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Abstract. In this paper, we consider a mathematical model for the study of the interaction
between leukemia cells and chemotherapeutic drug in Acute Myeloid Leukemia (AML). In our
model, there are three compartments, namely, leukemia-initiating cells, leukemics blast, and
chemotherapeutic drug. Using a stability theory of differential equation, we analyze the
existence and stability of the system at various equilibrium points. Furthermore, we discuss the
effect of leukemia treatment by varying the values of relevant parameters. We also provide
numerical simulations to illustrate the theoretical results.

1. Etmductinn

Acute Myeloid Leukemia (AML) is a hematologic disorder characterized by the occurrence of HSC
differentiation blockade which results in the accumulation of growth a population of neoplastic or
blast cells. Overproduction of white blood cells interferes with the normal process of hematopoiesis
and modifies the normal mechanisms of cells differentiation, self-renewal, and proliferation [1].
Leukemogenesis in AML occurs because of its presence two classes of mutations (two-hit models),
i.e., mutations that increase proliferation and cell survival and mutations that block cell differentiation
and apoptosis [2].

The National Comprehensive Cancer Network (NCCN) classifies patients nto three risk categories,
based on the validated cytogenetics and molecular abnormalities, which are a better risk,
intermediate-risk, m poor risk. The standard therapeutic strategy in a patient with AML is
chemotherapy and autologous or allogeneic hematopoietic stem cell transplantation (HSCT) [3 — 7].
The main objective of those treatments is inducing remission and preventing the relapse [6]. Treatment
or therapy for AML sufferers can last for several years (NCCN, 2018). This therapy consists of several
stages which are classified into two, namely specific therapy and supportive therapy. Untreated AML
patient results in fatal infection, bleeding or organ infiltration within weeks to months [8.9]. In recent
years, despite the potential gain of HSCT, the post-transplantatiggjoutcome remains dismal, especially
those with high-risk category [9]. Currently, in order to further improve the clinical outcome of AML,
the development of the new therapies has been challenging, such as cytotoxic agent, small molecule
inhibitor, and targeted therapies combined with chemotherapy [10,11,12].

Mathematical modeling in hematological malignancies has several purposes. The model can
provide a framework for study the leukemia genesis and treatment strategies. Through mathematical
modeling, it can also explain the various aspect of leukemia, evaluate the exgging therapies, or to
design combination therapies and to suggest novel therapies. Several studies m the field of cancer
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therapies have been discussed in [13, 14]. Recent model in leukemia therapies, especially in Chronic
Myeloid Leukemia (CML) and Chronic Lymphocytic [EBukemia (CLL) also has been conducted by
Besse et al. [15] and Rodrigues et al. [16]. Modeling in Acute Myeloid Leukemia (AML) has been
developt in Adi et al.[17], but not provide the therapies regimen.

In this paper, we will give a mathlatical study of the interaction between the leukemia cells in
AML with a chemotherapeutic drug. This paper is organized as follows. In Section 2, we present the
mathematical model and the properties of its solutions. In Section 3, we will give an a is of the
existence and stability of equilibrium points. The numerical simulation is provided in Section 4.
Finally, in Section 5, we give a discussion and conclusion.

2. Mathematical Model

2.1. The %ﬂde!

In this section, we construct a mathematical model ot?ne myeloid leukemia cell with chemotherapy.
The model consists of three populations, which are, the number of leukemia-initiating cells L(r), the

numbergah leukemics blasts B(r) , and the density of the chemotherapeutic drug C(r).
The model is given by the following system of ordinary differential equations:

% =nL(- p(L+B)—al—b LC
t

”;—B= aL+1,B(1— p(L+ B))—dB —b,BC (1.1)
t
-6—: —vC
v p=r
with initial conditions
LO)=0, B0)=0, C0)=0. (1.2)

The model parameters are described as follows:
1.1, : self-renewal rates of leukemia-initiating cells and leukemic blast, respectively (day ™);
p : reciprocal carrying capacity for total leukemic cell, that is maximum size or space that leukemia—
initiating cells and f#likemic blast cell are allowed to occupy (cell"):
a : rate of conversion of | mia-initiating cells to leukemic blast (day F
b,.b, : the mortalities rates of leukemia-initiating cells and leukemic blast due to the action of the
the chemotherapeutic drug, respectively (day ™);
d :(gfcay rate of the leukemic blast (day ™
o theajse of the chemotherapeutic drug given (gr day ™);

y: the decay rate of the chemotherapeutic drug (day ™).

