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Case Study Approach
Recent publications have emphasized the significant and continuous presence of steady-state DNA damage stemming from background and/or endogenous exposures. The relatively recent and growing recognition of the fact that DNA is not pristine, but rather that every cell is continuously handling a significant burden of a variety of DNA lesions including known pro-mutagenic lesions, has yet to play a role in improving how human health risk assessments are conducted.  The existence of this ubiquitous background/endogenous DNA damage provides key information that needs to be addressed in risk assessment, especially where a mutagenic mode-of-action (MOA) causes or contributes to a carcinogenic response observed in laboratory animals. Drawing mainly from published data from Swenberg’s lab, this case study will lay out some of the issues that should be considered in order to adequately inform the assessment of risks of DNA-reactive chemicals to human health.  
Case Study Conclusions

The following points were addressed:

1) DNA is not pristine but carries a continuous burden of damage, including pro-mutagenic damage, stemming from background exposures and endogenous processes; thus it is unavoidable.

2) The existing background/endogenous damage identified as specific DNA adducts often matches exactly the DNA adducts formed by exogenous exposure to reactive chemicals.  Where they are the same DNA adducts, they are structurally identical and thus expected to be biologically equivalent.

3) It is possible to distinguish between the DNA adducts resulting from exogenous exposure from ones stemming from background/endogenous sources only by using stable isotope-labelled or radiolabelled test material and only under controlled exposure experiments. Such exquisitely sensitive techniques have been used with vinyl chloride, ethylene oxide, and formaldehyde to specifically quantify exogenously induced adducts and thus to differentiate when exogenous exposures do, and do not, alter the natural, pre-existing background of specific DNA adducts.

4) Based on the currently available examples with reliable data, the level of background/endogenous DNA adducts compared to induced adducts is varied overall; for certain specific identical adducts the background/endogenous level is higher (sometimes much higher) than the level formed from exogenous exposure at environmentally relevant exposure levels; for others the contrary is true.

5) Use of DNA adduct data can help risk assessors to better understand the shape of the dose-response curve (linear vs. non-linear) at low doses for critical steps, in particular doses for which exogenous adducts are either not observed or fall within the range of background/endogenous DNA damage.  As such, despite the recognized limitations and conservatism given that a DNA adduct is only the beginning of the first step, use of specific adduct data to define a point-of-departure for risk assessment as done by Swenberg et al. (2011) can put an upper bound on potential risks that can serve to test the plausibility of risk values developed using other approaches.

Overall, this type of prediction and estimation is expected to provide evidence of the significant margins-of-exposure (MOE) that exist with environmental levels of vinyl chloride and a clear recognition of the extreme conservatism represented by such attempts to incorporate DNA adduct data directly into a risk assessment process.  Generally the use of adduct data for risk assessment can help set upper bounds for potential risk, but one must be cognizant of all the caveats that apply in attempting to directly calculate risks based on adducts.  For example, reliable dose-response data for exogenous (e.g., 13C or 14C), persistent, and pro-mutagenic adducts and induced mutations may be useful to set a point-of-departure, to which safety factors could be applied to account for inter-individual variability. Recognition and consideration of the ubiquitous presence of background/endogenous adducts and their potential impact must factor heavily into any of these efforts
Panel Questions:
1. Provide a few sentences summarizing the method illustrated by the case study.

This case study describes considerations on background/endogenous DNA damage that must be taken into account when assessing potential risks of a reactive chemical/intermediate.  It proposes an approach to place an upper bound on potential risk from such a chemical, based on quantifying the dose-response for a specific, causal, pro-mutagenic and persistent DNA adduct as a very conservative approach, one that could lead to development of a point-of-departure that could serve to test the plausibility of risk values developed using other approaches.  The case study describes how datasets from several IARC Class 1 (known human carcinogen) chemicals could serve as examples for such calculations, and identifies some of the potential data gaps where collection of additional information could support the proposed approach.
2. Describe the problem formulation(s) the case study is designed to address.  How is the method described in the case useful for addressing the problem formulation?

Problem Formulation:

This case addresses how the ubiquitous background/endogenous presence of DNA damage must be incorporated in any low-dose dose-response for genotoxic effects, especially for assessment of mutation and cancer risk via a mutagenic mode-of-action (MOA).  Determination of the impact of background/endogenous damage on the low-dose dose-response curve for genotoxic effects such as mutation should be incorporated in assessing dose-response for cancer, i.e., when a mutagenic MOA has been established.  This case reviews the relevant issues and proposes a role for a specific application of DNA adduct data as a very conservative measure of upper bound of potential risk. Three IARC Class 1 chemicals illustrate this to varying degrees of complexity and completeness. 
3. Comment on whether the method is general enough to be used directly, or if it can be extrapolated, for application to other chemicals and/or problem formulations.  Please explain why or why not.  
This case study method is general enough to be applied to genotoxicity/mutagenicity data on other chemicals, including some published datasets, as demonstrated here.  It may also be relevant to other endpoints where a specific adduct (protein or other) contributes causally to the MOA, and demonstrable background/endogenous adducts are present. The caveat is that the method does require a significant amount of data.  In addition, the required data typically will need to have been collected specifically to determine presence of exogenously induced DNA (or other) adducts (structural quantitation), and to address the shape of low-dose dose-response for appropriate genotoxic/mutagenic endpoints.  As such, the available published datasets that are adequate to this task are limited, and the effort will often require collection of additional, specific data to address this issue.  The available databases on the specific chemicals used to illustrate this method had varying degrees of adequacy for this task, and only a few were specifically designed to address this question.  It is not clear that there will be many other examples with adequate published datasets at this time, although there certainly are additional candidates, such as AFB1 and acrylamide/glycidimide.
4. Discuss the overall strengths and weaknesses of the method.

