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Abstract:  In this paper mathematical study to compute the model parameters proliferation, lethal and survival of the brain 
tumor growth. The reference of glioma tumor is considered to model the growth of tumor and the spatial spread of tumor. The 
asymptotic form of spread of glioma tumor is the special case of the mathematical model. The tumor cell motility model consists 
of the differential equation in terms of spatial coordinates as time period and the position. The concentration term varies as 
small perturbations are on the rate of growth to the rate of birth. Numerical results give strong suggestion to the physiological 
response of detection of glioma tumor cells proliferation. 

I. INTRODUCTION 
Human brain is highly developed mass and enlarged of nervous tissue which forms the end of the central nervous system. Brain lies 
within the rigid body of skull which is well protected and plays an important role in the central nervous system. The three parts of 
the brain are the paired cerebral hemisphere, the cerebellum and the brain stem. These parts are responsible for controlling the main 
functions of the human activities in reference to intelligence, speech and memory. Brain stem occurs into the top of the spinal cord 
and maintains the vital functions of the body. Generally brain weighs approximately 2% of the total body weight (1400gms in an 
adult human being). When any abnormal swelling occurs inside or on the part of the brain leads to the abnormal growth of tissue 
which may be benign or malignant.  
This is the tumor which occurs on the brain and swelling of this inflamed area is with the leakage of small blood vessels of clear 
protein containing fluid which accumulates between the cells. The present study concerns mathematical analysis of the tumor on the 
brain. Glioma is the type of tumor the most malignant of brain tumor constituting the damage on grey matter and white matter of the 
brain. The malignancy of this tumor(brian tumor) produces the indication of the pressure on the surrounding structures which 
destroys normal brain cells. This becomes the causative factor for the progressive loss of the function and rises the intracranial 
pressure, causing head ache, omitting and drowsiness. Mathematical study has been carried out to understand the dynamics of tumor 
growth on quantitative measurements. The use of mathematical modeling employed in the analysis confirms the case of tumor 
invasion with respect to concentration of cells varying with respect to time and position.   
Martin Braun [1] derived the survival time for patients with cancerous tumors. G. Philip M. Mooreet. al. [2] tested the null 
hypothesis that there were no differences between the effects. S. A. Maggelakis [3] used to measure the degree of nonuniformity of 
the inhibitor production rate. H. M. Byrne et. al. [4] presented a mathematical model describing the growth and development of 
capillary sprouts.  Philippe Tracqui [5] simulated the bifurcation from a homogeneous distribution of cells at the tumor surface. 
Francis G.Blankenberg [6] demonstrated that VDt and DNA ploidy may be better prognosticators than histologic grade. N. 
Bellomoet. al. [7] provided a survey of mathematical models dealing with the analysis and simulation of behavior of tumor 
dynamics. XuemeiWeiet. al. [8] concerned the problem of tumor angiogenesis.  
HeikoEnderling et al [9] discussed some ideas for combining tractable dynamical tumor growth models with radiation response 
models using biologically accessible parameters. Pamela R. Jackson et al [10] focuses on a series of clinical relevant results using 
patient- specific mathematical modeling. SubhasKhajanchi et al [11] describes a mathematical model with synergistic interaction 
between the malignant glioma cells and the immune system. Renee Brady et al [12] discussed the emerging trend in mathematical 
oncology publications to predict novel, optimal, sometimes even patient specific treatments and propose a model to prsdict the 
treatments. 
The present study concerns mathematical analysis of the tumor on the brain. Glioma is the type of tumor the most malignant of brain 
tumor constituting the damage on grey matter and white matter of the brain. To analyze the dynamics of tumor invasion and employ 
the tumor cell density.  
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II. FORMULATION 
With reference to the cells proliferation and the diffusion for malignancy of this tumor, we modeled for the concentration term as,  
Letcത(xത, t̅) be the number of cells at a position xത and at time t̅. We take the basic model, in dimension form, as a conservation 
equation, 

பୡത
ப୲̅

= ∇ഥ(୶,୲,୸). J + (b − d)cത       (1) 
Where α = (b − d) 
Then equation (1) becomes, 
பୡത
ப୲̅