2.2. Properties of Solutions ?
For biologically meaningful of Model (1.1), it is necessary to show that all solution of the system with
positive initial conditions will remain nonnegative and bounded. This will be established in the

following theorem. Define the domain D ={(L,B.C)ell*:0<L+B < 1 .C=0}.
P

Theorem Every solution of System (1.1) with initial conditions (1.2) exist for all t<[0.T], and
L(),B(t).C (@awill remain in D .

Proof. We Et;w that all parameters used in?‘e system are positive, so we can set lower bounds on
each of the equations given in the model. For System (1.1) with initial conditions (1.2), we have

[
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L(1) = L(0) exp“{r, (1— p(L(7) +B(r))—a—b,C(r)}dr}2(),

0

From the second equation of System (1.1), we have

‘;—B: aL+1,B(1— p(L+ B))—dB —b,BC =r,B(1— p(L+ B))—dB —b,BC ,
t

thus we have

Bt = B(()]cxp{j{rl(l —p(L(r}+B(r))—d—h3C’(r)}dr} =0,

]
Finally, trom the last equation of System (1.1), we have
C = E{C(o)—ﬁ} e 20.
: y 7 %
Thus for all £ e[0,T], L(t),B(r).C(r)will be positive and remain in D . This completes the proof.

Theorem 2.2. L(1).B(t).C(r) of Svstem (1.1) subject to initial conditions (1.2) are bounded for all
10,71, .

Proof. From System (1.1), we get

ﬁJri—B:r,L[]7p(L+B)]+rlB[lfp(LJrB)]fblLCfblBC
t

dt
<r(1-p(L+B)),
with r=max{r.r,}. Now, let Z(t)=L(t)+B(1), thus we have
f:;—z :%+‘;—B <r(1- p(L+B))=r(1- pZ). From the Comparison Theory [18], we get limsup Z(r) < l
¢ dt dt i p

Thus, (L+ B)(¢) i1s bounded, so L(z)and B() are bounded.

Furthermore, from the third equation of System (1.1), we get C(#) =£+{C(()}—£}e'*’", so we have
v v

limsup C(t) <2 Hence C(r) is bounded. This completes the proof.
f—p }(

3. l*?tem:e and Stability of Equilibria
The System (1.1) has the following equilibrium points

(i). Leukemia free equilibrium, £, = (U'.(J.g) )

i

.. . . - ¥y —b,p—
(ii) Leukemic blast persistent equilibrium, E, :[(),w,g} ,

pry 'y
(iii) Coexisting equilibrium, E" :[L’ B ,C'] , where
1 ([ alay +bp—ny)

* pry\Lay—n)+ plbs b))+ dry

alny—ay—=bp)

— bpo— . B' = .
} (ar+bw ﬁlﬂ}. p[a;v(n —’”:)"'P(”:’"l _blrz)"'druv]

and " =2 .
Y

The equilibrium E, always exists, while equilibrium E, is biologically admissible if and only if

r,y >b,p+ay. For the existence of E' we have the following theorem.
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Theorem 3.1. Let Q=ry—ay—bpand R=ay(r,—r,)+ p(b,;;,—br,) +dry . The equilibrium E exists if
Q>0,R>0,and R>a.
Proof. Equilibrium point exists if all component if positive. First, E" will exist if the leukemic blast,
B'positive. Two cases will happenj.e. if #y-ay-bp>0, then we must have
ay(r,—r) +p(b,r, —br,)+dry > 0. Whereas if ry—ay—bp <0, then ay(r, —n)+p(by, —br,)+dny<0.
On the other hand, the leukemia-initiating cells £ also must be positive. Therefore, L will be positive
i [ alay +bp—ry)
ay(ri—r)+plbyr, —br,)+dny

]—(a,v+b,p—ny)>(y Hence, the equilibrium point £ exists if (i).

0>0,R>0, and R>a or (ii). <0, R<0, and R>a is proved. However, since the value of the

parameter @ is nonnegative, then the condition R<0 and R >a is impossible. Thus we conclude that
E" existsif 0>0,R>0,and R>a.

Next, we will study the stability of the equilibrium points. To discuss the local stability of
equilibrium points, we need to compute the eigenvalues of the Jacobian matrix of System (1.1) in the
equilibrium point. The Jacobian matrix of the system (1.1) is given by

n—2npL—npB—a-bC —npL L
J(E)= a-npB r,—r,pL—2r,pB—d-b,C -b,B (1.3)
0 0 -y

Theorem 3.? The equilibrium point E, is locally asymptotically stable if ny <ay+bp and
ny<dy+b,p.

