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Alternative Methods (ICCVAM)

recommendations, and regulations that promote the regulatory acceptance of new and revised
toxicological tests that protect human and animal health and the environment while reducing,
7 Regulatory Agencies
Consumer Product Safety Commission
Department of Agriculture
Department of the Interior

« National Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological
Department of Transportation

Methods (NICEATM), supporting the Interagency Coordinating Committee for the Validation of

UNITED STATES

« |[CCVAM Authorization Act of 2000: To establish, wherever feasible, guidelines,

Environmental Protection Agency
Food and Drug Administration

to Animal Testing )

refining, or replacing (3Rs) animal tests and ensuring human safety and product effectiveness.
Advancing Alte}natives
Occupational Safety and Health Administration

10 Research Agencies
Agency for Toxic Substances and Disease Registry

National Cancer Institute
*Other participants include: NCATS, Tox21 Representatives

National Institute for Occupational Safety and Health
National Institute of Environmental Health Sciences
National Library of Medicine

National Institutes of Health
Department of Defense
More information: https://ntp.niehs.nih.gov/go/iccvam

Department of Energy

National Institute of Standards and Technology

Veterans Affairs Office of Research and Development

NICEATM and ICCVAM
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ICCVAM

Advancing Alternatives

to Animal Testing


https://ntp.niehs.nih.gov/go/iccvam

Ongoing NICEATM and ICCVAM Projects

Integrated Chemical Environment

OPERA (QSAR/QSPR) &  BIENNIAL PROGRESS REPORT popyommgmmm -
C omput ational Ch emist ry ' on the Vaiagtion of Alterative Metnods 5t
Quantitative IVIVE

Reference data curation
Variability of in vivo data
Acute Systemic Toxicity
Dermal absorption

Eye and skin irritation
Skin sensitization
Ecotoxicology
Carcinogenesis
Cardiovascular Toxicity
Developmental Toxicity
DNT Testing Battery

Zebrafish models Subscribe to NICEATM News email list

Animal-free affinity reagents https://ntp.niehs.nih.qgov/go/niceatm
Microphysiological Systems

Evolving Process of Validation

Home Technology Confidence Utilization Leadership About Reference Pages Search Agencies Search Topics

« Summarizes US agency activities to promote
alternatives or reduce animal use

« 2018-2019 report published in July 2020,
available online at:
https://ntp.niehs.nih.gov/go/2019iccvamreport

Report for 2020-2021 will be out soon!



https://ntp.niehs.nih.gov/go/niceatm
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Emulate, Inc. | May 2020

Membrane
Microvascular Endothelium

Test novel therapeutics in
tissue chip & MPS models
and compare with
pre/clinical data
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virus particle
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MPSCoRe: Microphysiological Systems for COVID-19 Research

Joint working group to support global COVID-19 tissue

chip research activities

Partnership with NC3Rs, DoD, NIAID, NCATS, others.
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https://ntp.niehs.nih.gov/go/mps

MPS Data
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Preclinical Data '
| A ChEMBL,
ProprtetaryDatabases b Y \ Unichem,
and Tools =y ~ = DrugBank
\..-
OpenFDA,
Heaith Canada NAMCS/NHAMCS
LiverTox
Clinical Data

https://mps.csb.pitt.edu/

Kleinstreuer & Holmes (2021) Drug Discovery Today

Reproducibility

Computational Models of
ADME/Tox & Disease

° . oﬂ %
s



https://mps.csb.pitt.edu
https://ntp.niehs.nih.gov/go/mps

SEAZIT Activity:

* Interlaboratory study to compare the influence
of exposure conditions on study outcome

SEAZIT: Systematic Evaluation of the Application of Zebrafish in Toxicology

— Chorion on/off and static versus repeat exposure
— Dose-range finder is complete

— Definitive study in-progress

« Completed Manuscript:

— Implementation of Zebrafish Ontologies for
Toxicology Screening published: Frontiers in

9.
Toxicology, March 2022, https.//doi.org/10.3389/ftox.2022.817999
* Manuscripts in preparation:

— Systematic Evaluation of the Application of Zebrafish in Toxicology
(SEAZIT): Inter-Laboratory Study Design

