
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Transporter lon Channel
panel panel

Enzyme panel



In VitroBioactivity: Tempo-Seq Technology

. [ ] .
1. Defining a safe operating exposure for Blo Spyder
systemic toxicity using a NOTEL (No
Observed Transcriptional Effect Level)
2. Defining compound similarity grouping
(Read Across)
NOTEL is the derived concentration of a B
compound that does not elicit a meaningful rincomg e
changein gene expression (i.e. the threshold I S
of the concentration that elicits minimal ==
mechanistic activity). Cells treated for 24-
hours, BMDExpress2 used to model response.

Cell lines (chosen to express a range of relevant
receptors)

MCF-7 - human breast adenocarcinoma cell line
HepG2 - human liver carcinoma

HepaRG - terminally differentiated hepatic cells
that retain many characteristics of primary
human hepatocytes + as spheroids

s Dy
?r‘.% ]
oy
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In VitroBioactivity: NOTELs from 3 cell
types

- Applying filtering criteria (Farmahin et al., 2017) resulted in fewer
than the recommended 20 pathways for NOTEL calculations for
each cell line. A very conservative approach of modelling the
pathways with the lowest BMDs was used:

BMD,, of pathway with 552.90 760.33 232.00
the lowest BMD,, (uM)

BMDL,, 220.92 512.84 171.25
BMDU,, 911.72 1648.51 557.20

- HepG2 had fewest genes affected and only one pathway showing
significant response to treatment (signal transduction)

* In HepaRG cells, cytochrome p450 genes CYP2B6 and CYP2A6
showed the greatest fold changes
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In VitroBioactivity: Cell Stress Panel
Hatherell et al., 2020 Tox Sci doi: 10.1093 /toxsci/kfaa054

.. An EWOTEC cOMPARY

~40 Biomarkers; 3 Timepoints; 8 Concentrations; ~10 Stress Pathways

Step 1

Selection of stress pathways

!

Mitochondrial Toxicity , Oxidative
Stress, DNA damage, Inflammation, ER
Stress, Metal Stress, Heat Shock,
Hypoxia, Cell Health

!

-—)

Selection of biomarkers, probes or
antibodies and optimisation of high-
contentimaging

!

Selection of cell line, exposure
scenario and timepoints

!

HepG2 cell line, single exposure,
1h, 6h and 24h

Step 2

Selection of chemicals according

to different classes and exposure

scenarios (based on typical use of
compound)

| |

Non-stress inducers

® Caffeine (beverages, cosmetics)
Coumarin (food, cosmetics)
Niacinamide (food, cosmetics)

Phenoxyethanol_(cosmetics)

Stress inducers

CDDO-Me (drug)
Sulforaphane (food)
DEM (industrial chemical)
tBHQ (antioxidant)
Doxorubicin (drug)
Diclofenac (drug)
Triclosan (antimicrobial)
Troglitazone (drug)
Pioglitazone (drug)
Rosiglitazone (drug)

Step 3

Selection of in vifro concentrations
based uponrealistic human
exposures

!

Stress pathways

Information on human exposure
obtained from human clinical trials or
PBK modelling

!

Selection of 8 in vitro concentrations
(upper bound limited by ~20%
cytotoxicity

Key

® Exposure scenario adopted for
chemical is ‘high risk’ (from
consumer goods perspective).

® Exposure scenario adopted for
chemical is ‘low risk’ (from
consumer goods perspective).

Mitochondrial Toxicity
Oxidative Stress
DNAdamage
Inflammation

ER Stress

Metal Stress
OsmoticStress

Heat Shock

Hypoxia

Cell Health




In VitroBioactivity: Cell Stress Panel
Hatherell et al., 2020 Tox Sci doi: 10.1093 /toxsci/kfaa054

Phenoxyethanol - I I
Niacinamide - I 2 i
Coumarnin - I _-l
Caffeine - I > I
Diclofenac - I o% .4
DEM 4 No Cmax available ) L. ._H
mﬂo i I .- » - .F. :3
Triclosan -+ :’ o '.'.Ia
Troglitazone - L il l e 1 4
Pioglitazone hydrochloride 4 ” .-. . l '.o.nl
Sulf _ I X I-'-: .i — Max. conc. tested
mpham . . - - w—— Cmax estimate
o S . Min. cytotoxicity
Rosiglitazone - 7 'I ---l_hom' arker
CDDO-Me - o l N _‘ o l ® 1 hour PoDs
- . o . " - . 6 , : PODS
Doxorubicin 4 . W L_: .-:-:0:01 | @ 24 hour PoDs
1074 10-2 10° 10° 10*

Concentration (uM)