Proof. The Jacobian matrix at E, is

K —a—b,E

J(E,) = a

. . . —ay—b,
Therefore, the eigenvalues of the characteristic equation J(E,)are A4 =rl—a—bl£=m,
¥
Wy —dy—b,
dmrd b, P =7 =bp
¥ ¥
stable if the eigenvalue 4, and A, are both negative, thatis ry <ay+bp and ry <dy+b,p.
Note that, the equilibrium E, stable if and only if E, and E"do not exist. In this case, both

leukemic-initiating cells and leukemia blast cells annihilated and it means that the chemotherapy is
successful.

,and A, =—y . It is clear that the eigenvalue 2, is negative. Then, E, is

Theorema 3.3. %e equilibrium point E, is locally asymptotically stable if r, <%Q and
ay +po,

bp

¥

r+d— =>2a.
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vy —bp—
f.—w[ = ay} b2 0 0
Py 4
ny—b p—a ny—b,p—a ny—bp—a
&= _;[M] ,1_2,”;[M]_d_blﬁ _;,[M}
Py PLY s PLYy
0 0 -7

1

The eigenvalues J(E) are 4 = —(ay(n —r)+ plbyr,—br)), 4 =l[(r1y—blp—a‘y)—2(r1,v—blp—ay}],

ry Y
) . ey . (ay+ ph)
and A, =-y . Thus, E, is a stable equilibrium point if (ay (s —r)+ ptbr, —=br,)) <0 or h <———p,
: (ay + pb,)
and (r,y—b,p—dy)-2(r,y—b,p—ay) <0 or r, +d—b:—p > 2a . This completes the proof.
¥

In this case, the leukemia-initiating cells do not exist and the leukemic blast cells exist, which
means that after administration of the chemotherapeutic drug, all leukemia-initiating cell annihilated
but leukemic blast still exists. Hence, stability E, is not useful for chemotherapy regimen.

Theorema 3.4. Let Q=ny—ay—bp, R=ay(r,—n)+plbyr—br,)+dry, and S=ry—dy—b,p. The

equilibrium point E" is locally asymptotically stable if R+ary—2a <0 and § <{—Q[a7R72arLy] <0.
i
Proof. The eigenvalues of the Jacobian matrix of the system (1.1) at E" are

A=r 2 alay +bp—ry) —(ay+bp-rp) |+ nalay +bp—ny) _g be ’
4 a}/(rl 7r1)+p(b1rl 7blr2)+drl;v a}/(rl 7r1)+r0(b1rl 7blr1}+dﬁy s

PR alay +bp—ny) —(ay+bp-rp) |+ 2rnalay +bhp—ry) _d_b:ﬂ,
nylay(n—n)+plby —br)+dny ay(n —n)+ plby, —bry)+dny ¥

and A, =-y.

¥ r

i 1

After simple calculation, we find 4, =%[aqy—R—2a] and 4, :l[.‘?—rlg[a—R—kny]J. We have
v
A, negative, thus E"is locally asymptotically stable if 2, and A, are both negative. Because 0 and R

are positive, then 4, <0 whenever a;y—R-2a<0and A, <0 whenever § < %[a—R—Zaqy] <0.

h

4. Simulation Results

In this section, we provide some numerical simulations to support the analytical results. We do the
simulation for three cases of eq@jbrium points. For this reason, we choose the related parameter
values that meet the conditions of stability of the equilibrium points in the previous section.

Case 1, Leukemia free equilibrium point.

In this case, we choose the set of parameter values

r, =04, p =0.000000005,a =0.001,5, =0.05,, =0.2,h, =0.01,d =0.04p=0.003,» =0.01. (L.4)

With this parameter values, we have a leukemia-free equijdwium point £, =(0,0,0.3), and the

system (1.1) meets the conditions of Theorem 3.2. Hence, the equilibrium point E, is locally
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asymptotically stable. Figure 1 shows the evolution of leukemia-initiating cells and the leukemic blast
cells, whereas Figure 2 shows that this equilibrium point is asymptotically stable.

bt
==~ Lukmmis-h Sslihg ouls
T ——— Ll b ol
L]
'I
¥
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nD B L] 100 180 0 0 a0
tirm (day)
Figure 1. The time evolution leukemia-initiating and leukemic blast cell starting near the equilibrium
point E,
2
Bl
i
o
.
[}
x10® ¢ 4 z ‘

10 e
Leukemis-nitisting cals'® © Loukanic blast “Lln’

Figure 2. Phase solution indicates that with the parameter value (1.4), the equilibrium point E, is

locally asymptotic stable.