— Systematic Evaluation of the Application of Zebrafish in Toxicology
(SEAZIT) Database in National Toxicology Program (NTP)


https://doi.org/10.3389/ftox.2022.817999
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OXFORD

Establishing an In Vitro Human Thyroid Microtissue Model for Chemical Screening
SOT fisiey
academic.oup.com/toxsci

TOXICOLOGICAL SCIENCES, 2019, 1-16

dot 10.1093 oscec Acf=238
Advanoe Access Publication Date: December &, 2019
Research Article
Development of an In Vitro Human Thyroid Microtissue
Model for Chemical Screening
Chad Deisenroth
Russell 5. Thomas

®

Cassandra Brinkman,* Edward L. LeCluyse,T Denise K. MacMillan,* and
system.

! Valerie Y. Soldatow, Jermaine Ford, Wendy Stewart,*

1.

human cells.

Objective: Form Validation Management Team to help support interlaboratory study for the transferability and
3.

reproducibility of a thyroid microtissue model developed by EPA CCTE (Deisentroth et al. 2019) including the overall
study design, analytical approaches, and data interpretation to the optimize the human thyroid microtissue model
developing a final chemical testing protocol.

Develop a minimum characterization strategy and acceptance criteria for qualifying suitable lots of primary

dosing ranges, exposure frequency, duration and endpoint analysis for the assay.

2. Determine optimal culture conditions, medium formulation, time points, endpoints, and analytical methods for
Establish a suitable reference compound set representing diverse mechanisms-of-action and their optimal
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ps: Prospective Testing

Agchems and Eye Irritation
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Agchems, AMCPs and Skin Irritation
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Institute for In Vitro Sciences

Native human skin

MatTek Corp. EpiDerm™ (EPI-200) 7
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Addressing Mixtures Computationally
Mixtures-Inclusive Ocular QSAR Models Application of Defined Approaches for Skin
Sensitization to Agrochemical Products
=
EPA categories GHS categories
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Cystelne Toolbox
Depletion (%)
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QSAR modeling

o | = [rp|w

Hazard
Predicti
20824
22262, <4247
=5000

223.09, <9824
=6.38, <22.62
Negative
[ ]

=13.89, =23.09
<6.38

Tested 27 agrochemical formulations in the

Positive
<13.89

Negative

DPRA, the KeratinoSens™ assay, and the h-CLAT
Data used as inputs to evaluate three DAs for

Set of in silico models to predict EPA and GHS

hazard classifications for chemicals and mixtures

Accuracies in the range of 72 — 94% depending

on approach and purity threshold.

hazard classification of skin sensitization potential
and two DAs for potency categorization
Sedykh et al. Chem Res Tox 2022

Strickland et al. Front Toxicol 2022



STopTox: In Silico 6-Pack Alternative

6-pack
acute toxicity tests

SKIN SENSITIZATION
EYE IRRITATION/CORROSION

ACUTE INHALATION TOXICITY

‘ SKIN IRRITATION/CORROSION

‘ ACUTE DERMAL TOXICITY

‘ ACUTE ORAL TOXICITY

Data Retrieval
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Web Platform

Borba et al. EHP 2022

6,3

7.1

5,0

Removal of inorganics
and mixtures

Cleaning of salts and
conterions

=

Normaliation of
chemotypes

Removal of duplicates

Manual inspection

Data Curation Data Integration
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QSAR modeling

Descriptor Calculation



BeeTox Al Web App

Draw molecule or load file Results Contribution map
SThed ] el [z Iox] || Prediction
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Moreira-Filho et al. Al in Life Sciences, 2021 http://beetoxai.labmol.com.br/



http://beetoxai.labmol.com.br/

Global Crowdsourcing Predictive Models

« 35 Groups: academia, industry, govt

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

« Use molecular structure and chemical
properties to predict toxicity

« Combine best models together into
“ensemble” approaches

« Create open access Al/ML modeling suite

PERA

"OPEn (q)saR App

https://github.com/NIEHS/OPERA

Mansouri et al. J Cheminform (2018); Kleinstreuer et al. Comp Tox (2018); Mansouri et al. Env Health Persp (2020, 2022); Chushak et al. 2021


https://github.com/NIEHS/OPERA

Characterizing Variability and Applying to NAM Evaluation

4 e Collaborative Acute Toxicity Modeling Suite
N T e e 2L il (CATMoS) Performance
T T T T
, Train Eval Train Eval Train Eval Train Eval
2 Sensitivity 0.87 0.70 088 067 081 062 080 058
f: Specificity 0.99 0.97 097 090 092 0.8 095 0.90
g ,~ iiiau'lﬁiﬂ 093 084 092 078 087 074 088 074
0 In vivo
i 5 Balanced 0.81 0.89 0.82 0.79
‘g e Accuracy
T o0 values | LDSo values
’ Train  Eval In Vivo
R2 0.85 065 0.80
RMSE 0.30 049 0.42

