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Skin sensitisation – ideal world 
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Skin sensitisation – reality
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in vitro  - validation study design



Skin sensitisation – reality
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Relevance

Predictive capacity

• Sensitivity

• Specificity

• Accuracy

LAB 

True classification run 1 run 2 run 3 majority rule

TN TI 1 NS NS S NS
Specificity

= 
% of negative 
classifications

TN TI 2 S S NS S

:

:

TN TI N1 NS NS S NS

TP TI N1+1 S S S NS
Sensitivity 

= 
% of positive 
classifications
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:

:

TP TI N1+N2 NS NS S NS

in vitro  - validation study design



Source: ECVAM Validation report - KeratinoSens

Source: ECVAM Validation report - DPRA



Reliability and Relevance evaluations

• Do not capture the variability at lower levels (loss of information)

• Often based on univariate descriptive measures (not estimates)

• In context of validation

• Not clear how to "aggregate" information for e.g. BLR evaluation

• Do not guarantee that BLR ≤ WLR measure

Need for a new approach ….



Important concept in statistics

10

Population / full info
Sample from 
population

Full information, 
Parameters of interest can be fully known

Limited information,       
Estimate  parameters

given the sample from population



Full information – example 
True 

classification run 1 run 2 run 3 run 4 run 5 run 6 run 7 run 8 run 9 run 10 …. run R

TN TI 1 0 0 1 1 0 1 0 0 1 1 …. 1

TN TI 2 1 1 0 0 0 0 1 0 0 1 …. 0

: : :

TN TI N1 0 0 1 1 1 1 1 1 1 1 …. 1

TP TI N1+1 1 1 1 1 1 1 0 1 1 1 …. 1

TP TI N1+2 1 1 0 1 1 0 1 0 1 0 …. 1

: : :

TP TI N1+N2 0 0 1 1 1 1 0 1 1 1 …. 1

Specificity 0.85 0.8 0.87 0.87 0.85 0.83 0.88 0.76 0.9 0.78 …. 0.88

Sensitivity 0.6 0.67 0.63 0.62 0.68 0.59 0.65 0.63 0.66 0.67 …. 0.65



Alternative performance assessment

• Reproducibility measures (WLR, BLR, GR)

Based on probability(m out of N  chemicals have the 

same prediction in 3 independent runs), m=0, 1, …, N

• Predictive capacity measures(Sensitivity, Specificity)

Based on probability(m out of N  chemicals has correctly 

predicted the true outcome) , m=0, 1, …, N



Illustrative Example



Example: h-Clat data



one test item
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Example: h-Clat



Bootstrap based specificity

Bootstrap based sensitivity

Example: h-Clat data



Example: h-Clat
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vs. LLNA

reproducibility accuracy specificity sensitivity

DPRA 79.3% 75.0% 86.1% 69.5%

KeratinoSens 90.2% 69.1% 65.6% 70.8%

hClat 80.6% 69.1% 55.2% 76.1%

2of3 85.6% 72.9% 67.3% 75.8%

STS 83.6% 75.6% 52.4% 87.2%

Performance measures based on 100.000 Bootstrap replicates

Example: DA skin sensitisation
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Bootstrap based

specificity

majority rule bootstrap based

DPRA 100.0% 86.1%

KeratinoSens 62.5% 65.6%

hClat 50.0% 55.2%

2of3 75.0% 67.3%

STS 57.1% 52.4%

sensitivity

majority rule bootstrap based

DPRA 62.5% 69.5%

KeratinoSens 68.8% 70.8%

hClat 68.8% 76.1%

2of3 68.8% 75.8%

STS 75.0% 87.2%



Summary

• Need for better performance evaluations

• To compare methods and/or DA

• Data variability characterization

• Expert judgement plays still an important role

• A possible way based on probability measures

• Some issues to be resolved 

• Unbalanced data

• Missing data (Bayesian approach?)

• Complexity

• Purpose/use of a method – decision making



Stay in touch

•EU Science Hub: ec.europa.eu/jrc

•Twitter: @EU_ScienceHub

•Facebook: EU Science Hub - Joint Research Centre

•LinkedIn: Joint Research Centre

•YouTube: EU Science Hub



The Joint Research Centre 

at a glance

3000 staff
Almost 75% are scientists 
and researchers.
Headquarters in Brussels 
and research facilities
located in 5 Member States.



vs. LLNA

reproducibility accuracy specificity sensitivity

DPRA 79.3% 75.0% 86.1% 69.5%

KeratinoSens 90.2% 69.1% 65.6% 70.8%

hClat 80.6% 69.1% 55.2% 76.1%

2of3 85.6% 72.9% 67.3% 75.8%

STS 83.6% 75.6% 52.4% 87.2%

vs. LLNA

accuracy specificity sensitivity

DPRA 75.0% 100.0% 62.5%

KeratinoSens 66.7% 62.5% 68.8%

hClat 62.5% 50.0% 68.8%

2of3 70.8% 75.0% 68.8%

STS 72.0% 57.1% 75.0%

majority rule of predictions

Performance measures based on 100.000 Bootstrap replicates

Example: DA skin sensitisation


