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U.S. Strategy and Roadmap: January 2018

, e Connect end users
A Strategic Roadmap for Establishing .
New Approaches to Evaluate the Safety E with the deve|0per5
of Chemicals and Medical Products = of alternative

in the United States
methods

Establish new validation
approaches that are
more flexible and
efficient

Ensure adoption and

@ use of new methods
“—— Dby both regulators

and industry

INTERAGERCY DOONDENATING COMMITTEE OM THE VALIDATION OF ALTERHATIVE METHODS

More information: https://ntp.niehs.nih.gov/go/natl-strateqy
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The “Six Pack” of Acute Toxicity Studies

. Acute dermal toxicity

% UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
"" WASHINGTON, DC 20480

. Acute oral toxicity

Dear Stakeholders:

pesticides across a broader range of potential ¢ffects in bess time, using fower animals and reducing costs
for everyone, The LS. Enviroamental Protection Agency’s Office of Pesticide Programs (OPP) is
evaluating and adopting alternative approaches to more traditional methods of toxicity testing and using

integratod approaches to testing and assessment (LATA) (see Strategic Viston for Adopting 21" Century
- - - - Science Methodologies). With these new tools, the EPA will enhance the quality of its risk assessments
and risk management decisions and better ensure protection of human health and the environment from
4. Primary eye Irritation
L]
OPP"s immediate goal is to significantly reduce the use of animals in acute effects testing (the “6-pack™
studics). Over 50 animals arc used for a complete set of 6-pack studics. Annually, we receive over $00

acule loxicity O-pack submissions. The majonty of 6-pack submissions are associated with pesticide
formulation (end-use product) testing: the remaining suppoct pesticide active ingredient (technical or

manufacturing-use product) testing. Although not every submission contains a complete st of studics,

. . . . .
P rI m ar S kl n I rrltatl O n the potential for a substantial reduction in animal testing is clear. We plan i ish this goal by
n leveraging on-going clforts st the national and intemnational levels. We pership
with other governmental entities, industry and non-governmental o
robust participation and support to af

waeetiean | “OPP'S immediate goal is to significantly reduce

and internationally; these barriers inf

. Skin sensitization i the yse of animals in acute effects testing (the "6-

st DAack™ studies). Over 50 animals are used for a
e v | cOmpplete set of 6-pack studies. Annually, we
meaTiiEL receive over 500 acute toxicity 6-pack

o ceciions, e o SUBDMISSIONS. ”’
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« Coordinate activities via ICCVAM Workgroups

» Draft a scoping document to identify U.S. agency
requirements, needs, and decision contexts A Stutachc Rosd ap e Ex b ke g

New Approaches to Evaluate the Safety
of Chemicals and Medical Products
in the United States

» Coordinate efforts with stakeholders

« |ldentify, acquire, and curate high quality data from
reference test methods

* ldentify and evaluate new approach methodologies (NAMSs)

« Gain regulatory acceptance and facilitate use of non-animal
approaches

ITRRAGIEMNG Y COCRERATTG CORIVET TR M THE VALIBATICN F ALTIRKATTAR SETHOON

B ]

https://ntp.niehs.nih.gov/go/natl-strateqy

Acute systemic toxicity: https://ntp.niehs.nih.gov/go/roadmap-acutetox

Skin and eye irritation: https://ntp.niehs.nih.gov/go/roadmap-irrit

Skin sensitization: https://ntp.niehs.nih.gov/go/roadmap-sensit 5
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Acute Dermal Pesticide Toxicity Testing

Unique ID: EPA 705-G-2020-3722 (Docket ID: EPA-HQ-OPP-2016-0093)
 Collaboration between EPA & NICEATM
Guidance for Waiving Acute Dermal Toxicity Tests
for Pesticide Technical Chemicals & Supporting Retrospective Analysis

» Analyzed the relative contribution of data from

1Al 1Al Issued By: Office of Pesticide Programs
aCUte Oral and dermal tOXICIty teStS to peStICIde Office of Chemical Safety and Pollution Prevention
haz ard ClaSS|f|Cat|On and Iabel | | ng United States Environmental Protection Agency
. Date of Issuance: December 31, 2020
» Collected acute lethality dermal and oral
toxicity data from rat studies with Unique [D: EPAT05-G-2020-3722
o ) Docket ID: EPA-HQ-OPP-2016-0093
— pesticide formulations
Related Authority: 7 U.S.C. 136 ef seq. The overall purpose of this analysis is to address
. . . the utility of the acute dermal toxicity study for single technical
- teChn IC8.| |ng I’ed IentS chemicals in pesticide labelling, such as the signal word and
precautionary statements as described in 40 CFR 156.64 and 40 CFR
156.70.