Case 2, Leukemia blast persistent equilibrium point.
In this case, we choose the set of parameter values

7, =0.04, p =0.000000005,a =0.0Lb, =005,r, =0.2,b, =0.01,d =004,p =0.003,y =001. (1.5)

With this parameter values, the system (1.1) meets the conditions of Theorem 3.3 and we have
leukemic blast persistent equilibrium point E, =(0,1.57000000x10°,0.3), which is locally
asymptotically stable. In Figure 3, we shogfthe evolution of leukemia-initiating cells and the
leukemjgablast cells, whereas Figure 4 shows that the equilibrium point E, is locally asympsatically

stable. Figure 3 top-right show that the leukemia-initiating cell has no oscillation, while Figure 3
bottom-right shows that the leukemic blast has an oscillation near the equilibrium point.
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Figure 3. The time evolution leukemia-initiating and leukemic blast cell starting near the equilibrium
point E,
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Figure 4. Phase solution indicates that with the parameter value (1.5), the equilibrium point E, is
locally asymptotic stable.

Case 3, Coexisting equilibrium point.
In this case coexistence of all population, we choose the set of parameter values

r, =0.04, p =0.000000005,a =0.1,b, =0.05.r, =002.h, =0.01.d =004, p =0.003,y =001. (1.6)

With this parameter values, the system (1.1) meets the conditions of Theorem 3.4 and we have
coexisting equilibrium point E" = (1.866666667x10°,5.333333333%10°,0.30), which is locally
asymptotically stable. In Figure 5, §p) show the evolution of leukemia-initiating cells and the
leukemic blast cells, whereas Figure 6 shows that the equilibrium point E* is locally asymptotically
stable. Figure 5-right show that both the leukemic blast and the leukemia-initiating cell have an




International Conference on Mathematics and Natural Sciences 2019 (IConMNS 2019) IOP Publishing
Journal of Physics: Conference Series 150320200 012003 doi:10.1088/1742-6596/1503/1/012003

oscillation near the equilibrium point. In this case, we can say that the administration of the
chemotherapeutic drug has a failure to destroy both the leukemia-initiating cells and the leukemic
cells.

x 105 1200

T 11m 108 19 1508 1ama

s {duy)

Laubumio el oull

B FE B oz B

1000 1500 2000
time (day)

WO N0 N W e W e
L

Figure 5. The time evolution leukemia-initiating and leukemic blast cell starting near the equilibrium
point E'
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Figure 6. Phase solution indicates that with the parameter value (1.6), the equilibrium point E* is
locally asymptotic stable.

Finally, in Figure 7, we provide numerical simulation by using the set of parameter values (1.7)
with the various value of the dose of the chemotherapeutic drug, p from 0003 to 0.2.

1 =004, p =0.000000005,a =0.1,, =0.05,r, =002,b, =0.01,d =0.04, =001. (1.7)
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Figure 7. Dynamic of Leukemia-initiating cells and leukemic blast cell with varying values of o .

In a medical point of view, the dose of the chemotherapeutic drug varies according to the type of
drug and the condition of patient. In the numerical simulation in Figure 7, we give the dose of
chemotherapy in the range of 0.003 g (or 3 mg) to 200 mg, which is medically possible. The greater
the dose of chemotherapy, although it will mathematically increase the success of chemotherapy,
medically it can be very dangerous.

E Discussion and conclusion

In this paper, we have developed a mathematical model that describes the interactions between the
leukemia-initiating cell, leukemic blast celggand chemotherapeutic drug in Acute Myeloid Leukemia.
Furthermore, we have discussed system behavior bypmenalyzing the existence and stability of the
equilibrium solutions of our system. We also provide numerical simulation to verified the analytical
results. From the graphical representation we can get an estimate of chemotherapeutic drugs that can
be given to leukemia patients. In a medical point of view, of course, we do hope that every initial
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condition will tend to a disease free equilibrium. Analytically we have found the relationship between
the chemotherapeutic drug administration and both the leukemia-intitating cell and leukemic blast
cells, which represented by ry <ay+bp and r,y <dy+b,p, respectively. Medically, its mean that if

the chemotherapeutic drugs more durable than both the leukemia-intitating cell and leukemic blast
cells then the disease free equilibrium will be stable. In other word, the AML patient will be cured.
Otherwise, the AML disease will persist.

