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The objective of a consumer product risk assessment is...

Can we safely use x% of
ingredienty in product z?

Consumer
Exposure

Risk Assessment
Potentialhazards
of the ingredients

Dy
1
e
Unlover  https://health.ec.europa.eu/latest-updates/sccs-notes-guidance-testing-cosmetic-ingredients-and-their-safety-evaluation-12th-revision-2023-05-16_en
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Unilever

Introduction to Next generation risk assessment (NGRA)

NGRA 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’

New approach methodologies (NAMs)2 can be defined as any in vitro, in chemico or
computational (in silico) method that when used alone, or in concert with others,
enables improved chemical safety assessment through more protective and/or
relevant models and as a result, contributes to the replacement of animals.

Dent et al 2018. Computational Toxicology Volume 7, August 2018, Pages 20-26.
2Sewell F et al., 2024. 2024 Mar 25;13(2):tfae044. doi: 10.1093/toxres/tfae044
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An approach to Next Generation Risk Assessment - Protection of human
health

If thereis no bioactivity

Point of departure svstemic toolbox of (NAMS) which observed at consumer-
POD) derived from ystemic toolbox of assays s) whic .
( corzcentration- cover a broad biological space - relevant concentrations,
response data measurements of bioactivity there can be no adverse
[ health effects.

, ‘ Bioactivity exposure
ratio (BER)

Exposure models Exposure estimation:

(PBK, free/ t.OtaI Plasma C,,,,, organ distribution, AUC . .
concentration) The BER is defined as the
Bl 4 Systemic Exposuresepent ratio between the POD and
e
M E the relevant exposure . . . o
‘ metric If thereis bioactivity
observed at
consumer-relevant
' concentrations->isit
E adverse?




Our Key NAMs

Internal exposure - PBK modelling

~

BP4-Systemic Exposure-repeat
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—Liver extracellular
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/ In vitro pharmacological profiling

~

PERSPECTIVES

GPCR panel W

et Reducing safety-related drug
attrition: the use of in vitro
ph, i i

Transporter
panel

lon Channel
panel

/,

TempO-seq technology - full
gene panel

« 24hr exposure

e 7 concentrations

Moxon TE et al., 2020. Toxicology In Vitro, 63, 104746

High-Throughput transcriptomics (HTTr)

—— Adipose
= Liver tissue total

» Various cell models (e.g.
HepG2, MCF7, HepaRG)

» Dose-response analysis using
BMDExpress2 and BIFROST
model

Reynolds et al. 2020. Comp Tox 16: 100138

10° 10* 10? 10°
Concentration (M)

J

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

\{-:': eurofins
Bowes et al. 2012. Nat Rev Drug Discov
11(12): 909-22

Cerep

N

/ Cell stress panel (CSP)

« 36 biomarkers covering
10 cell stress pathways

« HepG2
« 24hr exposure

« 8 concentrations

« Dose-response analysis

,,,,,, O .,
Image kindly provided by Paul Walker (Cyproty

using BIFROST model

ressome

Hatherell et al. 2020. Toxicol Sci 176(1):11-33

Cable S et al., (2024). https://doi.org/10.1093/toxsci/kfae159; Middleton et al., 2022, https://doi.org/10.1093 /toxsci/kfac068
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Our approach for systemic toxicity - A NAM toolbox and workflow

- — . NAM Systemic toolbox
Problem Formulation Systemic-safety toolbox Refine Assessment prOVides Similar level Of
e nG protection as traditional

chemical Use of PBK models to estimate e coV
remaining uncertainties

- internal exposure levels (C,,,,)
‘ Characterise the ’ identified a Tier 0 or Tier 1

approaches for a total of

consumer exposure B3
scenario ‘:3
S
Collate all available e °
| e 48 chemicals and 100
mining) 8 Time Further exposure
Decision s ¥, Decision refinement, e.g. °
cannot 7 N cannot consideration of C h e r ' l I C al eX O S u re
Exit béimide Generation of bioactivity data: be made transporters,
if safety *  Cell Stress Panel metabolism.
decision can be * HTTr (MCF7, HepaRG, HepG2) M
-y [ iy — scenario
4 Point of departure v

iacinamide Hair Conditioner, 0.1%
affeine Shampog, 0.2%
sournarin Food, 4|1 mogiday
@Coumarin 0.1 mgfkq bw/day
@Caffeine 2 mgicm®, 45 cm?

