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•Regulatory approaches to chemical hazard have been focused on 
“black box” animal assays

•Protects against hazard but only very slowly - example asbestos, BPA

•Provides little mechanistic information to guide molecular design 

•Assumes humans are 70 kg rats 

■Impossible to cope with the numbers of new chemicals being produced 
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You mean it’s 2019 
and they are still 
using methods from 
the early 20th 
century?



• In vitro testing
• In vitro tests act as drop-in replacements for animal tests – BCOP for Draize 

tests 
• < 5 per cent of tests in ECHA

• In vitro tests for mechanism - Ames test for mutagenicity
• In silico predictions

• Several models exist that are widely used – Toxtree, SimCyp (FDA) to predict 
metabolism, but mostly for screening purposes  

• Read-across/QSAR 
• 80 per cent of ECHA dossiers use read-across for at least one end point and 

approximately 20 per cent of endpoints 
• 1 per cent use QSAR



Case study: Skin Sensitization

Skin sensitization is an allergic response upon contact 
to a substance 



● 15-20% of the general population suffers from contact allergy (Thyssen et al., 
2007) - prevalence may be increasing

● US Bureau of Labor Statistics (BLS) data shows that occupational skin 
diseases currently account for 10-15% of all occupational illness

● Occupational contact dermatitis is particularly prevalent in the personal 
services industry, with an estimated prevalence of 1.2% percent, e.g., in the 
beauty/ haircare industry (Warshaw et al., 2012),

● High prevalences in the petrochemical, rubber, plastic, metal and automotive 
industries (McDonald et al., 2006).

● Many chemicals used in occupational settings have NOT been tested for skin 
sensitization potential - prior to TSCA 21, only one in eight  premarketing 
notifications to EPA is submitted with any toxicological data. 

● However, EPA has of late been very proactive about sensitization 

What is sensitization and why is it important?



Skin sensitization: Mechanism 

OECD. (2012). The Adverse Outcome Pathway for Skin Sensitisation Initiated by Covalent Binding to Proteins 
Part 1: Scientific Evidence. [Series on Testing and Assessment No.168 ENV/JM/MONO(2012)10/PART1



Integrated Testing Strategy

●Use machine learning to combine multiple sources of 
information at each point of the AOP 

● 145 chemicals with LLNA testing (reference 
classification) and additional in vitro and in chemico 
tests 
○ ARE induction 

○ Cytotoxicity
○ Direct Peptide Reaction Assay



Integrated Testing Strategy

● Variable importance 
consistently included in 
vitro assays in the top

●More data is not always 
better; accuracy 
improved by reducing 
features

●Using in vitro and 
chemicals descriptors 
achieved 80 percent 
accuracy



Chemical Similarity and Skin Sensitization

● Tanimoto distance was 
used to calculate 
chemical similarity

● Each chemical with 
more than 70 percent 
similarity was linked in 
a map

● Many chemicals that 
are structurally similar 
have different potential 
as sensitizers

● Many chemicals in the 
dataset have no similar 
neighbors

Red = Extreme
Orange = Strong
Yellow = Moderate
Green = Weak/Non



REACH Skin
Sensitization Skin 

sensitization:
Simple 
classification 
by nearest 
neighbor
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Skin sensitization:
Simple classification by nearest 
neighbor

Accuracies better than different animal guideline 
tests against each other 



REACH Skin
Sensitization



REACH Skin
Sensitization
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Guinea
pig

Mouse
89%

77%



SKIN SENSITIZATION MODELS

Model Availability Methodology Results

PredSkin Free QSAR
Predicts whether chemical will be a 

skin sensitizer
(Binary results for human prediction)

Toxtree Free Structural Alerts
Identifies structural alerts within 

target chemical

OECD QSAR Toolbox Free Read-Across/QSAR
Predicts whether chemical will be a 

skin sensitizer
(Binary results)

Danish QSAR Database Free

Battery algorithm 
based on three 

individual QSAR 
models# 

Predicts whether chemical will be a 
skin sensitizer

(Binary results for human prediction)

CAESAR
(VEGA)

Free QSAR
Predicts whether chemical will be a 

skin sensitizer
(Binary results)

UL’s REACHAcross™ Commercial
QSAR/

Read-Across

Predicts whether chemical will be a 
skin sensitizer
(Binary results)

TIMES-SS Commercial
QSAR/

Skin Metabolism 
Simulation

Predicts whether chemical will be a 
skin sensitizer

(Results provided in potency scale: 
strong sensitizer, weak sensitizer, non-

sensitizer)



Toxtree: Structural Alerts

● Advantages: 
○ Any chemical can be 

analyzed for the key 
features

○ Provides a possible 
mechanism

● Disadvantages: 
○ “Skin sensitization alert” or 

“Skin sensitization 
reactivity domain”?

