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Abstract: This study intends to examine the analytical solutions to the resulting one-dimensional differential equation of a cancer tumor model in the frame of time-fractional order with the Caputo-fractional operator employing a highly efficient methodology called the q-homotopy analysis transform method. So, the preferred approach effectively found the analytic series solution of the proposed model. The procured outcomes of the present framework demonstrated that this method is authentic for obtaining solutions to a time-fractional-order cancer model. The results achieved graphically specify that the concerned paradigm is dependent on arbitrary order and parameters and also disclose the competence of the proposed algorithm.
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1  Introduction

The generalization of integer order calculus to any arbitrarily large order referred to as fractional calculus (FC). It is an exciting subject in mathematics because of its capacity to precisely describe a wide range of non-linear phenomena. Fractional derivatives appeared in 1695; it has been found that FC is superior to classical calculus for modeling real-world problems and presents a systematic and effective exposition of nature’s reality. The application of FC is detected in numerous branches of science and engineering. FC has currently gained more attention in electrodynamics [1], signal processing [2], fluid dynamics [3], chaos behavior [4], financial models [5], optics [6], a noisy environment [7], economics [8], neurophysics [9], and many others [10–14]. FC describes new features of a complex biological model and plays a significant role in obtaining the memory and hereditary features of the system. Fractional differential equations (FDEs) with space, time, or any other variable dependent order have been successfully employed to examine time or space-dependent dynamics. FDE models have been widely recognized as a novel and precise way of accurately representing real-world occurrences. The fractional model of the diffusion problem is crucial in studying the cancer model.

Cancer is one of the most lethal diseases in the world today, with no cure and a complex structure that limits cancer-fighting success. Cancer is a broad category of diseases characterized by uncontrolled cell proliferation that also produces dangerous tumors. Many cancers include antigens that can be identified by the adaptive immune system and, hence, exploited to stimulate an anticancer immune response. However, the interactions between tumor cells and other tumors are extremely complicated and dynamic. So, cancer treatment or cure has proven to be an exhausting task. Arshad et al. [15] applied a multi-step generalized differential transform method (MSGDTM) to the non-linear model of the growth of tumor cells and focused on enhancing immunogenic behavior through exogenous input. Rihan et al. [16] found delay differential equations (DDEs) to elaborate on the interconnection between the effectors and the tumor cells. The least square method solves the problem of parameter estimation for a given actual observation.

Diseases such as malaria, dengue fever, HIV infection, influenza, Ebola virus, cancer, and others were dealt with ordinary differential equations of integer order, but a short time ago, more concentration were defined in fractional order. The mathematical models that use fractional differential equations are crucial for explaining how tumors spread and connect with one another. The fractional tumor model interprets the tumor and effector cells and gives a relative and chaotic study of cells, which explains the killing rate of cancer cells [17–20]. Farman et al. [21] focused their research on a model of fractional-order immunotherapy bladder with a vaccination strategy for cancer in the sense of Caputo fractional derivative. The result indicates that the fractional order significantly changes disease control in the early stages. Panchal et al. [22] applied the differential transform method (DTM) to the fractional cancer model, explained the outcomes of chemotherapy, and revealed that if the chemotherapy drug concentration is inappropriate, then the growth of tumor cells increases in a large number or may cause a decrease in effector cells. Ndenda et al. [23] used the Adams-Bashforth-Moulton method of fractional order for the tumor immune interaction to treat the cytokine interleukin 2 (1L-2). The high concentration of 1L-2 may nurture the body’s immune system, but it has certain side effects. Results state that satisfactory tumor control can be achieved through this method. Korpinar et al. [24] used the residual power series method (RPSM) to obtain the series solution of the cancer model via fractional-order. The RPSM is described with Maclaurin’s expansion and covers complex computational work. Ali Dokuyucu et al. [25] examined the cancer treatment model and converted the model into fractional order, where the differential operator is defined in Caputo-Fabrizio to obtain the solution. They reported that fractional derivatives provide beneficial details about the process. Saadeh et al. [26] presented the analytical series solution of the cancer model by considering the Laplace RPSM. They investigated the fractional-order derivatives of the time-dependent cancer cell concentrations and concluded that the percentage of apparent cell death can also be affected by the concentration of cancer cells. Abaid Ur Rehman et al. [27] used the method called reduced differential transform method for the tumor model in the frame of the FC, which explains the connection between chemotherapeutic agents, normal cells, tumor cells, and immune cells and obtained a solution in the sense of Caputo. Padder et al. [28] analyzed the tumor growth and assessed the prospective treatment of the fractional tumor model using the Caputo-derivative. The obtained outcome depicts disease transmission dynamics as manifested in the relationships among macrophages and tumors.

