TOXICOLOGY EXCELLENCE ror RISK ASSESSMENT

Abstract

Over the last dozen years, many national and international
expert groups have weighed specific improvements to risk as-
sessment. Many of their stated recommendations are mutu-
ally supportive, but others appear conflicting, at least in an
initial assessment. This review identifies areas of consensus
and difference and recommends a practical, biological-centric
course forward, which includes: (1) Incorporating a clear
problem formulation at the outset of the assessment with a
level of complexity that is appropriate for informing the rele-
vant risk management decision; (2) Using mode of action
(MOA) information and an understanding of the relevant bi-
ology as the key, central organizing principle for dose re-
sponse assessment; (3) Integrating MOA information into
dose-response assessments using existing guidelines for non-
cancer and cancer assessments, and applying this knowledge
to enable interpretation of human biomonitoring data in a
risk context; and (4) Using a tiered, iterative approach devel-
oped by the World Health Organization/International Pro-
gramme on Chemical Safety (WHO/IPCS) as a scientifically ro-
oust, fit-for-purpose approach for risk assessment of com-
oined exposures (chemical mixtures). While scientifically-
nased defaults will remain important and useful when data
on MOA or other data to refine an assessment are absent or
insufficient, assessments should always strive to use the
available 21st century knowledge of biological processes,
chemical interactions and dose response at the molecular,
cellular, organ and organism levels. Achieving this ultimate
use will minimize the need for extrapolation and reliance on
default approaches.

Problem Formulation
Linked To Risk Management
Solution

« The concept of problem formulation as a prelude
to a risk assessment work is generally, and should
be uniformly, embraced globally by all health or-
ganizations

o Differences in risk management decisions, and in
the products of individual components of hazard
identification, dose-response assessment, expo-
sure assessment, and risk characterizations, should
be expected based on different problem formula-
tions

e Risk management input on problem formulation is
essential in order for risk assessment scientists to
develop useful information. This upfront identifica-
tion of risk management options should not be
seen as changing or subverting the scientific proc-
ess of risk assessment.

and Its Related Safety Factor(s)

Evolution of The “Safe” Dose

IPCS and EPA have guidelines for using chemical-
specific or chemical-related data to characterize
interspecies difference and human variability and
replace default UFs. Application of these guide-
lines should be a standard part of developing tox-
icity values, , as indeed they are already for
many.

Scientifically based defaults are important and
useful when data are insufficient to develop an
adequate CSAF .

Additional factors may be utilized to account for
database deficiencies such as insufficient study
length (e.g., 90-day study only), absence of dose
levels without adverse effects, available effects
are clinically severe, or lack of data on key end-
points (e.g., developmental toxicity). Typically,
these factors are applied during the derivation of
a “safe dose” for data-poor chemicals.

From Critical Effects To Mode

Of Action (MOA)

Focus must shift away from identification of
only a toxicant-induced apical effect (critical ef-
fect) towards identification of a sequence of
key events/MOA as the organizing principle for
risk assessment.

Development and acceptance of standardized
definitions are essential for adverse effect,
adaptive response, and MOA, and for how such
data may be integrated with clinical knowledge
in order to improve risk assessment.

ldentification of early, driving key events in tox-
icity/biological pathways will be necessary to
apply MOA as the organizing principle. To effec-
tively analyze such key events, a refined con-
cept of the dose necessary to elicit them is
needed in relation to doses actually experi-
enced from real-world exposures

Transition From Linear
Modeling To Dose-
Dependent Transitions in :
Toxicology

« Harmonization of cancer and non-cancer
dose-response assessments should be con-
ducted on the basis of MOA understanding,
using such frameworks as the MOA/Human
Relevance Factor and Key Event Dose Re-

sponse.

o Systems biology approaches will be useful in
better characterizing the biology of low, en-
vironmentally relevant dose-responses and
their relevance to clinical findings.

o Additional work is needed on dose-response
methods and models that better capture
the biology in the low dose region.

Figure 4. Unifying integrating framework for evaluating the risk of combined exposure of

e A Hazard Index summation method based
on common adverse outcomes offers a
simplistic approach that will adequately
protect public health against adverse ef-
fects. However, this approach is not appli-
cable beyond screening.

e« The tiered framework of IPCS (Meek et al.,
2011) integrates relevant and scientifically
appropriate prior information and should
be used as a template for future work. This
iterative approach guides refinement of
the exposure assessment and/or use of
common MOA to replace the screening HI

approach.

o Different problem formulations allow dif-
ferent uses of the iterative IPCS framework.

multiple chemicals. From Meek et al. (2011) (permission pending)
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Cumulative Risks and
Mixtures

Approaches to the risk assessment of
chemical mixtures should be iterative.

Biomonitoring

e Analytical methods in human biomonitoring now pro-
vide accurate quantification of many substances in
biological samples; biomonitoring programs exist at
the national, state, and international levels and pro-
vide a unique and valuable snapshot of population ex-
posures to chemicals in our environment.

e Biomonitoring Equivalents and supporting methods
for interpreting human biomonitoring data in a health
risk context now exist and should be used. Case stud-
ies published in the open literature are available for
further guidance.

e Interpreting human biomonitoring data in a public
health risk context vastly increases the value of popu-
lation-based biomonitoring programs by allowing risk
managers to easily compare population risks from
chemical exposures across a broad range of com-
pounds.

o« Epidemiological studies investigating potential asso-
ciations of biomonitoring results with health status or
health outcomes should include the development of
communication materials in their protocols and sub-
ject to Internal Review Board review.

e Publications of cross sectional and case control studies
should explicitly include a discussion of the effects of
multiple comparisons and analysis of consistency of
associations, temporality, specificity, biological plausi-
bility, and dose-response.

Table 1. Continuum of effects associated with any exposure to xenobiotics reflecting a sequence of
effects of differing severity (ARA, 2012).

Adaptive effects: This continuum starts at low dose with upstream indicators of change, or
adaptive effects, where the organism’s ability to withstand a challenge is enhanced. Doses as-
sociated with such effects are often referred to as No Observed Adverse Effect Levels
(NOAELs). The concepts of homeostasis and hormesis are relevant here.

Figure 1. The Chemical Specific Adjustment Factor (CSAF) Scheme of the International
Programme on Chemical Safety (2005).

UNCERTAINTY FACTOR - 100

Figure 3. The mode of action/human relevance framework (MOA/HRF). Adapted from WHO (2007). Problem Formulation for Combined Exposure Assessment
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Figure 2. Series of steps that occurs between exposure and the effect of clinical disease and prognostic significance.

Compensatory effects: As dose increases, compensatory effects occur, which enable the organ-
Adapted from Schulte (1989).
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ferred over the most sensitive specie (e.g., if data shows that the rat is more sensitive than the human, the
human data are still preferred), but when such information is not available, data from the most sensitive
specie are chosen. Also the term “precursor” in this definition is singular, meaning the immediate precur-
sor, not just any prior effect. This restriction is important both because it ties the concept of critical effect
into common medical practice of focusing on important endpoints, and because the resulting dose re-
sponse---such as an RfD---is more meaningful, since without the restriction multiple and different RfDs can
be estimated.

AKyr = Uncertainty factor for animal to human differences in toxicokinetics
HDyr = Uncertainty factor for human variability in toxicodynamics
HKyr = Uncertainty factor for human variability in toxicokinetics
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No, continue with iterative
refinement as needed (i.e.
more complex exposure and
hazard models)
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