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The need for the development and implementation of NAM-based
safety assessments
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The need for the development and implementation of NAM-based
safety assessments

Non-animal safety science is increasingly being used to make decisions on:

1. safety of consumers exposed to chemicals in products

2. safety of workers exposed to chemicals during product manufacture

3. safety of people & non-human species if exposed to chemicals in the environment

, o, e ’ . . . ’ .
Traditional’ Risk Assessment Next Generation’ Risk Assessment
) Pathway characterisation:
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l Exposure models Exposure estimation: ’ _L
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] Safe Dose concentration)
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Framework Approach: The overall goal is a human safety risk
assessment
4 )

NGRA is defined as an exposure-led, hypothesis-drivenrisk
assessment approach that integrates New Approach
Methodologies (NAMs)to assure safety without the use of
animal testing

- J

Dent et al 2018. Computational Toxicology Volume 7, August 2018, Pages 20-26

International Cooperation
on Cosmetics Regulation

ICCR NINE PRINCIPLES OF NGRA £ R EEN b s
lccn

and Properties High Content Assay(s) +/- metabolic competence TIER O: 1pentiFy v
naemational Cooperation USE SCENARIO, \ 2. IDENTIFY MOLECULAR STRUCTURE
Ee l | s e — Gl
. T . . AND COLLECT EXISTING
Main overriding principles: ! ! s =3 COUECTEISTING 0aTA._J
Th I li h fety risk t No Defined Biological Defined Biological Target & - o
€ overatl goat1sahuman safety risk assessmen Tarmstorfatmanyio oEPyY J | 4. IDENTIFY ANALOGUES, SUITABILITY ASSESSMENT AND EXITING DATA | —) . . <
The assessment is exposure led \& I Y ) -
. o Z
The assessment is hyplothESIS driven e | s ) TIER 1: Hysommess > SYSTEMIC BIOAVALABLITY (PARENT vs. METABOLTE(), TARGET j> EXT ‘
The assessment is designed to prevent harm FORMULATION FOR AB ORGANS, 'NTrE;‘NAleCENT“"ONl INTERNALTTC /|
Select In Vitro a2 :
3 o . l Assays J } Orchogonial conhmatios INITIO APPROACH 6. MOA HYPOTHESIS GENERATION
Prlncmles describe how a NGRA should be conducted: (WEIGHT OF EVIDENCE BASED ON AVAILABLE TOOLS)

|- J

L )
Following an apprapriate appraisal of existing information / ; 4
Using a tiered and iterative approach [ 1 Tler3 \ 7A. TARGETED v 78. BIOKINETIC REFINEMENT

ZSing robust and relevant methods and strategies Bting AOP J Kion J TIER 2: TESTING ¢ ll | (IN VIVO CLEARANCE, POPULATION,

APPLICATION OF AB IN VITRO STABILITY, PARTITION)
l l INITIO APPROACH :

Principles for documenting NGRA:

. s 8. POINTS OF DEPARTURE, IN VITRO IN VIVO EXTRAPOLATION,
Sources of uncertainty should be characterized and documented

Microphysiologicl Organ, or Organism Effec . UNCERTAINTY ESTIMATION, MARGIN OF SAFETY | ) EXIT

In Vitro Organotypic Assays and Identify Likely Tissue,
Assays for other KEs

The logic of the approach should be transparent and documented . andSystems Modelng Systems and Susceptbl Populatons ¢ ) R L g
\ / 9. FINAL RISK ASSESSMENT OR SUMMARY ON INSUFFICIENT
k INFORMATION APPROACH J
ﬂ Dent et al. 2018 Computational Toxicology, 7, 20-26.
‘!‘;'b ig Estimate Point-of-Departure Estimate Point-of-Departure Estimate Point-of-Departure . .
s 3 Based on Biological Pathway or Based on AOP Based on Likely Tissue- or Berggren et al., (2017) Computational Toxicology 4: 31-44.
@ Cellular Phenotype Perturbation Organ-level Effect without AOP
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Framework Approach: The overall goal is a human safety risk

assessment
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Baltazar et al (2020) Toxicol Sci, 176, 236-252
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Reynolds et al (2021) Reg Tox Pharmacol, 127, 105075

