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Presentation of HBCD Mechanistic Information 
• Table B-1 provides information on model system, assays used, 

routes evaluated, general target tissues and systems studied, and 
endpoints reported. 

• Table B-1 does not provide study design information (doses, 
concentrations or exposure durations), or assay results. 
 

• IRIS has put a toe in the water, but could go much further to make 
this information more useful to inform the assessment. 

• “Early focus on patterns of effects, taking into account MOA data 
on toxicokinetics and dynamics, can be informative in considering 
appropriate approaches for extrapolations addressing interspecies 
differences and human variability. Thus MOA analysis can be 
applied throughout an assessment, informing many aspects flagged 
as important in NRC (2009), including but not limited to the 
approach for low-dose extrapolation.”  

• Bette Meek et al. / Regulatory Toxicology and Pharmacology 66 (2013) 234–240. 

 
 



Importance of Extracting the Relevant 
Information 

• Detailed information, not just summary information is necessary.  
• See ACC comments to OEHHA 2014 (submitted to docket) 

 Table 1.  Basic Study Information for Reproductive Toxicity (Inhalation Exposure) 
Study 
Reference Species/Strain Age Sex Animals per 

Exposure Group 
Exposure Concentration 

(ppb) Exposure Length/Frequency 

Author, Year  Rat, Wistar 6 weeks Female 6 0, 0.1, 1, 10 4 h/d; 30 d 
Author, Year Rat, Sprague Dawley 4 weeks Male 8 0, 5, 10, 20 4 h/d; 5 d/wk; 8 wk 
Author, Year Mouse, CD-1 8 weeks Male 10 0, 0.025, 0.25, 2.5, 25 8 h/d; 5d/wk; 8 wk  

 
 

Table 5  Study Outcomes for Reproductive Toxicity 

Study  
Reference 

Outcomes Assessed (Examples Below) 
Sperm 
Count 

Sperm 
Morphology 

Sperm 
Motility 

Testis 
Weight 

Testis Estrous Ovary 
Histology Cyclicity Weight 

Uterus 
Weight 

Ovary 
Histology 

Uterus 
Histology Others… 

Author, Year X X X X X       
Author, Year      X      
Author, Year       X X X   
 

Table 7  Study Quality 
Study 
Reference 

Sample Size 
Calculation 

Study Reliability 
(Klimisch Code) 

Randomized Allocation to 
Experimental Groups 

Blinded Outcome 
Assessment 

Presence of 
Attrition Bias Statistical Methods 

Author, Year Not performed 2 – Reliable with Not stated Yes Unknown Appropriate 
restriction 

(non-guideline study) 
Author, Year Sufficient study 1 – Reliable without Yes Yes Not likely Appropriate 

power restriction 
(OECD guideline study) 

 



Importance of Extracting the Relevant 
Information (2) 

• Detailed information, not just summary information is necessary.  
• See ACC comments to OEHHA 2014 (submitted to docket) 

 Table 8  Study Results by Outcome for Reproductive Toxicity (Sperm Count Example) 
Study 
Reference  

Species/Strain Dose 
(mg/kg-d) 

Sperm Count 
107 (× per g epididymal weight) P Value 

Author, Year Rat, F344 0 2.2 - 
5 2.3 0.8  Author, Year 

 
Mouse, CD-1 0 1.9 - 

0.1 1.8 0.1 
1 1.8 0.1 

10 1.5 0.03 
 

• Approach can easily be adopted for mechanistic information 



Importance of Extracting the Relevant 
Information (3) 

• Detailed information, not just summary information is necessary. 
• See M.E. Kushman et al. / Regulatory Toxicology and Pharmacology 67 (2013) 266–277. 

 



Key Events and MOA 

From Corton et al. 2013. Crit Rev Toxicol  DOI: 10.3109/10408444.2013.835784 





Dose Range Array 

KE #1 KE #2 KE #3 AO 



Correlation of KE with AO 
In

ci
de

nc
e 

of
 T

um
or

s (
Ad

en
om

as
 a

nd
 C

ar
ci

no
m

as
) 

Incidence x Severity for Hyperplasia 



Comparison and Ordering of Dose-
Response of KEs 

From Corton et al. 2013. Crit Rev Toxicol  DOI: 10.3109/10408444.2013.835784 



WHO/IPCS Framework, MOA and Bradford Hill 
 

 
 

 
 
 
 
 
 
 

 

 

 

 

• Meek, Boobis, Cote, Dellarco, Fotakis, Munn, Seed, Vickers. New developments in the evolution and application of the 
WHO/IPCS framework on mode of action/species concordance analysis J. Appl. Toxicol. 2014; 34: 1–18 
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• Meek, Boobis, Cote, Dellarco, Fotakis, Munn, Seed, Vickers. New developments in the evolution and 
application of the WHO/IPCS framework on mode of action/species concordance analysis J. Appl. Toxicol. 
2014; 34: 1–18. 

• Meek, Palermo, Bachman, North, Lewis. Mode of action human relevance (species concordance) framework: 
Evolution of Bradford Hill considerations and comparative analysis of weight of the evidence. J. Appl. 
Toxicol. 2014; 34: 1–18. online Feb 2014, DOI: 10.1002/jat.2984. 

 



Improving Presentation and Use of Mechanistic 
Information 

• EPA must extract sufficient mechanistic information from studies. 
• Multiple approaches for presenting this information already exist 

(see citations provided in slides). 
• Early consideration of hypothesis based key events in the 

MOA/AOP during problem formulation will facilitate 
incorporation of data from different sources and provide a 
framework for organization which can be linked at different levels 
of biological organization. 
 

 Mechanistic/MOA information must not come second; it must be 
part of problem formulation. 

 
 

 
 

 



Questions and Discussion                       
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