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The Need for Implementation of NAM-Based Safety Assessments
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Non-Animal Protective Frameworks for Safety Decisions

Non-animal NAMs strategies
for 1-2-1replacement -
prediction of animal outcome

Prediction of an animal test is
not necessarily relevant to
assess human safety

Rodent studies have been used ina
protective manner with the use of
uncertainty factors rather thanin a
predictive way

S ———— Animal in vive PoD

DY Chemical s o X X X x
{ 1

Human Exposure

e

Dose (mg/kg bw/day)

%?&@g@‘ « Marginof
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Unillever

Development of battery of

assays aligned to AOPs
1@.?§

IR ‘@\\

/77

(A-OHP)-wiki AOPs

(currently 470

‘ in AOP wiki)

~ Multiple 1000s of assays need to be if
multiple AOPs are covered

°o0

S

How to identify the relevant AOP?
Not feasible as a Tier 1 approach

Useful for Tier 2/bespoke safety
assessment when differentiation between
bioactivity & adversity is needed

Development of
high-throughput & broad coverage
set of non-animalNAMs

Receptor Cellular
binding stress
assays assays

ranscriptomics

Exposure
(PBK)

4

Protection Hypothesis:

If biological activity measured
using a broad suite of human-
relevant test systems is above the
predicted exposure in humans,
then systemic adverse effects are
highly unlikely
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TOXICOLOGICAL SCIENCES, 169(2), 2019, 317-332

DS SOT Society of doi: 10.1093/toxsci/kfz058
ST ° Toxicology ‘Advance Access Publication Date: March 5, 2019
9| The EPA Blueprint T
- FORUM
/ ; The Next Generation Blueprint of Computational
5 ; Tier 1 Toxicology at the U.S. Environmental Protection Agenc
Chemical Structure Broad Coverage, Multiple cell types gy atthe o gency
dp g Hieh Content A taboli t Russell S. Thomas,*" Tina Bahadori,' Timothy J. Buckley,* John Cowden,*
an I'Opertles g onten Ssay(S) +/ - metabolic competence Chad Deisenroth * Kathie L. Dionisio.* Jeffrev B. Frithsen.’ Christopher M.
| “-;Em‘ EPA 615820001/June 2020
No Defined Biological Defined Biological Target
Target or Pathway or Pathway
New Approach
Methods Work Plan
A Reducing use of animails in chemical testing
pe Tier 2

U.S. Environmental Protection Agency
Office of Research and Development
Office of Chemical Safety and Pollution Prevention

Select In Vitro
Assays

;

I 1 fles2 ‘ New Approach

Orthogonal confirmation SEPA

EPA 600/X-217208""Diccmber 2021 | www.epa gov/res@arch

Existing AOP | No AOP Methods Work ' Plan
\ “ y \ - 4
1 1 LS. EnvironmentalProtéetion Agency
Office of Research #hd Dévelopment
Office of Chemical Safetyind Pollution Prevention
In Vitro Organotypic Assays and Identify Likely Tissue, Lo gl
Assays for other KEs Microphysiological Organ, or Organism Effect
and Systems Modeling 5 Systems > and Susceptible Populations
v 4 y \ 4
Estimate Point-of-Departure Estimate Point-of-Departure Estimate Point-of-Departure
Based on Biological Pathway or Based on AOP Based on Likely Tissue- or

Cellular Phenotype Perturbation Organ-level Effect without AOP




L

[}

>
2
=
=]
@)
<
L
(%]

If there is no bioactivity
there should be no
adverse health effects

observed at consumer-
relevant concentrations,
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Thomas RS et al., 2019. Tox Sci. 1;169(2):317-332.

Slide from Dr Rusty Thomas,
EPA, with thanks Rotroff, et al. Tox.Sci 2010

Next Generation Risk Assessment (NGRA) - Protection not Prediction
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How Protective are those NAMs?
Example from the Accelerating the Pace of Chemical Risk Assessment

