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Why is legacy data in ToxRefDB 2.0 important to 
computational toxicology?
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• Basis for validation of new approach methods to identify specific adverse 
outcomes of interest.

• Retrospective benchmark for predictive performance of alternative 
approaches to predicting quantitative points-of-departure .

• Using ToxRefDB to develop an understanding of the reproducibility and 
variability in in vivo toxicity testing clearly supports development of 
baseline expectations for new approach methods that promise to assist 
with rapid prioritization and screening level assessments (Casati et al 2017; 
Judson et al. 2017; Pham et al. 2020).



Accessibility: ToxRefDB v2.0 is a large publicly available resource for 
computational toxicology research
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DOI for ToxRefDB v2.0 database: 
https://doi.org/10.23645/epacomptox.6062545.v3

Link to download database and associated materials:
https://gaftp.epa.gov/comptox/High_Throughput_Screening_Data/Animal_
Tox_Data/current

User guide with code examples for using MySQL to extract data: 
https://gaftp.epa.gov/comptox/High_Throughput_Screening_Data/Animal_
Tox_Data/current/ToxRefDB_2_0_UserGuide_Final.pdf

https://doi.org/10.1016/j.reprotox.2019.07.012

https://doi.org/10.1016/j.reprotox.2019.07.013

The entire database is released as a .sql file 
that can be mounted with MySQL server, as 

described in the User Guide.

https://doi.org/10.23645/epacomptox.6062545.v3
https://gaftp.epa.gov/comptox/High_Throughput_Screening_Data/Animal_Tox_Data/current
https://gaftp.epa.gov/comptox/High_Throughput_Screening_Data/Animal_Tox_Data/current/ToxRefDB_2_0_UserGuide_Final.pdf
https://doi.org/10.1016/j.reprotox.2019.07.012
https://www.sciencedirect.com/science/article/pii/S0890623819300875?via%3Dihub


ToxRefDB v1.0: past work
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• Priority at its inception – Office of Pesticide Programs (OPP) data evaluation records (summaries of registrant-
submitted studies) were going to be a rich data source for comparison to ToxCast Phase I 

• Largest public database of in vivo toxicology data, with study design and effects
• ToxRefDB 1.0 captured basic study design, treatments, and treat-related effects 

• Positive-only database
• Mostly qualitative data, only LELs and LOELs

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 dosesToxRefDB 1.0 
general schema



Generalized ToxRefDB v2.0 schema: added 
complexity
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chemical study dose

effect profile 
(2 tables)

point-of-
departure (pod)

pod treatment 
group effect

Ontology
(3 tables)

ToxRTool
(2 tables)

treatment 
group (tg)

tg effect

dose-treatment 
group (dtg)

dtg effect

effectendpoint

bmd inputs and 
outputs 

(3 tables)

negative effect

Observation 
status

guideline

guideline profile

negative 
endpoint



Quantitative value has been greatly improved
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chemical study dose

treatment 
group (tg)

tg effect

dose-treatment 
group (dtg)

dtg effect

effectendpoint

bmd inputs and 
outputs 

(3 tables)

• ↑ quantitative value: 
control and responses at 
all doses

• ↑ 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

• 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



• Dose-treatment group-effect quantitative data

• Switched from Excel sheet entry to Access form entry
• Only treatment-related effects entered into ToxRefDB 1.0, so no control groups
• Control groups manually entered, which lead to human errors
• Control groups automatically generated in Access files
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Quantitative extraction via Access form entry



Access forms decrease error rate; extraction and 
import processes have additional QA steps
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At data entry 
(at ICF using our Access files)

At data import
(at EPA-CCTE)

Primary reviewer
• Extracts per instructions

Automated checks for the following errors:
• Mismatched dose levels with concentration or dose-

adjusted
• Duplicate concentration values or duplicate controls
• No concentration and no dose adjusted value (for an 

effect)
• Critical effect level is at a dose below where treatment-

related effects were observed or critical effect at 
control

• NULL concentrations/doses

Secondary reviewer
• Confirms each piece of information from 1st extraction
• Reference comment log as needed

Senior toxicology reviewer
• Review extractions and comments from primary and 

secondary reviewers



• Calculate BMD and BMDL (and BMDU) for all 
treatment-related effects that pass minimum 
data requirements for BMDS 

• Batch BMDS v2.7 with python package bmds
(https://github.com/shapiromatron/bmds)

• Currently, there are 92,646 datasets in ToxRefDB
with at least 3 doses from “acceptable” studies, 
but only ~30% of them are BMDS-amenable at 
this time.

• 6,231 out of 27,757 BMDS-amenable datasets 
had at least one recommended model.

• Application note that describes the use of a 
Python-driven BMDS pipeline is in preparation 
(Pham et al.).
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Automated BMDS pipeline: additional quantitative 
value for future analyses 

Data type Number of 
datasets available 

for BMDS

Benchmark 
responses used*

Cancer 1,340 5% and 10%

Non-cancer 
dichotomous

17,149 5% and 10%

Continuous 
body/organ 
weight

9,268 10% relative 
deviation

Continuous non-
body/organ 
weight

1 standard 
deviation

* Based on recommendations in the BMDS guidance (2012)

https://github.com/shapiromatron/bmds


Controlled effect and endpoint vocabulary has enabled a 
number of improvements and interoperability.
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chemical study dose

Ontology
(3 tables)

ToxRTool
(2 tables)

negative effect

Observation 
status

guideline

guideline profile

negative 
endpoint

• Currently we have the 
ToxRefDB ontology mapped to 
the United Medical Language 
System.