The approach, based largely on data published by Swenberg’s group, has considerable strengths, with its scientific foundation on MOA and exquisite technical capability and sensitivity.  Given the ubiquitous nature of the background/endogenous damage, it is widely relevant and broadly applicable. Identification/Provision of convincing datasets to determine the dose-response of exogenously induced pro-mutagenic and persistent DNA adducts, and integration of that information with the shape of low-dose dose-response for genotoxicity/mutation (which is also lacking in available data), remains a challenge, as an adequate study design necessitates significant experimental resources and the analytical requirements are not available everywhere. There is limited experience with the recommended approach, and a need for some inter-disciplinary collaboration between analytical expertise and genetic toxicologists to develop such integrated datasets.  In addition, a clear understanding of the mode of action for the mutation process itself is an on-going challenge; there are many possible steps and the available paths do not always lead in a straightforward route directly to the end result of a fixed, expressed, and biologically relevant mutation.
5. Outline the minimum data requirements and describe the types of data sets that are needed.

The approach requires significant data, with recommendations on experimental design and analytical assessments illustrated in several recent publications (Mutlu et al., 2010; Swenberg et al., 2008; Pottenger and Gollapudi, 2010; Swenberg et al., 2011).  The recommended approaches include the following:  use of stable isotope or radiolabel to permit differentiation between exogenously induced DNA adducts and background/endogenous ones; adequately sensitive analytical techniques to structurally quantify adducts present at very low levels, including levels below background/endogenous levels; adequate low doses tested for mutation dose-response assessment to provide sufficient data at and below the range of background/endogenous adducts;  adequate replicates, including large numbers of cells assessed for in vitro studies, to address variability in background/spontaneous mutant frequency (or, e.g., chromosomal aberrations); clear description of how background/spontaneous mutant frequency is handled in dose-response statistics/modelling assessment; and proposed hypothesis to explain the mechanism underlying the shape of the identified dose-response.  If one plans to address cancer as the endpoint of interest, then additional MOA information beyond mutation may be required.
How this assessment addresses issues raised in Science & Decisions:

A. Describe the dose-response relationship in the dose range relevant to human exposure? YES
B. Address human variability and sensitive populations?  

Indirectly yes, because the background/endogenous DNA damage, while ubiquitous, does have a range that may vary across tissues or species, or among individuals or treatment situations (e.g., the background/endogenous levels of N7-HEG increased 3-5-fold in rat liver with increasing but still low doses of EO injected i.p., Marsden et al., 2009).  
C. Address background exposures or responses?  
YES; the ubiquitous presence of a background/endogenous level of DNA damage and of a background/spontaneous mutation rate raises this issue.  While exogenously induced DNA adduct dose-response curves are expected to decrease through zero, it is clear that dose-response curves for genotoxic effects do not go to zero dose, but run into this ever-present background/spontaneous mutation rate.  While it is not possible to distinguish the source of a particular mutation (exogenous vs spontaneous) as it is incorporated into the background/spontaneous rate, it is possible to distinguish an exogenous adduct from background/endogenous ones by using the analytical techniques discussed in this case study.
D. Address incorporation of existing biological understanding of the likely mode of action? 
YES; this case is particularly relevant to mode-of-action (MOA) for mutation induction and eventually to mutagenic MOA for cancer. Cases where a point-of-departure can be determined based on the very initial steps of the MOA (formation of causal, pro-mutagenic and persistent DNA adducts) clearly contribute to the confidence in the MOA and the upper bound of potential risk for a resulting MOA risk assessment. The dose-response for exogenous induction of specific adducts can be reliably and convincingly evaluated, and techniques are available to test each adduct for mutagenic potential (efficiency) and persistence, key contributors in a mutagenic MOA.  Such data, in conjunction with low-dose mutation dose-response information, will affect decisions on the overall dose-response used for cancer risk assessment

E. Address other extrapolations, if relevant – insufficient data, including duration extrapolations, interspecies extrapolation?  
Where it is possible to collect information on adduct levels in humans, such data could address interspecies extrapolation, both by demonstrating where it is reliable and by allowing extrapolation to target tissues that might be inaccessible in humans.
F. Address uncertainty?  YES, as described previously, application of adduct data to define a point-of-departure for risk assessment as done by Swenberg et al. (2011) (despite the recognized limitations and conservatism given that a DNA adduct is only the beginning of the first step) can put an upper bound on potential risks that can serve to test the plausibility of risk values developed using other approaches.  This can help reduce uncertainty.
G. Allow the calculation of risk (probability of response for the endpoint of interest) in the exposed human population?
The approaches described in this case study can provide an upper bound to potential risk, based on the very initial step of the carcinogenic process—formation of a specific, pro-mutagenic and persistent DNA adduct.  This is a key piece to the calculation of estimated potential risk in an exposed human population: the shape of the low-dose dose-response for an endpoint that is typically a driver in risk assessment.
H. Work practically?  If the method still requires development, how close is it to practical implementation?  
YES, based on the Swenberg et al., 2011 example with formaldehyde, the method can work. However,  it does require a significant amount of chemical-specific data, including technically specialized analytical data, in order to successfully determine what specific adduct should be used for the calculation, and then to determine the levels of background/endogenous adduct vs exogenously induced adduct for that specific structurally quantified adduct. Significant data on the shape of the dose-response curve for genotoxic effects such as mutation or clastogenicity will also be necessary.
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