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Outline & Disclaimer

• ToxRefDB: Overview, Goals, and History
• Curation example
• Database coverage and accessibility
• Version comparison
• Future efforts

The views expressed in this presentation are those of the presenter and do not necessarily 
reflect the views or policies of the US Environmental Protection Agency. 
Company or product names do not constitute endorsement by US EPA.
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ToxRefDB: 
Overview, Goals, and A Little History
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ToxRefDB: Overview

• Toxicity Reference Database contains highly-
curated legacy information from guideline 
and guideline-like in vivo studies

• Important for many retrospective and 
predictive toxicology applications, such as:

• To set benchmarks to predict quantitative points-
of-departures and build scientific confidence in 
the performance of new approach 
methodologies (NAMs)

• To inform toxicity predictions as training data ex. 
GENRA (GENeralized Read-Across)

• To evaluate reproducibility and variability of 
observed in vivo outcomes
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ToxRefDB: Goals

• Aggregate complex and heterogeneous in vivo study data into an interoperable 
database

• Capture the quantitative dose-response data for each dose treatment group, 
including control groups, for all observed endpoints
• Including treatment group size, incidence or effect values, and variance information (e.g., 

standard deviation, standard error) where provided
• Capture points of departures (PODs) from dose-response data including doses that 

are deemed treatment-related (statistically significant from control group) and/or 
critical (adverse) within a study

• Employ a controlled vocabulary for accurate data extraction, aggregation, and 
integration, enhancing data quality at the source 

• Distinguish between missing (not tested) or negative (tested with no effect 
observed) endpoints  
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ToxRefDB: History 
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• v1.0 (c. 2009) captured basic study design, dose, and treatment-related effects in Excel format
• Positives-only database with only qualitative data for treatment related effects (only LELs and LOELs)
• Initially released as a series of spreadsheets, which are still available on EPA’s FTP site and referenced in 

FigShare (https://doi.org/10.23645/epacomptox.6062545.v1)

Chemical
• CASRN
• Chemical Name

Study
• Source
• Study Type
• Species
• Strain
• Admin Route (oral, 

dermal, inhalation, 
injection)

• Admin Method (gavage, 
feed, i.e. injection)

• Dose start/end
• Etc.

Treatment Group
• Sex
• Dose duration
• Dose period (interim, 

terminal, recovery, 
satellite, etc.)

• Generation
• Dose levels
• Concentration (ppm)
• Dose (mg/kg/day)

Effect
Treatment related 
only
• Effect description
• Effect’s endpoint
• Direction of net 

change across all 
doses

ToxRefDB v1.0 general 
schema

https://doi.org/10.23645/epacomptox.6062545.v1


ToxRefDB v2.0: An Improved Resource…
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• v2.0 (c. 2018) improved the quantitative 
value of v1.0 via manual curation effort. 
Some improvements included:

• Treatment related effects are denoted
• Effects that occur at the critical effect level are 

denoted
• Large effort to standardize units for effect 

values
• Doses converted to mg/kg/day using stored 

procedures in the database
• More quantitative value with controls and 

responses collected at all doses
• Increased accuracy of mapping of dose and 

effect to each treatment group (e.g., for 
studies with multiple generations or male and 
females)

• Largest implementation of Python-driven 
BMDS v2.7 to provide BMDL, BMD, and BMDU 
values from winning models whenever 
practicable

(Watford et al, 2019)



• V1.0 to V2.0  switched from Excel sheet entry to Access form entry

• Access form entry enabled complete dose-treatment group-effect quantitative data capture and 
decreased error rate

• Only treatment-related effects were entered into ToxRefDB v1.0 (i.e. no control groups)

• Additional QA steps included primary and secondary review of extractions
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Manual Curation with Excel and Access



Example Curation with the DCT
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DCT: Overview
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The Data Collection Tool (DCT) was designed 
to replace the legacy ToxRefDB workflow 
and create a more sustainable process for 
loading curated information to a database.

Although the DCT is currently designed to 
only support ToxRef, the DCT is scalable with 
minimal developments to support other 
projects that require similar document 
management, curation-based extraction, or 
QA features.