(APCRA) initiative - a ‘validation’ of Protection not Prediction? e
TOXICOLOGICAL SCIENCES, 173(1), 2020, 202-225 ASTAR HIPPTox ToxCast AC50 ':*;ﬁ:‘ . ‘;‘A |
ECL0 (kM) (M) A
SOT ‘%ﬂgﬁoogfy S tl ht f\‘;ﬂ;::c?::mizlunDa[e:EEplemberlE.Zols : ‘_ ‘::':
WIS academic.oup.com/toxsci po 9] Resmarch Anicle @ > “:‘;;',}:l
Apply high- & e tnn‘"-:u:
th.roug.hp\..lt i :A
Utility of In Vitro Bioactivity as a Lower Bound Estimate iy e
of In Vivo Adverse Effect Levels and in Risk-Based malih/dey
Prioritization _ : 4 \ |
Katie Paul Friedman ® ,"* Matthew Gagne," Lit-Hsin Loo,* Panagiotis ] ] ,_'f—'i;—‘»‘ §
Karamertzanis,® Tatiana Netzeva,’ Tomasz Sobanski,? Jill A. Franzosa," Ann - - . "_x:_;.:;‘j‘:‘_!ﬁ— s g
M. Richard,* Ryan R. Lougee,"!' Andrea Gissi,® Jia-Ying Joey Lee,* Michelle Bioactivity-axposure § 15 . ‘
Angrish,! Jean LouDome, Stiven Foster,* Kathleen Raffaele,” Tina - ratio & L
Bahadori,! Maureen R. Gwinn,* Jason Lambert,* Maurice Whelan,* Mike RECERES ,,'. T .';»;,;'5‘:": 3
Rasenberg,® Tara Barton-Maclaren,” and Russell S. Thomas @ * G5¢ . iR ét_ r"',
. o :_zii':_q:.ﬁ:
de T L
Of the 448 substances, ~90% had a POD,, o5 that was less than the A TR
traditional POD (PODy,q4itiona?) Value {0 g
Bioactivity:exposure ratios (BERs), useful for identification of priority il :;i‘;
substances, demonstrated that high-throughput exposure predictions N LT g;
were greater than the POD for 11 substances S
S APCRA NAM,95 ERlIBRER

2 8 7 6 5 4 3 -2 1 2 3 4 5
' ACCELERATING THE PACE OF 10g10 mg/kg- bwlday 7
CHEMICAL RISK ASSESSMENT

® ExpoCast ® POD-NAM 4 maxAED = POD-traditional
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EPA Transition from ToxCast to Broad Coverage NAM ‘Product’

P
4 | err \ High throughput profiling (HTP) assays are
Chemical Structure Broad Coverage, Multiple cell types - - °
‘ and Properties ‘ High Content Assay(s) - metaboliccompetence proposed as the flrst tler ina NAMS'based hazard
| | ' evaluation approach
NoDefined Biological Defined Biological Target | HTP ASSO.y Crite ria:
L | T ' 1. Yield bioactivity profiles that can be used for
r\ | / potency estimation, mechanistic prediction and
! Tier 2 evaluation of chemical similarity
’ SelectinViro ‘ ]_ T 2. Compatible with multiple human-derived culture
. ' ) models
7 TN\ 3. Concentration-response screening mode
| | flers 4. Potential to detect specific and non-specific
Existing AOP J NoAOP ‘ blOClCtIVIty
; !—; 5 l | o To date, EPA has identified and implemented two HTP
n Vitro rganotypic Assays and Identify Likely Tissue, . . .
Assays for other KEs J . Microphysiological J } Organ, or Organism Effect assays that meet th|s Cr|ter|a:
and Systems Modeling | Systems and Susceptible Populations
N l l /. High-Throughput Transcriptomics [HTTr]
Estimate Point-of-Departure Estimate Point-of-Departure Estimate Point-of-Departure ’ ngh-ThroughPUt PhenOtyplc PrOflllng [HTPP]
Based on Biological Pathway or Based on AOP Based on Likely Tissue- or
Cellular Phenotype Perturbation Organ-level Effect without AOP
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Assessment

Health
I*I Canada

Expocast (Pop median)
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httk-pop (Pop distrb’n)

Exposure —— Bioactivity-Exposure — Bioactivity
Characterization Assessment
95th percentile Bianctivity- ~ Most sensitive HTTr/HTPP
Css i xlf ots.ure - or5thpercentile
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NGRA panel:

Use-scenario(s)
+

Pop average  Bioactivity-Exposure |_Most sensitive
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Cmax Ratio Distribution | platform POD
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Unilever

Pop average . . s
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distribution atio Distribution POD
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Building NAMs/NGRA Confidence: End-to-End Case Studies

=40 compounds

448 compounds

46 compounds

30 compounds

>22 compounds

o= memn From vision toward best practices:
Evaluating in vitro transcriptomic
points of departure for application
in risk assessment using a uniform

