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Introduction Toxicity endpointsADME related properties

OPERA application

Physicochemical parameters:

PK parameters: FU and CLint

CERAPP: Collaborative Estrogen Receptor Activity Prediction Project

CoMPARA: Collaborative Modeling Project for Androgen Receptor Activity   

CATMoS: Collaborative Acute Toxicity Modeling Suite 

General approach:

Availability: 

Interfaces:

pKa: acid dissociation constant 

LogP: octanol-water partition coefficient 

LogD: distribution coefficient   

Predictions:
- EPA CompTox Chemicals Dashboard (https://comptox.epa.gov/dashboard)
- NTP’s Integrated Chemical Environment   (https://ice.ntp.niehs.nih.gov/)

Standalone desktop application:
- Github: https://github.com/NIEHS/OPERA
- NTP KNIME server: knime.niehs.nih.gov/knime/

More info:
- https://ntp.niehs.nih.gov/go/opera 

Command line Graphical user interface

• OECD 5 principles for QSAR validation are employed during modeling
• Only high-quality curated data are used to build the models
• Chemical structures are processed using the QSAR-ready standardization 

workflow
• The QSAR-ready workflow is also implemented in the app for user input 

processing structures prior to prediction
• Works with different input and output formats
• Provides applicability domain and prediction accuracy assessment
• Provides experimental values when available
• Provides information about the nearest neighbors
• Provides molecular descriptor values for transparency
• OECD-compliant QSAR model reporting format (QMRF) reports available

• OPERA logP model was initially built using a curated 
dataset from the PHYSPROP database.

• The overall statistics of the model reached an R2 of 
0.86 and an RMSE of 0.78 for the test set. 

• The logP model as well as other OPERA models (water 
solubility, and vapor pressure) have been updated to 
account for highly investigated groups of chemicals 
such as polyfluorinated substances (PFAS). 
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• OPERA pKa model was built on a curated version 
of the DataWarrior dataset. 

• The acidic (3260 chemicals) and basic (3680 
chemicals) datasets were modeled separately 

• First, a weighted-kNN classification model predicts 
whether a chemical is acidic, basic or both. Then a 
SVM model predicts the strongest acidic and basic 
pKa values

• The acidic and basic pKa models reached an R2 of 
0.72 and 0.78 and RMSE of 1.80 and 1.53, 
respectively.

• LogD is the distribution coefficient that takes into account pH-dependence and is used to estimate the different relative 
concentrations of the ionized and non-ionized forms of a chemical at a given pH.

• OPERA uses both pKa and logP predictions to provide logD estimates for ionizable chemicals at pH 5.5 and pH 7.4.
• LogD is estimated using the following formula:  𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑝𝑝𝑝𝑝) = 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 − log(1 + 10 𝑝𝑝𝑝𝑝−𝑝𝑝𝑝𝑝𝑝𝑝 )

Binding Agonist Antagonist
Training Validation Training Validation Training Validation

Sn 0.93 0.58 0.85 0.94 0.67 0.18
Sp 0.97 0.92 0.98 0.94 0.94 0.90
BA 0.95 0.75 0.92 0.94 0.80 0.54

Binding Agonist Antagonist
Training Validation Training Validation Training Validation

Sn 0.99 0.69 0.95 0.74 1.00 0.61
Sp 0.91 0.87 0.98 0.97 0.95 0.87
BA 0.95 0.78 0.97 0.86 0.97 0.74

Very-Toxic Non-Toxic
Training Evaluation Train Evaluation

BA 0.93 0.84 0.92 0.78
Sn 0.87 0.70 0.88 0.67
Sp 0.99 0.97 0.97 0.90

EPA categories
Training Evaluation

Cat 1 Cat 2 Cat 3 Cat 4 Cat 1 Cat 2 Cat 3 Cat 4
BA 0.87 0.74
Sn 0.87 0.83 0.91 0.63 0.70 0.56 0.81 0.40
Sp 0.99 0.95 0.75 0.98 0.97 0.88 0.62 0.97

GHS categories
Training Evaluation

Cat 1 Cat 2 Cat 3 Cat 4 Cat 5 Cat 1 Cat 2 Cat 3 Cat 4 Cat 5
BA 0.88 0.74
Sn 0.73 0.75 0.84 0.80 0.88 0.50 0.53 0.56 0.66 0.67
Sp 0.99 0.99 0.92 0.89 0.96 0.99 0.97 0.89 0.74 0.90

LD50
Training Evaluation

R2 0.85 0.65
RMSE 0.30 0.49

• Both CLint and FU OPERA models were built using datasets 
combined from different sources.

• Most of the data entries are also available in the EPA’s high-
throughput toxicokinetic (httk) R package. 

• After several rounds of automated and manual curation, the 
CLint and FU datasets consisted of 1056 and 1873 chemicals, 
respectively.

• The CLint dataset was modeled in two steps: 
• First a classification model to separate the cleared from 

non-cleared chemicals 
• Then, a regression model is applied to predict the CLint

value for the cleared chemicals.

• The toxicity endpoints included in 
OPERA are the estrogen and 
androgen pathway activities and 
the acute oral toxicity

• The models were the result of three 
international collaborations 
including over a hundred scientists 
from a total of 35 research groups 
covering governmental institutions, 
industry and academia

• Multiple models were combined 
into a unique consensus as show in 
the diagram. 

• CATMoS consisted of five different 
endpoints and the final consensus 
model was a combination of all 
predictions using a weight of 
evidence approach.

• CATMoS is currently                  
being evaluated for                   
regulatory use                                 
by the US EPA.                                                        

Cross-validation test
R2 0.63 0.65
RMSE 0.20 0.19

Cross-validation test
BA 0.70 0.57
R2 0.40 0.39
RMSE 0.73 0.79

• OPERA is a free and open-source/open-data suite of QSAR models 
providing predictions for toxicity endpoints and physicochemical, 
environmental fate, and ADME properties. 

• Recent additions to OPERA include models for estrogenic activity, 
androgenic activity, and acute oral systemic toxicity developed through 
international collaborative modeling projects, and updates to models 
predicting plasma protein binding and intrinsic hepatic clearance.

• OPERA predictions for ADME parameters (CLint and FU) as well as 
physicochemical parameters (logP, pKa, and logD) are used as inputs for the 
in vitro to in vivo extrapolation (IVIVE) workflow on the NTP’s Integrated 
Chemical Environment (ICE: https://ice.ntp.niehs.nih.gov/). 

• OPERA predictions are also available both via the user interface and for 
download from the EPA’s CompTox Chemicals Dashboard. 
(https://comptox.epa.gov/dashboard). 
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