DCT: Overview
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The DCT:
• Captures basic study design metadata, dose-

response, treatment-related and critical effects, 
and endpoint testing status information while 
employing controlled vocabulary developed for 
ToxRefDB

• Offers flexibility for curating the heterogeneous 
and complex in vivo study designs via a modular 
workflow

• Provides document allocation, curation and 
workflow management among users (internal 
and external) with manager review and data 
conflict resolution

• Links a quality-controlled curation to Clowder 
source documents

• Creates a sustainable pipeline for data 
integration.

Our example will walkthrough a document extraction 
process as curator using the DCT
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Chemical 

Study

Dose

Dose Treatment 
Group

Dose Treatment 
Effect

Observations

Study Design

Effects

Guideline Adherence

• Review Executive Summary, Author’s Conclusions, and/or Reviewer’s Comments, if available
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Chemical 

Study

Dose

Dose Treatment 
Group

Dose Treatment 
Effect

Observations

• All source chemical metadata is extracted as reported, 
then shared with EPA chemical curators to assign 
DTXSIDs
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Dose Treatment 
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Dose Treatment 
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Dose Treatment 
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Chemical 

Study

Dose

Dose Treatment 
Group

Dose Treatment 
Effect

Observations

Let’s consider changes in “relative liver weight”
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Chemical 

Study

Dose

Dose Treatment 
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Dose Treatment 
Effect

Observations



20

Chemical 

Study

Dose

Dose Treatment 
Group

Dose Treatment 
Effect

Observations

We distinguish between missing (meaning not 
tested) and negative (meaning tested with no 
effect observed) by setting tested and reported 
status using the following assumptions:
Tested
Status

Reported
Status Assumption Description

Yes Yes

The text of the study document explicitly stated the endpoint was measured, 
or data was presented in tables for the endpoint. This is the combination if 
required by the guideline for that study type and data is provided within 
the document, even the effects measured were not significant.

No Yes

This is the combination if the study document explicitly states the 
endpoint was not measured or data was not collected, even though the 
endpoint was required by the study guidelines. Tested Status should be 
changed from Yes to No, and Reported Status changed to Yes.

Yes No

The text of the study document does not state the endpoint was measured 
and data for the endpoint is not present. However, other evidence suggests 
that the endpoint was measured. This is the default for endpoints required 
by the study guideline and should only be changed in the face of direct 
evidence from the document.

No No
The DCT displays a long table with observations from all study guidelines. 
This is the default setting for the endpoints not required by the 
alternative study guidelines and they should not be changed.
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Study

Dose

Dose Treatment 
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Dose Treatment 
Effect

Observations



Database Coverage & Accessibility
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Coverage

• ToxRefDB contains summary information from 5986 studies for 
1143 chemicals.

• As part of ToxRefDB v2.0 curation effort, complete dose-
response data and observations were extracted for 3871 
studies (as indicated with a 'processed' flag within the study 
table.)

• There are plans to extract and update the remaining studies in 
subsequent data releases, but no additional curation was 
performed for the v2.1 update.

• Many of the studies (over 3,000) come from registrant-
submitted toxicity studies in data evaluation records (DERs) 
from the U.S. EPA’s Office of Pesticide Programs (OPP).

• 90% of the studies with completed curation correspond 
to pesticide actives and inerts

• Other sources include NTP reports, Pharma, and OpenLit
23



Coverage
• The study types covered include the following repeat dose 

study designs utilizing various administration routes 
(predominantly oral):

• Chronic (CHR; 1-2 year exposures depending on species and 
study design) conducted in rats, mice, and dogs

• Subchronic (SUB; 90 day exposures) conducted in rats, mice, 
and dogs

• Subacute (SAC; 14-28 day exposures depending on the source 
and guideline) conducted in rats, mice, and dogs

• Prenatal developmental (DEV) conducted in rats and rabbits
• Multigeneration reproductive (MGR) conducted in rats
• Reproductive (REP) conducted in rats
• Developmental neurotoxicity (DNT) conducted in rats
• Small number of studies with designs characterized as acute 

(ACU), neurological (NEU), or “other”(OTH)
• ToxRefDB includes this guideline profile currently or 

planned for FY23
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ToxRefDB v2.1: Even Better!

