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Objectives

 Discuss systematic processes used in the IRIS assessment of 
inorganic arsenic to identify data for reference dose calculation
– Literature Review
– Study Evaluation
– Judgements on Strength of Evidence
– Systematic Dose-response methods, including Bayesian meta-regression



Specific Aims–Inorganic Arsenic (iAs) Protocol

 Identified human studies reporting effects of exposure to iAs, focusing 
on health outcomes suggested by the NRC (2013):
– Tier 1 (Bladder cancer, lung cancer, skin cancer, skin lesions, ischemic heart 

disease)
– Tier 2 (Diabetes, birth weight, neurodevelopmental effects, immune 

effects, renal cancer, prostate cancer, nonmalignant respiratory disease)
– Tier 3 (Hypertension, stroke, fetal loss/stillbirth/neonatal mortality, liver 

cancer, pancreatic cancer, renal disease)
 Conducted study evaluations (risk of bias) using OHAT approach



Specific Aims–Inorganic Arsenic (iAs) Protocol

 Strength of evidence synthesis conclusions across epidemiology 
studies based on conclusions from other assessments or conducting 
new systematic review evidence synthesis analyses 
– Because bladder cancer, lung cancer, skin cancer, and skin lesions are 

accepted hazards, the strength of evidence was considered robust and no 
new evidence synthesis was conducted for hazard identification. 

– For accepted hazards, dose-response systematic reviews conducted to 
identify studies for dose-response analysis.

– For other health outcomes, new systematic review evidence synthesis 
analyses was conducted to characterize the strength of evidence for potential 
hazard. 



Populations, Exposures, Comparators, and Outcomes 
(PECO)



Study Evaluation Overview of Epidemiologic Studies 



Literature Search and Screening



Considerations that Inform Judgements Regarding 
Strength of the Human Evidence 



Evidence Profile Tables

• Evidence integration 
conclusions are 
summarized in evidence 
profile tables (EPT) for 
each hazard using the 
considerations in the 
previous slide

• Example EPT for 
neurodevelopment



Prioritized Health Outcomes



Prioritized Health Outcomes (cont.)

Health outcomes with robust or moderate evidence were identified for potential dose-response analysis



RRB Screening of Epidemiologic Exposure-
Response Data

• Relative Risk Exposure to Background (RRB) Screening
− Purpose of Screening:  identify studies and endpoints suitable for dose-

response modeling
− Approach: focus on single study, single best model to derive point of departure
− EPA’s Benchmark Dose Software used to estimate exposure that would 

increase risk estimate by 20%
− Attempted to derive RRB values for all 12 robust and moderate endpoints
− Result is a comparison of iAs potency across hundreds of datasets for multiple 

endpoints



RRB Screening Conclusions

 All endpoints other than 
immune and 
developmental 
neurocognitive 
supported RRB 
modeling

 All modeled health 
outcomes considered 
for further dose-
response analysis



Bayesian Meta-Regression

• Hierarchical Bayesian dose-response
− Purpose:  use best possible approach for evaluation of dose-response, 

pooling information from multiple studies
− Approach: 
 Convert all exposures to common estimate of intake (ug/kg-day)
 Multiple study, hierarchical dose-response analysis using the logistic model
 Investigate low-dose non-linearity with fractional polynomial model (extension of 

logistic model)
 Lifetable analysis to estimate lifetime extra risk
 Best possible single study analysis if Bayesian meta-regression not feasible



Bayesian Meta-Regression

• EPA assumed prospective likelihood 
is given by a logistic equation
– Hierarchical structure assumes study-

specific 𝛽𝛽 values are normally distributed 
around mean = 𝛽𝛽_mean with standard 
deviation = 𝛽𝛽_sigma

– 𝛽𝛽_mean and 𝛽𝛽_sigma are both assigned 
priors and updated

– Hierarchical structure of analysis 
explicitly accounts for heterogeneity 
across studies



Bayesian Meta-Regression

• Lifetable analysis includes consideration of background exposure to 
iAs and is used to estimate extra risk of disease in the target 
population
− Background rates of diseased 

assumed to represent zero 
extra risk from iAs

− A mean background iAs dose of 
0.071 ug/kg-day assumed

− Can be used to estimate both 
risk-at-a-dose and dose-at-a-
risk values



Alternative Modeling Strategies–Pregnancy 
Outcomes

• Pregnancy outcomes can be dichotomous (e.g., fetal mortality) or 
continuous (e.g., birth weight)

• Dichotomous pregnancy outcomes are amenable to our Bayesian 
meta-regression approach; unclear how to apply lifetable approach

• Continuous pregnancy outcomes would require separate method for 
dose-response



Alternative Modeling Strategies–Pregnancy 
Outcomes

• Alternative meta-regression methods are available (metafor, R, etc.)
• Unclear if urine studies are usable in meta-regression as iAs PBPK 

model is not parameterized for pregnant women or fetuses
• Relying on single best study may be necessary
• Study-reported beta coefficients can be used to calculate BMDs and 

BMDLs



Alternative Modeling Strategies –
Neurodevelopmental Outcomes
• After dose-response screening, only two studies identified as 

appropriate for further dose-response analysis

• These 
studies 
reported 
effects as 
continuous 
variables



Alternative Modeling Strategies –
Neurodevelopmental Outcomes

• Focusing on study performed in the United States will reduce 
uncertainties in extrapolating effects across diverse study populations

• Dose-response for full IQ score, perceptual reasoning, verbal 
comprehension, and working memory are non-monotonic

• Raw data requested from study authors to replicate original study 
findings

• Raw data allows for analysis of effects when iAs treated as 
continuous variable

• Apparent non-monotonicity may make toxicity value derivation 
difficult, default to NOAEL/LOAEL approach may be necessary



Summary

 Systematic review methods used to inform hazard identification and 
dose-response of iAs health outcomes

 Multiple outcomes considered for dose-response analysis with 
Bayesian methods

 Effects in children or exposed fetuses considered for RfD derivation 
(developmental neurotoxicity, birth outcomes)

 Not all endpoints suitable for Bayesian modeling, alternative methods 
may be necessary for RfD derivation
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