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NICEATM and ICCVAM
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» National Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological
Methods (NICEATM), supporting the Interagency Coordinating Committee for the Validation of ZO
Alternative Methods (ICCVAM) PRACTON
ICCVAM
* ICCVAM Authorization Act of 2000: To establish, wherever feasible, guidelines, Qi
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,
refining, or replacing (3Rs) animal tests and ensuring human safety and product effectiveness.

/ UNITED STATES
[ |
7 Regl"atory Agencies “ Advancing Alternatives > 10 Research Agencies
to Animal Testi >
Consumer Product Safety Commission el Agency for Toxic Substances and Disease Registry
Department of Agriculture National Institute for Occupational Safety and Health

National Cancer Institute

National Institute of Environmental Health Sciences
National Library of Medicine

National Institutes of Health

Department of Defense

Department of Energy

National Institute of Standards and Technology
Veterans Affairs Office of Research and Development

Department of the Interior

Department of Transportation

Environmental Protection Agency

Food and Drug Administration

Occupational Safety and Health Administration

*Other participants include: NCATS, Tox21 Representatives

More information: https://ntp.niehs.nih.gov/go/iccvam
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OPERA (QSAR/QSPR)
Computational Chemistry
Quantitative IVIVE
Reference data curation
Variability of in vivo data

Ongoing NICEATM and ICCVAM Projects

BIENNIAL PROGRESS REPORT

Integrated Chemical Environment 2 20202021

FAIR Resources

Big Data

(e.g. clinical records,

HTS, systematic review) ®

. ICCVAM 2020-2021 Biennial Progress Report hitps:fntptest niehs.ni
Machine & o

Assay Learning / . 1 1
. ) Development, Artificial httDS.//ntD.nlehS.nlh.QOV/CJO/
Acute Systemic Toxicity Data Generation \ Intelligence 2021iccvamreport

Dermal absorption
Eye and skin irritation

Mechanistic / /
Models

Skin sensitization o CEaaC cremic ICCVAM Workgroups
Ecotoxicology Models el gy Priortzation — Acute Toxicit
Experimentation I Y

Carcinogenesis
Cardiovascular Toxicity
Developmental Toxicity

DNT Testing Battery

Zebrafish models

Animal-free affinity reagents
Microphysiological Systems
Evolving Process of Validation

Consideration of Alternative
Methods

— Ecotoxicity

(e.g. 3D organoids, tissue chips,
targeted bioassays)

Regulatory/Safety/Efficacy Decisions

— In Vitro to In Vivo Extrapolation
— Nanomaterials

— Validation

— NAMs for PFAS


https://ntp.niehs.nih.gov/go/2021iccvamreport
https://ntp.niehs.nih.gov/go/2021iccvamreport
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Data generation Methods & Deliverables Outcome
—
o 1888
. ¢ Scaling: ¢ Mining ¢ Curation & ®Analysis & ¢ Validation
In vitro High-throughput Integration Modeling

screening

100-

90:

Biological
prediction

80

70

60:

50:

Curated
repository
— KNIME, Python, R, Databases, Cloud computing, GPU acceleration

Data lake Al modeling

&

Exposomics
= Context and Integration Chemical
Phenotypes, % prediction
Safer Chemicals Knowledge-Driven Experimental Design

Adapted from Alves et al. 2021
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The use of computational tools,
information technology, and cognitive
algorithms such as machine learning and
artificial intelligence to complement and

enhance human intelligence.

W. Ross Ashby:
Intelligence Amplification (1956)
J. C. R. Licklider:

Man-Computer Symbiosis (1960)
Douglas Engelbart:
Augmenting Human Intellect (1962)
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« 35 Groups: academia, industry, govt

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

(Q)SAR .
; * Use molecular structure and chemical

properties to predict toxicity (e.g. endocrine
disruption, acute systemic effects)

Combine best models together into
‘ensemble” approaches

uuuuuuu

» Create open access Al/ML modeling suite
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https://github.com/NIEHS/OPERA

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


https://github.com/NIEHS/OPERA

L e - International collaborative projects
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Collal l a

A ’ I (2015/16)
Mansouri et al. (https://doi.org/10.1289/ehp.1510267)