Society of .
SOT =55 Euigne

scademic 0op comansc

Science Approach Document

Bioactivity Exposure Ratio:
Application in Priority Setting and Risk Assessment

Health Canada

March 2021

Health

workflow Utility of In Vitro Bioactivity as a Lower Bound Estimate
of In Vivo Adverse Effect Levels and in Risk-Based
Prioritization
Katie Paul Friedman @ " Matthew Gagne,” Lit-Hsin Loo,! Panagiotis
Karamertzanis,* Tatiana Netzeva,® Tomasz Sobansid, Jill A. Franzosa,’ Ann
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‘e
.
o
2 "
- L £
p . t =
. - A e A
we o 10 M) -y
. 3
. .« 3 .
;S Ao
$80 freaing)
: . [Petwaest
% D) e g
: e
.
g & "o J
1 : i s e
. o~ X 7 -~
= 3 €0 ST,
< - WEY STg,
. - K &
. .
m g
Lo morg-butiey Loga moNg-tmicey Sa %
3 b
| S
Z >
77 <
%, L
vy, A
. 4L prot®
Health
Canada

-1

Unilever

Canada

application-peio g-risk-assessment. htm

@) oD

Organisation for Econom Co-operation and Development
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Unclassified English - Or. English
27 October 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

COSMETICS

Series on Testi
No. 349

Cosmetics Europe

" [s2:: ] EUTOXRISK

EU-ToxRisk

An integrated European ‘Flagsdig’ Program
Oriving Mechanism-based Toxicity Testing and Rk Assessment
for the 21 Century

Case Study 16 Reporting Template

Team: 2

Team Members: Barira Istam; Ugis Sarkans; Marcel Leist Alessandra
Roncaghoni; Jukka Sund; Andrew White,

Compound 10: C5_16-02

Compound Name: (4-Hydroxy-2,2,6,6-tetramethylpiperidin-1-lGsasod
JTEMPOL
Structure:

Other Identifiers: CAS ID 2226-96-2; CHI
A o

o
[

RISK[:::]
HUNT3R
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NAMs/NGRA Framework Approach:
The overall goal is a human safety risk assessment

TIER O: Problem Formulation TIER 1: Data Generation TIER 2: Refine Assessment

ifsafety decision can be made

Exit

to Increase Decision

. . - Certainty
Characterise the chemical /ﬁ
Characterise the consumer exposure r::iﬁ:zler: t
\ scenario ) including Bioactivity >
. N
N generation of data e ) -
Collate all available information relevant ADME generation Bespoke.as§uy.s to cover remaining S
(literature mining) parameter uncertaintiesidentified a Tier 0 or et
Progress if data for PBK Progress if \ Tier1 )
safety model safety
decision can’t development decision can’t . A
be made ot be made Further exposure refinement, e.g.
Exit T ;} H consideration of transporters,
ifsafety decision B > L metabolism..etc...
can be made g Concentration [uM] _
\ 4 § Time v
- PR Exit
Use of predictive tools (i.e. /n silicoQSAR Plasma Cma Lowest ‘ .,
[ models) * platform PoD Safety Decision
Use of exposure-based waiving
approaches such as Threshold of
Toxicological Concern (TTC)
\ 4 \ 4
[ Read Across ]
Calculate BER
) 4 _
25 ’ Exit ‘ v
& _J

G
Unillover

ifsafety decision can be made
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NAMs/NGRA Framework Approach:
The overall goal is a human safety risk assessment

TIER O: Problem Formulation TIER 1: Data Generation TIER 2: Refine Assessment
to Increase Decision
Certainty

Characterise the chemical

Characterise the consumer exposure

L scenario )
s N\ ° o \
Collate all available information Bespoke assays to coverremaining
(literature mining) ; uncertaintiesidentified a Tier 0 or
Progress if Progress if _ Tier1 )
safety safety
decision can’t decision can’t (" .
be made be made Further exposure refinement, e.g.
Exit consideration of transporters,
ifsafety decision metabolism..etc...
N\ J
can be made
(] (]
! Early Tier Systemic v

[ Use of predictive tools (i.e. in silicoQSAR ] TOO lbOX Exit

models) Safety Decision

approaches such as Threshold of

Use of exposure-based waiving
Toxicological Concern (TTC)

[ )