Non-Binding Disclaimer: The contents of this guidance document do not have the force and
effect of law and that the Agency does not intend to bind the public in
any way and intends only to provide clarity to the public regarding

. - existing requirements under the law or Agency policies. If the
httpS//WWW epa qOV/DeStICIde_ guidance document is binding because it is authorized by law or
: H H H N : because the guidance is incorporated into a contract, the EPA will
reqgistration/bridging-or-waiving-data-requirements et et b D
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35 Groups: academia, industry, govt

NIH e Acute Oral Toxicity: Global Crowdsourcing

e Curate reference data to train & test models:
>10k chemicals

(Q)SAR .
i e Use molecular structure and chemical

{Quantitative) Structure-Activity Relationship pI’OpertIeS tO predICt tOX|C|ty (eg endOCI’Ine

disruption, acute systemic effects)
()=f61)

« Combine best models together into
g IN SILICO “ensemble” approaches
. T |
e 3@%’ AR « Create open access Al/ML modeling suite
_--- £ T I - -..
¥ o il

Sa° Integrated
Chemical

Ty PEn (qsaR App o e Environment

ol PERA

5 . - https://github.com/  https://ice.ntp.niehs.nih.gov/
0 - NIEHS/OPERA

Kleinstreuer et al. Comp Tox (2018); Mansouri et al. J Cheminform (2018), Env Health Persp (2020, 2022)


https://github.com/NIEHS/OPERA
https://github.com/NIEHS/OPERA
https://ice.ntp.niehs.nih.gov/
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NIH ) b Characterizing Variability and

e Collaborative Acute Toxicity Modeling Suite
B PR | gl (CATMoS) Performance
_ A e Train Eval Train Eval Train Eval Train Eval
g 1 " Sensitivity 087 070 088 067 0.81 062 080 0.58
E B Specificity 099 097 097 090 092 086 085 090
3 Ea'a”“d 093 084 092 078 087 074 088 074
A : ’ . E = ccuracy
In vivo
Balanced 0.81 0.89 0.82 0.79
-T | Pl 3 L ] CELL
‘ ‘ | |’ Train Eval  In Vivo
” l' Ii J'liJ\Ll ;klu‘l L : nf Jl Igkl_-_|_L=!_!|.___*‘__L|*_|_I|_ i.J.f;.';_:h RE DSE GEE 080
Analyzing sources , . e - RMSE 0.30 049 0.42
of variability in : I g fq
acute oral toxicity S I B O R CATMoS QSAR predictions perform just
data & quantifying -~ |, | i1 | i lE L -. as well as replicate in vivo data at
: L 1 ] ° ¥ 4] [ : . g .
95% confidence " -, B ol 2 ‘ J predicting oral acute toxicity outcome
interval ‘ || il - .

!_=;_-.l|m:glr_,_.JLl,UtiJlJ‘ l ;||| sul, ‘ 1 ,J| i

| r ||
Ak 'l“ widd b Karmaus et al. Toxicol Sci. 2022: Mansouri et al. EHP 2021
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Inventory Sources and Summary

Exclude problematic
data

Exclude duplicates to
keep only one instance

ECHA REACH Database
 Data Rows: 3016 — —{ v | Yo o

Inhalation Data is flagged for

. . . Are there Mo i
« Unique Substances: 611 e oplcates, units e quiiy e
. various sources converted to mg/L ISess
« ChemIDplus . | ]
- Data Rows: 2036 | monize repore .
« Unique Substances: 1249 R
« Department of Defense

Predict phase of
Map d-hr LC50 to Dncs data
. exposure based on N Convert LC50 to 4-hr
° Re pO I’tS . 22 Modeling Endpoints* OPERA e duration using Haber’s
'I:msnd on cxpusum T phase ot; Law
1 . exposure’
* Unique Substances: 13 parameters

- EPAAEGL ot
e Data Rows: 1682 o — . -
. S LCS0 S o . Ll
» Unique Substances: 271 S 2 Total # Unique Chemicals
» NIOSH Pocket Guide s £omomn e Lover sdppebound e - in database: 1025
- Data Rows: 136 OPPT, CPSC, et — « point estimate data: 780

 limitdata: 312

« Unique Substances: 649 . range data: 45
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Assessing approaches for eye