\

Endocrine Disruptor Screening Program

/
Mansouri et al. (https://doi.org/10.1289/EHP5580) (

UNITED STATES

Advancing Alternatives

C AT M 0) S " toAnimal Testing

Acute Toxicity Workgroup: alternative methods
Collaborative Acute Toxicity MOdeling Y srotip
Suite (2019/20)

Kleinstreuer et al. (https://doi.org/10.1016/j.comtox.2018.08.002)
Mansouri et al. (https://doi.org/10.1289/EHP8495)

ICCVAM: Interagency Coordinating Committee on the Validation of Alternative Methods



https://doi.org/10.1016/j.comtox.2018.08.002
https://doi.org/10.1289/EHP8495
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» Certain NAMs have been validated by
EPA and may now be accepted by EPA
as alternatives for certain EDSP Tier 1 A s o £ e toapies () ithe
assays, while other NAMs are useful
for prioritization under the EDSP and
for consideration as OSRI in WoE
evaluations.

December 13, 2022

* NAMs Acceptable for Priority Setting
and WoE Analysis:

\VED STq,
N %s

\onm/\/\/g
©
% P
¥ agenct

— In Silico Qualitative Structure Activity
Relationship Consensus Models for ER
and AR. Available in the OPERA tool.

A\/
=
o

A

EPA'’s Office of Chemical Safety and Pollution Prevention
Office of Pesticide Programs in collaboration with
Office of Research and Development
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Binary Models Continuous Model

3 Contents lists available at ScienceDirect i
% ;- "‘In“mu;al
4 Regulatory Toxicology and Pharmacology ety
S - journal homepage: www.elsevier.com/locatelyrtph =
Highly toxic
H H Status of acute systemic toxicity testing requirements and data uses by U.S. | M)
I (<50 mg/kg) Point estimates of i (-]
Judy Strickland™, Amy J. Clippinger”, Jeffrey Brown", David Allen”, Abigail Jacobs"',
LD50 values Joana Matheson, Anwa Lowit, Emily N, Ranke), ek 5. ohnson, MichaelJ. Quinn I,
T H David Mattie?, Suzanne C. Fitzpatrick”, Surender Ahir’, Nicole Kleinstreuer', Warren Casey’
OoXiIC
(>50-5000 mg/kg) Strickland et al. 2018

Research bt e wepe Mg A .

CATMoS: Collaborative Acute Toxicity Modeling Suite
% S/
<D

+ Nontoxic (>2000 mg/kg) N

Categorical Models Hazard

Zijun fongbin Yang,*
‘agen F. Zhang," Zhen Zhang,** Tongan Zhao,"" Hao Zhu,"
instreuers

. Mansouri et al. 2021
EPA Categories GHS Categories

TR
o5 O TN,

o B (250 mgk (‘ B (=5mgikg) )SHA
'O} ! I E>5o < 59009319/kg) B :/ Il (>5 = 50 mg/kg) 95
acking Il (>50 < 300 mg/kg) Hazard
y g ! (>6005000mgkg) g0 IV (>300 = 2000 morka)

azard IV (>5000 mg/kg) NC (> 2000 mg/kg)
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Collaborative Acute Toxicity Modeling Suite
(CATMoS) Performance

T Ve Tosc | NonToxic | ePA | s |

Train Eval Train Eval Train Eval Train Eval
Sensitivity 0.87 0.70 088 067 0.81 062 080 0.58
Specificity 099 097 097 090 092 0386 095 0.90

LDsp (logso mg/kg)

Salanced 093 084 092 078 087 074 088 074
ccuracy
0 In vivo
Balanced 0.81 0.89 0.82 0.79
PR S Accuracy
c e | | LD50values | LD50 values
| Train  Eval In Vivo
oL 1l I\U. hl” i I‘Iul l‘l “‘ lJ!I! ol Ll e 0 i L i R2 0.85 0.65 0.80
‘ — RMSE 0.30 0.49 0.42

Analyzing sources .
of variability in
acute oral toxicity

CATMoS QSAR predictions perform just

data & quqntifying 0 as well as replicate in vivo data at
95% ctonfldlence predicting oral acute toxicity outcome
interva

"l
"Jl‘ e Karmaus et al. Toxicol Sci. 2022; Mansouri et al. EHP 2021
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« EPA’s Office of Pesticide Programs (OPP) registers conventional pesticides
and the Environmental Fate and Effects Division (EFED) conducts the needed
ecological risk assessments

