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Setubal workshop report : Jaworska, J. S.; Comber, M.; Auer, C.; Van Leeuwen, C. Environ. Health Perspect. 2003, 111, 1358−1360

Guidance Document on the Validation of (Quantitative) Structure− Activity Relationship QSAR Models; OECD Series on Testing and Assessment No.69; OECD 

Environment Directorate, Environment, Health and Safety Division: Paris, 2007

Current understanding and definitions

Common definition2

“AD is the response and chemical structure space in 

which the model makes predictions with a given reliability”.

• A defined endpoint 

• An unambiguous algorithm 

• A defined domain of applicability

• Appropriate measures of goodness-of–fit, robustness and predictivity

• A mechanistic interpretation, if possible

QSAR principles1
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A good fundation to build on
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Current common methods

Molecule classes

• Organic-Organometalic-Inorganic

• Class of molecules (Arom. Amines)

Feature representation
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Descriptor ranges
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Mixture of different concepts

Reliability

(is the prediction reliable?)

Applicability

(can I use this model to make a prediction ?)

Decidability

(can I make a clear decision)
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Towards an extended and more formal framework 

My model can be applied for this query compound

The prediction is reliable enough for my use case

I can make a clear decision

Applicability

domain

Reliability

domain

Decidabiity

domain

Confidence in the prediction if ... 



Applicability (of the model)

Can I apply my model ?

Perform the predictionOut of 

Applicability 

domain

Applicabilty
Model boundaries

(Designer's specifications)

• Is the class of my query compound supported by the model ?

e.g.  exclude polymers, proteins, inorganic molecules, etc.

• Is my query compound in the range of the descriptor of the training set ?

e.g. inside convex hull, minimum information density

• Did my model see all the structural features present in the query compound ?

e.g. not in domain, contains unseen boronic acid functional group 



Reliability (of the prediction)

Can I apply my model ?

Perform the prediction

Can I trust my 

prediction ?

Look at the predictionOut of Reliability 

domain

Reliability
Prediction boundaries

(User defined )

• How close are the nearest neighbours ?

• How reliable are these nearest data points ?

e.g. GLP compliance

• How well did my model predict these data points ? 

e.g. performance during CV

Out of 

Applicability 

domain

Aniceto, N., Freitas, A.A., Bender, A. et al. J Cheminform (2016) 8: 69. https://doi.org/10.1186/s13321-016-0182-y



Decidability (of the outcome) 

• Does my evidence converge or conflict ?

e.g. k Nearest Neightbours distribution

• Is there a consensus between intermediate conclusions ? 

e.g. RF tree distribution 

• Is my posterior likelihood strong enough ?

e.g. Naïve Bayes posterior probability

Can I apply my model ?

Perform the predictionOut of 

applicability 

domain

Can I trust my 

prediction ?

Look at the predictionOut of Reliability 

domain

Can I make a 

clear call ?

Equivocal

or

Undecided

Make a statement

Decidability
Likelihood boundaries

(User  defined)

Introducing Conformal Prediction in Predictive Modeling. A Transparent and Flexible Alternative to Applicability Domain Determination Ulf Norinder, Lars 

Carlsson, Scott Boyer, and Martin Eklund J. Chem. Inf. Model., 2014, 54 (6), pp 1596–1603



Intuitive, non ambigous and formal decision framework

Can I apply my model ?

Perform the prediction

Is my prediction

reliable enough?

Look at the predictionOut of reliability 

domain

Equivocal / 

Undecided

Make a statement

Can I make a 

clear call ?

Out of 

applicability 

domain

Applicabilty 

Reliability

Decidability

Applicability domain: towards a more formal definition. Hanser T, Barber C, Marchaland JF, Werner S.

SAR QSAR Environ Res. 2016 Nov;27(11):893-909. Epub 2016 Nov 9.



Articulation of the method

• Applicability domain is not a monolithic concept, there are 3 key layers

• Separation of concern can help clarify and formalise the notion of AD

• Purpose: Initiate a constructive discussion among our QSAR community to 

build a common understanding together

• Harmonize the way we define and present AD to the end users across models

and applications

• Remove confusion for the end user and improve the value of our AD model
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