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On the mathematical model of non-local tumour invasion proposed by M.

Chaplain et al. we give an appropriate mathematical framework, then obtain a mathematical
characterization of the non-local term. Based on it we can show the global existence in time and the
asymptotic behaviour of the solution to the model. We found the non-local term is not well-defined
on the boundary between the domain of the definition of the non-local term and others. Finally
Chaplain admitted this point and added a modification to the term with a biological justification.
By making use of it we extend the domain of the definition of the term to the whole space and we
understand the term mathematically as a kind of a generalized differential operator, for example,
the singular integral operator or others. Then we can derive energy estimates of the model, which
enables us to obtain the desired results, and guarantee the validity and mathematical justification
of the model.



2007 Gerisch

Chaplain

Gerisch and Chaplain (2007 [GC]
= v [owe-cAlult )]+ uell-c-v)-
%:fymvﬂ;z(lfcfv)’ Z—T:V-[D3Vm]+acfim

()

0 1 R
Al ) =3 [ XSG, (xer)+ Sy fxcer)r

n=0
C m  MDE v :ECM D, D,: X
@M

Sensing RadiusR— 0 C v
@
@
well-defined

(€)

@0.

[GC] 2011 Chaplain Chaplain, Lachowicz, et al.

(MS): o,c=D,Ac
—V(dq®C)—V-@KJDW+¢ma—C—W,Uq®UXM:L}KmyﬁKWdy:UDJ:L2

an Q
[GC]

[cCl @

)

wel l1-defined

(s)

16

QcR"

Chaplain

[ccl



28 8 11th ISAAC Congress

J.1.Tello
1,13 29 7
The 12th AIMS conference on Dynamical Systems, Differential Equations And Applications
J.1.Tello
2
Chaplain
0 (Chaplain-Lolas
Chaplain ms)
( 2)
3
8,9,14
2,6,7 28
4 12 28
29 12



14
A. Kubo, H. Hoshino, Nonlinear evolution equations and their application to chemotaxis models Analysis,
Probality, Applications, and computation, Trends in Mathematics, Birkhauser, Springer,
337-347,2019,June. ( )

2. A. Kubo, Y. Miyata, Characterization of an integral operator arised in non-local tumour invasion model
and its mathematical analysis, International Journal of Mathematical and Computational Methods, 4, 10-16,
2019, March. ( )

3. K. Yasui, T. Toshito, C. Omachi, K. Hayashi, H. Kinou, M. Katsurada, N. Hayashi, H. Ogino, Dosimetric
verification of IMPT using a commercial heterogeneous phantom, Journal of applied clinical medical physics,
20(2), 114-120, 2019. ( )

4. K. Yasui, A. Shimomura, T. Toshito, K. Tanaka, K. Ueki, R. Muramatsu, M. Katsurada, N. Hayashi, A quality
assurance for respiratory gated proton irradiation with range modulation wheel, Journal of applied clinical
medical physics, 20(1), 258-264, 2019. ( )

5. H. Tachibana, Y. Uchida, R. Miyakawa, M. Yamashita, A. Sato, S. Kito, D. Maruyama, S. Noda, T.Kojima, H.
Fukuma, R. Shirata, H. Okamoto, M. Nakamura, Y. Takada, H. Nagata, N. Hayashi, et al., Multi-institutional
comparison of secondary check of treatment planning using computer-based independent dose calculation for

non-C-arm linear accelerators, Physica Medica, 56, 58-65, 2018. ( )

6. A. Kubo, Y. Miyata, Local and non-local tumour invasion models: their mathematical analysis and
computational simulations, WSEAS Transactions on Biology and Biomedicine, 15, 101-111, 2018. ( )

7. A.Kubo, Y. Miyata, Mathematical analysis of non-local tumour invasion model and simulations, International
Journal of Mathematical and Computational Methods, 3, 9-15, 2018. ( )

8. A.Kubo, Y. Miyata, H. Kobayashi, N. Hayashi, Mathematical models and simulations of glioblastoma invasion,
International Journal of Mathematical Models and Methods in Applied Sciences, 11, 107-116, 2017. (

)

9. A. Kubo, Y. Miyata, Mathematical analysis of glioblastoma invasion models from in vitro experiment,
WSEAS Transaction on Mathematics, 16, 62-68, 2017. ( )

10. E. Umezawa, M. Kawasaki, Y. Sonoda, T. Fukuba, K. Murayama, K. Takano, M. Yamada, T. Onodera, M. lda,
A method to estimate the product of perfusion fraction f and pseudodiffusion coefficient Dp of IVIM without
estimating f and Dp, Proceedings of 26th International Society for Magnetic Resonance in Medicine, 26, 6826,
2018. ( )

11. E. Umezawa, Y. Sonoda, I. ltoshiro, Magnetic Resonance Q-Space Imaging Using Generating Function and
Bayesian Inference -Progress Overview FY2017-, Proceedings of 4th International Symposium on the Project

"Multidisciplinary Computational Anatomy", 79-83, 2018.