- ; Exit
[ Use of in silico tools } S Safety decision

Exposure-based
H waiving (TTC) H

20

A exylresarcinal Food fresidues, 0.0033 mg'kg bw/day
{ Read Across ] Concentration (uM) -uit:llated hydroxytaluese Body Lation, 0.5%
i : \ / iacinamide Food & Drink. 22.2 mog/day
- g 15 ! @Caumarin Body Lotion, 0.38%
l | @Hexylresorcingl Face Serum,|0.5%
Exit Caicii i and HiR o exylresorcingl Throat Lozengs, 2.4 mog
i isi alculate and compare to iacinamide Body Lotion, 3% ‘N
’fiZ{"LVe‘:;’;:’" thresholds 5 xybenzone Bnd:Lotiun, 0.5% BER= lOWeSt PO D/PlasmCl Cmax
can \ J 10 4 ulforaphane Food & Drink, 3.9 mg/day . ° °
! .Ni.ﬂ:;namidz Food & Drink, 12.5 malkg bwiday Blue: low risk chemical-
@0xybenzone Sunscreen, 2%, :
Weight of evidence assessment with ﬁulfaiaphane Tablet. 60 mgfday exposure scenario
ier 0 i inf ti @ affeife Food & Dnink, 400 mglday
\ Tecund Tt Linformution >, 54 Rnsiglitaﬂnne Madical, 1 mg/12 hours

Doxorubicih 4.5 mgim®/day continuous infusion for four days
Caffeine Oveddose, 1dg
Rosiglitazone Medical, B mo/day

: e Paraquat dichlorilie Pesticide poisoning. 35 mg/kg/day .
if safety decision 0- Doxerubicin 75 maimfday for 10 minutes Blue shaded region BER> 11
1

can be made .

Exit

%g‘?‘% 105 1073 107! 10! 103 10°
%‘&e‘;@‘ Bioactivity-exposure ratio
Unillever

Cable S et al., (2024). https://doi.org/10.1093/toxsci/kfae159; Middleton et al., 2022. https://doi.org/10.1093/toxsci/kfac068
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Making Safety Decisions for a Sunscreen
Active Ingredient Using Next-Generation

Risk Assessment: Benzophenone-4 Case
Study

https://www.altex.org/index.php/altex/ar
ticle/view /2934 /version/2996



https://www.altex.org/index.php/altex/article/view/2934/version/2996
https://www.altex.org/index.php/altex/article/view/2934/version/2996

BP-4 is one of the 28 chemicals for which the call for data took place
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O  OH
Benzophenone-4 (BP-4) case study: Introduction
O O _CH
* In 2019, the European Commission defined a list of 28 cosmetic ingredients with 0”7
potential endocrine activity 0= ou
0

CAS No. 4065-45-6; EC No. 223-
772-2; sulisobenzone; 2-

BP-4 is an UV-filter ingredient used in sunscreen cosmetics to prevent sunburns or ~ Hydroxy-4-

methoxybenzophenone-5-

photodegradation by inhibiting the infiltration of UV light sulphonic acid)

Objective of the case study:

To assess whether a tiered NGRA approach is sufficiently protective and also useful
to answer areal-life question

For the purposes of this exercise, it has been assumed that no in vivoanimal data
exist on the ingredient and no read-across

Focus on systemic toxicity (excluding genetic toxicity or DART) using NAMs

Is Benzophenone-4 safe in a sunscreen product at the
maximum approved level of 5%?
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Tiered approach to risk assessment

Route of exposure, habits &
practises
Literature, databases, In silico
QSARs

Identified Identified molecular Collected

use scenario structure existinr data

Module 1 - Exposure[

Module 0 - Gathering
information

Generated in vitro ADME data and Performed PBK modelling to derive
estimation

systemic exposure concentration (SEC) (plasma C,,,, estimation)

¥

Hypothesis generation: Biological activity measured using a broad suite of human-
relevant test systems is sufficiently protective. If bioactivity is not observed at
concentrations experienced systemically in consumers then there are no adverse effects

