Fractal time series analysis and predictions for tumor spreading

M. V. Voitikova

Institute of Molecular&Atomic Physics, NASB, Minsk, Belarus, voitikova @imaph.bas-net.by

The stochastic discrete space-time model of the immune response on tumor spreading has been developed. The immune+tumor evolution is considered in a two-dimensional square lattice and the immune+tumor interactions have been described at a cellular level. The model presented takes into account the immune elimination capacity, a , the growth rate, the competition for resources, q , the immune cell inactivation, b , the spontaneous and stimulated immune cell influx, j and c , respectively and then transferred into the setting of cellular automata [1], using the rulebased programming style. The rules governing the behavior of the tumor+immune systemare implemented as rewrite rules for all sites of a cellular automata. The randomdistribution of immune cells and a tumor cell seed are used to create the initial dynamical systemconfiguration. The multistate (immune or tumor cells) random walkers are simultaneously updated at one time step, according to the definite rules involving the state of 12 nearest neighbors at previous time step. Each immune cell has a state value determined by an orientation of a moving cell, and an indicator of a living time. Each tumor cell has a state value indicating the time till division. Note, that all growth rules are probabilistic, i.e. contains a randomchoice. After n-fold growth-rule applications the immune+tumor systemyields a tumor cluster and a corresponding distribution of active and inactive immune cells. Three regimes of the immune response and tumor dynamics have been determined. These are i) normal wound healing, ii) uncontrolled (exponential) tumor growth, and iii) noise-like chaotic tumor-immune behavior. The third regime has been analyzed by the Hurst’s approach.

� �

� �

� �

W

�

� �

� �

� �

� �

� �

� �

1 X P E H U

R I

7X P R U

& H OOV

The growth model presented shows that the immune response on tumor spreading in 2D-space exhibits oscillatory fluctuations (Fig.1 Number of tumor cells vs time), so the normal wound healing has a probabilistic character. The parameters chosen are: a =0.82, the time of division =4, the immune living time = 6, b = 0.3, and the immune-cell accumulation rate is

0.08.

It is shown (Fig. 2 Hurst’s exponent vs number of observations) that the fractal time series of N(t) (the number of tumor cells) and L(t) (the number of leukocytes) follow the empirical law, R/S =A t H , where R(

t ) =

max N u N

u n

( ) -

= å

1

-min

N u N

u n

( ) -

= å

1 is the rescale range (1 £ n £ t ) , N is the mean

of the series, and S( t ) =

1

2

1 t t

( ( ) )

N u N

u

-

= å is the standard deviation of the cell