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ToxCast and Tox21 have generated a lot of publicly available 
bioactivity data for hazard screening and prediction.
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• ToxCast: more assays, fewer chemicals, EPA-driven
• Tox21: fewer assays, all 1536, driven by consortium
• All Tox21 data are analyzed by multiple partners
• Tox21 data is available analyzed in the ToxCast Data Pipeline

EPA’s ToxCast program at a glance

Tox21 robot



ToxCast covers a lot of biology but not all; and, 
ToxCast is growing over time.

Invitrodb version 3.2 (released August 2019) contained 15 different assay sources, covering (at least) 443 unique gene-related targets 
with 1473 unique assay endpoints. Varying amounts of data are available for 9224 unique substances.
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Assay source Long name Truncated assay source description Some rough notes on the biology 
covered

ACEA ACEA Biosciences real-time, label-free, cell growth assay system based on a microelectronic impedance readout Endocrine (ER-induced proliferation)

APR Apredica CellCiphr High Content Imaging system Hepatic cells (HepG2, primary)

ATG Attagene multiplexed pathway profiling platform Nuclear receptor and stress response 
profile

BSK Bioseek BioMAP system providing uniquely informative biological activity profiles in complex human primary co-culture systems Immune/inflammation responses

NVS Novascreen large diverse suite of cell-free binding and biochemical assays.
Receptor binding; transporter protein 
binding; ion channels; enzyme inhibition; 
many targets

OT Odyssey Thera novel protein:protein interaction assays using protein-fragment complementation technology Endocrine (ER and AR)

TOX21 Tox21/NCGC Tox21 is an interagency agreement between the NIH, NTP, FDA and EPA. NIH Chemical Genomics Center (NCGC) is the primary screening facility 
running ultra high-throughput screening assays across a large interagency-developed chemical library Many – with many nuclear receptors

CEETOX Ceetox/OpAns HT-H295R assay Endocrine (steroidogenesis)

CLD CellzDirect Formerly CellzDirect, this Contract Research Organization (CRO) is now part of the Invitrogen brand of Thermo Fisher providing cell-based in 
vitro assay screening services using primary hepatocytes.

Liver (Phase I/Phase II/ Phase III 
expression)

NHEERL_PADILL
A NHEERL Padilla Lab The Padilla laboratory at the EPA National Health and Environmental Effects Research Laboratory focuses on the development and screening of 

zebrafish assays. Zebrafish terata

NCCT NCCT Simmons Lab The Simmons Lab at the EPA National Center for Computational Toxicology focuses on developing and implementing in vitro methods to identify 
potential environmental toxicants. 

Endocrine (thyroid - thyroperoxidase
inhibition)

TANGUAY Tanguay Lab The Tanguay Lab, based at the Oregon State University Sinnhuber Aquatic Research Laboratory, uses zebrafish as a systems toxicology model. Zebrafish terata/phenotypes

NHEERL_NIS NHEERL Stoker & 
Laws

The Stoker and Laws laboratories at the EPA National Health and Environmental Effects Research Laboratory work on the development and 
implementation of high-throughput assays, particularly related to the sodium-iodide cotransporter (NIS). Endocrine (thyroid - NIS inhibition)

NHEERL_MED
NHEERL Mid-
Continent Ecology 
Division

The EPA Mid-Continent Ecology Division of the National Health and Environmental Effects Research Laboratory screened the ToxCast Phase 1 
chemical library for hDIO1 (deiodinase 1) inhibition as part of an ecotoxicology effort. Endocrine (thyroid – hDIO1 inhibition)

UPITT University of 
Pittsburgh

The Johnston Lab at the University of Pittsburgh ran androgen receptor nuclear translocation assays under a Material Transfer Agreement (MTA) 
for the ToxCast Phase 1, Phase 2, and E1K chemicals. Endocrine (AR related)



Using ToxCast Data in Screening Level 
Assessment

• A common question is how to approach the use of ToxCast information in a 
screening level assessment.

• Risk-based approaches that incorporate bioactivity and exposure make the 
best use of new approach methodologies.
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Analytical chemistry: 
was the chemical 

present and in the 
DOA for current 

ToxCast?

Models available? Selective or non-
selective?

Identification of a 
potency value to use 

for IVIVE of a 
threshold dose

Comparison to 
exposure predictions 

for a 
bioactivity:exposure

ratio

This presentation will demonstrate where to find these information and suggest an approach for utilizing them in 
screening level risk evaluation.



