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The continuum of non-testing approaches 

Less Formalised  
in structure 

(Q)SARs Chemical grouping 

Activity = Function 

More Formalised  
in structure 

The properties of a chemical with respect to how 
it will interact with a defined system are inherent 
in its molecular structure  
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The (Q)SAR concept 

• A SAR is a (qualitative) association between a 
chemical substructure and the potential of a chemical 
containing the substructure to exhibit a certain 
biological effect  

 

 

 

• A QSAR is a statistically established correlation 
relating (a) quantitative parameter(s) derived from 
chemical structure or determined by experimental 
chemistry to a quantitative measure of biological 
activity 

 

• Expert systems are compilations of (Q)SARs packaged 
for ease of use 

 

Log (1/EC3) =  0.25+ 0.28*LogP + 0.86* Rs* 
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Chemical grouping approaches 

• “Analogue approach” refers to grouping based on 
a very limited number of chemicals (e.g. target 
substance) + source substance) 

 
• “Category approach” is used when grouping is 
based on a more extensive range of analogues 
(e.g. 3 or more members) 

 



6 

Read-across 
Read-across describes one of the methods for filling data gaps in 
either an analogue or category approach 

Known information on the property of a substance (source chemical) is 
used to make a prediction of the same property for another substance 
(target chemical) that is considered “similar” i.e. Endpoint & often 
study specific 

Source 
chemical 

Target 
chemical 

Property 
  

 

 

Reliable data 

Missing data 

Predicted to be 
harmful 

Known to be harmful 

Acute fish toxicity? 
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• (Q)SAR/grouping approaches have been around for a 
long time 

• In the last 10 years, the application of (Q)SARs has 
shifted towards regulatory use (as replacements or 
supporting information rather than as screening tools)  

• The EU REACH regulation and to an extent the 7th 
Amendment to the Cosmetics Directive have been 
significant drivers 

• Despite this, (Q)SAR model development still can be 
categorised as ‘mechanistic’ or ‘empirical’ 

• ‘Mechanistic’ –using descriptors to “model” an apriori MOA 
often based on the underlying chemistry 

• ‘Empirical’ – statistical derived model  

Current status of non-testing approaches  
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• Acute oral – statistical models e.g. TOPKAT, some 
chemical class specific (local) models 

• Acute inhalation –statistical models e.g. TOPKAT,  

• Skin/Eye irritation – local (Q)SARs, statistical models 

• Sensitisation – Empirical & mechanistically based 
approaches e.g. QMM, Mechanistic Read-across 

• Mutagenicity – lots of Ames (Q)SARs, Read-across 

• Carcinogenicity – empirical binary models i.e. yes/no 

• Reproductive/Development – handful of empirical 
models, some (Q)SARs on ER, AR, AhR binding 

• Repeated dose toxicity – some empirical models e.g. 
TOPKAT LOAEL predictor but not sophisticated to 
estimate likely target organs.  

 

Current status of non-testing approaches  
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Adverse  
Outcomes 

Parent 
Chemical 

Black Box: Not transparent but fast… 

Conceptual approach for non-testing 
development and application 
 

Can relating structure to such 
downstream adverse outcomes be 

performed with sufficient scientific 
confidence? 
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AOP – offers a framework for developing 
non-testing approaches differently…. 

An AOP represents existing knowledge concerning the sequence of events 
and causal linkages between initial molecular events, ensuing key 

events and an adverse outcome at the individual or population level. 
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Initial 
Molecular  

Events 
(IMEs) 

Speciation 
 

and 
 

Metabolism 

Measurable 
System  
Effects 

Adverse  
Outcomes 

Parent 
Chemical 

1. Identify Plausible IMEs 
      2. Explore Linkages in Pathways to Downstream Effects 

     3. Develop QSARs to predict IMEs from Structure or 
characterise other KEs as SARs 

 

QSAR 

Systems  
Biology 

Chemistry/ 
Biochemistry 

QSAR 

Emerging conceptual approach for non-
testing development and application 
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AOP - a framework to anchor ‘Tox21’ 
approaches 

An AOP represents existing knowledge concerning the sequence of events 
and causal linkages between initial molecular events, ensuing key 

events and an adverse outcome at the individual or population level. 
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“Adverse Outcome Pathway” is a Misnomer 

Toxicant 
 

Interaction with 
macromolecules 

Cellular Responses 
 

Organ Effects 
 

Organism Responses 
 

Protein binding 
DNA Binding 

Receptor Binding 

Chemical 
Properties 

 

