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practically all the tissues in the body ,with the disease being 

correlated with a lot of diseases that include cardiovascular  

disease (CVD),Kidney disease, non alcoholic fatty liver 

disease(NAFLD), Alzheimers disease, in addition to   different  

with physical inactivity and overweight/obesity as the leading 

risk-factors [19].  An investigation of Melanesian countries 

reported that retinopathy was the most common T2DM 

complication, followed by abnormal foot sensation [20].  
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Nullis said that another above-normal season is expected this year, 

given that El Nino, which tends to suppress hurricane activity, is absent. 

The US National Oceanic and Atmospheric Administration is predicting 

13-20 named storms this year, of which between six and 10 could become 

hurricanes; as many as five of those could become major hurricanes. The 

2020 Atlantic storms led to at least 400 fatalities and cost $41 billion in 

damages. 

 

7. Tip of the Iceberg: 

UK climate tsar urges companies to join 'Race to Zero' campaign [Simon 

Jessop, 3 June 2021] and commit to science-based emissions-reduction 

targets, ahead of global climate talks in November. To make bold 

commitments, governments need to know that they will be welcomed and 

not resisted by business, so we're urging all companies and all investors to 

join the race to zero campaign ahead of COP26". COP26 will be held in 

the Scottish city of Glasgow from Nov. 1 to 12. The Race to Zero campaign 

brings together a coalition of net zero initiatives from across the world 

under one umbrella, aiming to accelerate action heading into COP26. 

Representing 708 cities, 24 regions, 2,360 businesses, 163 investors and 

624 higher education institutions, its members cover 25% of the world's 

CO2 emissions, the campaign website showed. Net zero pledges now cover 

more than 70% of the world's economy. By joining the initiative "a gold 

standard", businesses would commit to reach net zero emissions across 

their operations by 2050 at the latest, using science-based targets. These 

are robust and rigorous targets based on the science that show net zero 

are not some vague aspiration for a distant point in the future but a 

concrete plan for the here and now. We're at a critical point in the fight 

against climate change. A climate action that is not in line with the Paris 

agreement is simply not enough. With more countries joining the net zero 

campaign, businesses would ultimately have to shift to greener practices 

or "fade away. Joining race to zero ahead of COP26 can keep you ahead 

of the curve and being part of this campaign can save you money by 

encouraging you to work more efficiently. 

In September 2020, four children and two young adults from Portugal 

filed the first-ever case for climate change in the European Court of 

Human Rights (ECHR). They moved the court seeking action against 33 

European countries, which ‘had not done enough to prevent the impacts 

of climate change from violating their citizens’ human rights. The case 

was filed three years after the Portugal wildfires (following which the 

country experienced record-breaking hot summers) and has already been 

granted a priority status by ECHR. This case is unique for several 

reasons. For starters, it is one of the few cases to be fast-tracked by the 

ECHR, and if the court rules in favour of the Portugal youths, 33 

European countries will be legally bound to make deep emission cuts. 

Secondly, it is one of the few cases that address the cross-border impact of 

emissions of different countries and can therefore pave the way for 

international climate laws in future. 

An International non-profit organization, “Save the Children”, 

volunteered to be a third-party intervenor in the case earlier this year. 

In recent years, we have seen several climate change cases in court, and 

many of them have been filed by youths. On April 29, 2021, Germany’s 

apex court ruled in favour of young activists in a landmark climate case. 

The ruling stated that certain aspects of the climate protection legislation 

of the country are unconstitutional because it unfairly places too much 

burden on the younger generation for the reduction of greenhouse gas 

emissions. A report stated, “Between 1986 and 2020, 1,727 litigation cases 
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Abstract: 
Mathematical modeling is a process by which a real-world problem is described by a 

mathematical formulation. The cancer modeling is a highly challenging problem at the 

frontier of applied mathematics. Cancer growth is indeed a multistage, nonlinear 

dynamical problem whose basic evolution is impossible to be quantitatively explained 

without the aid of ordinary differential equations models. 

Keywords: cancer; differential equations; small parameter; chemotherapy 

 

Introduction 

 
Cancer is one of the greatest killers in the world, although medical activity has been 

successful, despite great difficulties, at least for some pathology. Currently the hardest 

challenges in modeling tumor growth and treatment are estimating parameters in 

models that are mathematically simple and are broadly applicable (Weinberg, 2007). 

The chemotherapy used in anticancer therapy for decades has significant adverse side 

effects. The optimization of the dosing and delivery schedule can potentially minimize 

adverse effects while maintaining efficacy (Frank, 2007). 

  

Small parameter in prostate cancer diseases 

 

We propose a mathematical model with application in prostate cancer diseases 

(Jackson,2004a).  Let 
3,1),( =itxi  be the subpopulation for cancer cells in state i  (

3,1=i
) at time t .  