» Registrants submit required data, as specified in the Code of Federal
Regulations (40 CFR 158), to assess risk to non-target animals and plants

 Rat in vivo acute oral toxicity LD50 data are used as a surrogate to assess
risk to all mammalian wildlife

» The data are used for risk estimation (comparison of hazard and exposure)
and precautionary and compulsory label statements to minimize the potential
harm to non-target organisms

* EPA compared CATMoS results to OPP empirical data from in-vivo studies for
178 active ingredients

« CATMoS predictions of >2000 mg/kg-bw were reliable
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Regulatory Toxicology and Pharmacology 125 (2021) 105007

,"

|

Contents lists available at ScienceDirect

Regulatory Toxicology and Pharmacology

journal homepage: www.elsevier.com/locate/yrtph | - ° Pr0m|S|ng approaCh fOI" |eSS
toxic substances

) i
. : _— 4 » Within-class concordance was
Performance of the GHS Mixtures Equation for Predicting Acute Gatd . o
Oral Toxicity consistently over 85%
Jon Hamm ™, David Allen®, Patricia Ceger ®, Tara Flint°, Anna Lowit ”, Lindsay O’Dell °, ¢ Anlmal tests are Inherently
Jenny Tao ’, Nicole Kleinstreuer variable. Similar
*ILS, P.O. Box 13501, Research Triangle Park, NC, 27709, USA L H H
b Office of Peticide Programs, U.5. vironmertal Proteton Agency, 1200 Pesylvania Ave, NW, Washigton, DG, 20460, USA underclassification is observed
© National Toxicology Program Interagency Center for the Evaluation of Al ive Toxicological Methods, National Institute of Environmental Health Sciences, P.0. Box . L.
12233, Rsearch Trangle Pk, NG, 27709, USA following a repetition of the
animal test.
ARTICLEINFO ABSTRACT
Handling Editor: Dr. Lesa Aylward Acute oral toxicity classifications are based on the estimated chemical dose causing lethality in 50 % of labo-
ratory animals tested (LDsq). Given the large number of pesticide registration applications that require acute
Keywords: toxicity data, an alternative to the in vivo test could greatly reduce animal testing. The United Nations Globally
Acute systemic toxicity Harmonized System of Classification and Labelling of Chemicals (GHS) Mixtures Equation estimates the acute

Alternative approaches
GHS Mixtures equation
Non-animal methods

toxicity of mixtures using the toxicities of mixture components. The goal of this study was to evaluate the
concordance of LDsos predicted using the GHS Mixtures Equation and LDsos from the in vivo test results. Using
the EPA classification system, concordance was 55 % for the full dataset (N = 671), 52 % for agrochemical
formulations (N = 620), and 84 % for antimicrobial cleaning products (N = 51). Most discordant results were
from substances LDs, > 2000 mg/kg (limit test) or 2000 < LDs, < 5000 mg/kg that were predicted as LDsg >
5000 mg/kg. A 1 ary analysis combining all formulations with an LDso > 500 mg/kg produced a
concordance of 82 %. The lack of more toxic formulations in this dataset prevented a thorough evaluation of the
GHS equation for such substances. Accordingly, our results suggest the GHS equation is helpful to predict the
toxicity of mixtures, particularly those with lower toxicity.

Regulatory requirements

12



B ot Foeith Scioncee Predicting Acute Systemic Toxicity of Mixtures

Division of Translational Toxicology

Regulatory Toxicology and Pharmacoloev 125 (2021) 105007

P Contents lists available at

Regulatory Toxicology a
e e
ELSEVIER journal homepage: www.elsevi

Performance of the GHS Mixtures Equation for
Oral Toxicity

Jon Hamm ™, David Allen?, Patricia Ceger *, Tara Flint°, A
Jenny Tao °, Nicole Kleinstreuer ©

* ILS, P.O. Box 13501, Rescarch Triangle Park, NC, 27709, USA

® Office of Pesticide Programs, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave, NW, Was
< National Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological Methods,
12233, Research Triangle Park, NC, 27709, USA

ARTICLE INFO ABSTRACT

Handling Editor: Dr. Lesa Aylward Acute oral toxicity classifications are
ratory animals tested (LDsq). Given {

Keywords: toxicity data, an alternative to the in

Acute systemic toxicity Harmonized System of Classification’