• ToxRefDB v2.1 was released in August 2022

• ToxRefDB v2.1 is a minor data update to ToxRefDB v2.0 to correct issues 
discovered with the compilation script which caused some extracted 
values to not import properly from AccessDB curation files, such as failure 
to import some effects.
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ToxRefDB: Accessibility

26

Watford S, Ly Pham L, Wignall J, Shin R, Martin MT, Friedman KP. ToxRefDB version 2.0: 
Improved utility for predictive and retrospective toxicology analyses. Reprod Toxicol. 2019 
Oct;89:145-158. doi: 10.1016/j.reprotox.2019.07.012. Epub 2019 Jul 21. PMID: 31340180; 
PMCID: PMC6944327.

Visit 
https://www.epa.gov/chemical-

research/downloadable-
computational-toxicology-data to 
download v2.1 database package 

and user guide

If you have trouble getting access 
or find a curation error, please let 
us know! Happy to troubleshoot 
your connection or inspect the 

source documents

Email: Feshuk.Madison@epa.gov
Watford.Sean@epa.govPham LL, Watford S, Friedman KP, Wignall J, Shapiro AJ. Python BMDS: A Python interface 

library and web application for the canonical EPA dose-response modeling software. 
Reprod Toxicol. 2019 Dec;90:102-108. doi: 10.1016/j.reprotox.2019.07.013. Epub 2019 Aug 
12. PMID: 31415808; PMCID: PMC7169420.
• Note: ToxRefDB v2.0’s BMDS tables will be discontinued in future instances to prioritize 

curation

https://www.epa.gov/chemical-research/downloadable-computational-toxicology-data
mailto:Feshuk.Madison@epa.gov
mailto:Watford.Sean@epa.gov


Differences between v2.0 and v2.1
Output v2.0 v2.1 Change
Total number of studies with complete curation 3882 3871 -11
Number of studies with extracted effects 3068 3662 594
Total number of chemicals 748 748 0
Total database rows, including studies with no extracted effects 328623 344868 16245
Total effects extracted 313525 335281 21756
Dose treatment groups with effects 35679 40905 5226
Unique effects: Cholinesterase endpoint category 5323 6008 685
Unique effects: Developmental endpoint category 8502 9640 1138
Unique effects: Reproductive endpoint category 4691 5775 1084
Unique effects: Systemic endpoint category 284352 302674 18322
Unique critical effects: Cholinesterase endpoint category 713 796 83
Unique critical effects: Developmental endpoint category 1118 1276 158
Unique critical effects: Reproductive endpoint category 488 645 157
Unique critical effects: Systemic endpoint category 18757 20989 2232
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• The overall number of studies and chemical remains unchanged. 
• The v2.1 update includes additional data from previously curated studies (+594 studies with extracted effects) with 

extracted dose treatment groups (+5226 dose treatment groups with effects) and effects (+21756 effects) are now fully 
accessible.



Summary

• This added data can improve the utility of ToxRefDB as a resource for 
curated legacy in vivo information by providing more complete information 
of the past animal studies conducted.

• But how impactful were these added data, particularly in relation to 
calculated points of departure?
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Version Comparison
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Points-of-Departure (PODs)  

• For each animal toxicity study, data on multiple endpoint 
targets is collected at each dose level.

• PODs correspond with the lowest dose levels at which 
effects are observed, which are important for 
extrapolating to a reference dose (RfD) in risk 
assessments

• ToxRefDB’s pod table derives POD values for each effect 
profile, by study and chemical.

• 4 POD Types:
• LEL: Lowest Effect Level
• NEL: No Effect Level 
• LOAEL: Lowest Observed Adverse Effect Level
• NOAEL: No Observed Adverse Effect Level



Describing POD Logic
• In the ToxRefDB pod table, effects are grouped together within “effect profiles” for the purposes of POD derivation. 