Bioactivity: Exposure comparison for
phenoxyethanol

Concentration (uM)

100005

1000+

1004
104
13
Y I ................. I ..........................
v A
& & &
Q@Q Y <

Cell line

P95 Ciax
Mean C,,.x

PO5 C,,ax

P95 Cave rage

Mean Cave rage

P05 Cave rage

Comparison of 24-hour pathway
NOTELs (BMDL10, BMD10 and
BMDU10) for phenoxyethanol in
3 cell lines with exposure
predicted by population PBK
modelling. Dot represents
BMD10, error bars show 5th and
95th percentile BMD (BMDL10
and BMDU10 respectively). The
lowest pathway BMDL10 (HepG2)
was 28 and 280 times higher
than the 95th percentile Cmax
and Caverage values
respectively.
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In vitrokinetics refinements

24-hour full dose-response performed on phenoxyethanol only

Was PAA formed in these studies?

MCF-7, HepG2
and HepaRG
cells cultured

e Dosed with
phenoxyethanol at
10, 30, 100, 300 or
1000 uM

Phenoxyethan
ol and PAA
analysed

¢ In cell lysate and
medium

Concentration
determined

e Extracellular
e Cellular



Formation of PAA in HepG2 and HepaRG cells

15000 =

B HepG2
12500
A HepaRG
J
? 10000
'©
E
2 7500
)
-}
<
&  5000-
<
o
2500

Log dosed concentration of phenoxyethanol (uM)

800 =

N  HepG2

A HepaRG

10
Log dosed concentration of phenoxyethanol (pM)

HepG2, HepaRG and MCF-7 cells were incubated at approximately the
same seeding density and under the same conditions used in the cell
stress and whole genome transcriptomics assays, and dosed with
phenoxyethanol at concentrations of 0 (control), 10, 30, 100, 300 or
1000 uM for O, 1, 3, 6 or 24-h. Cmax and AUC values for cell-associated
PAA shown. Negligible formation of PAA in MCF-7 cells.



Handling of major stable metabolite

Phenoxyacetic acid: In vitro AUC against log nominal in vitro dose Phenoxyacetic acid: In vitro C,,,, against log nominal in vitro dose
15000 - 800+
B  HepG2
. 12500+ B HepG2
=
< A HepaRG < A HepaRG
X -
E 10000 R P
HepaRG NOTEL 221 uM
3’ 25100 S T I } PhE ~ 492 uM ceIIuI:r
é HepaRG NOTEL 221 uM ~ o PAA
AUC 7163 umol*h/L cellular c>c<s
S 5000 PAA g
2 ............................................ (O RERREEREEY CLREEEY CRERREEREE H e;)(.;z. NOTEL171 M phE """
~ H
2500+ Aﬂg"ggg%ﬁtﬁiﬂfuﬂs‘r ~217 uM cellular PAA
PAA
0 r r . — r r —
1 10 1 10
Log dosed concentration of phenoxyethanol (uM) Log dosed concentration of phenoxyethanol (uM)

Interpolation of PAA Cmax and AUC at NOTEL for phenoxyethanol




Exposure Ratios

Chemical

Worst case
Mean

Best case
Worst case
Mean

Best case

s Dy
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Unilever

umol*h/L  puM
15 6.2
7.3 3.7
3.3 1.8
1569 69
789 36
312 15

Margin of internal exposures/Bioactivity

umol*h/
L
3215
4381
10708
3550
4206
6573

AUC24 Cmax AUC24 Cmax AUC24 Cmax

Y

171 214 28
232 600 63
557 3245 309
217
249
359

Worst case = BMDL/P95 Exposure; Mean = BMD/Mean Exposure; Best case = BMDU/P5 Exposure



Key uncertainties

Range of biomarkers assessed (when do you have enough data?)

In vitro kinetics

Duration of studies (is 24-h adequate?)

Point of departure (limited number of cell lines)

Exposure MoS/BER
(following use of
ingredient at 1%

1.23mg/kg/day 357 mg/kg/day 290
Assessment*

NGRA based on 6.2 uM 171 pM 28
ax @NAd NOTEL
NGRA based on 15 pmol*h/L 3215 pmol*h/L 214
s AUC,,and NOTEL
fﬁm;w * Based on rabbit dermal 90-day study (SCCS Opinion on

Phenoxyethanol)



https://ec.europa.eu/health/scientific_committees/consumer_safety/docs/sccs_o_195.pdf

Figure 1 How the data used in this case study map to the Next Generation Risk
Assessment workflow for systemic effects, and the order in which the case study
was performed (Berggren et al., 2017)