Alternative approaches
GHS Mixtures equation
Non-animal methods
Regulatory requirements

toxicity of mixtures using the toxici
concordance of LDses predicted using
the EPA classification system, conco}
formulations (N = 620), and 84 % fq
from substances LDs, > 2000 mg/kg
5000 mg/kg. A supplementary analy
concordance of 82 %. The lack of mor
GHS equation for such substances. A
toxicity of mixtures, particularly thos

Chemical
Researchin
Toxicology

pubs.acs.org/crt

In Silico Assessment of Acute Oral Toxicity for Mixtures
Yaroslav Chushak,* Jeffery M. Gearhart, and Darrin Ott

Cite This: https://dx.doi.org/10.1021/acs.chemrestox.0c00256 I: I Read Online

AC CESS | [l Metrics & More [ Article Recommendations | ° Supporting Information

guidelines for options on how to legitimately share published articles.

AJAND T UF HEAL LH OnJanuary 15, ZUZ1 at 1 /:38:24 (U1IL).

ABSTRACT: While exposure of humans to environmental hazards

i A ; A Predicted GHS Catego
often occurs with complex chemical mixtures, the majority of gory

existing toxicity data are for single compounds. The Globally 1 2 3 4 5
Harmonized System of chemical classification (GHS) developed by

the Organization for Economic Cooperation and Development uses | 2| 1 0 0 0 0 Y
the additivity formula for acute oral toxicity classification of |

mixtures, which is based on the acute toxicity estimate of individual 5 2 & N 4 g g
ingredients. We evaluated the prediction of GHS category | @ 3 0 o 2 6 By
dassifications for mixtures using toxicological data collected in the | ©

Integrated Chemical Environment (ICE) developed by the National o 4 0 1 8 85 47

Toxicology Program (United States Department of Health and
Human Services). The ICE database contains in vivo acute oral 5 0 0 7 67 256
toxicity data for ~10,000 chemicals and for 582 mixtures with one
or multiple active ingredients. By using the available experimental data for individual ingredients, we were able to calculate a GHS
category for only half of the mixtures. To expand a set of components with acute oral toxicity data, we used the Collaborative Acute
Toxicity Modeling Suite (CATMoS) implemented in the Open Structure—Activity/Property Relationship App to make predictions
for active ingredients without available experimental data. As a result, we were able to make predictions for 503 mixtures/
formulations with 72% accuracy for the GHS dlassification. For 186 mixtures with two or more active ingredients, the accuracy rate
was 76%. The structure-based analysis of the misclassified mixtures did not reveal any specific structural features associated with the
mispredictions. Our results demonstrate that CATMoS together with an additivity formula can be used to predict the GHS category
for chemical mixtures.
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Physchem properties = Chemicals Version

ADME properties Chemicals Version

BP Boiling Point 7860 2.9

HL Henry's Law Constant 2233 2.9 FUB Fraction unbound 3229 2.8
LogP Octancél;v:?fticceire :rtition 18154 2.9 Clint Intrinsic clearance 1346 2.8
MP Melting Point 22554 2.9 CACO2 Caco-2 permeability 4601 2.8
VP Vapor Pressure 6764 2.9

WS Water Solubility 9943 2.9 .. ) ) )
pKa Acid Dissociation Constant 6503 2.6 Toxicity endpomts Chemicals Version
KOA OctanoI/Ai'r.Par‘tition 270 2.6 ER Estrogen Receptor Activity 32464 2.6

Coefficient
AR Androgen Receptor Activity 47673 2.6

AOH Atmospheric Hydroxylation Rate 692 2.6 Toxicity

BCF Bioconcentration Factor 626 2.6

; } ) } Future models
BioHL Biodegradation Half-life 150 2.6

Inhalation Acute Inhalation Systemic Toxicity

RB Ready Biodegradability 1603 2.6 SixPack Acute Toxicity Six-Pack Endpoints
KM Fish Biotransformation Half-life 541 2.6 UGT Glucuronidation: substrate selectivity
KOC Soil Adsorption Coefficient 728 2.6 SULT Sulfation: substrate selectivity

https://github.com/NIEHS/OPERA
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Vapor
vp 2P
M d I Deviation of loglp (. Pressure urements at 25 °C
odels
PFAS/Total COSMOtherm EPI Suite NICEATM ACD/Labs TEST OPERA
BP  Boiling Point 346/7860 MAE 122 1.08 1.46 1.53 1.31 0.95
RMSE 148 1.48 2.06 1.99 1.91 126
Octanol-water

97/18154

Partition Coef.

