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Abstract

Doctors and experts have developed different many methods for treatment of tumor growth. Many
treatment methods are used for tumor growth. Such as immunotherapy, radiotherapy, hormone therapy
targeted therapy, chemotherapy, surgery etc. Mixed chemotherapy has been used in this paper to control
tumor growth. We have mentioned tumor growth in two stages under depression effect and we have
found that the effect of tumor growth varies in both stages. Different mathematical models have been
presented for both stages and solved by governing equations. This type of complex and challenging
problem has been given a unique solution using all effective parameters.
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1. Introduction

The word cancer was first introduced by Greek physician Hippocrates who is named “Father
of Medicine”. Hippocrates used five main cancer groups, including Sarcomas, Lymphomas,
Carcinomas, Leukemias and Brain tumors 8. There are main types of cancer treatment
methods which are immunotherapy, chemotherapy, surgery and radiotherapy. Radiation
therapy used to kill malignant cells. Radiation therapy is an important and effective way to
control of tumor growth 1. The logic of controlling for tumor growth rather than elimination is
based on evolutionary theory Bl. A small of quantity of residual tumors cells stopped by
different treatment methods in primary stage. In the second stage, the rate of tumor growth
increases very much, then it becomes very difficult to control it 1. Cancers can be classified as
liquid (hematopoietic and lymphoid cancers). Leukemia represents hematologic malignancy of
blood cells Bl. Molecular data is used in classifying tumors. The molecular data is helpful in
these studies about the whole tumor mass. They found genetic differences tumor growth
between primary stage and secondary stage 1. Groups of myeloid cells have created to tumor
growth development by inhibition of immune responses. Tumor cells have two differential
states in cancer progagression. 1. An antitumorigenic role and 2. Promoting tumor progression
71, Immunotherapy developed to control tumor growth. Cancer immunology have been
translated into clinical of immune based approaches to tumor treatment. Clinical data have
indicated to potential benefit. It is used of power of the immune with traditional chemotherapy
8. Chemotherapy used for cancer treatment deals with drugs effecting tumor cells to ability
reduce and divide. The drug creates the tumor cells weak and destroys by bloodstream [,

2. Our model
Kuznestov’s model modified in included growth rate law and fractional cells kill term with
chemotherapy as follows
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C= —d,C

Where

S,p, @y, Ay, Cq, Cy, I, b are positive parameters M. We included different mathematical model in primary stage and secondary stage
under the depression because quantity of tumor cells is small in primary stage than secondary stage. The depression effect is
nothing in primary stage so some parameter will change in primary stage and the depression effect is large in secondary stage in
Kuznestov’s model. This parameter will decide growth rate of tumor cells and effective in primary stage under the depression.
Effect of some parameters s,p, a4, a,, I, b are powerful because effect of depression d’ <0and¢; <0,¢, <0

dE ET — ’
—=s+ 2? — ET —dyE —a,;(1 — e ©)E —d'E

Z—f =rT(1 = bT) — ,ET — a,(1 — e~ )T + d'nT )

L= nr - d,C

dt

Term ¢, ET and ¢, ET will be rejected. For stability tumor cells and immune cells (1 — e~¢) will have to replace (e€ — 1) then
new equations are:

Zf s+ ﬂ —diE —a,;(e°—1)E —d'E

Z—f =rT(1 - bT) — a,(e® — 1T + d'nT ©)
X = nT - d,C

dt

Where d’ will show depression duration in interaction between immune cells and tumor cells and nT will show number of tumor
cells.

3. Modified Kuznetsov model with effective parameters:

Some parameters will directly effect of number of tumor cells when tumor cells fight with immune cells then tumor cells will
defeat immune cells if tumor cells is powerful than immune cells otherwise immune cells will defeat tumor cells in against
condition. We will discuss here two effective parameter which will effect tumor cells and immune cells.

1. Birthrate
When cancer cells create in the body then the tumor cells will start to divide immune cells in the body. Tumor cells increase in a
specific part of the body. The immune cells interaction with tumor cells then immune cells decrease and tumor cell increase.