Analyzing sources , ..

of variability in S
acute oral toxicity - | [} . .11
data & quantifying = |} 1 b

CATMoS QSAR predictions perform just
as well as replicate in vivo data at

95% confidence " - s o1 ] ey predicting oral acute toxicity outcome
interval - o

Pove o s il )“'"“'“" |3L'J|"""""(‘-' Karmaus et al. Toxicol Sci. 2022; Mansouri et al. EHP 2021



OPERA-TB: An OECD QSAR Toolbox Plug-in

Available soon

QsAR TooLeOox [

P Input P Profiling ( g P Report

Gap Filling Workflow Editor

= [ e &2 2 2 29
- ‘s - - - -

Trend analysis Read across ~ (Q)SAR Automated Standardized New Import Export  Delete

Details for 2 (Q)SAR models

° Documents Filter endpaint tree... Y 1 [target]

@& Document 1

# [C: 1;Md: 0;P: 0] CAS: 58082

Structure .‘,v"“Pl:i Boiling Point Adapted Stein and
g Brown Methed (EPISUITE) (1.0}

No domain available

[ Structure info

[%] Parameters

[Z] Physical Chemical Properties

—— Autoflammability / Self-ignition tempera...
— Boiling point _—
—— Chemical reactivity

— Density

—— Dissociation Constant (pKa)
— Explosive properties

— Flammability

— Flash point

— Melting / freezing point

—— Oxidation reduction potential
— Oxidising properties

Opera BP (2.6) No domain available Q17-12-0021

— Particle size

—{#] Partition Coefficient:

— Solubility in organic solvents / fat solubil...
— Stability in organic sol and identity

— Surface tension

° Data Gap Filling Settings.

Only endpoint relevant — Vapour pressure N

) » — Viscosity .
At this position: —— Water solubility d
QSARs (%] Envir tal Fate and Ti rt

P
Automated workflows

[#] Ecotoxicological Information
Standardized workflows

[%] Human Health Hazards i
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News & Events

ICE v2.6 Release

ICE updates include

|CEV36 https://ice.ntp.niehs.nih.qov/

ew tools and expanded capabilities:
Enhznced filteri

u
development of new approaches
or d

a
for chemical safety testing

aboutICE!
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Integrated Chemical Environment o

— Organized by toxicity endpoints and
mechanisms

« Democratizing access to data

— Standardized terminology, units, and
formatting

» Curated information
@ (F 00Ra0

— I
D .
if;-,— =

CL,+CL, @

SN

— Reference chemical lists with classifications
and bioactivity
— In vitro assays annotated with defined
terminology
DJ |—~Iv _[Z]._
E

Bell et al. 2017 EHP; Bell et al. 2020 Tox In Vitro; Abedini et al. 2021 Comp Tox

« Computational models

predictions

— Internal and external exposure predictions
— Chemical characterization, and toxicity


https://ice.ntp.niehs.nih.gov
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Data in ICE

Chemical Parameters Physchem, ADME, and toxicity endpoints ~10000
Acute Toxicity In vivo acute oral, dermal, and inhalation toxicity ~10000
Cancer In vivo and in vitro Cancer, and Weight of Evidence 3042
DART In vivo and in vitro DART 607
Skin Sensitization In vivo and in vitro skin sensitization 2181
Skin Irritation In vivo and in vitro skin irritation/corrosion 1664
Eye Irritation In vivo and in vitro eye irritation/corrosion 796
Endocrine In vivo and low throughput in vitro data on AR and

ER agonist and antagonist activity e

cHTS Curated ToxCast and Tox21 assays 9213
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In Silico Models/Integrated Approaches :o:

OPEnN (q)saR App (OPERA)