In this paper, the m@fel is only based on one treatment regimen, i.e. treatment by chemotherapy.
Although the model is rather simple but may give insight into some of the consequences of medical
policies. We note that, not of all the parameter values used in this model based on the clinical data that
can be obtained from some medical literature. It could be very useful for determining the range of the
various parameter involved. In the future work, it can be considered to incorporate the delay
differential equation, a periodic function of chemotherapeutic dose. Chemotherapy, immunotherapy,
targeted therapy may also be considered.

References

[1] Shen Y, Bai J and He A 2016 Role of mTOR signaling pathway in acute myeloid leukemia Int. Jour. Clin. Exp.
Med. 9637 -47.

[2]  Horton S J and Huntly B J P 2012 Recent advances in acute myeloid leukemia stem cell biology
Haematologica 97 966-74.

[3] Kayser S and Levis M J 2018 Advances in Targeted Therapy for Acute Myeloid Leukemia, Br. J. Haematol
180 484 - 500.

[4] Home G A, Kinstrie R and Copland M 2015 Novel drug therapies in myeloid leukemia: a patent review
Pharmaceutical Patent Analyst 4 187-205.

[5] Dohner H, Estey E and Grimwade D 2017 Diagnosis and Management of AML in Adults:2017 ELN
Recommendation from an International Expert Panel, Blood, 129 424 —47.

[6]  Andreeft M 2015 Targeted therapy of acute myeloid leukemia (New York: Springer).

[7] Polak R and Buitenhuis M 2012 The PI3K/PKB signaling module as key regulator of hematopoiesis:
implications for therapeutic strategies in leukemia Blood 119 911-23.

18] Kadia T M, Ravandi F, Cortes ] and Kantarjian H 2016 New drugs in acute myeloid leukemia: Table | Ann
Oncol 27 T70-8.

9] Schiller G J, Tuttle P and Desai P 2016 Allogeneic Hematopoietic Stem Cell Transplantation in FLT3 -1TD
Positive Acute Myelogenous Leukemia: The Role for FLT3 Tyrosine Kinase Inhibitors Post-Transplantation
Biology of Blood and Marrow Transplantation 22 982-90.

[10] Levis M 2017 Midostaurin Approved for FLT3 Mutated AML Blood 129 3403 - 06.
[11] Larrosa-Garcia M N and Baer R 2017 FLT3 Inhibitor in Acute Myeloid Leukemia: Current Status and Future
Directions Mol. Cancer Ther. 16 991 — 1001.

[12] Zhang W, Ly C, Ishizawa J, Mu H, Ruvolo V, Shacham S, Daver N and Andreeff M 2018 Combinatorial
Targeting of XPO1 and FLT3 Exert Synergistic Anti-Leukemia Effects Through Induction of Differentiation
and Apoptosis in FLT3-mutated Acute Myeloid Leukemia: From Concept to Clinical Trial Haematologica 103
1642 — 53,

[13] Sharma S and Samanta G P 2013 Dynamical behaviour of a tumor-immune system with chemotherapy and
optimal control Journal of Nonlinear Dynamics 2013.

[14]  Ashyani A, Mohammadinejad H and RabieiMotlagh O 2016 Stability Analysis of Mathematical Model of Virus
Theraphy for Cancer franian Journal of Mathemaatical Sciences and Informatics 11.

[15] Besse A, Clapp G D, Bernard S, Nicolini FE, Levy D and Lepoutre T 2018 Stability Analysis of a Model of
Interaction Between the Immune System and Cancer Cells in Chronic Myelogenous Leukemia Bull Math Biol .
80 1084-10.

[16] Rodrigues D S 2019 A Mathematical model for chemoimmunotherapy of Chronic Lymphocytic Leukemia
Applied Mathematics and Computation 349 118-33.

[17] Adi Y A, Adi-Kusumo F, Aryati L and Hardianti M S 2018 A Dynamic Model of PI3K/AKT Pathways in Acute
Myeloid Leukemia Journal of Applied Mathematics 2018 1-9.

[18] Khalil H K 2002 Nenlinear System (Prentice Hall Inc. Upper Saddle River, NJ).




HASIL_CEK_j.phys

ORIGINALITY REPORT

17, 9 156  GSu

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

"Analysis and Simulation of a Mathematical
Model of Ebola Virus Dynamics in vivo", SIAM
Undergraduate Research Online, 2015.