MP  Melting Point 409/22554 LogP Octanol-water Coef
VP Va por Pressure 1 78/6764 Deviation of octanol-water partition ratio (log Kow) estimates from experimental measurements at 25°C

COSMOtherm EPI Suite NICEATM ACD/Labs OPERA LSER
WS Water Solubility ~ 105/9943 MAE 0.41 025 0.68 0.61 021 033
RMSE 0.50 0.29 1.13 0.70 028 036
_ J

WS  Water solubility

Deviation of water solubility (log S; mg/L) estimates from experimental measurements at 25°C

COSMOtherm EPI Suite NICEATM TEST? OPERA
MAE 0.35 1.82 2.38 0.95 0.23
Environmental Chemistry RMSE 041 220 255 136 036

Property Estimation of Per- and Polyfluoroalkyl Substances:
A Comparative Assessment of Estimation Methods

Alina Lampic and J. Mark Pamis*

Chemical Properties Research Group (Canadian Environmental Modelling Centre), Department of Chemistry, Trent University, Peterborough, Ontario, Canada
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Users Resources \ Outcomes

gentllfy opportu n;\tltijs to

Method D I o . evelop new methods

Al Doobibepon) S jiligh-Quality|Cigigy - Compare method performance Integ rated

Chemical Producers oOa Reference Chemicals - Identify data gaps Chemical

Risk Assessors ®  Computational Tools (Ot e S (e a7 o Environment
P and chemical data

- Develop testing strategies

S ﬁ][ﬁlﬂﬁllﬁl

.

th
March 17 /\Dose . /-\ ot —

e
Bell et al. 2017 EHP

Bell et al. 2020 Tox In Vitro https://ice.ntp.niehs.nih.gov/
Abedini et al. 2021 Comp Tox
Daniel et al. 2022 Front Toxicol

ICE v4.0
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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
XSP2_up!

Bisphenol A

ACEA_AR_agonist_80hr 8 Bisphenol A

_18-4 ATG_hERa_XSP1_up: Bisphenol A
+ ATG_hERb_XSP1_up: Bisphenol A
6

=L ATG_hERa_XSP2_up: Bisphenol A
ACEA_AR_antagonist_8ohr: Bisphenol A
ATG_ERa_TRANS_up: Bisphenol A
ACEA_ER_80hr: Bisphenol A

* Concentration Res|

asuodsay PALOS

- = AC50
— — Top of Curv

100§ 0001 001 0.1 1 10

Concentration (uM) '

Mosn:19.52
Std.0w:26.37
Selacted: 187

B . ‘m E,m,,:.,. ;Mm;n @
st | Clmsaed |

Tanimoto Valus: 0975
Has Bioaetiiy: ol

\

Has Biosetvy:

KemelDensity Estimate (KDE)

Has Bioactvty: fase

Concantration (44)

HAAAN A

50k~

40k~

30k

um

Box and Whisker -- css

Clidney Cliver

Crest Cven

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

i resnene]

z
- | §  OTXSID020584  Ethanol 64175 2
Drain Products}
P A ‘ DTXSID1024097  2-Butoxyethanol 11762 - 2
[Lamp Oil/Lighter Fluid | s oTXsiD1020778 D-Limonene 5989-27-5 [ . 21
Mo lFireplace] |
____ yalilG v
Dishwasher and Dtiant i T ! & e
A M Wood Specifid 0 Chemicals)
s
[Shoes|
= p B Inactve
P W acomt

Predicting Chemical Exposure:
Body Tissues, Consumer Products

Chemical Consamer Use Chemical Consumer Use Details: ~ Cleaning Products and Household Care (270 Chemicals - 56 unique)

Sub Category Count
z I cenenat Household Cleaning 57
I oundryand Fabric Treatment W
B corectondFloor 38
) B irFreshener 20
N I oishwasher and Dishes 20

Send filtered results to: o
\ @ | Consumer Use Categories by DTXSID, CASRN O

\ DTXSID (Dashboa Substance Name. CASRN (CEBS Linl

Carpet and Floor] \ hls oTXSID7020762 Isopropanol 67-63-0

Sub Categories Count

[Metal Specific|

[Uncategorized|
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Search Results Redesign (beta):

» Acompletely redesigned Search results interface
features new summary interactive visualizations.