Rajagopal et al (2022) Frontiers in Toxicology, 4, 838466
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Making safety decisions in systemic toxicity risk assessments using
traditional approaches

Animalinvivo PoD

Chemical [ X ) Q )i( X X X

i Human Exposure

«— Margin of —~ Dose (mg/kg bw/day)

Safety

¢ . . )
e e tdios are ceae _ The proper study of mankind is man’ -
) poor predictors of humat Alexander POpe

reactions to exposure WellBeing International
WBI Studies Repository

2019

Research RMIT

Extrapolation of Animal Research Data to Humans

the Evidence > Food Addit Contam. 1993 May-Jun;10(3):275-305. doi: 10.1080/02652039309374152.

Rebecca Ram
Clinical Data Management and Scientific Research Consultant

Comparison of treatment effects between animal experiments 3 Data- derlved Safety faCtors for the evaluat on Of fOOd
clinical trials: systematic review
Pablo Perel, lan Roberts, Emily Sena, Philipa Wheble, Catherine Briscoe, Peter Sandercock, Malcolm Macleg
Luciano E Mignini, Pradeep Jayaram, Khalid $ Khan

additives and environmental contaminants

A G Renwick !

Affiliations + expand
PMID: 8359312 DOI: 10.1080/02652039309374152

‘All models are wrong
but some are useful’ -

e Abstract

%"géﬁﬁ George Box
Unillever

A safety factor of 100-fold is commonly applied to animal data to derive the acceptable daily intake
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Using NAMs for protective early tier safety decision making

Unilever
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Thomas RS et al., 2019. Tox Sci. 1;169(2):317-332.
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Examples of ongoing or completed case studies for NAM/NGRA based risk
assessment or prioritisation

46 compounds

30 compounds

>22 compounds

Science Approach Document

Bioactivity Exposure Ratio:
Application in Priority Setting and Risk Assessment

Health Canada

March 2021

Health
Canada

(¥

https://www.canada.ca/en/environment-climate-change/services/evaluating-
existing-substances/science-approach-document-bioactivity-exposure-ratio-
application-priority-setting-risk-assessment.html|

1

Unilever

@) OECD

Organisation for Economic Co-operation and Development

ENVICBC/MONO(021)35

Unelassified English - O, English

Series on Testi
No. }9

7 Qctober 2021
ENVIRONMENT DIRECTORATE
CHEMICALS AND BIOTECHNOLOGY COMMITTEE

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

N—~2

Cosmetics Europe

the personal care

| EUTOXRISK

EU-ToxRisk

An Integrated European Flagship’ Program
Driving Mechanism-based Toxicity Testing and Risk Assessment
forthe 21" century

Case Study 16 Reporting Template

Team: 2

Team Members: Barira Islam; Ugis Sarkans; Marcel Leist Alessandra

Roncaglioni; Jukka Sund; Andrew White,

Compound ID: C5_16-02

Compound Name: {4-Hydraxy-2,2,6,6-tetramethylpiperidin- 1-yllggidanyd
STEMPOL

Structure

P —

Other Identifiers: CAS ID 2226-96-2; CH

.

>85 scenarios
Pilot + Full study

Doxorubicin, Intravenous, Medical 4

Paraquat dichloride, Oral, Pesticide poisoning, 35 gl 4
Rosiglitazone, Oral, Medical, 8 mg o

Caffeine, Oral, Overdose o

Sulforaphane, Oral, Tablet, 60 mg/day 4

Thalidomide, Oral, Tablet, 400 mg

Caffeine, Oral, Food & Drink -

Niacinamide, Oral, Food & Drink, 12.5 mg/kg bw/day 4
Oxybenzone, Dermal, Sunscreen, 2% -

Thalidomide, Oral, Tablet, 50 - 100 mg 4

Caffeine, Dermal, Clinical 4

Thalidomide, Oral, Tablet, 50 mg 4

Hexylresorcinol, Oral, Throat Lozenge, 2.4 mg -
Sulforaphane, Oral, Food & Drink, 3.9 mg/day
‘Oxybenzone, Dermal, Body Lotion, 0.5% +
Hexylresorcinol, Dermal, Face Serum, 0.5%
Niacinamide, Dermal, Body Lotion, 3% -