Generic Core toolsl, 1
/" Broadsuite of assays and analysisused as .
Module 2 - part of the systemic toolbox': Tools to address spe.clflc risk
Bioactivity ) assessment questions or
characterisation * Cell stress panel (CSP) in HepG2 cells refinement (e.g. metabolism,
* Invitro pharmacological profiling (IPP) specific receptors, additional cell
» High-Throughput transcriptomics (HTTr) in models etc.)
\_ HepG2, HepaRG, MCF-7 cells J J
. Calculation of Bioactivity-Exposure ratio Risk evaluation and risk
= crc:_ilcl:eei;::::n [ (BER).Assessment based on lowest of ] #[ assessment ]
@éésﬁ,},’%’ PODy,y together with weight of evidence documentation

Unilever
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Module 0 - Gathering Identified ] [ Identified molecular ][ Collected ] Route of :’:‘:::i:':s' habits &
information use scenario structure existing data ' Literature, databases, In
_______________ silicoQSARs .
*Tools used: DEREK Nexus, METEOR Nexus, OECD Toolbox, TIMES, OPERA, VEGA O OH

*Results: O O
O/CHB

‘Benzophenone-4 did not trigger many alerts within the tools used.

‘Benzophenone-4 triggered one potential alert for estrogen receptor binding
in the VEGA profiler, however this was not consistent across other profilers that

also assess estrogen receptor activity.

R
Wbl

Unilever
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Module 1: steps to estimate internal exposure

Exposure scenario (applied dose)

Population simulation
* 5% in Sunscreen product, P

« 18g/day, two times, 9g/application (as per SCCS notes of guidance)
* On body and face 17500cm2 (total body area)

ADME data for model building

Core modelinput:

* Absorption(dermalin
case of BP-4)

* Partition coefficients,
fraction unbound,
blood:plasmaratio

* Liver metabolism

+ Passive renal excretion
(glomerularfiltration
rate * fraction unbound)

ol

Unilever

1 e ] Advancedinput (when
i . needed):
| e | « PAMPA permeability
o Brain *
' « Transporterkinetics
transfected cell lines
Muscle -

’ skin | { Gl absorption ]-
model

Intake

v
GFR*fup

Clint Kidney .

« Population of 50% females and
50% males, an age variation
between 16 and 70 years, and
a body weight range between
45-85 kg.

Software: GastroPlus 9.7

@B simulationsPlus

SCIEN
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Module 1: Key ADME findings

o
™

BP-4 (% dose applied)
~

« Limited dermal absorption (0.4%) 0ol A
« Stable in primary human hepatocytes and S9 fraction G TR
o o o . o ime
(liver metabolism is negligible)
« BP-4is asubstrate of OAT1, OAT2, OAT3, BCRP, and 100 eE——
MRP4 which indicates BP-4 is mainly secreted. £ ..  oofacior i
= z
£ — plated
@ -+ nsion
- In contrast, BP-4 was not found to be a substrate of 2 R
transporters involved in reabsorption (movement from g > =59
. m
urine to blood). 0
0 50 100 150 200 250
L. . time (min)
« Limited membrane permeability (from PAMPA assay)
E - SUOGH :ontrol .
3 .
fl L da
25 B e e
“
Unilover 5 =3 © g °°°
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Module 1: plasma Cmax prediction for the population

« Mean population plasma Cmax of

1.25:
0.9 uM (5th and 95th percentile of 0.4 °
and 1.24 uM, respectively) —

= 1.001

« The influx rates of OAT1, OAT2, and =
OAT3 were higher than the efflux S 0.75
rates of BCRP and MRP4, leading to =
substantial concentrations within S
the liver (0.23 pM) and kidney (0.17 S 0.901
HM). =

O 0.25/

- Limited distribution to any other O

organ 0.00/

0 100 200 300
Time (Hours)

Figure. Population PBK simulation results (time course data and C,,,,) on benzophenone-4
iﬁ%? = concentrations in plasma after repeated exposure of body lotion 18g/day;, i.e., 99 two times per
g day for a period of 10 days, with 5% benzophenone-4, on the whole body.
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Problem formulation after collating existing information and exposure
estimation

Hypothesis Testing strategy

 BP-4 could bind to estrogen receptor In vitro CALUX® EATS (estrogenic,
(VEGA in silico tool flagged a potential androgenic, thyroidogenic and
binding to estrogen receptor) steroidogenesis)

« Literature review of cell lines expressing

* Cell models previously tested (HepG2, the key transporters

HepaRG and MCF-7) might lack the N . .
transporters involved in BP-4 organ * Addition of a primary proximal tubule
distribution cell model to evaluate BP-4 bioactivity.