A 4

e |

ifsafety decision can be made
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A framework for establishing scientific confidence in new approach
methodologies

Anna J. van der Zalm'® . Jodo Barroso? - Patience Browne® - Warren Casey* - John Gordon® - Tala R. Henry® -
Nicole C. Kleinstreuer’ - Anna B. Lowit® - Monique Perron®- Amy J. Clippinger’

Archives of Toxicology (2022) 96:2865-2879

https://doi.org/10.1007/500204-022-03365-4
Received: 17 May 2022 / Accepted: 11 August 2022 / Published online: 20 August 2022

REVIEW ARTICLE

( Fitness for Purpose (In@ependent Re'.'new)

Human
Biological
Relevance

Framework for Establishing

Scientific Confidence in NAMs

Technical Data Integrity
- Characierization and Transparency
L

Unilever
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Evaluation/"Validation” of an Early Tier Toolbox for
Systemic Safety

AIM: Use NAMs to ensure the protection of consumers: can the
approach be used to confidently identify low risk chemical
exposure scenarios?

1. Define the toolbox components Choose and evaluate a set of NAMs covering

exposure modelling and bioactivity investigations

2. Select test chemicals Choose as many as practicable to maximise coverage of

different chemistries and biological effects/toxicity

3. Set performance criteria Define the ‘truth’ that the performance of the toolbox will

be compared to

Unilever
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Our Key NAMs

/PBK Modelling ce e

In vitro pharmacological profiling

=@ = sssee PERSPECTIVES
L]
of7 Nuclear
: o0 00000 [ e receptor GPCR panel
Reducing safety-related drug panel
attrition: the use of in vitro
pharmacological profiling
Face Cream [Ty W —
Transporter lon Channel
50 panel \ panel
£
Clearance
10 s in silico 98.57 L/h o
in vitro 929 L/h Enzyme panel
20
Y .‘. -
o_oozc ( 0.:)0;) 0.006 &N eurofins
m
max (H Cerep

Toxicology in Vitro (2020), 63, 104746

~

/Cellular Stress Pathways \
13 chemicals, 36 Biomarkers; 2 Timepoints; 8 Concentrations; ~10

/Transcriptomics

Unilever

o D e
0 30 40 50 60 70 &0 30100
Calculated BMD mean value (uM)

Margin of safety

+ Use of fullhuman gene panel ¢
9 P g ., Stress Pathways
. B CYQU'EX
13
. —&-HepG2 " -
24 hrs exposure % 250 et droumarin ®, aw cvoric comraxy
B ) “low risk” [fr
« 7 concentrations H comrne s ghenoxyethanol
i & — e o, d¥iacinamide Doxorubicin Mitochondrial mass
« 3celllines HepG2/ HepaRG/ e — ) . Piclofena .
coamatics) il )
M C F? é Biological * Phancyethant $-affeine 14
T 150 oxidations o e rnellood] gulforaphane 12
. 5 * 1BHG lantisxidant] i
+ 3D HepaRG spheroid e o " Friclosan o
BMD:E £ - 4BHQ pod
Expressz2 3 Cylochrome P4S0 - :’E:,':::';E:(m?},“, #ioglitazone hydrochloride gt]'
g arranged by substrate type E s u]m.-. Gosiglitazane ool cos 100
2 s Phase | - * CODO-Meldrug] @ roglitazone
E - N - - g g 0.0001 0.001 0.01 0.1
3 Functionalization of DEM lindustrial h
BMD express 2 g compounds * ottt g DDO-He Canceriratcn (M)
o * Trogmianaio] oxorubicin
10  Pioglitazons ldrugh
Rouglitazene [drugl 10_2 100 102 10‘ 105 /

Toxicol Sci (2020), 176,11-33
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1. Defining the Toolbox Components .

0.6+

0.41 Nonselective

Selective

Cumulative Fraction of Chemicals

Point of Departure Determination

001 S ' 1
Nonselective Effects Selec e Effects Concentration to Activate First Assay

- " N N — Concentration to Activate 10% of Assays
/Trans.cnptomu:s \ /Cellular Stress Pathways \ /In vitro pharmacological profiling —————
+  Use of full human gene panel 13 chemicals, 36 Biomarkers; 3 Timepoints; 8 Concentrations; ~10 ECTIVE

ERSPECTIVES
~ 21k Stress Pathways
24 hrs exposure
7 concentrations

L3
Reducing safety related drug
attrition: the use o in vitro

3 cell lines HepG2/ HepaRG/ ...-::"«W
MCF7 Seopes pf“"""‘"
3D HepaRG spheroid - s
. e o .
P - Bioactivity Exposure Ratio
goopaazne
Grogptasone

Distribution

Bioactivity Exposure Ratio (Iong)

BMDexpress 2

.

