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Abstract

In this review, a stochastic model is made for assessing the immediate impact of viral
implantation on cancer cell improvement. The Second order moments of the cells were assessed
utilizing a trivariate Probability work got from the distinction differential conditions. This
assessment model may help with the improvement of another healing for oncolytic virotherapy.

Introduction

Malignancy is a conventional term for an enormous gathering of
infections that can influence any piece of the body. Different terms utilized
are dangerous cancers and neoplasms. One characterizing component of
disease is the rapid production of strange cells that develop past their typical
limits, and which would then be able to attack abutting portions of the body
and spread to different organs; the last cycle is alluded to as metastasis.

Cancer emerges from the change of ordinary cells into tumor cells in a
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multi-stage process that for the most part advances from a pre-carcinogenic
sore to a dangerous cancer. These progressions are the after effect of the

association between an individual’s hereditary components.

The new presentation of viruses as a weapon against cancer can be
viewed as one of the most interesting methodologies with regards to accuracy
medication. The job of resistant designated spot inhibitors has been widely
contemplated in ahead of schedule and progressed malignant growth stages,
with unprecedented outcomes. In spite of the fact that there is a decent
bearableness profile, particularly when contrasted and customary
chemotherapy, extreme insusceptible related unfriendly occasions have
arisen as a possible restriction. Also, there are still treatment-safe cases and

subsequently further treatment choices should be executed.

In the paper of P. T. Rao, K. Madhavi and S. K. Masthan Babu [4] (2011),
they have made stochastic model for freak cell headway under
chemotheraphy with the suspicion that the effect of medication has specific
sensibility scales and essentially stochastic taking into account different
records. The comparative question is reached the Normal, Mutant and
Malignant cells under the presence of OV. A Trivariate stochastic Model for
the headway of development cell under the presence of viral treatment is
made utilizing the second order moments and the impact on the malignant

growth cell inside seeing the viral implantation is investigated.
Assumptions of the Stochastic Model

The following assumptions are considered to develop the stochastic
model. Let us suppose that the trials considered without overlapping be

statistically independent. Let be an infinitesimal interval of time.

At time 1, suppose there are ‘n’ normal cells, ‘W mutant cells, and N

malignant cells. Let a,g be the growth rate, bg, be the speed with which cells
convert from y to y +1 stage, ¢,g be the death rate of cells, where ‘a’ be the

stage of cells, a =1, 2, 3 for normal, mutant, malignant cells respectively,
‘B =1’ be the presence of the viral injection and ‘Y’ be the cell transformation

fromyto v + 1 stage, y =1, 2.
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Stochastic Model.

Assume that all of the above occurrences are governed by the Poisson
Process.

Analysis of the Model

Let {P(1), T > 0}, {Q(x), T = O} {R(r), t = 0} be the individual stochastic

processes of Normal cells, Mutant cells and Malignant cells such that
P{P(1) = n} = B,(x), P{Q(t) = p} = P,(t) and P{P(x) =1} = P,(r) and the
joint process will be P{P(t), Q(t), R(t) = (n, , 1)} = B, |, (7).

In the presence of viral injection, the likelihood of production of one
normal cell to another normal cell, the likelihood of production of one normal
cell to one mutant cell, the likelihood of production of one mutant cell to
another mutant cell, the likelihood of production of one mutant cell to one

malignant cell, the likelihood of production of one malignant cell to another
malignant cell at the time be

naj1 At + o(At), nbj At + o(Av),
pag At + o(At), pbg; At + o(At),
hag; At + o(At)

respectively.

One normal cell’s probability of dying is ncj;At + o(At)
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One mutant cell’s probability of dying is pcg; At + o(At)
One malignant cell’s probability of dying is Acs; At + o(At).

Probability of no generation of normal cell to normal cell, from normal to
mutant, from normal cell to malignant cell, from mutant to mutant, from
mutant to malignant, from malignant cell to malignant cell, no death of
normal cell, mutant cell, malignant cell is

1 -y + by + 1) + mlagy + by + cg1) + Magy + cg1)] At + o(At)

Other events have a chance to happen with o(Ar)Z. The difference

differential equation of the model is
P = —[nlag + b1 +epp) + wlagy +boy + cop) + Magy + ¢31)IB, ., 2. (0)
+(M =Dy Py, 2 (0) + (0 + ey Py, p, 2. (0) + (0= Dagy By i, 2.(0)
+(u+ Degr By, s, () + (0 = Dagi By, 5-1(1) + (0 + Degi By, i, 541(7)
+(+ Do Byir, w1, a(0) + (0 + Dbor By i, a1(7) for myop A 210 (1)
Let p(l, m, n, 1) be the joint probability generating function of P, 2 (7).

(lmnr=ii

A=0p=0n

Ms

Al m“nxpn, u, 2.(7) 2

Il
S

Using the joint cumulant generating functions of B, | (1) to obtain its

properties, Take [ =e”, m=e?, n=¢" and let Q(p, g, r, 1) be the joint
cumulant generating functions of P, , ;(t). Let w; ,, ,(r) denotes orderly

moments and [/, m, n denotes normal, mutant and malignant cells at time.