11

« Potential underestimation of bioactivity

« BP-4 distribution to only kidney and liver * Test a systemic toolbox using non
targeted (transcriptomics, cell stress

« Absence of in silico alerts # no toxicity panel) & targeted NAMs (in vitro
pharmacological profiling)

R

W

T
Unilever
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Unilever
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Module 2 — Bioactivit
characterisation

HepaRG, MCF-7 cells

Broad suite of assays and analysis used as part of the
systemictoolbox:

* Cell stress panel (CSP) in HepG2 cells
* |n vitro pharmacological profiling (IPP)
* High-Throughput transcriptomics (HTTr) in HepG2,

r B

Tools to address specific risk assessment
questions or refinement (e.g. metabolism,
specific receptors, additional cell models
etc.)

\_ J

GPCR panel

Transporter lon Channel

panel panel

<% eurofins
\ Cerep

/ In vitro pharmacological profiling \

PERSPECTIVES

©
Reducing safety-related drug

attrition: the use of in vitro
"'79 pharmacological profiling

I targets

Bowes et al. 2012. Nat Rev Drug Discov 11(12): 909-22 /

/ High-Throughput transcriptomics (HTTr)

B ]

+ TempO-Seq technology - full
gene panel

» 24hrexposure -//"

* 7 concentrations

ﬁ / Cell stress panel (CSP)

« 36 biomarkers covering
10 cell stress pathways

HepG2

» Various cell models (e.g.

24hr exposure

HepG2, MCF7, HepaRG)

* Dose-response analysis using
BMDExpress2 and BIFROST

K model
Reynolds et al. 2020. Comp Tox 16: 100138

8 concentrations

Dose-response analysis
using BIFROST model

Image kindly provided by Paul Walker
(Cyprotex)

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

Hatherell et al. 2020. Toxicol Sci 176(1): 11-33
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Module 2 — Bioactivity systemic toolbox:

characterisation * Cell stress panel (CSP) in HepG2 cells
* In vitro pharmacological profiling (IPP)

\_ HepaRG, MCF-7 cells

/" Broad suite of assays and analysis used as part of the '\

Tools to address specific risk assessment
questions or refinement (e.g. metabolism,

specific receptors, additional cell models

* High-Throughput transcriptomics (HTTr) in HepG2, etc.)

J

EATS activity: estrogenic,

androgenic, thyroidogenic and
steroidogenesis

« CALUX bioassays to measure transcriptional
activation and binding assays:

« U2-0OS incorporating the firefly luciferase
reporter gene coupled to Responsive
Elements (REs)

* ERa, AR, TTR-TRB- and hTPO

* In vitro H295R Steroidogenesis Assay (H295R)
utilises human adenocarcinoma cell line
NCI-H295R. Quantification of 17B-estradiol
and Testosterone is performed using the AR
CALUX and ERa CALUX bioassays

Renal Toxicity

Aenal biomarkers (3 donors, duplicate per donor),
8 concentrations, 24h and 72h timepoints in

primary proximal tubule cell: NN
-.q,\'?“\ \ Q“i:’ )
- NGAL %,
- Clusterin % 5
« TEER (Day 0 and Day 3) e
« ATP Newcells aProximate™ platform
 LDH

« Toxicogenomics (3 donors, 2 duplicates per
donor), 8 concentrations, 24h and 72h
timepoints

;@ » 12 concentrations. Calculation of AC50,
?:g,{;gi LOEC and NOEC

Unilever

« Omeprazole and cisplatin added as
benchmarks/positive controls

PiyushBajajetal.2020.Toxicology.442,152535
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Key Results & Deriving Points of Departure (PODs)

HTTr (HepG2, HepaRG, MCF7, PTC)

Two approaches to calculating POD - BIFROST
(gene level HepG2, 4.2 uM) and BMDL (pathway
level Hep G2, 240 uM)

Significantly lower bioactivity was detected in
kidney cells (gene level: 320 uM). No pathways
formed

Cell Stress Panel

Global POD,y = 140 uM

In vitro Pharmacological profiling

Tested up to 10 uM

~83 targets compiled by Cosmetics Europe
Safety pharmacology WG

No hits

Maximum log; fold-change (median)

10.0 -+

7.5 4

5.0 A1

2.5 1

0.0 1

HTTr
Benzophenone-4 HepG2

CGRBaPGD """ T T T T T T T T TS

&5
=]
=
o
0
19
(=]