Prior GHS category 1 2A 2B NC corrosion/irritation potential

1 (serious eye

damage) 3% 16% 0% 10% « The rabbit test should not be used as a
reference met_hod to demonstrate the validity
2A (irritant) 4% 339, 4% 59%, of in vitro/ex vivo assays

e In vitro/ex vivo methods are as or more

2B (mild irritant) 0% 4% 16% 80% reliable and relevant than the rabbit test

NC (non-irritant) 1% 4% 2% 94% N:o.n Slight Mild Moderate Severe

Adapted from Luechtefeld et al., ALTEX 33(2), 2016. , I 1
i e O U ARl - Epithelium

»  Bowman's
Layer

Consider strengths and limitations of all available
methods with respect to:

 their relevance to human ocular anatomy

* the mechanisms of eye irritation/corrosion in
humans

Stroma

00

CIippinger et al. 2021 Cut Ocu Tox Image modified from Scott, et al., 2010 Endothelium
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Phase 1

Assess validity of test

methods

Six formulations were tested in eight
methods/protocols
Cat. 1,n=3 | NC, n=3

« BCOP
» Standard (IVIS w/histo)
* Extended incubation (IVIS w/histo)
» EpiOcular
» Standard
» Time-to-toxicity neat
» Time-to-toxicity diluted
* Neutral red release
* Isolated chicken eye

(orcine cornea reversibility assay

_/

Prospective Testing:

Agchems and Evye Irritation
Study Design: Test Phases/Test Methods

Phase 2

Refine test methods for
potential use in defined
approaches

10 additional formulations were tested in
eight methods/protocols
Cat.1,n=4 | Cat.2A,n=1 | NC, n=5
« BCOP

» Standard (VIS w/histo)

» Extended incubation (IVIS w/histo)
» EpiOcular

» Standard

» Time-to-toxicity neat

» Time-to-toxicity diluted
* Neutral red release
» Isolated chicken eye

!orcine corneareversibility assay

/

Abbreviations: BCOP = bovine corneal opacity and permeability; histo = histopathology
IVIS = OP-KIT opacitometer in vitro irritation score; LIS = laser light-based opacitometer irritation score

Phase 3

Expand the number of

formulations classified as
mild or moderate irritants
based on the in vivo test

Two methods moved forward; 13 additional
formulations were tested
Cat. 2A, n=5 | Cat.2B,n=3 | NC, n=5
« BCOP

» Standard (IVIS w/histo)

» Extended incubation (IVIS w/histo)
* EpiOcular

e Standard

All* formulations were tested in four additional

methods/protocols
» SkinEthic time-to-toxicity for liquids
+ EyelRR-IS

e In vitro depth of injury
* Neat
* Diluted

/

*Insufficient quantity of one formulation
for testing in all additional methods

6



Over-/underprediction relative to consensus and PPE labeling

Formulation Information GHS Predictions
DA: DA: DA: DA: . )
Code Type BCOP/histo EO + TTL + EyelRR-IS + HIStO_rlcaI consensus Eliects cl G.::IS ti e
BCOP/histo BCOP/histo BCOP/histo In Vivo asSiication
A EC/ME NC NC NC NC NC NC Corrosive Category 1 Eye protection
B SC e e e = e NC Moderate irritant Category 2A Eye protection
C SC NC NC NC NC NC NC
D EC 1 1 1 1 1 1 Mild irritant Category 2B Eye protection
E EC 25 22 b 1 1 1 Non-corrosive/  Not Classified None noted
F SL 1 1 1 1 1 1 minimal irritant
G EC 1 1 1 1 1 1
H SL 1 1 1 1 1 1
[ SL 1 1 1 1 1 1
J EC 1 1 1 1 1 1
K SL NC 2B 2B 2B 2A 2A
L EC NC 2B 2B NC NC NC
M SL NC NC NC NC NC NC
N SC NC NC NC NC NC NC
O SL NC 2B 2B NC NC NC Concordant with consensus
P SC NC NC NC NC NC NC
Q SL 2A* 2A 2A 2A 2A _ _
R SL 2A 2A 1 1 2A 1 Underpredicted relative to consensus,
S SL 2B* 2B 2B 2B 2B 2B but same PPE labeling
U EC 2A 2A 2A 1 2A 2A Overpredicted relative to consensus,
Y% SL i i i il 2B 1 but same PPE labeling
W SL 2B 2B 2B 2B 2B
X EC 2A 2A 2A 1 2A 2A Overpredicted relative to consensus;
Y EC AzF 2 23 2 25 2B PPE (overprotective)
z EC 2B NC NC NC NC NC
2A : .
AA EC NC 2 % 2 2A . Underpredicted relative to consensus;
AB EC 2A 2A - - 2B Inconclusive .
. no PPE (underprotective)
AC EC 2B 2B 2B NC NC Inconclusive