Gene Expression 
Protein Production 
Altered Signaling 

Dose Below Threshold 
 
 

No Adverse Outcomes 
 
 

Higher Dose Elicits Homeostatic Response  
 

No Adverse Outcome 
 
 

Higher Dose Leads to Altered Physiology: 
Adaptive Response 

 
No Adverse Outcomes 

 

Higher Dose Leads to Altered Organ 
Structure / Function 

 

Diminished Capacity 
or May Be Reversible 

and No Adverse 
Outcomes 

Adverse Health 
Outcome 

 

Higher Dose Leads to Altered Organ 
Structure / Function 

 

Response is Dependent on Dose and Time:                 
Not All Exposures Will Produce Adverse Effects 

Adverse Outcome Pathway 

Instead there is the “Exposure- Effect Discontinuum” 

In
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n
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o
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An “initial” event should 
not be interpreted as the 
necessary and sufficient 
step that will lead to an 

adverse health effect 

Patlewicz et al (2013). Use and Validation of HT/HC Assays to Support 21st 
Century Toxicity Evaluations 
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Actualising the NAS Tox21 vision 

•Entails three main components:   

• 1) in vitro (including HT/HC) methods to construct 
quantitative biological profiles of chemical substances  

• 2) Prediction models to interpret these profiles in 
the appropriate context of hazard and risk 
assessment 

• 3) Adverse Outcome Pathways (AOPs)/Mode of 
Action (MOA) - understanding the biological 
relevance of the data and prediction models.  
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A harmonised framework to establish scientific 
confidence: 

• which assures validation of the assays and their 
prediction models  

• within the context of a biological pathway that 
culminates with an adverse effect (i.e., an AOP)  

• and for a given purpose (i.e. to support a product 
stewardship or regulatory decision. 

Scientific Confidence is a Necessity 
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This case example helped refine thinking on a hybrid 
framework which in turn has been extended to consider 
AOPs - known as the Scientific Confidence Framework 

(SCF) 



17 

Adapting this SCF to AOPs  
1 Develop the AOP 

2 Develop new (or map existing) specific assays to key events within the AOP 

3  Conduct (or document) Analytical Validation of each assay 

4 Develop new (or map existing) models that predict a specific key event from one or 

more pre-cursor key events. (The input data for the prediction models comes from the 

assays described in Steps 2 and 3 above.) 

5  Conduct (or document) Qualification of the prediction models 

6 Utilization: defining and documenting where there is sufficient scientific confidence to 

use one or more AOP-based prediction models for a specific purpose (e.g., priority 

setting, chemical category formation, integrated testing, predicting in vivo responses, 

etc.) 

7 For regulatory acceptance and use, processes need to be agreed upon and utilized to 

ensure robust and transparent review and determination of fit-for-purpose uses of 

AOPs.  This should include dissemination of all necessary datasets, model parameters, 

algorithms, etc., to enable stakeholder review and comment, fully independent 

verification and independent scientific peer review.  Whilst these processes have yet 

to be defined globally, in time, these should evolve to enable credible and transparent 

use of AOPs with sufficient scientific confidence by all stakeholders. 
 

Described in more detail in Patlewicz et al Using a Scientific Confidence Framework to Support Application of 
Adverse Outcome Pathways for Regulatory Purposes submitted to Reg Pharm Toxicol 

17 
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• Key avenues where AOPs will have significant 
impact: 

• Prioritisation 

• Exploit the use of the QSAR Toolbox for grouping 
chemicals into chemical categories to facilitate 
read-across 

• Permit development of Integrated Approaches to 
Testing and Assessment (IATA) 

• Screening level hazard assessment 

• Inform Test Guidelines development 

Application of AOPs 
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Conceptual IATA 

(Q)SAR 

In chemico/ 
In vitro 

Read-across/ 
Chemical Categories 

Existing data Exposure information 

In vivo 

Hazard information 

Risk Assessment 

Chemical 
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AOP for skin sensitisation (OECD, 2012)  
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Metabolism 
Penetration 

Electrophilic 
substance 

Direct Peptide 
Reactivity Assay 

(DPRA) 
 

QSARs 

• human Cell Line Activation 
Test  

 (h-CLAT) 
• Mobilisation of DCs 

• Activation of inflammatory 
cytokines  

• KeratinoSens 

• Histocompatibility 
complexes presentation 

by DCs 
• Activation of T cells 

• Proliferation of 
activated T-cells 

• Inflammation upon 
challenge with 

allergen               

Dendritic Cells (DCs) 

Keratinocyte responses 

Key Event 1 

Key Event  2 

Key Event  3 
Key Event  4 Adverse 

Outcome 
T-cell proliferation  

Mapping alternative methods to key events 

Chemical 
Structure  

& Properties 

Molecular 
Initiating Event 

Cellular 
Response 

Organ Response  Organism Response        

21 
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Regulatory Applications 
• Screening 

• Prioritisation 
• Classification & Labeling 

• Hazard Assessment 
• Risk Assessment 

Q1. Is data input 
adequate to make 

regulatory 
decision? 