• Studies that did not appear to 
adhere to OCSPP guidelines 
were reviewed using ToxRTool.

• The ToxRefDB vocabulary has 
been updated.

• Guideline, guideline profile, 
observation status all enable 
automated generation of true 
negative endpoints and 
effects.



• Endpoint testing requirements as indicated by OCSPP 870 series 
guidelines or NTP specifications

• Other subsources cannot be uniformly mapped

• Allows for default assumptions about testing and reporting for 
inference of true negatives

• Required, triggered, recommended, not required
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OCSPP guidelines and NTP study guidance were used 
to generate “guideline profiles” in the database



• Allows for distinction between missing (not tested) and negative (tested with no effect seen) endpoints 

• Assumes that an endpoint was tested if the guideline the study adheres to requires that endpoint be tested

• Defaults in access files check both tested and reported if the guideline requires it

Tested status Reported status Case in the database

Tested Reported The endpoint was SPECIFICALLY written in the text of the study source indicating that data 
was collected (default if required by the guideline for that study type and no deviation 
reported)

Not tested Reported The endpoint was SPECIFICALLY written in the text of the study source indicating that data 
was NOT collected, even if required by the guideline

Tested Not reported The endpoint was NOT specifically written in the text of the study source, however other 
evidence indicates the information can be deduced that it was tested  (or was required by 
the guideline to be tested)

Not tested Not reported The endpoint was NOT specifically written in the text of the study source and is not 
required by the guideline, so we assume that the endpoint was not collected in this study
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Observation status enables automated distinction of 
true negatives 



General workflow to infer negative endpoints/ 
effects
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• Fixed problems with vague terminology that created duplicate endpoints
• Terminology standardized to match OCSPP Testing Guidelines 

• Simplified the pathological concepts
• Pathology gross and microscopic instead of carcinogenic neoplastic and nonneoplastic

• Now have ~400 endpoints from originally ~500

Endpoint

Effect

Treatment Group Effect

Category Type Target

Systemic Pathology Microscopic Liver

Description

Hyperplasia

Life Stage Target Site Description-Free

Adult Bile duct intrahepatic bile duct hyperplasia 14

ToxRefDB vocabulary update



Clinical Data Interchange Standards Consortium 
(CDISC) wasn’t quite expansive enough for us

• Standards developing organization to streamline medical research

• Partners with NCI to develop and support controlled terminology
o SDTM: Study Data Tabulation Model - Provides recommended standards for human 

and nonclinical data submitted to FDA
o SEND: Standard for Exchange of Non-Clinical Data - Provides standardized 

terminology for non-clinical (animal) data
oCDASH: Clinical Data Acquisition Standards Harmonization – Develops clinical 

research study content standards
oADaM, Protocol, LAB, others

• FDA, Pharmaceuticals and Medical Devices Agency (Japan), European 
Medicines Agency (EMA), and eTOX all use CDISC

• Common ontology will allow for interagency exchange of data
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• National Library of Medicine (NLM)
• National Cancer Institute Thesaurus (NCIt) includes ~90 

controlled vocabularies and is a subset of UMLS
• CDISC terminology is submitted to NCIt
• Concepts (CUI or NCI Code) < atoms (instance of the concept 

in a particular system)
• ~3M concepts with ~7M atoms
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United Medical Language System (UMLS) cross-
references 150 vocabularies



UMLS: Unified Medical Language System

Endpoint Category Endpoint Type Target

systemic pathology microscopic liver
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UMLS
~150 terminologies

National Cancer 
Institute 

thesaurus (NCIt) CDISC

•

• 2,703/3,029 effect
• some are vague and 

not mapped i.e.
“other”

•
UMLS: 1,323 concepts

399/399 endpoints

• CDISC SEND: 500 concepts
• 336 endpoints
• 1,489 effects

• CDISC SDTM: 279 concepts
• 283 endpoints
• 267 effects

MeSH

PubMed

MeSH: 
552 concepts
52/59 pathology microscopic
47/56 pathology gross
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90 terminologies

Summary of mapping ToxRefDB to UMLS
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Implications of UMLS mapping for data 
integration with public biomedical sources



Calculation of points-of-departure by study 
and by grouping of effects
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chemical study dose

effect profile 
(2 tables)

point-of-
departure (pod)

pod treatment 
group effect

Ontology
(3 tables)

ToxRTool
(2 tables)

treatment 
group (tg)

tg effect

dose-treatment 
group (dtg)

dtg effect

effectendpoint

bmd inputs and 
outputs 

(3 tables)

negative effect

Observation 
status

guideline

guideline profile

negative 
endpoint



Point-of-departure estimates can be computed in 
different ways based on use case

• The way it is set up, we can add more “effect profiles” to group effects for 
computation of PODs

• Study level POD: use the treatment-related effects and critical effect to get 
the NOAEL and LOAEL (and NEL and LEL) BY study

• Chemical level POD: report multiple NEL/LEL/NOAEL/LOAEL sets if there 
are effects in multiple domains

• Currently, we used the endpoint_category level (i.e., cholinesterase, developmental, 
reproductive), except when endpoint_category=systemic, we used endpoint_target
(e.g., liver, clinical signs,  in-life observations)

• Chemical level PODs go to ToxValDB
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