Coumarin, Dermal, Body Lotion, 0.38% -

Niacinamide, Oral, Food & Drink, 22.2 mg/day 4
Hexylresorcinol, Oral, Food residues, 0.0033 mg/kg bw/day -
Butylated hydroxytoluene, Dermal, Body Lotion, 0.5% 4
Caffeine, Dermal, Shampoo, 0.2% -

Coumarin, Oral, Food, 4.1 mg/day -

«Coumarin, Oral, 0.1 mg/kg bw/day 4

Niacinamide, Dermal, Hair Conditioner, 0.1% 4

i

10-°

107*

10 107 107 10° 100 102 10° U .E
Bioactivity exposure ratio

Benchmark BER againstrisk
category for each exposure

scenario
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A early-tier toolbox-based approach to evaluating the performance of
NAMs in the systemic toxicity risk assessment of chemicals

« Choose set of NAMs that represents coverage of exposure modelling and in vitro

bioactivity
« Choose set of test chemicals to cover a broad range of chemistry and biological

effects/toxicity.

« Define a ‘truth’ to evaluate the performance of the NAM toolbox when making safety

decisions for the test chemicals and their exposure scenarios.

Unilever
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NAMs comprising the early-tier systemic toolbox

/In vitro pharmacological profiling
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\

= g s sseee PERSPECTIVES
— . i 9 m Nuclear
n:l- [ |~ e ¥ g esoevee o s e receptor GPCR panel
| ) Reducing safety-related drug panel
L ‘:!_',- - E T — attrition: the use of in vitro
'y e B v pharmacelogical profiling
R a— Face Cream
Transporter lon Channel
§ - o panel panel
I Clearance
O 40 == in silico 98.57 L/h y
—— | in vitro 929 L/h /" Enzyme panel
0 P 20
& : e o . .
— 0.002 0.004 0.006 %._%‘ eu r0f|n5
1O G Cmax (ug/mL) Cerep
Toxicology in Vitro (2020), 63, 104746
Transcri ptom ICS

+  Use of full human gene panel
~ 21k

+ 24 hrs exposure

+ 7 concentrations

+ 3celllines HepG2/ HepaRG/
MCF7

BMDIE

Expressf.?

BMDexpress 2

Accumaltive Number of Pathway Showing Dose response

-E-HepaRG 2D

-o-HepG2

Biological
oxidations
Xenobiolics
Cytochrome P450 - /

arranged by substrate type
Phase | -

Functionalization of
compounds

20 30 40 S50 60 70 B0 50100
Calculated BMD mean value (uM)

~

%

https://www.thepsci.eu/nam-webinars/

https://youtu.be/FCQ5kM-Thuk?si=RDLLY-X-1kt-krQx

/Cellular Stress Pathways

36 Biomarkers; 3 Timepoints; 8 Concentrations; ~1 0\

StressPathways

$iclofenac
gaffeine
eulforaphane
griclosan
4BHO
#ioglitazone hydrochloride
dosiglitazone
groglitazone
&D00-Me
oxorubicin

$henoxyethanol
gliacinamide

oumarin

107? 10° 10?
Margin of safety

10% 108

16
1.4

1.2

1048

Doxorubicin Mitochondrial mass

@, Aw evoTee company

[ 17 R

0.8
0.7

0.6

C0S: 1.00

0.0001 0.001

Concentration (M)

0.01 0.1

/

Toxicol Sci (2020), 176, 11-33

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


https://www.thepsci.eu/nam-webinars/
https://youtu.be/FCQ5kM-Thuk?si=RDLLY-X-Ikt-krQx
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Selection of test chemicals

Collate possible chemicals from databases, large-scale
projects, expert opinion

Filter out chemicals that would be impractical to test

Stratify by use category - increase the chance of chemical coverage and increase
likelihood of even spread across risk categories for benchmarks

Identify exposure scenarios and toxicological data (human where possible)

[ Combine chemical classification with literature on biological effects to select ]
final test chemicals
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Selection of test chemicals

[___Callata nassihla chamicals fram datahasas laraa.scala |

38 test chemicals

- 9 cosmetics, 21 drugs, 3 food additives, 5 agricultural chemicals, 1 occupational
chemical

- Oral, dermal IV and inhalation exposure scenarios

- Organ toxicities, CNS disruptions, immune system dysregulation, non-specific effects,
blood-based disorders etc...