10! 102 103
PoD median (blue) f BMDL (orange) (uM)

Cell Stress Panel

Benzophenone-4 Toolbox Evaluation Phase Il study (Round 1)

HiF1alpha
Heat Shock Response (Hsp70)

Heme oxygenase 1 -
ICAML 4
-8

I

Intracellular pH -
s

xxxxx
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Key Results & Deriving Points of Departure (PoDs)

hTPO inhibition assay results

Calux assays
« No agonism or antagonism of ER, AR or TR and no effect benzophenone-4
on production of oestrogens or androgens +S9 1004 - MM
-8 benzophenone-4 (pure)

~ "-a- benzophenone (S9 t=0)
—4- benzophenone (S9 t=3)

« Activity towards hTPO and TTR was found at high
concentrations (LOEC= 300-600 puM).

% TPO activity
3

Renal biomarkers (PTC)

* No significant response for BP-4 ; . : ,
-10 -8 -6 -4 -2
» Positive controls (Cisplatin and Omeprazole gave log [benzophenone-4 (M)]
expected dose-response at 72-h) TTR-TRB assay results
benzophenone-4

100- -o- TBBPA

-8~ benzophenone-4 (pure)
D benzophenone (S9 t=0)
| | -+ benzophenone (S9 t=3)

% TTR activity
[4,]
o

[ ﬁ T T T T 1
?%25 A5 42 A0 -8 -6 -4 2
log [benzophenone-4 (M)]
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Module 3- Risk characterisation

In vitro pharmacological profiling ™\

Cell stress panel (CSP) e

= |
ﬁfﬂ ®"
R A -
+ 36 biomarkers covering S ‘—‘e{? "Q‘
10 cell stress pathways | (‘)@ /“@ >
~79 + HepG2 , 6=
targets ) > I A
= + 24hrexposure \ = o3 o 1.25
+ 8concentrations == ‘:IIEQG -
« Dose-responseanalysis Hatherelletal.2020.Toxicol Sci
o, s 176(1):11-33
< eurofins using BIFROST model Image kindly provided by Paul Walker

-
o
o

(Cyprotex)

1112):909- /
2

High-Throughput transcriptomics \ EATS activity: estrogenic, androgenic,
(HTTr) thyroidogenic and steroidogenesis
+ TempO-seq technology - full

gene panel

e
~
(&)}

+ CALUX bioassays to measure transcriptional activation
and binding assays
+ U2-OS incorporating the firefly luciferase reporter
« 7 concentrations P gene coupled to Responsive Elements (REs)
* ERq, AR, TTR-TR@- and hTPO
+ HepG2, MCF7, HepaRG + Invitro H295R Steroidogenesis Assay (H295R) utilises
human adenocarcinoma cell line NCI-H295R.
Quantification of 17g-estradiol and Testosteroneis
performed using the AR CALUX and ERa CALUX bioassays
12 concentrations. Calculation of AC50, LOEC and NOEC

* 24hrexposure

e
o
S

+ Dose-response analysis using
BMDExpress2 and BIFROST

model  reynoldsetat 2020, comproxts: 100138
Battazar et al 2020. ToxicolSci 176(1) 236-252

Concentration (uM)
3

RenalToxicity

Renal biomarkers (3 donors, duplicate per donor), 8
concentrations, 24h and 72h timepoints in primary proximal
KIM-1, NGAL, Clusterin,

tubule cell: '._.r‘“' N
3. 0 100 200 300
TEER (Day 0 and Day 3), ATP, LDH P .
Toxicogenomics (3 donors, 2 duplicates per donar), 8 \ Time (HOU I’S)

concentrations, 24h and 72h timepoints
Omeprazole and cisplatin added as benchmarks/positive

controls
Piyush Bajajetal. 2020.Toxicology. 442, 152535

©
o
S

)

Identify lowest (most sensitive) point of departure, Identify realistic worst-case plasma exposure (C,,,,,)
expressed in yM expressed as uM

BIOACTIVITY The bigger the BER, the greater the
= BIOACTIVITY EXPOSURE RATIO = confidence that bioactivity will not

<y .
U%A%fw EXPOSURE occurin exposed consumers
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Bioactivity: exposure ratio calculation: BER ranging from 3.3-496