Then the ordinary differential equations for no-treatment periods are given as: 
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where parameters 

1

1,1a
,

1

2,2a
, 

1

3,3a
represent the growth rates of populations for state 

1,2,3 under the treatment condition, 

1

1,2a
,

1

1,3a
, 

1

2,3a
represent the rates of influx from 

state 1, 1, 2 to state 2, 3, 3 under the treatment condition. Since the paths from 1 and 2 

to 3 are irreversible (irreversible changes in prostate malignancy may include somatic 

mutations), they may be regarded as mutation rates. 

 

Using the program Matlab and numerical method Runge-Kutta, I did various 

simulations for different values of biological parameters presented in the model 

studied. The parameter values have highs impact on the accuracy of the model in 

representing real biological systems but these values are difficult to estimate 

experimentally. The parameters of the model are fitted to clinical data. Based on the 

parameters obtained from the fitting, we can predict whether the cancer will relapse or 

not (Jackson, 2004 b).   
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parameters obtained from the fitting, we can predict whether the 

cancer will relapse or not (Jackson, 2004 b).   

 

Small parameter in tumors growth 

 

We propose a mathematical model with application in tumor 

growth with an immune response and chemotherapy (Bru´, 2003). 

Mathematical models contain three variables, which are functions 

of time t: )(tx  the number of immune cells, )(ty  the number of 

tumor cells, )(tz  the number of normal, or host, cells. The model 

is based on a set of ordinary differential system with form: 
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where the tumor cells as well as the normal cells are modeled by 

a logistic growth law, with parameters i
 and i  representing 

the per capita growth rates and reciprocal carrying capacities of 

the two types of cells. The cells will die off at a per capita rate 1

, and ,  are positive constants. The source of the immune cells 

is considered to be outside of the system so it is reasonable to 

assume a constant influx rate .  

 The system of differential equations needs to be solved 

numerically. We used the software Matlab where we simulated 

the behavior of our proposed model. A baseline range of values 

for all eleven parameters can be determined from empirical data 

already in literature. The parameter set we are working with is in 

a region (Balkwill and Mantovani,2001). 

 

Small parameter in two populations growth 

 

 We assume the cancer mass to be composed by different groups 

of cells, distinguished genetically. To describe the tumor, we 

denote by )(tx  and by )(ty the two populations. Assuming that 

the two populations are independent of each other, the system 

becomes: 
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where 10    is a small parameter ( Venturino and  

Petrovskii,2005) . 

 

 One the equations system includes small parameter  .The 

smallness of    is relative to the size of the solution domain. If we 

reduce the size of the solution region the same small   will result 

in a different condition number. It is clear that the solution for a 

smaller region is less difficult. Using the program Matlab, we 

observe that in the early stage  )()( tytx   because )(tx  is 

expanding and the second population is a minor clone. If )(tx  is 

instead the primary tumor and )(ty  is a metastasis, then

)()( tytx   because in the new site the cancer cells can freely 

proliferate.  Different interactions were studied, corresponding to 

different clinical scenarios. The growth of both populations 

constrained by a fixed total carrying capacity, the response to 

treatments, and the occurrence of spontaneous mutation and of 

mutations elicited by therapeutic interventions (Swan, 1990). 

 

Small parameter in pharmacokinetic–pharmacodynamics 

systems 

 

The proposed compartment model, commonly called the effect 

compartment in pharmacokinetic–pharmacodynamics modeling. 
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where )(tx  denote the concentration of the drug in plasma, )(ty

denote active concentrations , 1V  represents the volume of 

distribution of the compartment,  2V  represents the second 

compartment with a volume of distribution )(tu  represents the 

input function expressing the administration protocol, 12  

expresses the link process between the plasma compartment 

where the drug is introduced, 1  denotes elimination ways from 

the plasma compartment other than 12 , 

1

 characterizes the  

process of drug elimination from the effect compartment, where 

  is a small parameter (Ratain et al,1990). 

 Using the program Matlab, we observe that optimal drug 

regimens better reduce tumors than do the protocols used in 

clinical practice. This new mathematical model with small 

parameter has been shown to be more efficient than the former 

ones in experimental and clinical situations. During the first phase 

of treatment, the number of tumor cells decreases faster than in 

the second phase (Wheldon 1988).  

 

Conclusion: 
 

 An ordinary differential equations model such as the one 

proposed here is an essential component of a rational strategy for 

determining the optimal dose and schedule of chemotherapy 

administration. Mathematical models need to be developed to 

better understand how to implement this work and perhaps to 

elaborate new optimal treatment strategies.            The complexity 

of this molecular process is revealed every time a mathematical 

simulation of the processes is carried out. Should mention this 

ordinary differential model must be validated in future theoretical 

results and its utility will have to be confirmed in a prospective 

clinical trial. Interpret these results to be a permanent 

collaboration between mathematicians and medical oncologists. 

Mathematical models of tumor growth and treatment based on one 
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or two ordinary differential equations are heavily used in practice 

because they are simple but can often still capture the essence of 

complicated interactions. The ordinary differential equations 

model presented here could be a useful starting point for 

simulating different treatment scenarios and, provided a careful 

validation of the parameter values is carried on extensive clinical 

database. 
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