Physicochemical Properties ).\ ri ot al. J Cheminform 2018 AU
. Collaborative Acute Toxicity Modeling Suite (CATMoS) - Rat

AEUE Ol ey acute oral toxicity. Mansouri et al. EHP 2021 S
Estrogen Receptor pathway Model. 1812
Judson et al. Tox Sci 2015
Androgen Receptor Pathway Model. 1855
Kleinstreuer et al. Chem Res Tox 2017

Endocrine
Collaborative Estrogen Receptor Activity Prediction Project 800 000+
(CERAPP). Mansouri et al. EHP 2016 ’
Collaborative Modeling Project for Androgen Receptor 800,000+

Activity (COMAPRA). Mansouri et al. EHP 2020



ICE Tools

l
W

Expand Predict
. _ . . Generate )
inventory: Characterize Review : equivalent
; : o chemical o
Identify chemical in vitro : administered
e . . concentration
similar inventory data details dose from

chemicals predictions in vitro data
r
(C/—-_—

Curve Surfer

Perform a

search

S

Chemical
characterization

s Dose
S CLACL

Chemical Quest

ICE, ICE, Data:

Using NICEATM's Integrated Chemica
Environment to support chemical

Training available online
and via https://ice.ntp.niehs.nih.gov/

emical


https://pcrm.widencollective.com/portals/ieooh0ol/ICE
https://ice.ntp.niehs.nih.gov/

ICE Functionalities I:

Concentration Response Curve Overlay: Scaled Response

HTS Data Exploration

ATG_chERa_XSP1_up: Bisphenol A
ATG_hERb_XSP2_up: Bisphenol A
ATG_frER1_XSP1_up: Bisphenol A

+  ATG_trERa_XSP2_up: Bisphenol A
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i +  ATG_ERE_CIS_up: Bisphenol A
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* Concentration Response +  ACEA_AR_antagonist_8ohr: Bisphenol A
wses ACC + ATG_ERa_TRANS_up: Bisphenol A
100+ - = aCs0 ACEA_ER_80hr: Bisphenol A
& — — Top of Curve
= 8o
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o
£ 60
o
o
5 a0
o
20+
0
' ' 1 1 i '
100p  0.001 0.01 0.1 i 10

Concentration {uM)
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ICE Functionalities |
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HTS Data Exploration

ACEA_AR_agonist_80hr
58-18-4

Concentration Response Curve Overlay: Scaled Response

ATG_chERa_XSP1_up: Bisphenol A

ATG_hERb_XSP2_up:
ATG_frER1_XSP1_up:
ATG_trERa_XSP2_up:

ATG_frERZ_XSP1_up

ATG_trERa_XSP1_up:
ATG_hERa_XSP1_up:
ATG_hERb_XSP1_up:

Bisphenol A
Bisphenal A
Bisphenol A
Bisphenol A
Bisphenol A
Bisphenol A
Bisphenol A

percent_activity

Hill
*  Concentration Res;
e ACC
= = AC50
— — Top of Curve

asuodsay PaIEIS

.
100p  0.00

T
1 0.01 0.1 i

Concentration {uM)
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Select Filterto add to chain:

o

~ || ClearFiters

ATG_chERa_XSP2_up: Bisphenal A
+  ATG_ERE_CIS_up: Bisphenol A
+  ATG_hERa_XSP2_up: Bisphenol A

ATG_ERa_TRANS_up: Bisphenol A
ACEA_ER_80hr: Bisphenol A

Filtered Curves by Filter Type - Filtered () - Unfiltered

Select this item

CASRN: 20056-66-0
DTXSID: DTXSID3066552
Name: Phenol, -pentyl-
Tanimoto Value: 0979167
Has Bioactivity: false

w\©/wam

Select Page

1 v ef1 ~

R B

Tanimots

Smarts
as Bioactivity

Select Page

of 1

&0 B
3sslected Oselected T

Unfikered [u 1010 D] » [ 0 10/10 D]

casan

Sort Results By

E Shaning 1 Shs Tanimoto

1w
Select All iltered | Clear Selected only show selected tems

Select this item

CASRN: 29665574
DTXSID: DTXSID00565967
Name: 3-Dodecylphenol
Tanimoto Value: 0.94

Has Bioactivity: false

"'\@MMM«:.