This research considers a diffusion-based model proposed by [29] within the confines of a spherical tumor with the rate of intensification specified by p and the percentage of death resulting from therapy indicated by k and presumed in the below equation:

∂u(ζ,t)∂t=pu(ζ,t)−ku(ζ,t)+D1r2∂∂r(r2∂u(ζ,t)∂r),(1)

where the diffusion coefficient is symbolized by D, concentration of cancerous cells at r point, and the time t is given by u(ζ,t). In most studies, therapy is only permitted as a time function. Moyo et al. [30] changed this to make it function for both the time and position of the cancerous cells, which is a more reasonable assumption and look at the previously mentioned equation as a one-dimensional model with variable killing percentage using the Lie point symmetry method. This study considers the fractional modification of the cancer tumor model with diffusion equation

Dtαcu(ζ,t)=∂2u(ζ,t)∂ζ2−k(ζ,t)u(ζ,t),(2)

where Dtαc is the Caputo fractional derivative, k(ζ,t) is described as the remedy’s temporal profile and k(ζ,t)u(ζ,t) denotes the rate at which tumor cells are removed. Two cases of the cancer cells killing ratio k(ζ,t) were discussed. k is merely a time function and k is proportional to cell concentration.

Odibat [31] considered linear and non-linear fractional models with the aid of the homotopy analysis method (HAM) and the variational iteration method. They produced the results in the Caputo sense, contributing to the non-linear FDEs that can be solved using these techniques. Iyiola et al. [32] considered the cancer tumor model and implemented the HAM. They found that fractional order derivatives are more helpful than classical order derivatives. Arqub et al. [33] analyzed a susceptible-infected-recovered (SIR) fractional order epidemic model. The homotopy analysis method was considered to study the analytical series solution by including an auxiliary parameter. Abdl-Rahim et al. [34] adopted the combination of two methods, HAM and natural transform method (NTM), by considering auxiliary parameters, which gives the solution of epidemiology models. Based on the above HAM outcomes, the secured result displays the requirement of an additional parameter that offers more flexibility in adjusting homotopy expansion, leading to faster convergence and improved solution reliability. Hence, this study has applied q-homotopy analysis transform method (q-HATM), which is more effective in solving FDEs. q-HATM executes a crucial role in the fractional order epidemic model, and they reported that fractional calculus is an authoritative and precise strategy to examine the conduct of diseases affecting people compared with classical calculus. This study confirms the pertinence and consequence of fractional operators for real-world problems. It indicates that the proposed method benefits numerous scientific fields [35–38]. Veeresha et al. [39] employed the q-HATM for fractional coupled systems arising in magneto-thermoelasticity, which gives the fast convergent series solution and the efficacy of the preferred novel approach. The outcomes are described graphically to understand the behavior of the system. Compared to other techniques, this gives a feasible and significant outcome and is highly efficient. Seddek et al. [40] and Yasmin et al. [41] analyzed that q-HATM is a dynamic tool to resolve the models of fractional order and prevail over difficulties in acquiring solutions because of non-locality and non-linearity, so the method is ideal.

The primary objective of the current research is to find an analytical solution for the considered time fractional-order cancer model using q-HATM. This particular model has yet to be explored by q-HATM. There are various techniques to solve fractional models, but they have limitations, perturbations, huge time of simplification, discretization, assumptions, and many others. However, the considered technique is free from the above limitations. Many researchers have shown that the proposed method is effectively and widely employed in various models. It also shows that the proposed technique reduces complexity and computational work, making it a more reliable and efficient tool for simulating the fractional order differential model. It combines the positive aspects of both analytical as well as numerical approaches. It offers an analytical solution defined in terms of a convergence series and allows for numerical approximation when necessary.