C Ffinaltest chemicals )

w3
Unilover
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Defining a ‘truth’ to evaluate the outcome and performance of
safety decisions made using the NAM-based toolbox

Select appropriate benchmarks

Chemicals with well-defined human exposures

Low risk?

Traditional safety assessment available _ %

High certainty in the risk classification for each / y /
_
.

>

chemical-exposure scenario from a consumer goods
perspective

Risk class is relative to consumer health

Rank order

‘ ‘Low’ risk for consumers from g i /
systemic perspective | /
‘High’ risk for consumers from 0.0t ) ' . 10 1
systemic perspective Bioactivity exposure ratio
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Defining a ‘truth’ to evaluate the outcome and performance of
safety decisions made using the NAM-based toolbox

!‘Iiacina ide Hair Conditioner, 0.1%
affeine Shampog, 0.2%
tnumarin Food, 4|1 mg/day
ournarin 0.1 mgfkyg bwida

#aﬁeinez rng.l'crl?’. 5 cm?® !

exylresorcingl Food pesidues, 0.0033 mgfkg bw/day
utylated hydroxytoluee Body Lotion, 0.5%
iacinamide Food & Drink. 22.2 mo/day

« Chemicals with well-defined human exposures 15 - | @Coumarin Body Lation, 0.34%

| @Hexylresorcinol Face Serum,(0.5%

Hexylresorcingl Throat Lozengg, 2.4 mg
Niacinamide Body Lokion, 3%

Select appropriate benchmarks 20 -

« Traditional safety assessment available

xybenzone Body Lotion, 0.5%
10 4 ulforaphane Food & Drink, 3.9 mo/day
.Nia!:inamide Food & Drink, 12.5

« High gertainty in the risk clgssification for each ﬁf:%g;ﬁg“nﬁ:;i;ﬁ;j;m
chemical-exposure scenario from a consumer goods 5 ilitdone Medical, 1 mafi3 houre.

Dioxeorubicih 4 5 ma/m?fday continuous infukion for four days

pe rs peCtlve Caffeine Overdose, 10g
Roziglitazone Medical, B mog/fday
Paraquat dichlorile Pesticide poisoning, 35 mg/kg/day

« Riskclassis relative to consumer health 0 - Doxoruticin 75 mg/mv}day for 10 mintes

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

Rank

‘ ‘Low’ risk for consumers from

systemic perspective Threshold values of the BER point estimates for determining
whether an exposure is low risk
e L PBK Level Threshold BER Confidence Threshold (pihreshold)
systemic perspective Exposure to Be Exposure Scenario to
Identified as Low Be Identified as Low Risk
Risk
38 3R8 1 110 98
g?&@%@ 2 11 97
3 25 .95

Unilever
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Results for a set of 38 test chemicals and 70 exposure scenarios

PBK level: L2

?ﬁlﬁﬁmme_mahmal limit, 0.04mg/m3
@enbuconazole ADI 0.006 mg/kg bw/day

‘enbuconazole 73% ADI of 0.006 mg/kg bw/day uking the EFSA PRIMo Model for french population
imellitic anhydride Occupational, 0.77mg/m3
partame ADI 40mg/kg bw/day
thrin ADI 0.

grkgiaay

|
|
I
I
I
I 7 i > 'y
60 - | Warfarin High therapeutic, 10mg/day
i
I
I
I
I
I

IC Red 3 3%
Glybenclamide Low therapeutic, 2.5mgl/day
@Fluazinam 32% ADI 0.01 mg/kg bw/day
lutaraldehyde 0.10%
-Methyl-1,3-benzenediol 1.80%
Glybenclamide High therapeutic, 15mg/day
-Valine Dietary 4000 mg/day
thylzingerone 0.70%
~Valine 26 mg/kg mean requirements
50 4 luazinam ADI 0.01 mg/kg bw/day
Métformin Low therapeutic, 1000ma/day
Benzdcaine 22mglkg is the safety dose
@Butylated Hydroxyanisole ADI Ima/kg bw/day
Metformip Max therapeutic, 3g/day
Digoxin Therapeutic, 1.5 mg/day, 0.25mg/day maintanance . .
@ etoconazole Therapeutic, 2% twice weekly H r T ‘ f t h h h k
Verapamil jydrochloride Low therapeutic, 240mg/day OW a n y o e I g rl S