 
Does combined in 
silico/in chemico/in 
vitro information 
indicate concern 

for SS?  

AOP for SS 

Consistent 
outcomes 

Adequate  

Existing data  
• QSAR 
• QMM 

• Read-across 
• in chemico 
• In vitro 

Insufficient 

Passback:  
Inconsistent result outcomes 
Domain of applicability of in 

silico models need to be 
extended 

in chemico/in vitro assays need 
refinement 

Empirical data from in vivo test 
as a last resort 

Regulatory 
Decisions 

AOP-informed IATA for SS 

Tollefsen et al (2014) Applying Adverse Outcome Pathways 
(AOPs) to support Integrated Approaches to Testing and 

Assessment (IATA) Reg Toxicol Pharm in press 
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IATA for SS 

Patlewicz G, et al. 2014 
Towards AOP application 
– implementation of an 
integrated approach to 
testing and assessment 
(IATA) into a pipeline 

tool for skin 
sensitization. Reg. 
Toxicol. Pharmacol. 

69(3):529-45.  
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Translating the IATA-SS workflow into a Pipeline 
tool to facilitate more systematic use 
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Applying the IATA Pipeline in practice 

• Docked to the OECD Toolbox to facilitate identification 
and extraction of experimental data for chemicals of 
interest 

• Identifies chemicals that could be conceivably waived from 
testing due to their physical form (i.e. gases) or due to 
their corrosive effects  

• Profiles (in silico and in chemico) structural alerts for 
parent chemicals and their plausible metabolites  

• Makes a prediction of skin sensitisation potential and semi 
quantitative potency on the basis of the TIMES-SS 
expert system 

• Considers other relevant information or predicted 
information e.g. mutagenicity assay data 
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Applying the IATA Pipeline in practice 

• Upon profiling a test set of 100 chemicals using 
in silico and in chemico components alone, 
accuracy was found to be 73%. 

• Performance improved to 87% when outliers 
were reconsidered in light of other surrogate 
information e.g. from relevant mutagenicity 
assays as well as skin irritation/corrosion 
data/estimates.  

• Marks a step change to how non-testing 
approaches can be constructed and used in an 
AOP-informed IATA framework 
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Applying the IATA Pipeline in practice 
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Applying the IATA Pipeline in practice 

NOT a BLACK 
BOX APPROACH! 
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Incorporating many IATAs together 
to evaluate several regulatory 

endpoints concurrently 
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HH Hazard IATA Layers OASIS TIMES models 
Toolbox 

databases 

Chemical formulation 
Thresholds for defining the physical 
state 

- 

Acute toxicity 

TIMES AOT + 

ADT - 

AIT - 

Allergy 

Skin/Eye 
Irritation/ 
Corrosion 

TIMES Skin I/C + 

TIMES Eye I/C + 

Skin/ 
Respiratory 
sensitisation 

TIMES-SS + 

Respiratory sensitisation + 

Genotoxic 
Carcinogenicity 

In vitro 
TIMES AMES +S9 + 

TIMES CA +S9 + 

In vivo 

TIMES in vivo liver GT + 

TIMES in vivo liver clastogenicity + 

TIMES in vivo MNT (bone marrow) + 

Non-Genotoxic 
carcinogenicity/ 
Reproductive Toxicity 

TIMES ER binding + 

TIMES AR binding - 

TIMES AhR binding - 

TIMES Aromatase inhibition - 

DART scheme - 

ER binding USEPA - 
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• Non-testing approaches are currently focused on 
inferring downstream adverse effects 

• The AOP framework provides an opportunity for 
(Q)SARs to be derived that are based on different 
KEs within an AOP and constructed in an IATA 

• An example of a non-testing IATA is presented to 
illustrate this in practice for skin sensitisation as 
well as other endpoints of regulatory interest 

• An evaluation of the scientific confidence is critical 
to ensure appropriate application and interpretation 
of AOPs 

• A scientific confidence framework has been 
proposed 

 

Summary remarks 
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