The current paper is assembled as follows: Section 1 includes an introduction. Basic definitions and preliminaries are given in Section 2. Section 3 outlines the methodology of the preferred method. Section 4 discusses the uniqueness and convergence of the considered model. Section 5 describes some examples to show the efficiency of the projected technique and their results with graphs. The discussion part of the obtained graphical and numerical results with their significance is added in Section 6. Section 7 is the conclusion.

2  Preliminaries

This section presents the basic definitions of the fractional-order operator and the Laplace transform.

Definition 2.1. For a function g(t)∈C−1n, the fractional integral of order α≥0 in terms of Podlubny [42] is specified as follows:

Iαg(t)=1Γ(α)∫0t(t−τ)α−1g(n)(τ)dτ,t>0,α>0,(3)

I0g(t)=g(t),

where Γ(•) indicates the Gamma function.

Definition 2.2. In terms of Caputo, the function g∈C−1n with fractional derivative is outlined below [42]:

Dtαg(t)={dng(t)dtn,α=n∈N,1Γ(n−α)∫0t(t−τ)n−α−1g(n)(τ)dτ,n−1<α<n,n∈N.(4)

The linear property of the Caputo fractional derivative is as follows:

Dcα(λx(t)+μy(t))=λDcαx(t)+μDcαy(t),

where λ and μ are some constants.

Definition 2.3. A Caputo fractional derivative’s Laplace transform (LT) [43,44] for the function Dtαg(t) is stated as follows:

L[Dtαg(t)]=sαG(s)−∑γ=0n−1sα−γ−1g(γ)(0+),(n−1<α≤n),(5)

where G(s) is the function g(t)’s LT.

3  Fundamental Procedure for the Suggested Method

This part of the paper illustrates the solution algorithm of the q-HATM technique. It considers a general non-linear and non-homogeneous differential equation in the frame of fractional-order, which is in the form given below:

DtαCν(ζ,t)+Rν(ζ,t)+Nν(ζ,t)=g(ζ,t),0<α≤1,(6)

where DtαCv(ζ,t) signifies the fractional derivative in terms of Caputo of the function v(ζ,t), g(ζ,t) is indicated as source terms, the non-linear differential operator is denoted by N, and R is the linear differential operator which is bounded in ζ and t.

By implementing the LT on Eq. (6), the following can be obtained:

sαL[ν(ζ,t)]−∑k=0n−1sα−k−1ν(k)(ζ,t)+L[Rν(ζ,t)+Nν(ζ,t)]=L[g(ζ,t)].(7)

On simplifying Eq. (7), then

L[ν(ζ,t)]−1sα∑k=0n−1sα−k−1νk(ζ,0)+1sα{L[Rν(ζ,t)+Nν(ζ,t)−g(ζ,t)]}=0.(8)

In relation to the HAM, the non-linear operator N is presented in the following manner:

N[ϕ(ζ,t;q)]=L[ϕ(ζ,t;q)]−1sα∑k=0n−1sα−k−1ϕk(ζ,t;q)(0+)+1sα{L[Rϕ(ζ,t;q)+Nϕ(ζ,t;q)]−g(ζ,t)]},(9)

where ϕ(ζ,t;q) specifies the real function for ζ, t and q, q∈[0,1n](n≥1).

The equation for deformation of zero’th-order having H(ζ,t) is characterized as follows:

L[ϕ(ζ,t;q)−ν0(ζ,t)](1−nq)=ℏqN[ϕ(ζ,t;q)]H(ζ,t),(10)

where initial guess of ν(ζ,t) is ν0(ζ,t), ϕ(ζ,t;q) is an unidentified function, q∈[0,1n] is the embedding parameter, L is the LT and ℏ≠0 (auxiliary parameter). Regarding q=0 and q=1n, the subsequent outcomes are achieved:

ϕ(ζ,t;0)=v0(ζ,t), ϕ(ζ,t;1n)=v(ζ,t).(11)

Hence, from the solution v0(ζ,t) to v(ζ,t), the solution ϕ(ζ,t;q) converges by varying q between 0 and 1n. Then, the function ϕ(ζ,t;q) in series form is extended as follows by employing Taylor’s theorem throughout q