B(T) = T( (‘””)T + abT),0<a <z
B(T) = rT(=X*2) 1> 0

Where

—(a+b)T?

will represent for the intraspecific competition. Value of a = 59.79759503909 and b = 2059.797697153575 will satisfy
in our model ™. These values is putting in equation (3)
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These values come on the initial conditions are E(0) = u,, T(0) =, and C(0) = u,

3. Depression
Depression will effect on immune cells then immune cells will interaction with tumor cells then immune cells will defiantly defeat
from tumor cells.

2. Fractional cell kill term
The new cells create in the body after replacing previous immune cells and tumor cells.

Notations of our model Estimated value

s = Normal rate of flow o immune cells into tumor site ~ 1.3x 10*

p = Maximum immune cells recruitment rate 1.245 x 1071

a, = Fractional immune cells kill by chemotherapy 3.4x 1072

a,= Fractional tumor cells kill by chemotherapy 0.9

c;= Immune cells death rate due to interaction with tumor cells 3.420x 10~1°
¢, = Fractional tumor cells Kill by immune cells 1.1x 1077

d, = Nature death rate of immune cells 4.120x 1072

d, = Rate of chemotherapy drug decay 3.466x 107!

a = Steepness coefficient of immune cells recruitment ~ 2.020 x 107 [,

3. The solution of the modified kuznestov model with effective parameters:

We will use to Adomian decomposition algorithm method for the solution of our model.
We have

B L R [CLEE DE (cR ey

a+T @14 a a?

Now, let s = p and use in equation (4)

2
C=p+ ””[1——+ Cl—dE—ay[C+S]E —dE
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dt
Then
da
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ar _ 1t m+m

= T3 +abT?] - @,TC —2TC? + d'nT (6)

E = nT - dzC
dt
Applying Laplace transform to both sides of equation (6)
L[d—E] = L[p] ~L[dyE] + L[(2) ET] - L{ay EC] - 2L[a, EC?] - LIS ET?] + LIS ET?] - L[A'E]
dt P 1 a 1 2 1 a? a3
L[5] = 2LIT4] - SLI(a+b)T?] + L[abT?]- L[, TC] - SL[a,TC?] + L[d'nT]
L[5E] = LInT] - L[4 (7)
Applying the initial conditions on (7), we obtain

d 1 d’
L[E] =2 + Z - 2L [E] + = (2)LIET] - “AL[EC] ALIEC?] - B-L[ET?] + %L[EW] ~SL[E]

L[T] =5+ L[T*] - S(atb) L[T3] + L L[T?]- 2LIET] - 2 L[TC] - 2 L [TC?] + =2 L[T]
L[C] =2 L[T]+22-22 1 [C] (8)
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Applying Laplace Adomian decomposition method, we obtain
E=Yns0En T=2X00 T and C= X7, C, )

This equation will represent an infinite series ( E,, = number of infinite immune cells, T,, = number of infinite Tumor cells and C,
= number of infinite element of drugs)

A=ET,B=EC,D=EC? F=ET? G=ET* H=T*1=T3P=T%Q=TC,R=T(C?
The non- linear operations A, B, D, F, G, H, I, P, Qand R

A=Ynz0An B=X0 0B, D =200 Dn, F= X0 Fos G = Ximo Gn

H=Yn20 Hno | =Xn0 In, P =220 Poy Q X0 @n. R =X50 Ry (10)

WhereA,,,B,,,E,, H,, I,, B,, Q,,, R,, are called the Adomian polynomials. Now we will expand as follows:
Ag=EyTy By = Ey Cy

A, =E,Ty +E Ty B =E, C, + E; C,
1-)0-:150 Co® Fy = Ey Ty?

Dy =EyCo? +2EyCy C, Fy = Ey Ty? + 2E, Ty T
D, = E, Cy* + 2E, Cy Co+ Ey C,% + 2E, C, Cy

Fy =E,Ty> + 2Ey Ty To+ Eg Ty2 + 2E, Ty Ty

Go=EyTy® Hy = Ty*

G, =E Ty> +3E,Ty> T, H, = 4T, T,®

G, =E,Ty> + 3Ey Ty T+ 3Ey T2 Ty + 3E, Ty2 T,
Iy = Ty® H, = 4T, Ty 3+ 6T, T, *

1=3T,T,?

