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Overview

• The “AOP-based in silico model” concept

• AOP-based in silico model – Altox’s Framework

• Examples: Balancing transparency, mechanistic interpretability and 
predictivity

• Challenges and opportunities for using these methods in regulatory
contexts



Introduction

• An AOP is an analytical construct that describes a sequential chain of causally linked events at 
different levels of biological organisation that lead to an adverse health or ecotoxicological effect 
(OECD, 2012)
• Regulatory challenge: to define when there is sufficient confidence predictivity to use one or 

more alternative models for regulatory purposes

Proposed “AOP-based in silico model” Concept
• A framework composed by individual in silico models used to identify chemicals that can

activate the associated modular AOP components (MIE/KE) and based in these individual
multilevel predictions, balanced by adjustments, relationships and weights, to predict an
adverse outcome.

Adverse outcome pathways (AOP) framework

Adapted from: OECD - Organisation for Economic Co-operation and Development. Users’ Handbook Supplement to the Guidance Document for Developing and Assessing AOPs.  Series on Testing & 
Assessment, no. 233, Series on Adverse Outcome Pathways, No. 1, 2018. 



AOP-based in silico model – Altox’s Framework

Adapted from: OECD - Organisation for Economic Co-operation and Development. Users’ Handbook Supplement to the Guidance Document for Developing and Assessing AOPs.  Series on Testing & 
Assessment, no. 233, Series on Adverse Outcome Pathways, No. 1, 2018. 

A
lt

o
x’

s
Fr

am
ew

o
rk



Key Event Relationships (KERs)  

Concordance↑

Concordance↓

Different weights for the predictions based in the AOP level , KERs and confidence levels along the AOP 



Example – AOP-Sens

• A logical framework balancing transparency, 
mechanistic interpretability and predictivity;

• Models to predict chemicals that can activate
the AOP modular components (MIE/KEs);

• A global model integrating all multilevel 
predictions balancing predictivity, key events 
relationships and WoE adjustments, for 
predicting the outcome. 



Molecular level

Molecular Initiating EventStructures and physicochemical properties 



Cellular and organ levels
Key Events



Organism response
AOP-based algorithm =

Where p is a prediction result, c is the confidence level, a
is the applicability domain and w is a weight (adjusted by
KERs)  



Challenges and opportunities

• Different results with variable 
confidence levels

• Identifying  patterns of predictive 
combinations; 

• Identifying patterns for pre and
pro-haptens.
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Measures of robustness and predictivity

(Q)SAR Models
Model

Dataset
Specificity Sensitivity Accuracy

N (external
dataset)

Alert analysis
197

128: 1A
69: 1B 

0.57 0.59 0.58 6422

DPRA 195 0.76 0.32 0.54 6422

KeratinoSens 190 0.78 0.27 0.52 4050

H-CLAT 161 0.65 0.41 0.53 4178

LLNA 997 0.46 0.68 0.57 4932

Human Skin 389 0.82 0.35 0.59 4177

Combined dataset
(GMTP, LLNA and human data)** 6971 0.75 0.92 0.84 1284

AOP-based prediction - 0.76 0.71 0.74 6422

** Internal validation 

Benchmark - Combined dataset (GMTP, LLNA and human data)



Chemical and Toxicological Space for Skin Sensitization

Grouped by Similarity neighbors and Endpoint

Hybrid descriptor

Combined dataset =
(GMTP, LLNA and human data) 



Chemical and Toxicological Space for Skin Sensitization
Grouped by Similarity neighbors and all Endpoints Outcome: Positive (+) or Negative (-)

Hybrid descriptor



OECD Principles of (Q)SAR Validation for regulatory purposes

1. A defined endpoint; 2. An unambiguous algorithm;

3. A defined domain of applicability;

4. Appropriate measures of goodness-of-fit, 
robustness and predictivity;

5. A mechanistic interpretation, if possible.



Challenges and opportunities

• Balancing predictivity and mechanistic intepretation of the models at 
different levels (adverse outcome pathways - AOP)

• Looking for patterns with predictivity level similar or higher than
biological assays

• Filling gaps in safety assessments with in silico predictions

• Making new regulatory  criteria based in predictive integrated 
approaches containing in silico models 



We are seeking partnerships and collaborations with our tools!



Thank you for your attention!
carlos@altox.com.br
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