PR A
Caadaed B o s () /

Toxicol Sci (2020), 176, 11-33

/;DBK I\::delliri? m \

o000 000 Plasma Cmax Error
Crnax Distribution
Face Cream estimate model (CMED)

Clearance

10 = in silico 98.57 L/h (Bayesian model)

in vitro 929 L/h

0.002 0.004 0.006
Cmax (ug/mL)

Toxicology in Vitro (2020), 63, 104746

Unilever
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2. Select Test Chemicals

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

Filter out chemicals that would be impractical to test

38 Test Chemicals

- 9 cosmetic ingredients, 21 drugs, 3 food additives,
5 agricultural chemicals, 1 industrial chemical

- Oral, dermal, IV and inhalation exposure scenarios

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

ég:ﬁ

3

e
Unilover
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3. Set Performance Criteria

. . . Low risk?
Benchmarking using chemical-
° A i
exposure scenarios - |
[ |
O !
* Chemicals with well-defined human exposures o |
| Highrisk? e
« Traditional safety assessment available o * :
[~ |
« High certainty in the risk classification for each o |
chemical-exposure scenario from a consumer goods |
perspective | /{
« Riskclass is relative to consumer health (N.B. drugs = 0.01 1 100 1000
high-risk) Bioactivity exposure ratio
‘ ‘Low’ risk for consumers from
systemic perspective [ Protectiveness ] [ Utility ]
‘High? risk for consumers from How many of the high-risk exposure =~ How many of the low-risk scenarios are
systemic perspective scenarios are identified as identified as low-risk at this early tier
% ::% uncertain/high risk? stage in arisk assessment framework?
L (i.e. BER < threshold) (i.e. BER > threshold)
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TOXICOLOGICAL SCIENCES, 189(1), 2022, 124-147

3. Set Performance Criteria M sor s g,

academic.oup.com/toxsci

05061 dryad fog7c

Are Non-animal Systemic Safety Assessments

giacina'mde Hair Conditioner, 0.1%
Protective? A Toolbox and Workflow ffeine

ampop, 0.2%
oumarin Food, 4]1 mg/day
@Coumarin 0.1 mg’n:! bw/day
@Caffeine 2 mg/cm?®, 35 cm?
exylresorcinol Food pesidues, 0.0033 mg/kg bw/day
utylated hydroxytoluede Body Lotion, 0.5%
iacinamide Food & Dring. 22.2 mg/day
15 4 oumarin Body Lotion, 0.38%
| @Hexylresorcinol Face Serum,|0.5%
exylresorcinol Throat Lozengs, 2.4 mg
iacinamide Body Lotion, 3%
10 xybeg'z‘one ?ody %mkoésgoe
. . . — ulforaphane Food & Dnink, 3.9 mhg/day
* Chemicals with well-defined human exposures @iakinamide Food & Drink. 12.5 mgfkg bw/day
xydenzone Sunscreen, 2%
.Sulfoiaphane Tablet, 60 mg/day
- Traditional safety assessment available 5 4 pOsgitadone Hickcal R mofi2 houks.
Doxorubicih 4 5 mg/m?/day continuous infukion for four days
. . . . . pe . Caffeine Overdose, 10g
« High certainty in the risk classification for each Rosigiitazone Medical, 8 mg/day
. . Paraquat dichlorilie Pesticide poisoning, 35 mg/k¢/day
chemical-exposure scenario from a consumer goods 0 - Doxorubicn 75 mg/m'}day for 10 minutes

perspective

Alistair M. Middleton @,"" Joe Reynolds," Sophie Cable,"
Maria Teresa Baltazar,* Hequn Li ®," Samantha Bevan,' Paul L. Carmichael,”

[ ] [ ] [ ]
Benchmarkina usina chemical- T i e e s
Mark Liddell," Sophie Malcomber," Beate Nicol," Benjamin Park,' Hiral Patel,
(]

Sharon Scott,” Chris Sparham,” Paul Walker ®," and Andrew White*

Rank

1073 10'-3 1c;-1 161 163 10°

 Riskclassis relative to consumer health (N.B. drugs = Bioactivity-exposure ratio
high-risk)