= ∇ഥ(୶,୲,୸). J + αcത        (2) 
Where  α = (b − d) gives the net growth of cells among rate of growth(b) to the decay(d). The diffusion flux of cells, J, is 
proportional to the gradient of the cell density: 
J = (xన − x୤)തതതതതതതതതതത .∇ഥ(୶,୲,୸)cത        (3) 
where(xన − x୤)തതതതതതതതതതതgives the net behavior of malignancy into the white matter (x୧) and grey matter (x୤). With constant diffusion, the 
governing equation (2) with (3) is then, 
பୡത
ப୲̅

= (xన − x୤)തതതതതതതതതതത .∇ഥ(୶,୲,୸).∇ഥ(୶,୲,୸)cത + α. cത      (4) 
Referring to the computations of diffusional concentration of grey and white matter  
This gives, in place of (4), 
பୡത
ப୲̅

= ∇ഥ(୶,୲,୸). ൣ(xన − x୤)തതതതതതതതതതത(xത).∇ഥ(୶,୲,୸). cത൧ + α. cത      (5) 

Defining (xన − x୤)തതതതതതതതതതത = xത୛ୋ 
பୡത
ப୲̅

= xത୛ୋ. ൫∇ഥ(୶,୲,୸)൯
ଶ

+ α. cത        (6) 
Then equation (6) becomes, 
பୡത
ப୲̅

= xത୛ୋ.∇ഥ(୶,୲,୸)
ଶ + α. cത        (7) 

Again defining xത୛ୋ = xത୛ୋ(xത) 
The flux is assumed to be zero at the boundary. Then the required condition is given by,  
n. xത୛ୋ(xത).∇ഥ(୶,୲,୸)cത = 0forx       (8) 
Numerical simulation and analytic results of this simpler case will be compared with experimental data. We first nondimensionalise 
the spatially heterogeneous model, which as usual, also decreases the number of effective parameters in the system and get some 
idea of the relative importance of various terms (without regard to units).  
With the boundary condition for the analytical comparison with numerical predictions,  
பୡത
ப୲̅

= ∇ഥ(୶,୲,୸). ൣxത୛ୋ(xത).∇ഥ(୶,୲,୸)cത൧+ α. cത      (9) 
பୡ
ப୲

= ∇ഥ(୶,୲,୸). ൣx୛ୋ∇ഥ(୶,୲,୸)c൧+ c       (10) 
where 

xത୛ୋ(xത) = ቊ
1  for x in white matter

γ = ୶౭
୶ృ

 for x in grey matter      (11) 

Withc(x, 0) = f(x) = ୶౭
஑.୒బ

f ̅ (ට
஑
୶౭

xത) and n. x୛ୋ(x).∇ഥ(୶,୲,୸). c = 0 for x on ∂B.  

Diffusion on spatial coordinate in reference to white matter is considered to be with respect to time coordinates on the growth of the 
tumor.  
 

III. ANALYSIS 
At the positive initial condition, the tumor is considered with finite number of cancerous cells.  

c(x, 0) = a exp ቀି|୶ି୶బ|మ

ୠ
ቁ        (12) 

Using exponential series we can write equation (15) becomes 

c(x, 0) = a ቄ1 + (ିଵ)|୶ି୶బ|మ

ୠ
+ (ିଵ)మ(|୶ି୶బ|మ)మ

ଶୠమ
+ (ିଵ)య(|୶ି୶బ|మ)య

଺ୠయ
+ (ିଵ)ర(|୶ି୶బ|మ)ర

ଶସୠర
+ ⋯ቅ (13) 
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IV. RESULTS AND DISCUSSION 
The present study analyzes the dynamics of tumor growth with respect to glioma tumor. Spatial coordinates ‘x’ and‘t’ in diffusional 
concentration are varied with respect to time for the quantification of tumor cell density. Results give the analytical evidence that the 
proliferation rate of tumor cells effects on the growth of normal cells which is growth loss of such cells. The mathematical 
comparison shown in the graphs gives the evidence that decrease of normal cells due to the malignancy is caused by proliferation of 
tumor cells. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: concentration of tumor cells against time at cell density a=10.6 

 
Figure 2: concentration of tumor cells against time at cell density a=11.6 
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Figure 3: concentration of tumor cells against time at cell density a=12.6 

 
Figure 4: concentration of tumor cells against time at cell density a=13.6 
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