SCCS Notes of Guidance 90th percentile exposure

TIER O: ST
" 1. IDENTIFY USE ‘
IDENTIFY ‘ — |
USE SCENARIO,
CHEMICAL OF - N

" 2. IDENTIFY MOLECULAR ‘
CONCERN ' STRUCTURE —
AND —> ‘[ ExXIT TTC ‘
COLLECT =————

EXISTING M 3. COLLECT EXISTING DATA \
INFORMATION

4. IDENTIFY ANALOGUES, SUITABILITY
ASSESSMENT AND EXISTING DATA

DA
TIER 1: [5. SYSTEMIC BIOAVAILABILITY

HYPOTHESIS (TARGE[ ORGANS, INTERNAL
FORMULATION | CONCENTRATION)
FOR AB INITIO

APPROACH

6. MIOA HYPOTHESIS |
GENERATION (WEIGHT OF
EVIDENCE BASED ON
AVAILABLE TOOLS)

to body lotion, ingredient present at 1%

Existing data harvested from PubChem and ToxCast,
no animal data considered in the evaluation

TTC or read across was not a focus for this case
study

PBK model developed using literature inputs: no
in vitrodata were generated in Tier 1.

Possible metabolic products predicted /in silico
using Meteor

TIER 2: 7a.
APPLICATION [Tmusrrsn
OF AB INITIO TESTING |

APPROACH

(v vivo
CLEARANCE,

IN VITRO
STABILITY,

EXTRAPOLATION,
UNCERTAINTY ESTIMATION,

MARGIN OF SAFETY

In silico tools used to supplement existing in vitro
data to try to identify any modes of action of concern:

/ 78. BIOKINETIC
REFINEMENT

POPULATION,

 PARTITION)

Targeted testing: High throughput
transcriptomics in HepG2, HepaRG and MCF-7
cells; cell stress panel in HepG2 cells; /n vitro
pharmacological profiling.

Biokinetic refinement including population modelling,
confirmatory in vitro clearance data, confirmatory in
vitrometabolite characterization in primary
hepatocytes and in cells used in targeted testing.

[ 8. POINTS OF DEPARTURE, |
IN VITRO iN VIVO

% By y
W X - ‘
% S5 9. FINAL SAFETY ASSESSMENT

. OR SUMMARY ON
Unilever

INSUFFICIENT INFORMATION
4

Margins of internal exposure based on C,,, and AUC,,

of both phenoxyethanol and the stable acid
metabolite




Final Case Study Conclusions

“This case study illustrates an ab initio risk assessment of a cosmetic ingredient
based on the tools and approaches currently available, and provides a possible
approach to evaluating major metabolijte. Although the calculated MolEs were
above 1, which indicated that in vitro bioactivity was not seen at consumer-

relevant concentrations, there were several uncertainties in the risk assessment

which need to be addressed in future work.

More case studies on both high and low risk substance exposures using these tools
and approaches will further help to put the MolE values obtained into context, and

further embed the application of NGRA to cosmetics.”




Extrareading....

Baltazar et a/(2020) A Next-Generation Risk Assessment Case Study for
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Coumarin in Cosmetic Products
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ABSTRACT

Next-Generation Risk Assessment is defined as an exposure-led, hypothesis-driven risk assessment approach that
integrates new approach methodologies (NAMs) to assure safety without the use of animal testing. These principles were T ez Al ot i T
applied to a hypothetical safety assessment of 0.1% coumarin in face cream and body lotion. For the purpose of evaluating

the use of NAMs, existing animal and human data on coumnarin were excluded. Internal concentrations (plasma Cy,,,) were

estimated using a physiologically based kinetic model for dermally applied coumarin. Systemic toxicity was assessed using

a battery of in vitro NAMs to identify points of departure (PoDs) for a variety of biological effects such as receptor-mediated

and immunomodulatory effects (Eurofins SafetyScreend4 and BioMap Diversity 8 Panel, respectively), and general

bioactivi ‘'oxCast data, an in vitro cell stress panel and high-throughput transcriptomics). In addition, in silico alerts for

genom:dgtgr were followed up with the To:(l'railner tool. ‘IhsehPoDs frghrr]: the in uitro]:.ssays \)vere plotted against the www.tt 2 1 c o o rg_

calculated in vivo exposure to calculate a margin of safety with associated uncertainty. The predicted C,,, values for face

cream and body lotion were lower than all PoDs with margin of safety higher than 100. Furthermore, coumarin was not

genotoxic, did not bind to any of the 44 receptors tested and did not show any immunor lulatory effects at cc
relevant exposures. In conclusion, this case study demonstrated the value of integrating exposure science, computational
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