Threshold values of the BER point estimates for

L] [ ] L] L]
. ‘Low’ risk for consumers from determining whether an exposure is low risk
. . PBK Level Threshold BER Confidence Threshold (pihreshold)
SyStemlc perspeCtlve Required for Required for
Exposure to Be Exposure Scenario to
Protectiveness and utility metrics Identified as Low Be Identified as Low Risk
A Hy - Ly Risk
. . Protectiveness = Utility =
‘High’ risk for consumers from HoEsHE Ltly
. . Hy - o high risk exposures -dcnln:xed 85 vacertoik Ly -lol:ow ek exporures identified s wncerzin risk % 110 .98
y SySte m IC pe rSpeCtlve H, - # of high risk exposures identified as low ris| Ly - # of low risk exposures identified as low ris| 2 11 .97
& 3 2.5 95

Unillever
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Results for 38 Test Chemicals and 70 Exposure Scenarios

Highest available Cmax
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40 - bg{ﬁ" "‘g 'mﬁ?i%?% S
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8 enéigs‘ua.?L?Bk‘:hhﬁ?ﬁ'SBE“;“ 5”{% peild
30 1 to comuIa [f enoz‘;rse P;’»‘étéw m:ekTy
oac%%{f:o r.??ﬁ%mf J%f’éﬁﬂa‘iﬁg sggijlm it é 0.14% as acid)
pleet "DJ"&?ZL 5@:” SaaE &33"“33:«
20 ﬁ:a :c%um@ thﬁra %c glégy |
> :ﬁ: o}gg“’é“ B &erapmﬁcdgao 23ngiday maintarfance
éurtoisg mxg‘e 3 %‘;:é‘g[tat ce“l%% Ogigmc?;;ay :
Eoc os)raw i, ageggbc myg day :
maii dbu(?xm %m o Rq%)éin&pc 2;88 ieuq‘g acgte oms :
e a sone :uglcylaé] mg’ 3y
Ketoconaxo)[ %%amiﬂtﬂosgaﬁ%ﬁmgdf bwiday i
0 A Cvclcg CIOEROS |;:c°g§:fhgee§g‘ce:r§§:% kré ?r‘&&%a‘v@s&kly yl :' : 3
10~% 10~4 102 10° 102 104
BER
33% (8 out of 24)
B High-risk exposure scenarios are Low-risk scenarios are identified as low risk at this
fﬁg identified as uncertain/high risk early tier stage in a risk assessment framework
Umﬂww (i.e. BER < threshold) (i.e. BER > threshold)
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Comparison of NAM-based Early Tier Toolbox with Decisions
Made Using /n vivoData - Protective not Predictive

What if we took the same
approach with in vivodata?

« Repeat dose in vivo data
identified for 27 chemicals of
the 38 tested.

e |n most cases NAM PoDs are
more conservative than
traditional PoDs

In agreement with Paul-Friedman et al (2020)

Traditional PoD (mag/kg bw/day)

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

Correlation: 0.36

fﬁparjame
ylparaben TFimellitic anyhydrde
103 ] ot - |-valine
1,2-Cctanediol
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Comparison of NAM-based Early Tier Toolbox with Decisions
Made Using /in vivo Data

Comparison of traditional margins of safety
and benchmark risk classifications

‘Timell‘sic 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)
@:2-Amino-6-chloro-4-nitrophenol 2%
@¥etoconazole Therapeutic, 2% daily
@K =toconazole Therapeutic, 2% twice kly
Dexamethasone Therapeutic, 0.5mg/day
ypermethrin ADI 0.005 mg/kg/day
@Fluazinam 32% ADI 0.01 mg/kg bw/day
Furosemide Therapeutic, 40/20 mg/day
@Fenbuconazole 73% ADI of 0.006 mg/kg bw/day using the EFSA PRIMo Model for french population.
Nitrofurantoin Low therapeutic, 50mg/day
@Fenbuconazole ADI 0.006 mg/kg bw/day
@~ spartame ADI 40mg/kg bw/day
@Fluazinam ADI 0.01 maglkg bw/day
@L-Valine 26 mg/kg mean requirements
@!.2-Octanediol 3%
Dexamethasone Therapeutic, 10mg/day
Cyclophosphamide Therapeutic , 3mg/kg bw/day
Ibuprofen Low therapeutic, 200ma/day
Ketoconazole 200 mg/day for fungal infection
@L-Vzline Dietary 4000 mg/day
Nitrofurantoin High therapeutic, 400mg/day