CompTox Chemicals Dashboard
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https://comptox.epa.gov/dashboard



Examine physicochemical properties such as logP, vapor pressure, and MW to get a 
better sense of whether the chemical was suitable for the current in vitro assay suite
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Analytical chemistry: 
was the chemical 
present and in the 

DOA for current 
ToxCast?

Many successfully 
screened chemicals 
have been:
logP -0.4 to 5.6 range; 
MW 180-480; 
log10 Vapor Pressure 
< 1. 

ToxCast negatives: 
what does a negative 
mean? Outside of 
domain of 
applicability (DOA)?



Examine QC data (if available) to see if we expect that 
the chemical was present for screening
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Analytical chemistry: 
was the chemical 
present and in the 

DOA for current 
ToxCast?



Models >>> single assays. And equivocals happen.
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CERAPP = consensus ER QSAR (from 17 groups)
COMPARA = consensus AR QSAR
ToxCast Pathway Model AUC ER = full ER model (18 assays)
ToxCast Pathway Model AUC AR = full AR model (11 assays)

>0.1 = positive; 0.001-0.1 = equivocal

Models available?

As of now, the models supported in the CompTox Chemicals Dashboard are endocrine-related, but hope to expand to 
other published models in the future.



HT-H295R model for steroidogenesis
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Endocrine models 
available?

• Supplemental File 4 has fold-change by 
hormone

• Supplemental File 9 has mMd (model 
values)

• Invitrodb v3.2 has a hth295r model 
table with both of these included in it.

• Hope to include this in future release of 
the Dashboard.



Bioactivity summary in the Dashboard
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This is the cytotoxicity threshold 
or “burst” based on the method 
described in Judson et al. 2016. 
It is the lower bound on the 
estimate of a cytotoxicity 
threshold. (see tcplCytoPt() 
function in the tcpl R package).

Selective or non-
selective?



User application dictates “selectivity”

• AC50 < burst?
• AC50 0.5log10 distance from burst?
• AC50 < parallel viability assays?
• How else to filter ToxCast data: 3+ caution flags & hit-percent
• Other related ideas:

• What other assays appear active in a similar concentration range?
• Is there consistent support for MOA(s), or is it nonspecific activity?
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Selective or non-
selective?



A note on ToxCast versioning

• Data change: curve-fitting, addition of new data
• Models change: improvements, more data, etc.
• The CompTox Chemicals Dashboard release from August 9, 2019 is now 

using ToxCast invitrodb version 3.2: 
https://doi.org/10.23645/epacomptox.6062623.v4

• All ToxCast data and endocrine models (CERAPP, COMPARA, ER, AR, 
steroidogenesis) can currently be accessed from within invitrodb.

• Data downloads for NCCT: https://www.epa.gov/chemical-
research/exploring-toxcast-data-downloadable-data

• We anticipate a new ToxCast release around March 2020.
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https://doi.org/10.23645/epacomptox.6062623.v4
https://www.epa.gov/chemical-research/exploring-toxcast-data-downloadable-data


St
ea

dy
-s

ta
te

 C
on

ce
nt

ra
tio

n 
(µ

M
)

Daily Dose (mg/kg/day)0

Prediction

( ) 







+

+
=

intubl

int
ublub *FQ

*F*QF*GFR

rate dose oral

Cl
Cl

Css

Slope = Css for 1 mg/kg/day

Wetmore et al. (2012)
O

ra
l E

qu
iv

al
en

t D
ai

ly
 D

os
e

Steady-state Concentration (µM) = in vitro AC500

Prediction

 Swap the axes (this is the “reverse” part of reverse dosimetry)
 Can divide bioactive concentration by Css for for a 1 mg/kg/day 

dose to get oral equivalent dose
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Steady state in vitro-in vivo extrapolation assumption: 
blood::tissue partitioning ≈ cells::medium partitioning

Identification of a 
potency value to use 

for IVIVE of a 
threshold dose



IVIVE via high-throughput toxicokinetic data and 
models

• Operationally, the httk R package (v 1.10.0) can be downloaded from CRAN or GitHub for 
reproducible generation of administered equivalent doses (AEDs)

• For some substances, there is a beta tab in the Dashboard with Css and other values needed 
(no models). More chemicals have information in the httk package.

