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Abstract

Studying the cancer cell growth through trivariate Poisson processes is the core objective of this paper. The parameters on growth, transitions and loss processes at different independent and inter dependent stages are considered for stochastic modeling of cancer growth in a human body. Formulation of joint probability functions and deriving statistical measures were carried out through differential equations. Model behaviour was analyzed with numerical data.
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INTRODUCTION


	Cancer is due to the failure of regulating mechanism on cell division, leads to continuous proliferation and growth of cells. The deviation in the growth and division programming of normal cells will initiate the cancer formations and its invasion. This may be due to several unexplained reasons. Cancer cells have different DNA compared to normal/healthy cells. The division of normal cell is in standard pace and it is governed by DNA, proto-oncogenes, tumor suppressor gene, repair gene, etc. The state of repair gene fails/turned off/unable to fix the problem in the cells will generate rapid cell division in the organ. These factors will provoke rapid and uncontrolled cell division is a prime characteristic of cancer.
	Assessment of cancer status through mathematical modeling is a fit in approach of understanding its growth. It has attracted good attention of researchers in mathematical biology. Counting the number of cancer causing cells in the tumor of different categories through manual methods is hypothetical and beyond experimentations. The numbers of cells in different categories of human body are variables and influenced by several uncertainties. Hence, there is a need in understanding the cancer growth with stochastic modeling of biological issues.
	The pioneering work on quantification of cancer growth was done by Mayneord [1]. Kendall [2] has given a breakthrough in modeling a cell growth using the uni-variate birth and death process. Neyman et al. [3] have used linear birth and death process to describe the tumor growth as density dependent. First order partial differential equations have been used by Macro et al. [4], Murray [5] and Dewanji et al. [6] to develop mathematical models for studying the cancer growth. The limitations on the deterministic assumptions of biological issues in modeling the cancer growth leads to development of many models based on stochastic assumptions by Neymann [7]; Wette et al. [8]; Dubin [9]; Serio [10]; Tan et al. [11]; Moolgovkar et al. [12]; Hanin et al. [13]; Rinaldo [14], etc., Studies of two stage stochastic modeling of cancer growth with linear birth and death processes was initiated by Birkhead [15] Later on Tirupathi Rao et al. [16], Madhavi et al. [17], Tirupathi Rao et al. [18], [19], [20] and [21] have developed several two stage stochastic models for cancer cell growth. The above reported research work has focused up to the two stage stochastic modeling for studying the growth of cancer cell. However, three stage stochastic modeling is considered to be more appropriate and will provide suitable insights of the cancer growth.
	This study is focused on modeling the three stage cancer growth using trivariate Poisson processes. The first stage is considered to be the cell is in normal status. The existing normal cells may generate some more normal cells, some of them may be transformed in to mutant cells or a part of them may be exposed to the risk of death. The second stage is considered to be a cell is in the status of mutant (transformed from normal). These cells may generate some more mutant cells (benign cells) with the same intensity of growth, some of the mutant cells may further transformed into a cancerous cell (malignant cell) or a part of the mutant cells may exposed to the event of death. The third stage is considered to be the cell is in malignant state. These cells may further produce some more malignant cells with faster rate or a part of them may be exposed to the event of death. Stochastic modeling is carried out under the biological and theoretical assumptions of cancer pathophysiology as the happenings of the cell division are purely random and influenced by chance factors. The following is a schematic diagram for cancer growth in three stages.
	 
	
STOCHASTIC MODEL FOR CANCER GROWTH
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