PBPK and IVIVE Tools Feature Enhancements: el

« ICE PBPK and IVIVE tools now incorporate a gestational model .- I : fﬁ '
from U.S. EPA’s httk package (v2.2.2; released February 2023). - '

» Updated dosing options for users modeling inhalation exposure , : I
(dose units of ppmv in addition to yM). e e e e

Exposure Predictions:

» |ICE tools integrate exposure predictions from the EPA's SEEM3
(Systematic Empirical Evaluation of Models) model (Ring et al. 2019).

+ Download exposure predictions on the ICE Data Sets page and the ICE REST API.
* Predicted exposure data can also be compared to the equivalent administered doses (EADs) in the IVIVE tool.

Chemical Name Input Options:

* |ICE tools and the ICE REST API now accept chemical names and synonyms as input along with other pre-existing input
options like CASRN, DTXSID, SMILES, and InChIKeys.
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Linking Tox21

Environmental Contaminants

Geospatial Modeling Approach

High Throughput Assays

DATA CASRN

in vitro HTS data

AIR  WATER ASSAY CASRN  MOLECULAR TARGET EC50

| usGs

and exposure

N TOX21

TOXCAST

Data Integration

v

EPA
information to '
predict geospatial Y

. Absorption e
risk of molecular oy

Distributien
Metabolism

perturbation.

o (&
=2 3 Excretion
-vw
External Exposure Internal Exposure
Toxicokinetics

Eventual goal: use approach to predict
chemical contributions to adverse health
outcomes across human populations

Eccles et al. 2023 STOTEN

Mixtures Modeling
* Concentration Addition

\ * Independent Action W
—_ P !

* Summed Risk Quotients

Predict Geospatial Risk of Molecular Perturbation

G e 5
' e Y Individual/
Molecular Cell/Tissue Organ/System b u.a
Population
Target Effects Effects
Effects

Adverse Outcome Pathway (AOP)
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Using New Approach Methodologies to Address Variability and
Susceptibility Across Populations

Response

https://ntp.niehs.nih.qov/go/popvar



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

National Institute of
Environmental Health Sciences

T Incorporating Population Variability in Metabolism
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Inputs needed:
1. Exposure (dose)
2. PBPK parameters Model Parameters @PERA

OPEn (g)saR App

3. Enzyme variability data -

4. Metabolite data B% GE
A. Structure
B. % Yield
C. Enzyme contribution

Parent ;

PBPK model:
ADME

¢
g

==DO==O
==)o =)o

o] o
Y
Genetic variability

efsam

European Food Safety Authority



e L. Standardization Efforts at DTT
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Getting to FAIR+ requires standard metadata, [
terminologies, and quality curation ‘

E— Establishment of a DTT Data Dictionary

bl * e.g., populations, treatments, outcomes, endpoints
* Incorporated into DSMPs

* In-house expertise with ontologies

Standard
communications
protocol

Community is key, both local and global:

« DTT Knowledge Management Team

« DTT-EPA collaborations

« Engagement with ontology communities, e.g.
» Ontology for Biomedical Investigations (OBI)
» Adverse Outcome Pathways (AOPs)

 Engagement with NIEHS grantee communities

» Environmental Health Language Collaborative

\

Usage license Provenance Community
standards

’h%

NIH Office of Data Science Strategy FAIR checklist

Courtesy of Charles Schmitt



[N Sttt cnce Environmental Health Language Collaborative
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EHLC Mission: to advance integrative

hEEHleommntyseriesara bl environmental health research by promoting
where members can exchange information, . .
ideas,andexpemse,cOmmfm_tymembers access, use, and harmonization of data through
e e rene interoperable terminologies and best practices.

approaches through education and training.