*IVIS < 3 but histopathology analysis led to a more severe classification
TOptional histopathology analysis would lead to a less severe classification (i.e., GHS Cat. 2A) 17
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Informing Regulatory Strategies

Decision Tree

Decision1 — START HERE

After scientific quakty Are eye or skindata May need to consider other Use most conservative Select non-irritancy severity
review, areeye or skin NO . availablefrom NO information OR a hazard severity rating from in rating; eye irritation hazard
data availableonthe new structural or determination may not be {Ehemmu, in vitro and/or =3 isnot identified for the new
chemical substance? functional analogs? able to be made. vivo test methods to provide chemical substance.
hazard identification.
Ygsl YES: Select datafrom
Decision 2 approprigte analogs for TYES NO
Are dataon eye censideration Dothe binary
o ) . L - L - Arethere human
irritation available? Moveto Decision 4 Are in chemice, in vitroand/or ex irritant/ non-irritant in -
——— WIOVE L0 UECISion 3 . : 3 L NO cellftissuedata
NO vivotest(s)ableto identifythethree ——— chemico, invitroandfor — S —
YES eye irritation categories? exvivo test(s) predict ?rr:lr: -
irritancy? ney:
I YES -
Are eye irritation data from Are dataavailablefrom Decision 3 YES YES
test ing h IE B . -
E:_ (sl us::rfatumant;et ar o test(s) using humancelsor o Are dataavailsblefrom in Aredataawilaple |
_IESUE_ h ELE avete T o tissuesthatprovideonly ——— 5 chemicoinviroandforex —— > frominvivoeye —ooy Selectserious eyedamage
'd Er't'r:"t ethreeeye binary irritant/non-irritant vivotest(s)? irritation tests? severity rating; serious
T E TR e predictions? eye damage/corrosivity
available? lYES hazard is identified for the
YES YE new chemical substance.
YES NG
N irritant/i Select non-irritancy Are invivo data
Use most conservative . ?t n:h inary |rr|" n t_non- Severity rating; eye the onlydata . .
severity rating from test(s) irmits uma_mfe 5 or "?"IE NO irritation hazard is not available? —>YE5 s.elmcrs ,
using human cells or tissues data predict iri@ncy *  dentified for the new DDI'ISIEWEIW‘E EEE lrmr
to provide hazard chemical substance. rating from in 1L
identification. test(s) to provide
hazard identification.
Decision 4 Decision 5
o Use most conservative
Aredataon Are skinirritation Do skin irritation data from test(s) severity rating from
skinirritation L ‘?ata i L using human cells or tissues L test(s) using human cells
available? Pl humaq::nzl:s:r indicatethat irritation/corrasion is or tissues to provide
tissues available? : R
likely? hazard identification.
l NO NO . NO
Decision 6
. Use most conservative severity ratin
May need to consider P — YES from skin test(s) to provide I::zard ¢
other information OR a Do skin irritation data from identific,a:on
hazard determination test(s) that donot use .
may not be able to be hum_amfellsortisma
P indicatethat May need to consider other
irritation/corrosion is likely?

NO information OR a hazard determination

may not be able to be made.
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Chemical
Structure
& Properties

Molecular Cellular
Initiating Event Response

Organ Response Organism Response

hCLAT, USENS, IL-8

Key Event 3
DPRA Dendritic Cells (DCs) Key Event 4 Adverse
ADRA « Induction of inflammatory T-cell proliferation Outcome
Metabolism cytokines and surface e —
[ * Histocompatibili
Penetration Key Event 1 mole_c_:ule.s :> com Iexer) / + Inflammation upon
OECD TB m) | ° Mobilisation of DCs plexe: hall ith
presentation by DCs =)  challenge wi
DEREK Covalent g allergen
interaction with . éctll\_/fatlor_l of chells
[ [ * Proliferation o
ﬂ skin proteins =) Key Event 2 activated T-cells
Keratinocytes responses =)
Electrophilic
substar?ce C A}c,:tti\ll(gtion of inflammatory
cytokines .
« Induction of cytoprotective .
genes )