● High amount of false positives
○ -approx. 30 percent of 

chemicals are Michaels 
acceptors 



PredSkin



PredSkin

● Advantages: 
○ Simple to use 
○ Based on human data, but also provides 

prediction for LLNA as well as DPRA
○ Includes probability estimate 
○ Provides batch mode

● Disadvantages: 
○ Highly sensitive, not as specific



OECD QSAR Toolbox

● QSAR Toolbox is very 
powerful, but there is a 
learning curve - Windows 
only 

● Includes an automated 
workflow for data gap filling 
for skin sensitization

● OECD QSAR Toolbox has 
a large data set  of analogs 
with LLNA and GPMT data



OECD QSAR Toolbox

● Advantages: 
○ Highly accurate if you have similar 

analogs in the data set and an 
obvious chemical category 

○ Includes potential metabolites
○ Batch mode

● Disadvantages: 
○ Does not give a probability 

estimate
○ Minimal coverage



Model Accuracy

Toxtree UL ReachAcross CESAR DEREK



Which model should I use for a hazard assessment?

● You need to know about any potential alerts for skin 
sensitization from ToxTree but structural alerts are low 
information

● PredSkin can alert you to potential instances where 
human and LLNA data diverge 

● If you there are adequate analogs, the OECD QSAR 
Toolbox will make a highly accurate prediction

● Accuracy is highly dependent on how similar your 
target chemical is to the data set  



2015 2018
2016

Future Directions: Big Data 

2019

From: Progress in Using Big Data in Chemical Toxicity 
Research at the National Center for Computational 

Toxicology
Anthony Williams/EPA



Type to enter a caption.Type to enter a caption.



Type to enter a caption.Type to enter a caption.

Based on specific 
data or warnings?



Type to enter a caption.



■ ToxCast has data on over 1,800 
chemicals- including industrial and 
consumer products, food 
additives, and potentially "green" 
chemicals that could be safer 
alternatives to existing chemicals.

■ ToxCast screens chemicals in over 
700 high-throughput assays that 
cover a range of high-level cell 
responses and approximately 300 
signaling pathways.

28



■ Data can be downloaded or 
accessed through the iCCS 
ToxCast Dashboard or Pubchem

■ Can potentially evaluate 
mixtures (e.g. environmental 
contaminants of waste water)

■ Used very cautiously in hazard 
assessments 

29
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HTS Strengths 

• Human Assays 
• Eliminates need for animal to human 

extrapolation 
• Eliminates need for animal testing 

• Bulk chemical testing and analysis 
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HTS Weaknesses 

• Prominent amount of false positives 
• Statistical Validations 
• Certainty of assays 
• Physical Properties - this is extremely important for nanomaterials 

• Lacks ADME (Absorption, Distribution, Metabolism, and Excretion) 
• Microsomal S9 Inserts

• Translating HTS to Adverse Outcome Pathway (AOP) problematic 
with regard to resources needed

• Cytotoxicity – false negatives/false positives 
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negative controls, 4h, gene level, n = 3 / group

Same batch from ATCC

Method transfer

Transcriptomics

Comparison of MCF-7 in two laboratories 



Karyotyping



Extent of deviations from normal genome

SurePrint G3 ISCA CGH+SNP Microarray Kit, 4x180K
115234 CGH features.2440 CGH replicate probes, 59647 SNP 

features
reference mapping: caucasian female human reference DNA

34

Kleensang et al., Nature Sci Rep, 2016



Future Directions

● Machine learning can already predict human skin 
sensitization with an accuracy similar to testing 
approaches just based on structural features; further 
improvement will require incorporating in vitro or 
much larger data sets 

● It will be difficult to reproduce this success with 
other endpoints, although progress is being made

● The “Limiting Reagent” is human data - we can’t 
test new chemicals on humans for ethical reasons
○ . . . except we do



Future Directions

• We need better surveillance and reporting of human 
exposure before we can really model and predict 
human phenotypes

• Existing models may be poorly suited for newer 
chemicals that are likely to be economically 
important
• Biobased chemicals

• Nanomaterials

• “Big data” based on models are already work well for screening; 
they will soon be key component of any hazard assessment



More Data Is Not Always Better

From: Leinweber, David J. Nerds on Wall Street: Math, machines and wired 
markets. John Wiley and Sons, 2009.



More Data Is Not Always Better

From: Leinweber, David J. Nerds on Wall Street: Math, machines and wired 
markets. John Wiley and Sons, 2009.

Data mining often depends on correlations  
however

any large data set will have numerous spurious 
correlations



There are lies. . . 

There are damn lies. . . 

And then there are. . . 



High dimensional data - lies with statistical significance and convinc      



Computers perform better than humans,
but make different mistakes 

Human

Not human

[x] Human
[  ]  Not a human

[x] Human
[  ] Not a human



Thanks!  Questions? 

amaertens@cermonline.com

Green Toxicology @ CAAT 

mailto:amaertens@cermonline.com
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