Verapamil hydrochloride High therapeutic, 480malday

@etoconazole Therapeutic, 2% daily " . . d of. d
01 Rspecichs il Lo exposure scenarios are iaentitie
@Cyclamate ADI 7 mg/kg bw/da'y ) . . .

s e Lo as uncertain/high risk

(Cetirizine dihydréchloride Therapeutic. 10mg/day

.fEequ’"ﬁn\i d|hydrllchlonde Therapeutic, 10mg/day (i .e. B E R < t h re S h 0 ld )

Oxytetracycline hjydrochloride Low therapeutic, 1250/1000mg/day with rapid loading
Oxytetracycline hyfirochloride High therapeutic, 2000ma/day
30 1 @Fenazaquin 17% ADJ 0.005 mg/kg bw/day
Paracetamol Low therppeutic, 500ma/day
‘bpiramate Low therapgutic, 50mg/day
@Butylparaben 0.19% (regulation says limit is 0.14% as acid)
Digoxin Poisoning, 10 mg @acute adult
Paracetamol High therapeutjc, 4000ma/day
Furosemide Therapeutic, 40/20 mg/day
Nitrofurantoin Low therapeuti¢, 50mg/day
Hydralazine hydrochloride High!therapeutic, 200mg/day
@Fenazaquin ADI 0.005 mg/kg bw/ddy
20 1 Paracetamol High therapeutic, 4g/ddy
bpiramate High therapeutic, 500mg/tiay
@2-~mino-6-chloro-4-nitrophenol 2% |
Nitrofurantoin High therapeutic, 400md/day
‘Dexamethasone Therapeutic, 0.5mg/day
Chlorpyrifos 0.1 mg/kg |
Metoclopramide High therapeutic, 30 mg/day |
Jbuprofen 10% |
Jbuprofen Low therapeutic, 200mg/day |
Verapamil hydrochloride Therapeutic-acute, 5-10 mg |
10 A Furosemide High therapeutic, 600mg/day I
Ibuprofen High therapeutic, 1200mg/day
‘Dexamethasone Therapeutic, 10mg/day |
Ketoconazole 200 mg/day for fungal infection I
ICyclophosphamide Therapeutic , 3mg/kg bw/day :
I
I
I
1
|
T

Rank

27% (6 out
of 22)

How many of the low risk

scenarios are identified as low risk
at this early tier stage in arisk

0 | pastioprine Hgh hrapeunc 300 S25moitey” assessment framework

B o = e o e o (i.e. BER > threshold)
L%
Unillever

Ketoconazole Therapeutic, 1200mg/day
Furosemide Max therapeutic, 1500mg/day
{iCyclophosphamide Therapeutic, 40 mg/kg bw 3-weekly
Cyclophosphamide Therapeutic, 60 malkg bw for 2 days

T
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Comparison of a NAM-based early tier toolbox with early-tier
decision making using in vivo data

Traditional PoDs vs. NAM PoDs (mg/kg bw/day)
PBK level: highest
Correlation: 0.36

103 B .But:,'lparaben _'EimelllticTn'_.'hyrdnl:IE fﬁpa i
L—'-'ElI!IE
What if we took the same o~
approaCh Wlth in ViVO do‘ta -..E_ lDE B E Methyl-1,3-benzenedicl .EEI-_'I' jo2-Ocanectet
E 24 u{ﬁ%&ﬂm&:ﬂmr ;ltmn i tﬂx}'ltetra{}'cllne hydrochloride
semide raceramo
- Repeat dose in vivo data o ™
identified for 27 chemicals of ‘Eﬁ 101 -
the 38 tested. E"' &Iame‘thaSDnE
£ 100 - Suppektettitn
e |n most cases NAM PoDs are = .
. — .Fluazlnam F'EnhHanaz-:-Ie
more conservative than S
traditional PoDs T 10714
=
lD_E _ -ﬂﬁlurp}lrifns,
T T T T T T T T T
5 oY 104 103 1w0°% 107! 10° 101 102 103 104
ooy NAM PoD (mg/kg bw/day)