ϕ(ζ,t;q)=v0(ζ,t)+∑m=1∞qmvm(ζ,t),(12)

where

vm(ζ,t)=1m!(∂mϕ(ζ,t;q)∂qm|q=0).(13)

By a specific choice of auxiliary parameter ℏ and n, auxiliary linear operator, the initial estimation v0(ζ,t) and H(ζ,t) appropriately, the series (12) converges at q=1n provides the solution to the original non-linear Eq. (6) of the type

v(ζ,t)=v0(ζ,t)+∑m=1∞vm(ζ,t)(1n)m.(14)

The next step is to differentiate the deformation Eq. (10) up to m-times with regard to q, afterwards divide by m! and ultimately taking q=0, this study acquires the equation which is in deformation form of order m as follows:

L[vm(ζ,t)−kmvm−1(ζ,t)]=ℏH(ζ,t)ℜm(v→m−1),(15)

where

ℜm(v→m−1)=1(m−1)!∂m−1N[ϕ(ζ,t;q)]∂qm−1|q=0,(16)

and

km={0,m≤1,n,m>1.(17)

Vectors are regarded in the following way:

ν→m={ν0(ζ,t),ν1(ζ,t),…,νm(ζ,t)}.(18)

By employing an inverse LT to the deformation Eq. (15), which yields the recursive equation and can be expressed as follows:

νm(ζ,t)=kmνm−1(ζ,t)+ℏL−1[H(ζ,t)ℜm(ν→m−1)].(19)

Finally, by resolving Eq. (19), the νm(ζ,t) iterative terms can be attained. This is how the q-HATM series solution is described:

ν(ζ,t)=∑m=0∞νm(ζ,t).(20)

4  Uniqueness and Convergence of Solution for Cancer Tumor Model

Theorem 4.1: Uniqueness theorem

For the fractional-order differential Eq. (2) under consideration, the solution obtained by q-HATM is unique, for every λ∈(0,1), where λ=(km+ℏ)+ℏ(δ2+k)T.

Proof: The solution to Eq. (2) is given by

g(ζ,t)=∑m=0∞gm(ζ,t),

where

gm(ζ,t)=(km+ℏ)gm−1(ζ,t)−(1−kmn)L−1(∑k=0n−1sα−k−1(g(k)(ζ,0)))+ℏL−1[1sαL{∂2gm−1(ζ,t)∂ζ2−kgm−1(ζ,t)}].(21)

Now, suppose g and g∗ are different solutions of Eq. (2), then demonstrating that g=g∗ suffices to validate the theorem. Then, using Eq. (21), it can have

|g−g∗|=|(km+ℏ)(g−g∗)+ℏL−1[1sαL{(∂2g∂ζ2−∂2g∗∂ζ2)−k(g−g∗)}]|.

Then, implementing the convolution theorem for LT, it can obtain

|g−g∗|=(km+ℏ)|g−g∗|+ℏ∫0t(|(∂2g∂ζ2−∂2g∗∂ζ2)−k(g−g∗)|)(t−ξ)αΓ(α+1)dξ

|g−g∗|≤(km+ℏ)|g−g∗|+ℏ∫0t(|∂2g∂ζ2−∂2g∗∂ζ2|+|−k(g−g∗)|)(t−ξ)αΓ(α+1)dξ≤(km+ℏ)|g−g∗|+ℏ∫0t(δ2|(g−g∗)|+k|(g−g∗)|)(t−ξ)αΓ(α+1)dξ.

where δ2=∂2∂ζ2.

With the help of the integral mean value theorem [45,46], the preceding expression could be written in the following way:

|g−g∗|≤(km+ℏ)|g−g∗|+ℏ(δ2|(g−g∗)|+k|(g−g∗)|)T.

Here λ=(km+ℏ)+ℏ(δ2+k)T, as a result

|g−g∗|≤λ|g−g∗|

|g−g∗|(1−λ)≤0.

In view of the fact that 0<λ<1, then g−g∗=0⇒g=g∗.

As a result, Eq. (2) has a unique solution.

Theorem 4.2: Convergence theorem

Consider a Banach space denoted by E, non-linear mapping X:E→E and then presume that

‖X(g)−X(l)‖≤λ‖g−l‖,∀a,b∈E.