Publication

2%

o

Submitted to University of Greenwich
Student Paper

2%

Swarnali Sharma, G. P. Samanta. "Dynamical
Behaviour of a Tumor-Immune System with
Chemotherapy and Optimal Control", Journal
of Nonlinear Dynamics, 2013

Publication

(K

"Disease Prevention and Health Promotion in
Developing Countries", Springer Science and
Business Media LLC, 2020

Publication

T

Swarnali Sharma, G. P. Samanta. "Analysis of
the Dynamics of a Tumor-Immune System
with Chemotherapy and Immunotherapy and
Quadratic Optimal Control", Differential
Equations and Dynamical Systems, 2015

Publication

T




discovery.dundee.ac.uk

Internet Source

T

~ o

doi.org

Internet Source

(K

mafiadoc.com

Internet Source

T

staff.uad.ac.id

Internet Source

T

—
-

www.maths.dundee.ac.uk

Internet Source

T

worldwidescience.or
Internet Source g <1 %
Su-bmitted to Indian Institute of Engineering <1 o
Science and Technology
Student Paper
M. F. G. Cremers, M. J. Remie, K: R. A. M. <1 %
Schreel, L. P. H. de Goey. "Solution of the
Integrated Radiative Transfer Equation for
Gray and Nongray Media", Numerical Heat
Transfer, Part A: Applications, 2006
Publication
Sawa Ito, A. John Barrett, Andre Larochelle, <1 o

Nancy F. Hensel, Keyvan Keyvanfar, J. Joseph
Melenhorst. "Long Term Maintenance of
Myeloid Leukemia Stem Cell-Like Populations



Cultured with Mesenchymal Stromal Cells
(MSC)", Blood, 2012

Publication

Submitted to Universitas Negeri Semaran
Student Paper g g <1 %
www.tandfonline.com
Internet Source <1 %
Sub.mltted to Higher Education Commission <1 o
Pakistan
Student Paper
Submitted to Howard Universit
Student Paper y <1 %
www.frontiersin.or
Internet Source g <1 %
Botmart, T 'fAdaptlve control and <1 o
synchronization of the perturbed Chua's
system", Mathematics and Computers in
Simulation, 20070527
Publication
Gumel, A.B.. "A qualitative study of a
21 = | . . <%
vaccination model with non-linear incidence",
Applied Mathematics and Computation,
20031110
Publication
Huan Yang, Yuanshun Tan, Jin Yang, Zijian Liu. <1 %

"Extinction and persistence of a tumor-



immune model with white noise and pulsed
comprehensive therapy", Mathematics and
Computers in Simulation, 2020

Publication

Plienpanich, T.. "Controllability and stability of <1 y
the perturbed Chen chaotic dynamical ’
system", Applied Mathematics and
Computation, 20051215
Publication

journals.sagepub.com <'I
Internet Source %
ifmpc.com

JInternFe?t Source <1 %

Diego S. Rodrigues, Paulo F.A. Mancera, Tiago <1 o
Carvalho, Luiz Fernando Gongalves. "Sliding ’
mode control in a mathematical model to
chemoimmunotherapy: The occurrence of
typical singularities", Applied Mathematics
and Computation, 2020
Publication

Guo, Y.. "Control of frictional dynamics of a <1

: . : . %
one-dimensional particle array", Automatica,
200810
Publication
M. Saleem, M. Younus Baba, Abdur Raheem, <1 o

M. Noman. "A caution for oncologists:
chemotherapy can cause chaotic dynamics",



Computer Methods and Programs in
Biomedicine, 2021

Publication

Sabine Kayser, Mark J. Levis. "Advances in <1 o
targeted therapy for acute myeloid ’
leukaemia", British Journal of Haematology,

2018
Publication

Xu, R.. "Stability and Hopf bifurcation in a <1 o
predator-prey model with stage structure for ’
the predator"”, Nonlinear Analysis: Real World
Applications, 200809
Publication
Yassen, M.T.. "Chaos control of Chen chaotic

. . <l%
dynamical system", Chaos, Solitons and
Fractals, 200301
Publication

Zhou, X.. "A differential equation model of HIV <'I o
infection of CD4A+T-cells with cure rate", ’
Journal of Mathematical Analysis and
Applications, 20080615
Publication
eprints.uthm.edu.m

IntErnetSource y <1 %

Nurul Huda Gazi, Malay Bandyopadhyay. <1 o

"Effect of time delay on a detritus-based
ecosystem", International Journal of



Mathematics and Mathematical Sciences,
2006

Publication

Xu, R.. "Persistence and global stability of a 1

| - <l
ratio-dependent predator-prey model with
stage structure", Applied Mathematics and
Computation, 20041115

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



