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Abstract Glioma is a highly aggressive brain tumour 

whose progression is influenced by complex 

interactions among healthy cells, tumour cells, and 

immune cells. In this study, a stochastic healthy cell–

glioma–immune interaction model is formulated 

using a system of nonlinear stochastic differential 

equations. The model incorporates logistic growth, 

tumour-induced damage to healthy cells, immune-

mediated tumour suppression, and environmental 

fluctuations represented by multiplicative stochastic 

perturbations. Analytical solutions of the proposed 

stochastic system are derived to describe the temporal 

evolution of the interacting cell populations. The 

existence, uniqueness, and positivity of the solutions 

are established to ensure the biological validity of the 

model. Furthermore, the analytical results provide 

insights into the influence of stochastic effects on 

glioma progression and immune response. The 

proposed framework offers a mathematical basis for 

understanding tumour–immune dynamics under 

uncertainty and demonstrates the applicability of 

analytical methods to stochastic cancer modelling 

and immunotherapy research. 2020 AMS 

Classification: : 92C50, 60H10, 34F05, 92C37.  
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I. Introduction 
Glioma is one of the most aggressive 

primary brain tumours and remains a major challenge 

because of its rapid progression, invasive nature, and 

poor prognosis. Its progression is governed by 

complex interactions among healthy brain cells, 

glioma cells, and immune cells within the tumour 

microenvironment. Although the immune system can 

recognize tumour cells, its antitumour activity is 

often suppressed by the tumour microenvironment, 

thereby promoting tumour growth and reducing 

treatment effectiveness [5, 8, 13].  

Mathematical modelling has become an 

important tool for understanding tumour progression 

and immune responses. Deterministic models have 

successfully described tumour–immune interactions 

and provided valuable insights into disease dynamics 

and treatment outcomes. However, they cannot 

capture the random biological and environmental 

fluctuations that naturally occur in living systems. 

Stochastic differential equation models overcome 

this limitation by incorporating random 

perturbations, leading to a more realistic description 

of tumour dynamics [12, 16, 19].  

Immunotherapy has emerged as a promising 

treatment strategy by enhancing the immune system’s 

ability to eliminate tumour cells while minimizing 

damage to healthy tissue. Nevertheless, its 

effectiveness depends on the interactions among 

healthy cells, glioma cells, and immune cells, 

together with the influence of biological variability. 

Consequently, stochastic modelling provides a useful 

framework for analysing treatment efficacy under 

random environmental and biological fluctuations [6, 

7, 11].  

Motivated by these observations, this work 

develops a stochastic mathematical model describing 

the interactions among healthy cells, glioma cells, 

and immune cells under immunotherapy. The 

proposed model extends the deterministic 

formulation of Kaviyan et al. by incorporating 

multiplicative stochastic perturbations to represent 

biological and environmental uncertainties. This 

stochastic framework enables the investigation of 

important qualitative properties such as existence, 

uniqueness, positivity, and long-term behaviour of 

the system [11, 16, 19].  

The primary objective of this study is to 

derive analytical solutions for the proposed stochastic 

model and to investigate the influence of random 

perturbations on the dynamics of healthy cells, 
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glioma cells, and immune cells during 

immunotherapy. The obtained results provide 

theoretical insight into tumour progression, immune 

response, and treatment efficacy, thereby 

contributing to the development of reliable stochastic 

models for glioma dynamics. The remainder of this 

paper is organized as follows. Section 2 presents the 

stochastic model, Section 3 establishes its qualitative 

properties, Section 4 derives the analytical solutions, 

and Section 5 concludes the paper. 

 

II. Mathematical Modelling 
This section introduces a stochastic healthy 

cell–glioma–immune interaction model derived from 

the deterministic framework proposed by Vargees et 

al [11]. The model incorporates random perturbations 

and consists of three coupled stochastic differential 

equations describing the dynamics of healthy cells, 

glioma cells, and immune cells. – along with their 

complex nonlinear biological interactions. To capture 

the effects of environmental variability and intrinsic 

biological randomness, multiplicative stochastic 

perturbations are incorporated into each state 

equation through independent Wiener processes.The 

resulting stochastic healthy cell–glioma–immune 

interaction model is described by the stochastic 

differential equations given in Eqs. (1)–(3). 

 

 
 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 57-66    www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.5281/zenodo.21867407       | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal          Page 59 

 

 

 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 57-66    www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.5281/zenodo.21867407       | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal          Page 60 

 

 

 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 57-66    www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.5281/zenodo.21867407       | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal          Page 61 

 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 57-66    www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.5281/zenodo.21867407       | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal          Page 62 

 

 

 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 57-66    www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.5281/zenodo.21867407       | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal          Page 63 

 

 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 57-66    www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.5281/zenodo.21867407       | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal          Page 64 

 

 

 
 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 57-66    www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.5281/zenodo.21867407       | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal          Page 65 

 
 

 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 8 August. 2026, pp: 57-66    www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.5281/zenodo.21867407       | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal          Page 66 

5 Conclusion 

In this paper, we developed a stochastic 

differential equation model to describe the 

interactions among healthy glial cells, glioma cells, 

and immunotherapy. The primary objective of 

immunotherapy is to control and reduce tumour 

growth while preserving healthy tissues. The 

proposed model was analysed to ensure that all 

population variables remain positive and bounded. 

Owing to the nonlinear nature of the system, 

obtaining an exact analytical solution is difficult. To 

address this challenge, a linearisation technique was 

employed to transform the nonlinear system into a 

linear stochastic system. An analytical approximation 

of the solution was then derived using the variation 

of constants formula. The obtained results 

demonstrate the potential of the proposed model for 

understanding tumour–immune dynamics and 

provide a useful mathematical framework for 

improving immunotherapy-based treatment 

strategies for glioma. 
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