After that, X has a fixed point in accordance with Banach’s fixed point theory. In addition, the sequence of the q-HATM solution converges to a specific point of X with any of the choices of a0,b0∈E and then

‖gm−gn‖≤λn1−λ‖g1−g0‖,∀a,b∈E.

Proof: Let us consider (E[J],‖.‖), which contains every continuous functions on J and that its norm is symbolised as ‖z(t)‖=maxt∈J|z(t)|. At the outset, we point out that {gn} in E is a Cauchy sequence.

Now consider,

‖gm−gn‖=maxt∈J|gm−gn|=maxt∈J|(gm−1−gn−1)(km+h)+ℏL−1(1sαL((∂2gm−1∂ζ2−∂2gn−1∂ζ2)−k(gm−1−gn−1)))|≤maxt∈J[|(gm−1−gn−1)|(km+h)+ℏL−1(1sαL(|∂2gm−1∂ζ2−∂2gn−1∂ζ2|+k|(gm−1−gn−1)|))].

According to the convolution theorem for Laplace, the following can be obtained:

‖gm−gn‖≤maxt∈J[|(gm−1−gn−1)|(km+h)+ℏ∫0t(|∂2gm−1∂ζ2−∂2gn−1∂ζ2|+k|(gm−1−gn−1)|)(t−ξ)αΓ(α+1)dξ]≤maxt∈J[|(gm−1−gn−1)|(km+h)+ℏ∫0t(δ2|(gm−1−gn−1)|+k|(gm−1−gn−1)|)(t−ξ)αΓ(α+1)dξ].

Using the integral mean value theorem [45,46], the inequality above becomes

‖gm−gn‖≤maxt∈J[|(gm−1−gn−1)|(km+h)+ℏ(δ2|(gm−1−gn−1)|+k|(gm−1−gn−1)|)T]≤λ‖gm−1−gn−1‖.

For m=n+1, one could obtain

‖gn+1−gn‖≤λ‖gn−gn−1‖≤λ2‖gn−1−gn−2‖≤λ3‖gn−2−gn−3‖≤....≤λn‖g1−g0‖.

By applying triangular inequality, it yields:

‖gm−gn‖≤‖gm−gm−1‖+‖gm+1−gm‖+…+‖gn+2−gn+1‖+‖gn+1−gn‖≤[λn+λn+1+…+λm−1]‖g1−g0‖=λn[1+λ+…+λm−n−1]‖g1−g0‖≤λn[1−λm−n−11−λ]‖g1−g0‖.

As 0<λ<1, obviously 1−λm−n−1<1, then inequality becomes

‖gm−gn‖≤λn1−λ‖g1−g0‖.

But ‖g1−g0‖<∞, consequently, as m<∞ then ‖gm−gn‖→0.

As a result, the sequence {gn} in E[J] is the Cauchy sequence. Therefore, {gn} is a convergent sequence (because every Cauchy sequence is a convergent sequence), and this yields the end of the required results.

5  Solution for Fractional-Order Cancer Tumor Models

The analytical solutions of the suggested fractional cancer model are discussed in this section using Mathematica software. This study implements the q-HATM technique to observe the accuracy and effectiveness and presents graphs of the obtained outcomes.

Case 5.1: Consider the equation of the cancer cell killing ratio with fractional-order, a function of time dependence only.

Dtαcu(ζ,t)=∂2u(ζ,t)∂ζ2−t2u(ζ,t),t>0,0≤ζ≤1,0<α≤1,(22)

subjected to the initial condition

u(ζ,0)=ekζ.(23)

By implementing LT in Eq. (22) and with regard to the initial constraint given in Eq. (23), then

L[u(ζ,t)]−1su(ζ,0)−1sαL{∂2u(ζ,t)∂ζ2−t2u(ζ,t)}=0.(24)

In order to use the proposed technique, N (non-linear operator) can be stated as follows:

N[ϕ(ζ,t;q)]=L[ϕ(ζ,t;q)]−1sϕ(ζ,0;q)−1sαL{∂2ϕ(ζ,t;q)∂ζ2−t2ϕ(ζ,t;q)}.(25)

After following the algorithm’s instructions, it is possible to obtain a deformation equation for mth-order in the following syntax:

