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Synthesizing Evidence from Exposure to Health Outcome



Adverse Outcome Pathway



Case Studies as Examples



Regulatory Reviews for 2,4-D and Cancer





Putative AOP – Generalized Schematic of NHL



Genetic Abnormalities in NHL
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Molecular Epidemiology for 2,4-D

Urinary 2,4-D levels not correlated with chromosome aberration 
frequency (although significant genomic instability) 
Exposure-related effects observed were reversible and 
temporary  (Source: Garry et al. EHP 2001)

t(14;18)-positive NHL cases have larger relative risks from 
agricultural exposures than t(14;18)-negative cases, but show no 
association with 2,4-D or chlorophenoxys (Source: Chiu and Blair J 
Agromed 2009; Schroeder et al. Epi 2001; Agopian et al. J Exp Med 2009)

Significant evidence of genetic polymorphisms that contribute to 
NHL risk (Source: Hill et al. Blood 2006; Kelly et al. Cancer Epidemiol
Biomarkers Prev 2010)

t(14;18) occurs frequently in general public (Source: Bende et al. 
Leukemia 2007; Janz et al. Genes Chrom Canc 2003)
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Summary of Toxicological Studies

2,4-D and MCPA are capable of interacting with cellular functions
–
–
–

Cell proliferation
CD38 – MCPA – marker in NHL
Mitotic arrest

Show an impact on immunological parameters in humans 
exposed in vivo but effects are transient and reversible
Less evidence for direct DNA interaction
–
–

Equivocal results in vivo
Some positive in vitro but did not come up in ToxCast

Commercial formulations rather than pure product tend to show 
positive results
No evidence for difference in toxicity across salts, acid, ester



Reverse Dosimetry to Obtain Urinary Concentrations Associated with 
in vivo/in vitro Assays to Compare to Biomonitoring Data
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Compare to biomonitoring data

Use other reference values from bioassays

Evaluate underlying assays with respect to disease etiology





Exposure to Mixtures of Metals









Superfund Research Program 
at Harvard

Mexico city cohort n=493

Previous study showed U-
shaped association between 
Mn and neurodevelopmental 
outcomes at 12 mos (Claus-Henn
et al. 2010, Epidemiology, 21(4):433-
439) 

Exposure to both Pb and Mn
associated with greater 
cognitive deficits than to either 
constituent individually (Claus-
Henn et al. 2012, EHP, 120(1):126-131)
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Prenatal and Perinatal Exposure to Mixtures of Metals and 
Neurodevelopmental Health Outcomes

Evidence for less or greater than additive effect
–
–
–

Independent or additive
Antagonistic
Synergistic 

Multiple exposures leading to a common but non-
specific health outcome
– Reduced performance on a battery of tests including WISC, 

Bayley’s, etc.

Frame for the AOP is normal neuronal development 
and opportunities for perturbations
May be similar or different mechanisms
AOPwiki and associated OECD guidance



Strawman for Greater than Additive Effects



Biological Plausibility and Essentiality



Comparison of Levels from Epi Studies 
to Biomonitoring Data



Moving Towards Quantitative Modeling

Exposure models 
(spatially explicit 

bioaccumulation etc.)

ADVERSE OUTCOME PATHWAY
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Population 
models

Process and mechanistic models – at relevant 
spatial and temporal scales – can be 
incorporated at any stage



Putative AOP for Mercury Based on Human Health



Initial BayesNet – Relative Risk Model
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Conclusions

AOPs provide a context for data from systematic reviews
Important that the initial literature review-data extraction 
follows a structured, transparent approach

Toxicological
Epidemiologic
Exposure and biomonitoring
Health outcome etiology
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