• The first effect profile calculates POD values for each study’s sex, life stage, and endpoint category combination. 
• A second effect profile calculates POD values for each study’s sex, life stage, endpoint category-endpoint type pairing, except for the systemic endpoint 

category, which looks at endpoint target (e.g., organs). 

• Select Lowest Effect Level (LEL) as the lowest dose with observed treatment-related effects and Lowest Observed Adverse Effect Level 
(LOAEL) as the lowest dose with observed critical effects

• Infer NEL and NOAEL as the next lowest dose level from LEL and LOAEL, respectively. No Effect Level (NEL) is the highest dose with no 
observed effect whereas the No Observed Adverse Effect Level (NOAEL) is the highest dose with no observed critical effect

• Derive POD values for when no effects were observed in the study using special qualifiers. For all POD types, a qualifier (<, >, or =) is given 
to more precisely describe the observed dose-effect relationships. 

• For instance, if no adverse effects were observed even at highest dose tested, LOAEL > highest dose tested while NOAEL =>  highest dose tested



Reviewing PODs Using Added Data

• To do the comparison, the v2.1 POD calculation was rerun against 
v2.0 schema since calculation now includes sex stratification. 
See “toxrefdb_2_0_recalc_pod.csv” for updated v2.0 POD values.

• For these release note visuals, one set of “extreme” POD values (lowest 
loael/lel and highest noael/nel mg/kg/day value) are selected for each 
study id at the study-level, and for each chemical id at the chemical-level, 
regardless of effect profile. This allowed for a more straightforward 1:1 
comparison.
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Study-Level Changes in v2.0 to v2.1 PODs
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Note: These study-level comparison does not consider any new PODs added. 
v2.0 had PODs for 3038 studies for comparison; v2.1 includes PODs for 3632.

Overall, only 5% of all studies had a change in 1 or more PODs
Most change in CHR & SUB; Least change in SAC
Most change in NEL; Least change in LEL



Study-Level Changes in v2.0 to v2.1 PODs
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Magnitude of change can 
be examined within the 
subset of PODs which 

changed by study type.

IQR is skewed by a few 
outlying datapoints where  

‘n’ is low.



Study-Level Changes in v2.0 to v2.1 PODs

Magnitude of change distributions across all 
study types could be examined to increase 

sample size.

Majority of study-level magnitude of change 
values fall under 1log10 mg/kg/day.
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Chemical-Level Changes in v2.0 to v2.1 PODs
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Overall, 29% of chemicals across all 
study types had a change in 1 or 

more POD types,
with only 2% showing change in 3 

or more.

Contributing to this change, new 
POD values were included for 594 

studies.



Chemical-Level Changes in v2.0 to v2.1 PODs
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Majority of chemical-level magnitude of change 
values fall under 1log10 mg/kg/day.



Chemical-Level Changes in v2.0 to v2.1 PODs

How does chemical-level change look for a subset of repeat dose studies 
(SAC, SUB, CHR)? MGR and DEV studies excluded

38

15% of chemicals across SAC, SUB, CHR studies 
had a change in 1 or more POD types,

with only 5% showing change in 2 or more.



Future Updates
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Looking ahead

• Migrate from MySQL to PostgreSQL 
• Expand chemical and study coverage

• New study curations from DCT
• As of November 2022, completed curations for 260 new studies 

(DEV, SUB, MGR) in the DCT
• Extractions for a new guideline profiles (ex. DNT, "non-guideline")

• DNT focus this year
• New document types, e.g. TSCA reports

• Finalize ETL for loading new DCT curations into ToxRefDB
• Review chemical source metadata-DTXSID mappings
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Next Steps

• Systematic QC to identify and correct curation errors
• HERO interoperability for citation management

• NTP report pilot; ToxRefDB metadata tags will be added to increase utility

• IUCLID interoperability
• ECHA created Knime workflows to convert ToxRef to IUCLID using Data Uploader

• HAWC interoperability for curation and public interface
• We will harmonize the ToxRef and HAWC data models and investigate HAWC 

features to develop to manage all curations and ToxRef data in HAWC

• Ability to “Batch Download” ToxRefDB data on CompTox Chemical 
Dashboard
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