I, = 3T, Ty*+ 3T, T2

Applying this procedure withP,, Q, and R, now substituting (9) and (10) into (8) results.

(o] — d d’ [00) [ee] (0] (o] (o]
L [Biobnl =2+ 2 -CD 52 (B + 2(2)L [Biodn] - 2L [BiioBal -2 L [TiioDul - 5 L [TioF] + 5L
[0 Gul

[ee] [oe] [oe] b (oo} [oe] [ee] d’ [oe]
L [Zmo Tl = 5+ = L [Z50 Hal - 5(atb) L X5 L] + LB Pul = 2 L[Ei0 Qn 1 - 2 L [Biv Rul + 52 LIS T ]
[ee) p— [ee)] d (oo}
LIEro0 Cal = LI Tl + 52 - 2 L [Z70 Gl (11)
When n = 0 ( this condition will represent primary stage of cancer), then
_ 14
LIE]=~+3

LITo] =3 (12)

L[Col = £

(s+d3)

Applying the inverse Laplace transform on (12), we get
Eo=p +pt
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Co= e~ %2*

Immune cells, tumor cells and effective of chemotherapy from depression (for primary stage), then d’ < 0, then we get result

The number of immune cells at time t = 0 is represented by E,= u, = 566666 cells.

The number of tumor cells at time t = 0 is represented by T, = t = 3181775 cells.

Effective cells by chemotherapy at time t= 0 is represented by C,= u, = 1.400 mg/L.

This result is very good as long as both time and depression is 0 After some time, the number of tumor cells will increase, then t =
1, we get result

The number of immune cells at time t = 1 is represented by E,= u,+ p = 566666 + 13000 = 579666 cells.

The number of tumor cells at time t = 1 is represented by T, = t = 3181775 cells.

Effective cells by chemotherapy at time t= 1 is represented by

Co= pze~%2 = 1.400 x e~03%66 = 1,400 X 0.707 = 0.9899 mg/L.

3181775
1817
579666
566666
0
Immune cells Tumor cells Chemotherapy Drugs
=&—>Status at Time t=0  —l—Status at Time t=1

Fig 1: Status of Immune cells, Tumor Cells and Chemotherapy with Depression at Timet=0& 1

And when n = 1(this condition will represent last of primary stage and start of second stage), then

LIE] = SO 1[E] + 2 (2) L [Ao] - 2 L [Bo] -2 L [Do] - 2 L [Fo] + 2= L [Go]

L [73] = - L [Ho] - --(a+h) L [Io] + < L[Po] - £ L[Q] - 2 L [Ro] + == |_[T0 ]

LIC,T =2 LITo] - 2 L [Go] (14)
Substituting (13) into (14), we obtain

LIED= SO0 [y +pt] + 2 (2) L LGy + pty] - L [y + pY) pze ] -2 L [ty + pt) (™)) - 2= L [y + pt) 2] +
L L [y +pt) 7]

L] = |— [%]- —(a+b) L[7°]+% L[ -2 —Lltup] - 2L [tpz?] + 22 L[T]
LG = 3 Lz - 2 L [ne™] (15)
Applying inverse Laplace transform on equation (15), we get

= ,ul[- (d,+d) +t (B) — auye” %2t - alT”zze'ZdZt - pa—Tzz + ‘;—T:]t +p[-(d; +d) +1 (g) — a e %2t - alTuzze‘Zdzt - pa—TZZ +
p—T = [— (a+b)T +abt?-a,Tu, - “ZTT”ZZ +d'nt]t C;=nt—[dyue %2t (16)

a3
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Immune cells, tumor cells and effective of chemotherapy from depression (for last of primary stage and start of second stage),
then 0 < d’ < 1, then we get result. The number of immune cells at time t = 1 is represented by