@Glutaraldehyde 0.10%

Ibuprofen 10% H l'
Paracetamol Low therapeutic, 500mg/day 47 % ut I Ity

Furosemide High therapeutic, 600mg/day
{Oxytetracycline hydrochloride Low therapeutic, 1250/1000mg/day with rapid loading
Oxytetracycline hydrochloride Low therapeutic, 1000mg/day
@DEET 15%
vlbuprofen High therapeutic, 1200mg/day
Ketoconazole Therapeutic, 1200mg/day
Oxytetracycline hydrochloride High therapeutic, 2000ma/day
Furosemide Max therapeutic, 1500mg/day
Cyclophesphamide Therapeutic, 40 mg/kg bw 3-weekly
‘Cyclophosphamide Therapeutic, 60 ma/kg bw for 2 days
Paracetqmol High therapeutic, 4000mg/day
Paracetamol High therapeutic, 4g/day
0 - Chlorpyrifos 0.1 ma/kg |
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Adverse effects in traditional and alternative toxicity tests
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NAM-Based Toxicity Testing Paradigm

Current Toxicity Testing Paradigm

Broad Coverage Target-Specific

Systemic In Vivo Mechanism/Specific
Technologies/Models Technologies/Models

Toxicity Tests Endpoint Tests

Integrated Combination of Technologies

Integrated Combination of In Vivo
and Models (i.e., IATA)

Tests

Non-Specific Specific Non-Specific Specific

AOP/MOA-Based
Assessment

Systemic Endpoint- MOA/Specific Hazard- Bioactivity-Based
Based Assessment Based Assessment Assessment

Protective Predictive

% é?‘% Protective Predictive
LY
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Reproducibility of HepG2 BIFROST global PoD from HTTr

SEAC - EPA CRADﬁerTGT; PoD comparisons Subset of toolbox evaluation chemicals tested in HepG2
Correlation: 0.82 cell line at Unilever + US-EPA

Can compare global PoDs estimated from SEAC and EPA
datasets

Moderate correlation (0.82), hampered by noticeable
outliers:

Aspartame — Has a retinoic acid like signal, suspected
contamination in EPA data due to proximity on dosing plate

EPA Global PoD (pM)

Ketoconazole — Difference attributable to BIFROST
modelling choices

SEPA & W Unilorer
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Conclusions and Next Steps

For the test chemicals in this evaluation, an early tier systemic toolbox is 98% protective

Fair to say ‘overly-conservative’?

Low utility requires higher-tier tools for bioactivity distinguishing adversity from adaption (AOP and prediction-led e.g.
from ONTOX/RiskHunt3R)

« A NAM-based toolbox for systemic toxicity has comparable performance to safety decision

making using traditional in vivo data.

« What is the applicability domain of this toolbox?

How would the toolbox perform with a wider set of chemicals?

« What would the performance be like with a different set of assays/cells?

Is there an optimum combination of NAMs to maximise both protectiveness and utility?

m o o Assuring human safety is the most important thing

zg;%;‘%

Unilever
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EPA and Unilever Announce Major Research
Collaboration to Advance Non-animal
Approaches for Chemical Risk Assessment

August 19,2021

Contact Information

EPA Press Office (press@epa.gov)

WASHINGTON - Today, the U.S. Environmental Protection Agency (EPA) and Unilever announced a collaborative agreement to explore
better ways to assess chemical risks associated with consumer products. This agreement builds on prior cooperation between EPA and
Unilever regarding New Approach Methods (NAMs), which are a promising alternative to conventional toxicity testing that are intended

to reduce reliance on the use of animals

EPA and Unilever have been jointly evaluating and using NAMs since 2015. This collaboration is helping EPA implement its New Approach
Methods Work Plan and is the foundation for new efforts to demonstrate that these novel approaches can help decision makers better

protect consumers, workers and the environment.

“EPA s a pioneer in developing and applying NAMs to identify and quantify risks to human health, while reducing the use of animals in
chemical toxicity testing,” said H. Christopher Frey, Deputy Assistant Administrator for Science Policy in EPA’s Office of Research
and Development. “We are excited to continue the collaboration with Unilever, which enhances the robustness of our mutual research

to demonstrate the use of NAMs.”
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