12. E. Umezawa, D. Ishihara Y. Kono, T. Nakai, R. Kato, A Bayesian approach for diffusional kurtosis imaging,
Proceedings of 25th International Society for Magnetic Resonance in Medicine, 25, 1799, 2017.

( )

13. A. Kubo and J.Ignacio Tello, Mathematical analysis of a model of chemotaxis with competition terms,
Differential and Integral Equations, 29, 441-454,2016. ( )

14. A.Kubo, Y. Miyata, H. Kobayashi, H. Hoshino, N. Hayashi, Nonlinear evolution equations and its application



to a tumour invasion model, Avances in Pure Mathematics, 6(12), 878-893. 2016. ( )

21
1. A. Kubo, Y. Miyata, Characterization of an integral operator arised in nonLocal tumour invasion model
and its mathematical analysis, The 19th mathematical and Computational Methods in Science and Engineering,
Venice, ltaly, March, 2019.

2. A. Kubo, Nonlinear evolution equations and application to a chemotaxis model, The 12th AIMS Conference
on Dynamical Systems, Differential Equations And Applications, Taipei, Taiwan, July, 2018.

3. A. Kubo, Y. Miyata, Mathematical analysis of nonlocal tumour invasion model and simulations, The 20th
International Conference on Mathematical and Computational Methods in Science and Engineering, Florence,
Italy, March, 2018.

4. Y. Muraki, N. Hayashi, Y. Adachi, M. Nozue, Quantitative analysis of patient specific quality assurance
on VMAT for prostate cancer by use of different two types of three-dimensional detectors, The 60th annual

meeting of American Association of Physicists in Medicine, 2018

5._N. Hayashi, T. Saitoh, M. Nozue, Y. Muraki, Respiratory control and patient positioning with
three-dimensional patient body scanning, The 60th annual meeting of American Association of Physicists in
Medicine, 2018

6. M. Kobayashi, N. Hayashi, K. Egami, K. Yasui, Validation of accuracy in deformable image registration by
use of three-dimensional phantom, The 60th annual meeting of American Association of Physicists in Medicine,
2018.

7. Y. Katsuragawa, N. Hayashi, Y. Adachi, Y. Muraki, Y. Sugiura, K. Yasui, M. Kobayashi, Investigation of
Radiation Dosimetry Method in IGRT, The 60th annual meeting of American Association of Physicists in Medicine,
2018

8. E. Umezawa, Y. Sonoda, I. Itoshiro, Magnetic Resonance Q-Space Imaging Using Generating Function and
Bayesian Inference -Progress Overview FY2017-, 4th International Symposium on the Project "Multidisciplinary

Computational Anatomy", 2018.

9. E. Umezawa, M. Kawasaki, Y. Sonoda, T. Fukuba, K. Murayama, K. Takano, M. Yamada, T. Onodera, M. lIda, A
method to estimate the product of perfusion fraction f and pseudodiffusion coefficient Dp of IVIM without

estimating T and Dp, 26th International Society for Magnetic Resonance in Medicine, 2018

10. A. Kubo, Nonlinear evolution equations and their application to chemotaxis models, 11th ISAAC Congress,
Vaxjo, Aug. 2017.

11. A. Kubo, Mathematical analysis of Glioblastoma invasion models from in vitro experiment, 19th

International Conference on Mathematical and Computational Methods in Science and Engineering, Berlin, March,
2017.

12. A.Kubo, On some nonlinear evolution equations and application to mathematical models, The 11th AIMS

Conference on Dynamical Systems, Differential Equations, Florida, Orlando, July, 2016.

13. s s 26 , 3 2019



14. , Optically stimulated

luminescence (OSL) , 31 , 2018
15. , ,

31 , 2018
16. ,

, 31 , 2018

17. , i, 25 , 3 2018
18. , , , , , , , IVIM fD* f D*

, 45 , 2017
19. , , , , , bi-exponential
intravoxel incoherent motion , 45 , 2017.
20. , , 24 , 3 2017
21. , , , , , intravoxel incoherent motion analysis using
diffusional kurtosis imaging: a simulation study, 44 , 2016.

1

, 5 , , 1-348, 2018.

o 0
o 0

http://www.fujita-hu.ac. jp/~akikubo/

€Y)

KOBAYASHI HIDETOSHI

UMEZAWA EIZOU

HOSHINO  HIROKI

HAYASHI NAOKI

@

SAITO NORIKAZU

J.1.Tello
Universidad Politecnica de Madrid, Spain, Professor



