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Curating Reference Data

Kleinstreuer et al. 2018 RTX



Reproducibility of Animal Data

Binary Hazard Classification

•Uterotrophic: ~74%
•Hershberger: ~72% 
•Skin Sensitization: ~78%
•Acute Systemic: ~81% 
•Skin Irritation: ~76% 
•Eye Irritation: ~84%

Kleinstreuer et al. 2016; Browne et al. 2018; Kleinstreuer et al. 2018a; Dumont et al. 2016;  
Hoffmann et al. 2018; Kleinstreuer et al. 2018b; Karmaus et al. in prep; Leuchtefeld et al. 2018



Reproducibility of the Draize Eye Test

Prior type 1 2A 2B NC Total

1 73% 16.1% 0.4% 10.4% 46

2A 4.2% 32.9% 3.5% 59.4% 138

2B 0.2% 4% 15.5% 80.2% 86

NC 1.1% 3.5% 1.5% 93.9% 400

• ECHA database evaluation

• 491 substances with at least 2 Draize eye studies

• Conditional probabilities of Draize evaluations based on a 
previous test result

• Ex: 46 substances had multiple Draize test results that included at 
least one Category 1 response

Luechtefeld et al., ALTEX 33(2), 2016.



Reproducibility of the Draize Eye Test

Prior type 1 2A 2B NC Total

1 73% 16.1% 0.4% 10.4% 46

2A 4.2% 32.9% 3.5% 59.4% 138

2B 0.2% 4% 15.5% 80.2% 86

NC 1.1% 3.5% 1.5% 93.9% 400

• Some Category 1 could be NC in a subsequent test

NC  Cat 2   Cat 1 
I

Hazard

Luechtefeld et al., ALTEX 33(2), 2016.



Reproducibility of the Draize Eye Test

Prior type 1 2A 2B NC Total

1 73% 16.1% 0.4% 10.4% 46

2A 4.2% 32.9% 3.5% 59.4% 138

2B 0.2% 4% 15.5% 80.2% 86

NC 1.1% 3.5% 1.5% 93.9% 400

• Category 2A and 2B more likely to be NC than Category 2 in a 
subsequent test

• Category 2B and NC very similar in response
NC  Cat 2   Cat 1 
I

Hazard

Luechtefeld et al., ALTEX 33(2), 2016.



Reproducibility of the Rabbit Skin Irritation Test

Prior type I II III IV Total

I 86.5% 4.0% 7.2% 2.4% 217

II 10.4% 34.9% 31.1% 23.6% 37

III 4.5% 4.0% 43.5% 48.0% 174

IV 0.6% 1.5% 9.5% 88.4% 981

• Highest variability in the moderate (II) and mild (III) irritant 
categories

IV    III    II I

Hazard

Rooney et al., in prep



PDII analysis of Curated Dataset

PDII’s of chemicals that have at least 1 category II classification do not cluster 
around the PDII=5.0 cutoff.

Rooney et al., in prep



Comparison of Physchem Properties

*Generated using ICE Chemical Characterization Tool



Acute Oral Toxicity Data: Variability of LD50s

Quantitative analysis: point estimates

• Standard-deviation distribution

Bootstrapping of standard deviations leads to confidence interval of 
~0.3 log(mg/kg)



Acute Oral Toxicity Data: Variability of LD50s

Qualitative analysis: point estimates + limit test
Toxprint Chemotypes enrichment (based on EPA categories) 
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1 category: low variability 

2 categories: medium variability 

3 categories: high variability 

Variability classes

Enrichment is proportional to the number of chemicals per variability 
class. No significant differentiators 



Acute Oral Toxicity Data: Variability of LD50s

Qualitative analysis: point estimates + limit test
Unsupervised PCA using OPERA predictions



Importance of Data Quality: LD50 Data Curation

Issues in acute oral tox data revealed by model predictions

Examples where the 5 models (VT, NT, EPA, GHS, LD50) are in agreement with high 
confidence levels, with high margin between predictions and ECHA data



Data Curation – is the LC50 really this variable?
CASRN LC50 LC50 unit source

79-11-8 1268 mg/L eChemPortal

79-11-8 0.18 mg/L ChemIDplus

LC50 = 1.268 and 0.18 mg/L instead?



Study Extractions and Endpoint Mapping

• Extract study details from 
prenatal developmental 
toxicity guideline studies

– NTP legacy studies

– ECHA submissions 
(expert reviewed for quality)

• Programmatically map 
results to controlled 
vocabularies/ontologies

– UMLS (ToxRefDBv2.0)

– EPA/BfR DevTox DB

– OECD Harmonized 
Templates

Foster et al. in prep



Summary

• Large databases of in vivo toxicology study data have been compiled 
and curated from numerous resources

• Chemicals with multiple results were used to evaluate the performance 
of the in vivo assays and characterize variability

• In each case, sources of variability were investigated:
– Number of experiments, potency, chemical use category, or physchem properties do 

not correlate with increased variability
• It is essential that the variability of current in vivo test methods be 

considered in the context of establishing confidence in NAMs that 
replace the use of animals



Benchmarking Alternative Models

Human data and 
human biology as the 

gold standard

Using the AOP 
framework to develop 

testing strategies 
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