Benzophenone-4: PoDs vs predicted plasma Cmax
107 3 A A

=
=1
= Y o
> o
@ 102 E i (lJ-M)
S BER
Yool
=~ 10" 3
g ¢ °
S 100 Total Plasma
a) E
g k T T T T T T T T T T T T T Cm aX ( HM )
o
L L 2
9 & ® ® 3 3 3 % % & &, e .
) 4 4 4 ) 3 ? 7 s 6, 4 %) b
o] 9 9 9, /2 2 /2 % 2 % %, 9 @
) &y gy 4y Pe) Pe] Pe] s b4 dy 8y
‘ % R % 9, 9, 9, 2 4, % % v s
%{) o o o o ¥, s S i o, 4;.9,_ t:v,* ""; @y %o
O O % Y4 s Y% %, £ G S K %
i 7 fr o) o) 0 G o Ly Ly 7 [’
% % % 0 O 0 Z % ) > 2 A
0 0 Ce %, 1%, I o A 7 < % %
q.? G;‘_-]J * 3 () % @(:(‘ U ’Ef ‘ﬁ‘a ‘fb ‘?‘:f "29“:/
2
Y
« AUWBERs > 1; Most BERs were above 11

 Lowest BER (3.4): PODs was obtained from HTTr in HepG2 cells when the BIFROST
method was used (POD of 4.2 uM). BER obtained from pathway level POD was 189.

« Highest BER (496): PODNAM derived from the Calux assay (T4 binding to TTR).
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Conclusions & reflections .
r N\ ~N
ass:sAshr:-ebncil:sfic:' 504 Traditional animal assessment for
. . 5% inclusion of BP-4
inclusion of BP-4
. ) Y,
( \

NOAEL= 1239 mg/kg bw/day
Lowest BER= 3.3 Adjusted for oral absorption= 620 S

e - 33.406 mg/kg bw/day
range= 3.3- Exposure= 0.069 mg/kg bw/d

\ ) L Margin of Safety (MoS)= 8986 )
( . h e N\
Conclusion Conclusion
Low risk considering el
= weight of evidence and Low risk M_OS. >>100
L% model/PoD relevance (SCCS opinion)
Unilover \. ) Y ) o

NAM-based risk
assessments arein
generally more
conservative than
traditional approaches
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Other research areas: DART & Complex in vitro models

Systemic toolbox biological coverage identified
needs for additional DART-specific NAMS

devTOX quickPredict™

Muller et al., accepted for publication

~ High-throughput Transcriptomics (HTTr)

~ Cell Stress Panel (CSP 3
/ (GF) \
{ 13 chemicals, 36 Blomarkers: 3 Timepoints; 8 Concentrations; - 10

Stress Pathways

Cell stress is a fundamental factorin many adverse
outcome pathways (AOPs) relating to DART and has been
reported as a key characteristic of male and female
reproductive toxicants (azuarga et ol 201%; Luderer ot al., 2019)

| 51 out of the 75 targets are DART relevant.
This includes 20 nuclear hormone

receptors, 6 DNT targets, aromatase ...

Establishing human liver microphysiological coculture system for higher throughput
chemical safety assessment T

Aim: to develop 2-chamber liver-organ coculture model in a higher-throughput 96-well format for the
determination of toxicity on target tissues in the presence of human liver biology and metabolism.

Key characteristics of the system:

¢ Culture medium and compounds freely diffuse
between the 2 chambers
* 3D HepaRG function and phenotype:
* Robust protein expression of liver biomarkers
(albumin, asialoglycoprotein receptor, Phase |

cytochrome P450 [CYP3A4] enzyme, MPR2,
and glycogen), and exhibited Phase I/ll enzyme

Figure. Schematic of 3D co-culture in agarose gel moulds, showing 3D toroid of activities over the course of 17 days
HepaRG cells on the outer ring and 2D AR-CALUX cells as a target for
metabolites in the centre of the mould. == 50 um

“H&E  Albumin ASGR2 CYP3A4 MRP2 PAS PAS +diastase

Ip et al.,2024. https://doi.org/10.1093/toxsci/kfae018;



https://doi.org/10.1093/toxsci/kfae018
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Conclusions & reflections

Case studies have demonstrated it is possible to integrate exposure estimates and
bioactivity points of departure to make a safety decision.

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.

NGRA requires a mindset shift and a multidisciplinary team!
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