Use Case Champion
1. What data exists for a given Michelle Angrish, EPA
Forinito Canrdinate chemical/endpoint/exposure scenario? Shannon Bell, RTI
and Collaborate
ENLC sa hubito 2. What are the biological processes and Steve Edwards, RTI
Eoordi”ate biomarkers associated with exposure and how Chirag Patel, Harvard
armonization activities . . .
bt do they relate to the potential for an adverse  University
defining use cases and outcome associated with a given exposure
gaps, prioritizing
= tarf;'T:r'fgz:g’;dsf;igg'?;:g 3. How do we combine individual-level data Jeanette Stingone,
P'é:;flmml to De:’e'°p or approaches to enable from multiple independent studies to Columbia University
and Implemen : - .
P data querying, sharing, understand how exposures X+Y impact health
The EHLC community serves to support and / and interoperability. t 77
promote the development and application outcome Z:

of harmonized language solutions to

address the gaps and needs identified in . . .
it Contact: Stephanie Holmgren (Holmgren@niehs.nih.gov)
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L -, Machine Automating Study Data Curation

Division of Translational Toxicology

Identification =) Extraction —) Annotation

Primary Source Extraction Effects I
Example: H
Fetuses with small eyes :

Table structure prediction UMLS Vocabulary B User-Defined Look-Up

Example: Lists:
S : UMLS;C0000768;CUI;Congenital Abnormality| SRl |
UMLS;C0015392;CUIEye]| + Combo Words [
. UMLS;C0000846;CUI;Agenesis *+ Unique Words
= Postprocessing .

Step 3 Table location detection
Reduce Training Data Size

Step 1 MC 1

Classifier ...,

MC 2
Classifier

=

MC 3 Step 2 Meets UMLS;C0015392;CUIEye]|
Doc Classifier Guidelines CNN UMLS:C4086369:CUI;Gross Pathology Resulf|
== |:> R Guidelings ) (DeepPDF) [ Caption: Table 1. Profies of experimental ... UMLS.C0392756.CUI Reduted]
= e | [omimea g T Thoe o -] UNLS Co4s6385, Ui e
== MC 4 Classifier Doesn't =z Saline control 15 5544 UMLS;C0000768;CUI;Congenital Abnormality
Classifier Meet 0.1 mgTO; 5 501 UMLS;C0015392;CULEye]|
I:> e Guidelines 0.1 mROFA 4 [s2e1 UMLS;C0023317;CUl;Lens, Crystalline| am

UMLS;C0700321;CUI;Small
3 Py

[ Notes:N. number of afs. Values are mean...

MC 5
:> Classifier

OLPR, ODS, ORNL Text extraction

DevTox OECD 74
Example: Example:
3.1032.5211 074.186.66
Visceral|Eye|Small Fetuses|Fetal

abnormalities|
3.1161.5211 Externalleye
Visceral|Lens|
Small

I:> MC 6

Classifier

for word matches (exact matches

‘Subset of UMLS codes used

» Important for leveraging high-quality studies in the published literature
» Applications in systematic review of chemical effects

» Establishing reference datasets for validating new methods
Foster et al. 2023 in prep



R i .. Study Extractions and Endpoint Mapping

Division of Translational Toxicology

« Extract study details from prenatal s B
developmental toxicity guideline :
StUd |eS UMLS Vocabulary il User-Defined Look-Up

Example: Lists:
UMLS;:C0000768;CUI;Congenital Abnormality| e
UMLS;C0015392;CULEye| - Comboworss [
UMLS;C0000846;CUI;Agenesis

« Unique Words
UMLS;C0015392;CUI;Eye|

UMLS;C4086369;CUI;Gross Pathology Result|
UMLS;C0392756;CUl;Reduced|
UMLS;C0456389;CUl;size

— NTP legacy studies

— ECHA submissions
(expert reviewed for quality)

UMLS;C0000768;CUI;Congenital Abnormality|

UMLS;C0015392;CUI;Eye|

UMLS;C0023317;CUl;Lens, Crystalline| —

UMLS;C0700321;CUl;Small
Py

* Programmatically map
results to controlled
vocabularies/ontologies

DevTox OECD 74

3.1032.5211
Visceral|Eye|Small

074.186.66
Fetuses|Fetal
abnormalities|
Externalleye

I Frimary source extractions
B User-defined look-up lists
Subset of UMLS codes used

3.1161.5211
Visceral|Lens|
Small

— UMLS (ToxRefDBv2.0)

— EPA/BfR DevTox DB
_ « 72% of all extractions received standardized controlled
— OECD Harmonized Templates vocabulary mappings via the automation code.

