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Abstract :  In this article, we propose a new system of differential equations, that explains a interaction of Glial (healthy) cells, 

Glioma (Cancer) cells, CD8+T cells, and Immunotherapy. Stability Analysis is discussed under two categories:, without any 

treatment, and with immunotherapy treatment. Moreover, numerical simulations are also given for our proposed model in three 

different categories. Finally, the last section explains discussion and conclusion.  
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I. INTRODUCTION 

Immunotherapies are growing in significance in the multifaceted strategies being developed to treat certain cancers [1]. By 

enhancing the anticancer effect Immunotherapy may strengthen the function of the immune system. The body's own built-in 

capacity to fight cancer. Prior decades, the field of cancer immunology has advanced more and more converted into immuno based 

therapeutics being tested in humans to the treatment of cancer, such as the administration of monoclonal antibodies and the 

adoptive transfer of cytotoxic T cells. (ACT) [2, 3].  

Specifically, this method [4] requires the identification of autologous or allogeneic cells having anticancer activity, which are 

then administered to patients with cancer, often combined with the right growth factors (like IL-2) to encourage their survival. Only 

a modest number of identifications are essential. Producing anticancer cells with the necessary characteristics that can then be 

multiplied in size ex vivo for therapy [5]. Tests performed in vitro can pinpoint the precise populations and effector functions 

necessary for the reversal of cancer, which may then choose for enlargement [6]. The activated cells in the brain are the 

Endogenous inhibitory factors may be removed in the laboratory and therefore may be encouraged to display the necessary 

anticancer effector functions.  

Clinical research has recently shown that using the immune system's strength in addition to conventional chemotherapy may 

have some advantages [7]. Chemotherapy is now included in the treatment plans of the majority of cancer patients as a standard 

treatment. Chemotherapy seeks to reduce initial tumor sizes, limit tumor development, and eradicate tumor cells that might have 
metastasized (spread) from the main tumor to other body areas. 

There are already more than 50 different chemotherapy medications on the market, and several more are being investigated to 

see whether they can also kill cancer cells [8]. Chemotherapy destroys normal fast-dividing cells as well as cancer cells, which has 
major negative effects on patients even though it is one of the main therapeutic options for cancer patients. 

The novelty of this paper is to know about growth of healthy cells while interaction between cancer and interaction.  In this 

paper, we have introduced a new nonlinear differential equation that includes healthy (Glial) cells in the described model [9]. While 
using Immunotherapy, we know about the competition between healthy cells and cancer cells.  

We organized the work as follows: In section two, we introduce new system of nonlinear differential equation using 

Immunotherapy. In section three, stability analysis is discussed. In Section 4, we discuss the numerical simulations and Section 5 
explains the discussion and conclusion. 

 

 

II. MATHEMATICAL MODELLING 

We introduce a new system of differential equations in the described model [9]. In this dynamic model, we consider Glioma 

(cancer) and Glial (healthy) cells, and their interactions with  CD8+ T cells. So, the modified system defined as follows: 
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Our model consists of three different components, namely density of Glial cells (P(t)(Kg/m3 )), the concentration of cancer 
cells (Q(t)(Kg/m3)), the concentrations of CD8+T cells (R(t)(Kg/m3 )). 

 First term in equations (1), (2), represents the proliferation of Glial cells, Glioma cells. Second term in equations (1) and (2) 

represents interaction between healthy and cancer cells. Third term in equation (2) represents elimination of Q(t) owing to 

interaction with R(t). In equation (3), 1st term represents the imbued R(t) recruited by malignant  Q(t), 2nd term represents decay 

rate of R(t) owing to inflammatory reaction in brain naturally, 3rd term represents eliminations of R(t) by Q(t), and last term A1  
is strength of the treatment, B1  term is an external source of R(t). 

 

 

Parameter Values Source & Description 

1  0.0068 day−1 Proliferation rate [10, 11] 

2  0.012 day−1 Proliferation rate [10, 11] 

1  
 3.6 × 10-5  day−1 Competition Coefficients [10] 

2  
3.6 × 10-6 day−1 Competition Coefficients [10] 

Table: 1. Values of Parameter 

 

The normalized model of the system of equation from (1)-(3) is given by 
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Parameter Values Source 

1  

 

0.069943 [12] 

1k  
0.90305 [13] 

1  
0.12445 [14] 

2k  
2.8743 [14] 

      


 
      0.0074          [12] 

     2  
     0.01694         [13] 

     3k      0.378918      [13] 

 

Table: 2. Values of Parameter 

 

 

III. LOCAL STABILITY ANALYSIS 

 

Our focus is on their stability of the system of the equation. 

 

   Equilibria and Local Stabiility analysis: 

        The eigenvalues i (i = 1, 2, 3) of the variational matrix decide the local stability of the system (4) around each of  the 

singular points 
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The existence of equilibrium points and their stability analysis are discussed further below in three types: ˆ  

 Without therapy ˆ 

 With immunotherapy 

Without therapy: 
The system (4) has a ”extinct” equilibrium point E0(0, 0, 0) for any set of parameters, in which all four cell populations are dead 
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The corresponding eigenvalues for this equilibrium point E0  are  
 

.0    ,0   ,0 32211    

  

 Here, two of our Eigen values are greater than zero. This clearly shows that the our equilibrium is unstable . 
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With Immunotherapy 

 
The system (4) has a “extinct” equilibrium point E1 (1, 0, 1.62162) for any set of parameters 
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The corresponding eigenvalues for this equilibrium point E1 are 

.0   ,0   ,0 315211   M
 

But this time, all of our Eigen values are less than zero. Our system  is locally asymptotically stable.  