Showing 15 Shite.

Select this item

CASRN: 139-84-4.

DTXSID: DTXSID00864306
Name: 3-Nonylphenol
Tanimoto Value: 0.94

Has Bioactivity: false

MM/QW

Mean: 19.52
Std. Dev.:26.37

——e Selected: 187

&

Kemel Density Estimate (KDE)

+ ACEA_AR_antagenist_80hr: Bisphenol A

Close

11
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Concentration Response Curve Overlay: Scaled Response

HTS Data Exploration

Box and Whisker -- css

R H cart
ATG_chERa_XSP1_up: Bisphenol A B cqu
. ;_chERa_XSP1_up: Bispheno S0k | | . .
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58-18-4 +  ATG_hERa_XSP1_up: Bisphenol A - . . =
i + ATG_hERb_XSP1_up: Bisphenol A = 30k- . s . Cwven
g 6 - ATG_chERa_XSP2_up: Bisphenol A S
i T -« ATG_ERE_CIS_up: Bisphenol A
Hill ® +  ATG_hERa_XSP2_up: Bisphenol A
* Concentration Res; § 4 +  ACEA_AR_antagonist_8ohr: Bisphenol A
=eeee ACC = + ATG_ERa_TRANS_up: Bisphenol A
- = acs0 B ACEA_ER_80hr: Bisphenol A
£ — — Top of Curve
Z
o
EI
@ i i
g Ckidney Cliver
o
. . .
.
s Predlctlng Chemical EXpOSUI"e.
100y  0.001 0.01 0.1 1 10
.
ceneenirten Body Tissues, Consumer Products
b
Select Filter to add to chain: o
~ Clear Filters
Fitered Curves b Fitr Typa - Fitered (3) - Unfitred (5757 — 5 e B — B = 7
e sdece ® s
o (o) () () oo T
s
B Tanimoto
B s
= B bes Bioactiviy i O Mean: 19.52
38930482 Std. Dev.:26.37
——o Selected: 187
Select Page Sort Results By
i1 Esnmnmacsm Tanimot
Y. of ranimoto E]

0%

1 v
Select Al Filtered

Select this item

xR Only show selected items

Select this item Select this item

CASRN: 20056-66-0
DTXSID: DTXSID3066552
Name: Phenol, -pentyl-
Tanimoto Value: 0.979167
Has Bioactivity: false

CASRN: 29665-57-4
DTXSID: DTXSID00565967
Name: 3-Dodecylphenol
Tanimoto Value: 0.94

CASRN: 139-84-4
DTXSID: DTXSID00864306
Name: 3-Nonylphenol
Tanimoto Value: 0.94
Has Bioactivity: false

Kemel Density Estimate (KDE)
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Concentration (uM)

Select Page
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ICE Functionalities |
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Concentration Response Curve Overlay: Scaled Response

HTS Data Exploration

ACEA_AR_agonist_s0hr 8 .
58-18-4 :

v
g 6 .
w .
Hill ; )
* ConcentratonRes; & 4 °
aneee ACC g .

= = ACS0 ®

— — Top of Curve

percent_activity

T T
100p  0.001 0.01 0.1 L 10

Concentration {uM)

Select Filter to add to chain: o

~ || ClearFiters
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CASRN: 20056-66-0
DTXSID: DTXSID3066552
Name: Phenol, -pentyl-
Tanimoto Value: 0979167
Has Bioactivity: false

CASRN: 29665-57-4
DTXSID: DTXSID00565967
Name: 3-Dodecylphenol
Tanimoto Value: 0.94

CASRN: 139-84-4.

DTXSID: DTXSID00864306
Name: 3-Nonylphenol
Tanimoto Value: 0.94

Has Bioactivity: false

ATG_chERa_XSP1_up: Bisphenol A
ATG_hERb_XSP2_up: Bisphenol A
ATG_frER1_XSP1_up: Bisphenol A
ATG_trERa_XSP2_up: Bisphenal A
ATG_frER2_XSP1_up: Bisphenol A
ATG_trERa_XSP1_up: Bisphenol A
ATG_hERa_XSP1_up: Bisphenol A
ATG_hERb_XSP1_up: Bisphenol A
ATG_chERa_XSP2_up: Bisphenal A
ATG_ERE_CIS_up: Bisphenol A
ATG_hERa_XSP2_up: Bisphenol A
ACEA_AR_antagenist_sohr: Bisphenol A
ATG_ERa_TRANS_up: Bisphenol A
ACEA_ER_80hr: Bisphenol A