2 2 3 2 2 3
_ P —d, QM2 _oq, PTE  pT / o —d, @k2® _oq, pT:  pT3i1
E=ul-d +d +’[(—)—(X e 2. 22 p2d2 .+ _1+p[-(d; +d +T(—>— a{,e”% - 22 7202 L T |-
1= - (dy ) o 1M2 5 22 a3] p[-(d, ) o 1M2 5 PR Py

E,= 566666[- (0.04120 + 1)+3181775(1.245x %ZZ ) — 0.034x1.4x 0.707- 0.017x1.96x 0.4999 — 199.1207 + 2.485] +
0.00013[—1.04120 + 3181775 x 0.616336633 x 10~°-0.03365-0.16656- 199.1207+2.485] 1 £, =1.13378510 x 10° cells

2
A2TU2

3
@Dy abe? - aTp, — == + d'nt]

4
The number of tumor cells at time t = 1 is represented by T; = [T? 3

T, = [3.416304759 x 1025- 1059.797697x 3.221131059 x 101° + 123170.9486x 1.012369215 x 1013 -4009036.5 —
2806325.55 + 3181775] T, =3.412910969 x 10*°cells

Effective cells by chemotherapy at time t= 1 is represented by C;= n t — [dyu,e%2] = 3181775 — 0.3466 x1.4x0.707 =
3181774.657 mg/L Then 1 < d' < oo, then we get result.
The number of immune cells at time t = 2 is represented by

2 2 3 2 2
Ey'= - (dy +d) +7(2) - ayppe?t - Lt LT 4 B x 2 4 pl-(dy + d) +7(2) = ayppeie - P LT

3 -8
+ 5] X 2E, = 566666[- (0.04120 + 1)+3181775(1.245x ~°—) — 0.034x1.4x 0.499973591- 0.017x1.96x 0.2499735917 —

199.1207 + 2.485] x 2 4+ 0.00013[—1.04120 + 3181775 x 0.616336633 x 1078-  0.034x1.4x 0.499973591-0.017%x1.96%
0.2499735917- 199.1207+2.485] x 2E," = 227291979.5 cells

(a+b) 73 ayTUz?

CT D
2

2

4
The number of tumor cells at time t = 2 is represented by T, = [T? - +abt? - a,ty, - t2

+d'nt]x 2-

T,) = [3.416304759 x 1025- 1059.797697x 3.221131059 x 10%° + 123170.9486x 1.012369215 x 10'3 -198330.4083-
4009036.5 — 2806325.55 + 3181775] x 2 T,'= 6.82578222x 1025 cells

Effective cells by chemotherapy at time t= 2 is represented by C,'= n 7 — [d,u,e~%2t] t = 3181775 — 0.3466 x1.4x0.499973591=
3181774.757mg/L

250000000

200000000 /
150000000 / s ceriesa
100000000 series3
/ =l Series2
50000000 / 4 Series]

0 i |
Status at Time t=1 Status at Time att=2

Immune Cells

Growth Rate of Tumor Cells and

Status of Immune Cells and Tumor Cells with depression

Fig 2: Status of Immune Cells and Tumor Cells with Depression at Time t=1 & 2

4. Results and Discussions
We found that the rate of tumor growth is lower effective in primary stage than secondary stage. Effect of some positive
parameters s,p, a4, @,, I, b are weakness because effect of depression d' >0 and ¢; =0, ¢, =0 for secondary stage. We have
found to result that the rate of tumor growth is very large and number of immune cells will decrease in secondary stage. Finally
patient will die from cancer.

6. Conclusions

We have analyzed that tumor growth depends on decreasing of immune cells. In this paper, we have obtained the result of the
mathematical model that depression reduces the number of immune cells and increases the number of tumor cells. Depression in
the primary stage does not effect both immune cells and tumor cells in any way because in the primary stage the patient does not
know that he has cancer. As soon as he comes to know, the effect of depression effects the patient. As the effect of depression
increases, the patient loses immunity capacity, leading to increased tumor cells. When the effect of depression increases, the
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tumor cells increase greatly, due to which the effect of chemotherapy is very low, almost inactive and the patient can die from
depression.
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