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1. Please identify the issue/problem formulation that the proposed method aims to address (e.g.  Screening level assessment).

An assessment is needed for a high-production volume chemical, for which population exposure is substantial, both in consumer products and as a result of legacy site contamination.

2. Please describe the proposed method.  Detailed descriptions are not needed, but sufficient information is needed to allow a preliminary evaluation of the utility of this method for the stated problem formulation (with references as needed). 
Due to the high potential for exposure and high economic importance of the chemical, a high degree of precision is needed for the dose-response assessment.  A biologically based dose-response (BBDR) model provides the needed precision, by incorporating biological data on the mode of action into the mathematical description of the dose-response for the chemical of interest.  Both the structure and the parameters in the model should, to the extent possible, be derived from the mode-of-action information available for that chemical.  In the case of a carcinogenic effect, such a BBDR model would take the tissue dosimetry from a PBPK model as input and predict the resulting tumor incidence over time in both rodents and humans, in place of empirical (e.g., benchmark) dose-response modeling.  It is important to note that, as defined by the USEPA cancer guidelines, a BBDR model cannot, in the end, be essentially empirical; that is, it cannot merely represent a statistical fit to bioassay tumor incidence data, no matter how sophisticated the biological constructs in the model.  Instead, the parameters in the model must have direct biological correspondence (mutation rates, cell division rates, etc.), similar to the requirements for the parameters in the PBPK model, and must have been determined on the basis of experiments apart from the animal bioassays themselves.  
Clonal growth (CG) models have been used since the 1970's to study how cell replication and mutation influence tumor incidence (Moolgavkar and Venzon, 1979; Moolgavkar and Knudson, 1981; Moolgavkar, 1986; Moolgavkar et al., 1988).  The most commonly used CG model has 2 stages and is not meant to represent the detailed biochemical mechanism of most cancers (though the original development of the 2-stage CG model was motivated by data on childhood retinoblastoma, which may well be a 2‑stage cancer).  More elaborate and mechanistically accurate CG models have been developed when the supporting data were adequate (e.g., a 4-stage model for colorectal carcinoma was described by Luebeck and Moolgavkar [2002]).  On the other hand, simplified deterministic approximations to the fully stochastic model have also been described (Clewell et al., 1995; Hoogenveen et al. 1999).
The 2-stage CG model (Figure 1) is best thought of as a biologically motivated model of cancer in that it describes a multistage process and allows for straightforward incorporation of data on cellular proliferation and mutation.  The implications for tumor dose-response of separate dose-responses for cellular proliferation and mutation can be studied with the 2-stage model.  
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Figure 1: Diagram of a 2-Stage Clonal Growth Cancer Model.

Equations for deterministic 2-stage clonal growth model (Hoogenveen et al. 1999):
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N = normal cell number (#cells/cm2)

αN = cell division rate of normal cells (h-1)

βN = cell death rate of normal cells (h-1)

I = Intermediate cell number (#cells/cm2)

αI= cell division rate of intermediate cells (h-1)

βI = cell death rate of intermediate cells (h-1)

μN = mutational rate (from normal cells to intermediate cells)

μI = mutational rate (from intermediate cells to tumor cells)
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3. Please provide an example/case study which demonstrates how the method can be applied.  The case study may be already completed, or a proposed application of the method.
Formaldehyde biologically-based dose-response model:
Conolly and colleagues (Conolly et al. 1992) proposed that the mode of action for the carcinogenicity of formaldehyde was increased fixation of background mutations by cytotoxicity-driven cell proliferation, and described an approach using a 2-stage clonal growth model to evaluate the dose-response for this process.  The resulting 2-stage clonal growth model for formaldehyde carcinogenicity in the rat and human (Conolly et al. 2003, 2004) predicted a low-dose J‑shaped dose response for tumors when a J‑shaped dose-response for regenerative proliferation and a low-dose-linear dose-response for direct mutagenicity were used as model inputs.  The conclusions of Conolly et al. (2004) were that  “the human implications of the rat squamous cell carcinoma (SCC) data indicates that (1) cancer risks associated with inhaled formaldehyde are de minimis (10-6 or less) at relevant human exposure levels and (2) protection from the non-cancer effects of formaldehyde should be sufficient to protect from its potential carcinogenic effects” 
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4. Proposed team to develop case study (desired, but optional)
Harvey Clewell, Mel Andersen, Rory Conolly, Bruce Allen
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