Mean: 19.52
Std. Dev.:26.37
Selected: 187
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Select Page

1 v o1 | howing 150 shis

Predicting Chemical Exposure:
Body Tissues, Consumer Products

Chemical Consumer Use
(1875 Chemicals - 203 unique): Cleaning Products and Household Care

General Household Cleaning|

Metal Specifid]
Drain Products

ICarpet and Floo

- N
lLamp Qil/Lighter Fluid|
.|

eplace]

Dishwasher and DHan¢Claanaci
Speciﬂ

‘ Uncategorized|
[Heavy Duty Cleane]

Laundry and Fabric Treatment]

Chemical Consumer Use Details:  Cleaning Products and Household Care (270 Chemicals - 56 unique)
Sub Category "
General Household Cleaning
Laundry and Fabric Treatment
Carpet and Floor
Air Freshener
Dishwasher and Dishes
Send filtered results to:

Select tool

Consumer Use Categories by DTXSID, CASRN O

DTXSID (Dashboa Substance Name CASRN (CEBS Linl Sub Categories

DTXSID7020762 Isopropanel 67-63-0
DTXSID9020584 Ethanol 64-17-5
DTXSID1024097 2-Butoxyethanol 111-76-2

DTXSID1020778 D-Limonene 5989-27-5

Assay Call Resuits (DTXSIDs)
(50 Cnemicais)

Active

Inactive

QC Omit
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Impact of High-Throughput Model Parameterization and Data
Uncertainty on Thyroid-Based Toxicological Estimates for Pesticide
Chemicals

Jeffrey M. Carlson,* Patricia A. Janulewicz, Nicole C. Klei and Wendy Heiger-Bernays

Carlson et al. 2022

Response

‘ Frontiers in Pharmacology

Venous blood

= Lung Blood f—»

<+— Renal Blood f+—

PBPK Model

Lung Tissue

Forward dosimetry

Oral Bolus s RALLL External
*
< o Dose
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‘F Liver Blood 1_%
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<« BodyBlood je— | _ _ 0" Sewmp EAD

Renal Tissue Reverse dosimetry

!

Filtration

PERSPECTIVE
published: 13 April 2022
doi: 10.3389/fphar.2022.864742
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Gheok for
updates.

Application of an Accessible Interface
for Pharmacokinetic Modeling and In
Vitro to In Vivo Extrapolation
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TK to Connect Metabolism and Variability in Humans
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Machine Automating Study Data Curation
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Foster et al. 2022 under review

 Important for identifying high-quality studies in the published literature
« Applications in systematic review of chemical effects
 Establishing reference datasets for validating new methods



Essential Elements of a NAMs Scientific Confidence Framework

( Fitness for Purpose (Independent Review)
Humen Framework for Establishing

Biological Scientific Confid in NAM

E cientific Confidence in S

Technical Data Integrity
Characterization and Transparency

van der Zalm et al. 2022 under review



Understanding Fitness for Purpose

Which regulatory A ( How will the NAM
statutes are data from § be used?
the NAM intended to
: . As a stand-alone assay
comply with? )
As part of a defined
U.S. TSCA y _ approach
EU REACH Fitness N
= for As part of an integrated
Other by Purpose approach to testing and
assessment or weight of
. evidence assessment
- . . ™ 4 . .
Is the information provided What is the context in
sufficient to address which the NAM is
the regulatory endpoints g intended to be used?
of interest? :
y Preregulatory screening
Describe the relationship Y and prioritization
between the information . Chemical grouping
measured by the NAM and ————
the regulatory endpoints 9 Hazard identification
being addressed. ) 9 Quantitative risk assessment
Is the technical performance,
including the level of
uncertainty, acceptable?

van der Zalm et al. 2022 under review



Lessons (Continuously) Learned & Being Applied

 Roadmap 101: Engagement with regulatory stakeholders
* Fit for purpose, performance-based evaluations

« Opportunity for tailored assessments, where data ﬂ
requirements are driven by use cases oy
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« Communication is key
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