IV. NUMERICAL SIMULATION 
The system (4) will be discussed in this part, and it will be solved using 4th order Runge-Kutta method. The numerical 

simulation is also completed by means of select out the parameter values represented in Tables 1 and 2 with initial conditions 

p(0) = 0.80 , q(0) = 0.2 , r(0) = 0.20. We have chosen two categories to analyse numerically for our model: without treatment 

and with Immunotherapy. First, we now consider without treatment. Fig.1 show the result of the system without treatment. At 

this stage, the stability analysis showed that Glial cells have decreased in Fig.1(a) because of Gliomas gradually maximum size 

in Fig.1(b). This has happened at this stage because no treatment has been provided. So, next we recruit immunotherapy 

treatment for killing tumour cells. At this time, by providing Immunotherapy treatment. We illustrate the findings for the 

scenario where the treatment regimens were used in Fig.2. This result can be seen in Fig.2(a), where glial cells are shown 

multiplying rapidly while decreasing tumour cells Fig.2(b) 

.      
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Fig. 1 Numerical solution of model without any therapy 
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V. DISCUSSION AND CONCLUSION 

 

In this paper, we proposed a mathematical model to observe the dynamics of the cancer cells’ interplay with Immunotherapy. 

We take into the Q(t) Cancer cells, P(t) Glial cells, R(t) CD8+ T cells. The steadiness of the linear version has been discussed. 

We construct a characteristics equation and after solve this we could get Eigen values. Next, our system is locally asymptotically 

stable on account of all our Eigen values are less than zero. We appear out for a numerical simulation for the system of 

equations. Numerical Simulations are constructed into two different categories. First, we now consider without treatment Fig.1 

show the result of the system without treatment. Fig.1(a) shows decrement of Glial cells because increment in Glioma cell 

counting in Fig.1(b). Next, we consider the system (4) with Immunotherapy, Figs.2(a)  shows that proliferation of Glial while 

decreasing the concentration of Cancer cells in Fig.2(b). We believe that the mathematical modeling is interplaying between 

most cancers cells and Immunotherapy, constitutes a step in the direction of enhancing techniques for the curing of malignant 
tumors. 

 

REFERENCES 

 

 

 [1] L. G. de Pillis, W. Gu, and A. E. Radunskaya, “Mixed immunotherapy and chemotherapy of tumors: modeling, applications 

and biological interpretations,” Journal of Theoretical Biology,  238(4)(2006), 841–862.  

  [2] Y. Li, Q. Huang, Y. Zhong, A. Wang, J. Sun, and J. Zhou, “Prospects in adoptive cell transfer therapy for cancer,” Journal 
of Immunology and Clinical Research, 1(2013), 1–4.  

  [3] M. C. Ngo, C. M. Rooney, J. M. Howard, and H. E. Heslop, “Ex vivo gene transfer for improved adoptive immunotherapy 

of cancer,” Human Molecular Genetics, 20(2011), R93–R99.  

  [4] S. A. Rosenberg, N. P. Restifo, J. C. Yang, R. A. Morgan, and M. E. Dudley, “Adoptive cell transfer: a clinical path to 
effective cancer immunotherapy,” Nature Reviews Cancer, 8(4)(2008),  299–308. 

[5] N. P. Restifo, M. E. Dudley, and S. A. Rosenberg, “Adoptive immunotherapy for cancer: harnessing the T cell response,” 

Nature Reviews Immunology, 12(4)(2012), 269–281.  

  [6] M. E. Dudley, J. R. Wunderlich, P. F. Robbins et al., “Cancer regression and autoimmunity in patients after clonal 
repopulation with antitumor lymphocytes,” Science, 298(2002), 850–854.  

  [7] C. J. Wheeler, A. Das, G. Liu, J. S. Yu, and K. L. Black, “Clinical responsiveness of glioblastoma multiforme to 

chemotherapy after vaccination,” Clinical Cancer Research, 10(2004), 5316–5326.  

  [8] Gale Encyclopedia of Cancer, Chemotherapy, 2002, 

  [9] S. Khajanchi, Glioma-Immune Interaction Model under Optimal Theory, 20(3-4)(2019), 269-285.  

  [10] S.T.R. Pinho, F.S. Bacelar, R.F.S. Andrade, H.I. Freedman, A mathematical model for the effect of anti-angiogenic therapy 
in the treatment of cancer tumours by chemotherapy, Nonlinear Analysis: Real World Applications, 14(1)(2013), 815-828. 

  [11] J.S. Spratt, T.L. Spratt, Rates of growth of pulmonary metastases and host survival, Annals of Surgery, 159(1964), 161-

171. 

  [12]  ] N. Kronik, Y. Kogan, V.Vainstein, Z. Agur, Improving alloreactive CTL immunotherapy for malignant gliomas using a 
simulation model of their interactive dynamics, Cancer immunology,immunotherapy, 57(3)(2008), 425-439. 

   [13] H.H. Dubben, H.D. Thames, and H.P.B. Bornholdt, Tumor volume: a basic and specific response predictor in 

radiotherapy, Radiotherapy and Oncology, 47(2)(1998), 167-174. 

  [14] ] J. Vaage, Influence of tumour antigen on maintainance versus depression of tumour- specific immunity, Cancer Research, 
33(3)(1973), 493-503. 

100 200 300 400 500 600 700
t

0.85

0.90

0.95

1.00

p t

10 20 30 40 50
t

0.05

0.10

0.15

0.20

q t

(a) Increment of Glial cells  (b) Decrement of Glioma cells 
 

Figure 2: Numerical Solution of the model with Immunotherapy 
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