Equating the coefficients of p’s, ¢’s and r’s. We get
0
311, 0(t) = —bpwy o, 0(x) + biatog o, 0(v) + (a1 — ey = by Jwy, 1, 0(%)

+ (ag1 — ca1 — bo1 Jwy, 1, 0(7) 3)
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0
e Wy, o, 1(0) = (a1 —c1 —bq )w1, 0, 1(t) + (ag; —cs; )w1, 0, 1(7)

+ag w1, o(7) 4)

0
5 9o, 1, 1(t) = (b1 — agy)wy, 1, o(%) + boywyp, 2, 0(7)

+(agy — g1 — by Jwp, 1, o(t) + (ag; —cz)wp, 1,1(t)  (B)

0
3 W2,0, 0(0) = (a1 + 11 + byg w0, 0(v) + 2(a11 — 11 — by w0, 0(t)  (6)

0
5 WO, 2, 0(t) = by, o, (1) + 26110y 1, o(1) + 2(agy — a1 — bay Jwp, 1, o(7)

+ 2(ag1 — e — by wp, 2, 0(7) (7
Solving the above equations, we get

Relation between normal cells and Mutant cells at ‘t’:

w1, 0(7)
_ by NoDe*™ b3 Ny Ac (a+Bx[D 1 D
= A(A—B) + B (1+D)€ —bllNOe |:Z+§(1+Z)j| (8)

Relation between Mutant cells and Malignant cells at ‘t”:

o e b4 NoD 2by, b7y NoD
o, 1) = 5 A "B _C)| AA-B)(A-0) " 24(A - BY

At
e bnNo_ 2oy, _E \_bu(; Dy _1
+A—B—C[b21(1+ B "a-B) Bc\!*4) A-B

- o - ) 24

b NoD | b1 No (1 . Dj _ Ny (1 L 2y

+ —
e2Brb11 A(A - B) B A A -2B B

B-C E ) bNoE My, bW iNyD

"A-B) BA-B) B Aa-BY

+
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by Nye B-Cr [D 1 ( DH

20B-0C) |ATBUI"2

b2 Ny A Cr | BC\" " 4A) " B-ClA B\l 4
(A-B) D
A(A-B)(A4-0)

_ byybyy Noel AP [D 1( Dﬂ

4-B |a"BlTA

B e(B+C)r{ by NoD [ 1, by }
AA-B)2A-B-C)|A-C " A-B

21611 N (1+ 2y _E j
B

1 A- 9B A-B
+—
A_B_C_blleo(lJrQ)_buNo

BC A)"A-B
_boy | buNoE My o 0o | buiNo
C|B(A-B) B O"A-B|"B-C

g5 5+ 2

"eB-0)|ATBUI T2
bnNo(l 2)
BC A

b1 No biy [2 1( Qﬂ

A-B|"B-Ccla BUl"A
B by NoD 5
AA-B)(A-0)

a2

where

A=ay —by -1, B=ag —by —cy, C=ag +cg
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D =a; +by +c, E=ag +by +cg

INlustration

The wvalues accepted here are taken subjectively under specific
uncertainties and it tends to be changed. The upshot of the moments depends
correspondingly.

For the particular values of the parameters and varying the cells under
virotheraphy, the analysis has been done and given below.

In the first figure, all the parameters values are fixed and the values of
normal cells were varied, and the moment for the relation between the
normal cells and the mutant cells have been plotted.

The second figure represents the relation between the mutant cells and

malignant cells with the variation of values in the mutant cells.

The third figure represents the variation of the death of the malignant
cells keeping all the other parameters fixed, the moment for the death of
malignant cells is evaluated.

Felationberween Normal and Wocan: cells

402 4lz 4 405 4be 407 4ds il al0

Figure 1.
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Figure 3.
Conclusion

It is found that the average growth of the malignant cells decreases with
the continuous observation carried out under Oncolytic Virotheraphy. Also
the relation between mutant and the malignant cells is observed to be stable
under the treatment of Virotheraphy. Though this treatment has few
complications to be resolved, it can be an emerging solution for the cancer
treatment.

Advances and Applications in Mathematical Sciences, Volume 21, Issue 2, December 2021



(1]

(2]

(3]

[4]

)

(6]

(7

TRIVARIATE STOCHASTIC MODELING FOR TUMOR CELL ... 881
References

D. G. Kendall, Birth and death processes and the theory of carcinogenesis, Biometrics 47
(1960), 13-121.

B. G. Birkhead, The transient solution of the linear birth, Death Process with Random
Spontaneous Mutation, Math. Bio. Sci. 82 (1986), 193-200.

P. T. Rao and K. S. Rao, Stochastic model for cancer cell growth and spontaneous
mutation and proliferation, International Journal of Management and Systems 20(1)
(2004), 85-93.

P. T. Rao and K. S. Rao, Two stage stochastic model for cancer cell growth, Indian

Journal of Mathematics and Mathematical Sciences 2(2) (2006), 153-168.

P. T. Rao, S. K. Masthan Babu and K. Madhavi, Bivariate stochastic modeling for
mutant cell growth under chemotherapy, International Journal of Mathematics and
Applications 4(1) (2011), 1-12.

M. Abundo and C. Rossi, Numerical simulation of a stochastic model for cancerous cells
submitted to chemotheraphy, Journal of Mathematical Biology, (1989), 81-90.

John Carl Panetta, A mathematical model of drug resistance, Heterogeneous tumors
Mathematical Biosciences 147(1) (1998), 41-61.

Advances and Applications in Mathematical Sciences, Volume 21, Issue 2, December 2021