* Code is plug-and-play + Time savings to map extracted information >500 hours

Foster et al. 2023 in prep



National Institute of
ND) Environmental Health Sciences FAIR Data as the Foundation and Al as the Enabler

Division of Translational Toxicology

* Findable, Accessible, Interoperable,
and Reusable data objects, e.g.

— comparable, compatible, integrable
multi-omic databases

« Al-enabled approaches that leverage
the full technological toolbox and are
iterative, e.q.

in silico U < ”in vitro

— development of in silico “digital twins”
of in vitro and in vivo systems

Findableq
— large language models (GPT-4) Accessiie &
supporting hypothesis generation Incroperatic

&Y
Reusable ’-:



Digital and Tissue Chip Twins for Precision Medicine

“right medicine to right person at right time” $1.5B over 10 years

» Leveraging the NIH All of Us program: target >1M individuals across the United States

* (as of Sep 2022 >535,000 participants)
0% ' Digital twin for an individual from

) 67% W B White comprehensive longitudinal clinical
8 Black, African American, or African record such as medical |mag|ng (eg
550 . Hispanic, Latino, or Spanish 324’000.'. MR, uItra_sound, CT scans); wearable
T > M Asian . e techpologles (e.g. smart watche_s, ECG
® 0 More than one race/ethnicity monitors, glucose monitors); voice
¢ 'c M Other HRERES recordings; other clinical information;
TS ; ’
T I Prefer not to say and/or, self-reported data
g\ 3{:\ — :’;;f;‘@ 394,000"' Col!ection of b_lood, urine sarpples for
‘ Tissue chip Twin Blosamples omics analysis (e.g., genomics (whole

genome sequencing), transcriptomics,
epigenomics, proteomics, metabolomics,
microbiomics); blood to iPSCs

= SO
A N Pancreatic 1-Cells Niza { IR Qi
5 AV it
s T Lee o |

minergic Neurond il — INRS Motoneurons e e o
P .
k2 National Center
i C for Advancing

Courtesy of Dan Tagle %S Translational Sciences




N I H National Institute of
Environmental Health Sciences

Division of Translational Toxicology

Accelerating Almplementation

Topic
Al-ready data sets

Standards

Epidemiology and
clinical data

Knowledge Models
(e.g., ontologies, AOPs)

Biomedical Data
Ecosystem (FAIR+)

Workforce/IT needs

Challenges

Building these is not the norm; Incentives to invest;
Coordination across groups

Under funded; Coordination across groups;
Workplace skills; Incentives for Vendors to Adopt

Lack of models, tools, and common measures to
bridge toxicology to clinical; Ensure data security

Under funded; High human cost; Lack of training

Federation of data has high costs & evolves slowly;
Standardized protocols; Lack of cloud computing
skills; Human focused data; Lack of industry data

Lack of data scientists, data-aware workforce to
drive data sharing/use; Data security & QA

Opportunities

Eager modeling community; Industry
partnerships; Infrastructure for data
challenges

Strengthen engagement with the standards
efforts; NIH Common Data Elements;
International efforts

Exposome initiatives; Capture of mechanistic
data on the Epi/Clinical side; Greater
involvement of modeling/statistical
community;

Use of Al approaches; Industry partnerships;
Better knowledge capture tools

NIH investments in data ecosystem; Cross-
agency data federation; Industry
involvement (increased data access)

Workplace development efforts; training
programs; hardware/software infrastructure



Interagency Coordinating Committee on the Validation of Alternative Methods

ICCVAM Public Forum

ICCVAM'’s goals include promotion of national and international partnerships
between governmental and nongovernmental groups, including academia,
industry, advocacy groups, and other key stakeholders.

To foster these partnerships ICCVAM holds an annual public forum (usually in
May) to share information and facilitate direct communication of ideas and
suggestions from stakeholders

Recent meetings have included representatives from 215 ICCVAM agencies
and participation from more than 100 stakeholders.

Next meeting is May 18-19, 2023 at NIH in Bethesda, MD


https://ntp.niehs.nih.gov/go/iccvamforum-2023

National Institute of

Environmental Health Sciences Ac k n OWI e d g m e n ts

Division of Translational Toxicology

NIEHS/ODS

The NICEATM Group

April 2022
DoD Future
Directions

Workshop
Participants

NCATS

-

e

Dan Tagle

Stephanie Holmgren

Subscribe to NICEATM News
https://ntp.niehs.nih.gov/go/niceatm
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