KeratinoSens
LuSens
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Defined Approaches for Skin Sensitization (DASS)

2 Out of 3 KE 3/1 STS

Test Chermical @
I
<_Positive >

Classily based on
CONCondance

L

Gar 10> Gar> 10> {rositve> egaived

Classify based on 2/3
concordance

Polency Classification

ITSv2

DPRA

Prediction | Score

Mean Cys and Lys Depletion (%) | Cys Depletion Only | Score

MIT(ug/mL) | Score

xz 4247 ¥z 9824 3 =10 3 Positive
22625 x <4247 2309<x<9824 | 2 10<x<150 | 2 Negative | 0
B.38x <2262 13.895x<23.08 | 1 150<x £5000, 1
x <6.38 x<1388 | 0 Negative | O
| |
@ OECD
: Total Score | Potency
Sum 6-7 Strong
Cys, cysteine; Lys, lysine; MIT, minimum induction threshald scores 2.5 Weak
61 | NG 15
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* Project evaluated three different DAs for skin
sensitization (DASS): Al

(181 Chemicals)
— 2 out of 3 (203) (OECD 2021a)

— Integrated Testing Strategy (ITSv2) (OECD 2021a) HLNA
— Key Event 3/1 Sequential Testing Strategy (KE 3/1 STS) DPRA
(EPA 2018) (162)

Concordance
100%

« 181 substances relevant to programs within several KS 365?) 365[;6) .
US federal agencies were tested in NAMSs that are 58% 58% 66%
information sources for the DASS il (166) (166) (153).

80%

Method

60%

— Nominating agencies: NIEHS, EPA, FDA, CPSC U 66% 81% 87% 81% . o
— Expands coverage of chemical space — pesticides, (158) (160) (157) (166)
agrochemical formulations, dermal excipients, personal NN cBYaY 2% 76% 83% 91% .
care product ingredients, “challenging chemicals” (148) (152) (139) (153) (149)
— NOTE: GARDskin, the first internationally harmonized KE 3/1 STS DA i‘g’ 713;:’ :0;;’ 85;" 81‘4,'501" izj’;"
test based on genomics and machine learning ( ?~ ( ?~ ( % ( ﬂ ( ?~ ( ?~ -
algorithms, was evaluated using a subset of 31 G @ E Novs 1330@,10&@0
substances \ &>
* Drop-in replacement for h-CLAT Method

e Collaboration with SenzaGen and Burleson Research
Technologies, Inc (BRT)



Enaromental veatn soences — THe SKin Allergy Risk Assessment (SARA) Model
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Developed by Unilever as a defined approach for skin allergy risk assessment, o

expanded using data from ICE and the OECD DASS project Unidover

A Bayesian statistical model which estimates a human-relevant metric of sensitiser
potency (termed ED,,), the dose with a 1% chance of human skin sensitisation

Accounts for variability of the input data
and explicitly quantifies uncertainty

Utilises any combination of human
predictive patch test (HPPT), LLNA, direct
peptide reactivity assay (DPRA),
KeratinoSens™, h-CLAT, U-SENS™ data

The SARA-ICE Model was designed to
be used within an NGRA Framework for
decision making.

On OECD workplan for TG497 evaluation

Historic in vivo

LLHA prodnace
(comveited EC3)

DFftA predmion
(poyertedman
ogietan)

In chemico

‘Benchmark |

SARA Model overview: Reynolds et al 2022
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Progress Towards a Six-Pack Replacement

: » US EPA Waiver guidance available; Human (or rat) in vitro data for
Dermal Ietha“ty dermal absorption

; * In silico (CATMoS) for single chemicals; GHS additivity equation for
Oral Ietha“ty formulations

: : » 3D ALI models being evaluated; LC50 database evaluation for in
Inhalatlon letha“ty silico model development ongoing

* NAMs for Cat | and/or Cat IV (TG 437, 438, 460, 491, 492, 494,
496); Human-biology based DAs

Eye irritation

* NAMs for Cat | or Cat IV (TG 430, 431, 435, 439); Human-biology

SKkin Irritation based DAS

- e . * EPA science policy, draft risk assessment, and OECD international
Skin sensitization DASS guideline

Mansouri et al. 2021 EHP; Clippinger et al. 2021 Cut Ocu Tox; Rooney et al. 2021 Reg Tox Pharm,;
Allen et al. 2021 ALTEX; Hamm et al. 2021 Reg Tox Pharm
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