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Mathematical models can be a useful tool to better understand the interaction between physiological parameters that lead to the cancer state from either within and outside the body. One of the most influential effects on the development and continuation of cancer is the effect due to the environment. Ghaffari and Khazaee (2012) developed a time invariant model to demonstrate the onset of a cancerous state through varying environmental factors. The theoretical study followed two identical twin brothers to eliminate genetic variables, and modeled the development of cancer in term of cellular growth rates (a1, a2), cellular carrying capacity (k1, k2), immune system kill rate (d1, d2), external stressors (c), and competition between cell types (b1, b2, g). While the model was successful at showing convergence to either the cancerous or healthy state, a number of improvements are proposed to improve the accuracy and applications of the model. Among these are the introduction of time variation, optimization of input parameters and the addition of a treatment term (D) which fundamentally alters the convergent states of the model. Figure 1 shows a simple schematic of physical meanings of governing equations which are used to describe the healthy and cancerous cell concentrations in an organ based on the subsequent changes. Also, Figure 2 depicts a phase plane of the cancer cells concentration with respect to healthy cells concentration for a healthy person and all the trajectories converge to healthy stable point. Using phase plane analysis, we found that the healthy cell carrying capacity, healthy cell kill rate by the immune system and the healthy vs cancer cell competition were the driving factors for the convergence of the model. Changing these parameters indicated a time frame about which the onset of cancer may occur and that time frame tends to vary between individuals. This element of the model predicted earlier or later cancer onset effectively creating a susceptibility element to the model on an individual basis. For this particular case each parameter was tested for sensitivity while all other parameters were held at their respective values for the birth state. The sensitivity results are shown below in Table 3. As it can be seen that variable (K1) confirms direct relationship in increasing healthy cells and some variables show inverse and the other no changes in this relationship.

Methods Conclusions

The model also showed a successful treatment parameter that promoted convergence to the healthy state at late stages of the model when cancer was more prevalent. Figure 3 Figure 4 shows some graphs that confirm the susceptibility of human to be infected by cancer in different environments.

Introduction Results

Table 3. Dynamic sensitivities have been found for all of the parameters We adopted and extended the model of Ghaffari and Khazaee (2012) to represent an organ model with two stable states (ߝ=0.00001):
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where, the healthy and cancerous cell concentrations were denoted by x and y in equations 1 &2, respectively. The model was parameterized as a function of time using a curve fitting method with second order polynomials. The models were tested for sensitivity to determine which parameters have the most substantial effect of the convergence state of the model. This was done by Mathematica software and by holding the initial conditions for the model constant as each parameter was varied and the effect of the convergence state was evaluated. This was indicative of an earlier or later onset of the disease and effectively provides a metric for the influence of the model input parameters. Additionally, a scaled term (D) was added to the model in order to act as a treatment and promote convergence to the healthy state.

Table 1 shows a description for all parameters used in equations 1 & 2. Meanwhile, Table 2 taken from Ghaffari and Khazaee (2012) shows the changes for different parameters during four defined stages of life for a twin brothers. It has been shown that environmental factors can cause a steady state convergence to a cancer state for one of twin brothers (A) living in a polluted environment whereas the other brother (B) who is not living in a polluted environment will show a state convergence to a healthy state. We tested our model by considering the total range of changes in values of these parameters during these four stages. Table 1. The physical meaning of all of the parameters in the governing equations 
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  illustrates these convergences.This theoretical model successfully replicated the results from the literature and added additional complexity to present results as a function of time. This effectively changes the convergence state of the model for individual subjects and creates an element of susceptibility for each individual. Treatment was also successfully modeled to promote healthy state convergence. Future work aims to add more complexity to the model and provide empirical physical significance to the input parameters.

Figure 3 .

 3 Figure 3. The addition of treatment changes the convergence from the cancerous to the healthy state at old age. In other words, the stability from cancerous (left) is shifted to a healthy stability (right) by increasing the degree of treatment (D) from left to right. The figure above shows three different degrees of treatment. The first (left) shows D=0, the second (middle) shows D=4 and the third (right) shows D=20 as D increased the stability shifts from a cancerous to a healthy convergence.
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 2 Figure2. Phase plane and healthy stable condition for a healthy person.
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 4 Figure 4. The number of cancer cases & deaths reported by WHO. It not only shows different number of cases in different environment, but also confirms that the locations have more occurrence of cases do not have the more mortality. It can verify the positive results of treatment in some locations (source: josefshomperlenblog.org/).
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 1 Figure 1. The effective parameters in changing of healthy/cancer cell concentration
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 2 The values for parameters for four defined stages of life (copied from [1]).