• AC50 or LEC (micromolar) * (1 mg/kg/day/Css (micromolar)) = AED prediction 

• Httk package optionally implements multiple models that can have increasing complexity 
based on data available
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Identification of a 
potency value to use 

for IVIVE of a 
threshold dose



Bioactivity:exposure ratio requires exposure

• Currently the Dashboard shows SEEM2 (2014) values
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Comparison to 
exposure predictions 

for a 
bioactivity:exposure

ratio



Consensus modeling of chemical exposure based on 
pathways: ExpoCast SEEM3

• “ExpoCast SEEM3” model:
• uses twelve different exposure predictors including both near-

and far-field models;
• covers four distinct exposure pathways: non-pesticidal dietary, 

consumer products, far-field pesticide, and far-field industrial. 
• In SEEM3 each exposure predictor is scaled and centered such 

that chemicals without a value for a predictor relevant to its 
exposure pathways are assigned the average value.
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Comparison to 
exposure predictions 

for a 
bioactivity:exposure

ratio



Use of predictive science in chemical safety 
should include risk-based approaches like BER

• Specific vs. nonspecific modes-of-action and the challenge of hazard labeling
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Thomas et al. 2013 suggested a framework for hazard 
assessment that would be largely customized based on 
MOE (or now, BER).



Screening level assessment example: combine NAMs 
for exposure, in vitro bioactivity, and toxicokinetics

• Conducted by Accelerating the Pace 
of Chemical Risk Assessment 
(APCRA)

• “international cooperative 
collaboration of government agencies 
convened to address barriers and 
opportunities for the use of new 
approach methodologies (NAMs) in 
chemical risk assessment” (Paul 
Friedman et al., accepted)

(APCRA partners for these two case studies)



PODtrad

EPA - ToxValDB

Health Canada

EFSA

ECHA 

PODNAM

ToxCast AC50s 
(µM)

Apply high-
throughput 

toxicokinetics
(httk) to get 
mg/kg/day

Exposure

EPA - ExpoCast

Health Canada
Bioactivity-exposure 

ratio PODtrad : PODNAM ratio

Is log10-POD ratio > 0 for most chemicals?
Can we learn from log10-POD ratio < 0?

Is BER useful for prioritization?
Are there addressable weaknesses? • NOEL, LOEL, 

NOAEL, or 
LOAEL

• Oral exposures
• Mg/kg/day

5th %0-5th %95th %
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Case study workflow
ASTAR HIPPTox

EC10s (µM)



Prioritize chemicals based on BER for all bioactivity or 
for some target bioactivity
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Figure 3 from Paul Friedman et al. 

https://doi.org/10.1093/toxsci/kfz201
Ch

em
ic

al
s

For 448 substances, ~89% of the time, the point-of-departure 
based on ToxCast (POD-NAM) was less than the NOAEL/LOAEL 

values available from animals.

https://doi.org/10.1093/toxsci/kfz201
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• Paul-friedman.katie@epa.gov
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EPA’s Center for Computational Toxicology and Exposure
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The cytotoxicity “burst” is useful for context.

• The latest Comptox Chemicals Dashboard release (version 3.0.9, August 9, 2019) demonstrates a cytotoxicity threshold based 
on the latest ToxCast database (invitrodb version 3.2, released August 2019). This value can change as more cytotoxicity data 
become available, curve-fitting approaches for existing data change, or the “burst” calculation approach is updated.

• In invitrodb version 3.2, 88 assays are considered for the cytotoxicity threshold. A positive hit must be observed in 5% of these 
assays (noting that not all chemicals are screened in all 88 assays) in order to assign a cytotoxicity threshold. The cytotoxicity 
threshold is a median of AC50 potency values from the N assays with a hit. The cytotoxicity threshold visualized in the 
Dashboard is a lower bound on this estimate, calculated as the median cytotoxicity potency minus 3 times the global median 
absolute deviation. 

• This is discussed further in a publication (10.1093/toxsci/kfw148) and the ToxCast Pipeline R package (tcpl) function, 
tcplCytoPt() (available on CRAN: https://cran.r-project.org/web/packages/tcpl/index.html). 

• If fewer than 5 cytotoxicity assays demonstrate a positive hit, a default of 1000 micromolar is assigned for the chemical.
• The lower bound estimate of the cytotoxicity threshold or “burst” is useful context for ToxCast results. Bioactivity observed

below the cytotoxicity threshold may represent more specific activity that is less likely to be confounded by cytotoxicity. 
• It is possible that AC50 values above the cytotoxicity threshold are informative. If an assay has a parallel cytotoxicity assay in 

the same cell type, that may be more informative for interpreting that assay. Or, if a result is consistent with an AOP relevant
to the chemical with assay AC50 values above and below the cytotoxicity threshold, those data may be meaningful.
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Selective or non-
selective?

https://doi.org/10.1093/toxsci/kfw148
https://cran.r-project.org/web/packages/tcpl/index.html
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