L[um(ζ,t)−kmum−1(ζ,t)]=ℏ(ℜm[u→m−1(ζ,t)]),(26)

where

ℜm[u→m−1(ζ,t)]=L[um−1(ζ,t)]−(1−kmn)1su(ζ,o)−1sαL{∂2um−1(ζ,t)∂ζ2−t2um−1(ζ,t)}.(27)

On tackling with inverse LT on Eq. (26), it acquires

um(ζ,t)=kmum−1(ζ,t)+ℏ(L−1{ℜm[u→m−1(ζ,t)]}).(28)

Thus, the solution to Eq. (28) is obtained as follows:

u0(ζ,t)=ekζ,

u1(ζ,t)=ℏekζtα(2t2Γ(α+3)−k2Γ(α+1)),

u2(ζ,t)=ℏekζ(n+ℏ)tα(2t2Γ(α+3)−k2Γ(α+1))+ℏ2ekζt2α(k2Γ(α+3)−2t2Γ(α+1))2Γ(α+1)2Γ(α+3)2

u3(ζ,t)=(n+ℏ)(ℏ2ekζt2α(k2Γ(α+3)−2t2Γ(α+1))2)Γ(α+1)2Γ(α+3)2+ℏekζ(n+ℏ)2tα(2t2Γ(α+3)−k2Γ(α+1))+ℏ2ekζt2α(k2Γ(α+3)−2t2Γ(α+1))2(Γ(α+1)(Γ(α+3)(n+ℏ)+2ℏtα+2)−k2ℏΓ(α+3)tα)Γ(α+1)3Γ(α+3)3,

⋮

In this manner, it can achieve other recurrent terms. Lastly, the necessary series solution of Eq. (22) by using q-HATM can be written as follows:

u(ζ,t)=u0(ζ,t)+∑m=1∞um(ζ,t).(29)

Case 5.2: Consider the cancer tumor equation with fractional-order, where the tumor cells net killing ratio varies with the level of cell concentration.

Dtαcu(ζ,t)=∂2u(ζ,t)∂ζ2−2ζ∂u∂ζ−u2(ζ,t),0≤ζ≤1,t>0,0<α≤1.(30)

with initial settings

u(ζ,0)=ζp.(31)

Primarily, by operating LT on Eq. (30) and utilizing the initial constraint stated in Eq. (31), then

sαL[u(ζ,t)]−sα−1u(ζ,0)−L{∂2u(ζ,t)∂ζ2−2ζ∂u∂ζ−u2(ζ,t)}=0.(32)

By simplifying the above equation, it has

L[u(ζ,t)]−1su(ζ,0)−1sαL{∂2u(ζ,t)∂ζ2−2ζ∂u∂ζ−u2(ζ,t)}=0.(33)

This study specifies the non-linear operator N with the help of Eq. (33) as follows:

N[ϕ(ζ,t;q)]=L[ϕ(ζ,t;q)]−1sϕ(ζ,0;q)−1sαL{∂2ϕ(ζ,t;q)∂ζ2−2ζ∂ϕ∂ζ−ϕ2(ζ,t;q)}.(34)

By exercising the preferred procedure, the deformation equation is prescribed as follows:

L[um(ζ,t)−kmum−1(ζ,t)]=ℏℜm[u→m−1(ζ,t)].(35)

where

ℜm[u→m−1(ζ,t)]=L[um(ζ,t)]−(1−kmn)1su(ζ,0)−1sαL{∂2um−1(ζ,t)∂ζ2−2ζ∂um−1∂ζ−∑i=0m−1uium−1−i(ζ,t)}.(36)

This is a very crucial part when solving a non-linear differential equation using the homotopy technique. In Eq. (35), the inverse Laplace transform is used, and then

um(ζ,t)=kmum−1(ζ,t)+ℏ(L−1{ℜm[u→m−1(ζ,t)]}).(37)

