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HOPF BIFURCATIONS IN CANCER MODELS

Jens Christian Larsen

Abstract

'd ™
The purpose of the present paper is to prove that there are nonconstant

periodic integral curves of a mathematical model of cancer growth. We shall
prove, there are Hopf bifurcations in the mathematical model and that the

oscillating solutions are uniformly, asymptotically stable.

Keywords and phrases: Hopf bifurcation, cancer, mass action kinetic system, the Brusselator.

Received September 16, 2016

(1]

(2]

(3]

(4]
(5]

(6]

(7]
(8]
(9]

[10]

References
John A. Adam and N. Bellomo, A Survey of Models for Tumor — Induced Immune
System Dynamics, Birkhéuser, Boston, 1997.

A. Bertuzzi, A. Fasano and A. Gandolfi, Mathematical model of tumor cords
incorporating the flow of interstitial fluid, Math. Models Methods Appl. Sci. 15(11)
(2005), 1735-1777.

Raif Geha and Luigi Notarangelo, Case Studies in Immunology, 6th Edition, Garland
Science, 2012.

Jack Hale, Ordinary Differential Equations, 1972.

B. D. Hassard and N. D. Kazarinoff, Theory and Applications of Hopf Bifurcation,
1981.

F. Horn and R. Jackson, General mass action kinetics, Arch. Rational Mech. Anal. 47
(1972), 81-116.

A. K. Laird, Dynamics of tumor growth, British J. Cancer 18 (1964), 490-502.
Jens Chr. Larsen, Lorentzian geodesic flows, J. Differ. Geom. 43(1) (1996), 119-170.

Jens Chr. Larsen, Dynamical systems and semi Riemannian geometry, Ph. D. Thesis,
Mathematical Institute, The Technical University of Denmark, 1991.

Jens Chr. Larsen, Electrical network theory of countable graphs, IEEE Trans. Curcuits
and Systems: Fund. Theo. Appl. 44(11) (1997), 1045-1055.



(1]

[12]
[13]

[14]

[15]
[16]

[17]

(18]

[19]

[20]

[21]

(22]

(23]

Jens Chr. Larsen, Models of cancer growth, J. Appl. Math. Comput. (2016) (to
appear).
Jens Chr. Larsen, The Bistability Theorem in a Cancer Model, (2016) preprint.

Jens Chr. Larsen, The bistability theorem in a model of metastatic cancer, Appl. Math.
7 (2016), 1183-1206.

J. E. Marsden and M. McCracken, The Hopf bifurcation and its applications, Appl.
Math. Sci. 19 (1980).

Kenneth Murphy, Immuno Biology, 8th Edition, Garland Science, 2012.

F. Marks, U. Klingmiiller and K. Miiller-Decker, Cellular Signal Processing, Garland
Science, 2009.

C. Molina-Paris and G. Lythe, Mathematical Models and Immune Cell Biology,
Springer Verlag, Vol. 1, 2011.

J. C. Panetta, M. N. Kirstein, A. J. Gajjar, G. Nair, M. Fouladi and C. F. Stewart, A
mechanistic mathematical model of temozolomide myelosuppression in children with
high-grade gliomas, Math. Biosci. 186(1) (2003), 29-41.

L. de Pillis, K. R. Fister, W. Gu, C. Collins, M. Daub, D. Gross, J. Moore and B.
Preskill, Mathematical model creation for cancer chemo-immunotherapy, Comput.
Math. Methods Medicine 10(3) (2009), 165-184.

H. Kr. Sarmah, M. C. Das and T. Kr. Baishya, Hopf bifurcation in a Chemical model,
IJIRST 1(9) (2015), 23-33.

A. Stéphanou, S. R. McDougall, A. R. A. Anderson and M. A. J. Chaplain,
Mathematical modelling of the influence of blood rheological properties upon adaptive
tumor-induced angiogenesis, Math. Comput. Modell. 44 (2004), 96-123.

A. Swierniak, M. Kimmel and J. Smieja, Mathematical modelling as a tool for
planning anticancer therapy, Europ. J. Pharmacol. 625 (2009), 108-121.

A. Tosin, D. Ambrosi and L. Preziosi, Mechanics and Chemotaxis in the
morphogenesis of vascular networks, Bull. Math. Biology 68(7) (2006), 1819-1836.