Unilever
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« Using the minimum of NOAELs/LOAELs identified, margins of safety plotted and threshold at MoS = 100

Comparison of traditional margins of safety
and benchmark risk classifications

; Wic anhydride Occupational limit, 0.04mg/m3
| Fimellitic anhydnde Occupational, 0.77mgim3
| @2-Methyl-1,3-benzenediol 1.80%
| @Butylparaben 0.19% (regulation says limit is 0.14% as acid)
35 4 | @:2-Amino-6-chloro-4-nitrophenol 2%
| @¥etoconazole Therapeutic, 2% daily
| @K=toconazole Therapeutic, 2% twice weekly
I Dexamethasone Therapeutic, 0.5mg/day
I rmethrin ADI 0.005 mg/kg/day
30 - I @Fluazinam 32% ADI 0.01 mg/kg bw/day
| Furosemide Therapeutic, 40/20 mg/day
I @Fenbuconazole 73% ADI of 0.006 mg/kg bw/day using the EFSA PRIMo Model for french population.
: Nitrofurantoin Low therapeutic, 50ma/day
i @Fenbuconazole ADI 0.006 mg/kg bw/day
25 4 | @~ spartame ADI 40mg/kg bw/day
I @Fluazinam ADI 0.01 mg/kg bw/day
1 @L-Valine 26 mg/kg mean requirements
I @!.2-Octanediol 3%
I Dexamethasone Therapeutic, 10mg/day
3:‘ 20 - 1 Cyclophosphamide Therapeutic , 3mg/kg bw/day
g | Ibuprofen Low therapeutic, 200ma/day
| Ketoconazole 200 mg/day for fungal infection
| @L-Vzline Dietary 4000 mg/day
! Nitrofurantoin High therapeutic, 400mg/day
15 4 : @FG!utaraldehyde 0.10% S
Ibuprofen 10%
: Paracetamol Low therapeutic, 500mg/day 47% utl llty
1 JFurosemide High therapeutic, 600mg/day
| {Oxytetracycline hydrochloride Low therapeutic, 1250/1000mg/day with rapid loading
10 : .Dngly;?;racycllne hydrochloride Low therapeutic, 1000mg/day Fluazinam
I vlbuprofen High therapeutic, 1200mg/day ]_'FL * Ve wwTw
I Ketoconazole Therapeutic, 1200mg/day = bl
| Oxytetracycline hydrochloride High therapeutic, 2000ma/day LOEL
5 - | @Furosemide Max therapeutic, 1500mg/day NOAEL SSESN S8 &
Cyclophesphamide Therapeutic, 40 mg/kg bw 3-weekly NOEL . (BN I
‘Cyclophosphamide Therapeutic, 60 ma/kg bw for 2 days -3 -1 1 ) !
Paracetqmol High therapeutic, 4000mg/day 10 1o 0 l‘_: 10
Paracetamol High therapeutic, 4g/day PoD (mafkg bwiday)
0 1 Chlorpyrifos 0.1 ma/kg | |
LI B | ) ¥ L PR nLT g ) ! s LPwCL B0 JoL X010 K | . L L e A L OLE | L) L LR LR O | v v LDSN L oL I8 LS, | L ! Lo b P00y 0.3 | ! J Lo, KR KR DL |
1072 1071 100 10! 102 103 104 10° 10°
B _ ’
B e Traditional margin of safety
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But how can we build confidence in this approach by addressing
remaining uncertainties?

« Currently the toolbox HTTr component uses 3 cell lines, how does cell line diversity
impact the results?

« The metabolic competency of the bioactivity assays has not been addressed, how
can we investigate this better to see if protective decisions are made for both
parent and metabolites?

« How does the use of additional bioactivity assays impact the results? Is there an
optimum combination of inputs to maximise protectiveness and utility?

« What if we want to use these approaches for environmental safety assessment as

well as human safety assessment?



Thank You

o
1



https://seac.unilever.com/
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