After resolving Eq. (37), the following solution is reached:

u0(ζ,t)=ζp,

u1(ζ,t)=(−((p−1)pζp−2)+2pζp−2+ζ2p)(ℏtα)Γ(α+1),

u2(ζ,t)=(n+ℏ)(−((p−1)pζp−2)+2pζp−2+ζ2p)(ℏtα)Γ(α+1)+(ζp−4(p4−10p3+p2(31−6ζp+2)+2ζ2p+4+6p(2ζp+2−5)))(ℏ2t2α)Γ(2α+1),

u3(ζ,t)=(n+ℏ)(ζp−4(p4−10p3+p2(31−6ζp+2)+2ζ2p+4+6p(2ζp+2−5)))(ℏ2t2α)Γ(2α+1)+1Γ(2α+1)ℏ2ζp−6t3α(ζ2Γ(α+1)(n+ℏ)(p4−10p3+p2(31−6ζp+2)+2ζ2p+4+6p(2ζp+2−5))−ℏ(p6−21p5+p4(169−27ζp+2)+p3(158ζp+2−651)+p2(−299ζp+2+32ζ2p+4+1198)−5ζ3p+6−12p(−15ζp+2+4ζ2p+4+70)))+(n+ℏ)2(−((p−1)pζp−2)+2pζp−2+ζ2p)(ℏtα)Γ(α+1),

⋮

Likewise, the leftover iterative components are able to be determined. Thereafter, the necessary series solution obtained by q-HATM for the considered case of Eq. (30) is inclined as follows:

u(ζ,t)=u0(ζ,t)+∑m=1∞um(ζ,t).(38)

6  Results and Discussion

The numerical analysis of the solution u(ζ,t) derived by the technique called q-HATM for chosen cases of the cancer model with fractional order is presented in this section. The nature of the solution for Case 5.1 and Case 5.2 are represented by 3D plots. Fig. 1 depicts the response of the obtained solution of Case 5.1 with distinct α=1, 0.9, 0.8, 0.7. It look into the effect of time fractional order on the net killing rate of cancerous cells. Fig. 2 shows the nature of q-HATM solutions of the cancer model presented in Case 5.1, represented by an α-curve. The ℏ-curve is plotted in Fig. 3 to illustrate the behavior of acquired results for the considered model. Similarly, for Case 5.2, Fig. 4 represents the 3D graph for different values of α=1, 0.9, 0.8, 0.7 and examines that the cancer cell concentration decreases with an increase in time. Fig. 5 is the α-curve, which represents the nature of q-HATM solutions of the cancer model and identifies that the preferred fractional model is effective. Fig. 6 depicts the ℏ-curve to show how obtained outcomes performed for the considered model. These ℏ-curves represent the convergence of the gained outcomes.

[image: images]

Figure 1: Nature of q-HATM solution Eq. (29) on the subject of ℏ=−1, n=1, and additionally with distinct values of α is presented in 3D graphs. (a) α=1, (b) α=0.9, (c) α=0.8, (d) α=0.7
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Figure 2: Response of solution u(ζ,t) by q-HATM with regard to t at ℏ=−1, ζ=0.5 and n=1 with varying α values

[image: images]

Figure 3: ℏ-curves for the solution u(ζ,t) with diverse values of α at ζ=0.5 and t=0.01 with different values of n. (a) n = 1, (b) n = 2

[image: images]

Figure 4: Behavior of the gained solution Eq. (38) by q-HATM at ℏ=−1, n=1 and with varying α values are plotted. (a) α=1, (b) α=0.9, (c) α=0.8 (d) α=0.7
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Figure 5: Solution u(ζ,t) vs. t at distinct α values are plotted when ℏ=−1, ζ=0.5, and n=1
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Figure 6: ℏ-curves plotted for Eq. (38) concerning ζ=0.5, t=0.001 with different α and n values. (a) n = 1, (b) n = 2

7  Conclusion

The necessity of the fractional-order derivative for the cancer tumor model is demonstrated. For this, the q-HATM method is implemented, which provides an influential solution for the fractional-order cancer model and achieves a solution in series form. Considered cases indicated that the net killing rate not only depends on time but also depends on the cancer cell concentration. The graphical presentation specifies that the concerned model depends on arbitrary order and parameters. This method is straightforward and efficient and can be enlarged to include numerous fractional-order models. In particular, the projected method helps to analyze and predict human disease growth and evaluate the physical and biological models. This study recommends framing fractional differential equations, which are crucial for describing how cancers spread and interact with one another, and using a cancer vaccination strategy, which can give significant changes in disease control in the early stages.
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