INATY)yR 22— 3>
~HFIBEEFZOERKY—IL




Integrative Mathematical Oncology

Systems Biology
/ Blind micro B

Mathematical
Modeling

n =mn{x,t): CANCER =
c =c(z,t): ECM

= flx,t): MMP o
=

ny = d,V*n — V- (nVe)
cy = —nfc

Jo=dsVPf +an—Bf Hybrid Simulation with Fluctuations*
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1. Angiogenesis Levine-Sleeman 1997

P pt = DV - (Vp —apVv)
@/ receptor vy =pin Q x (0,7T)
basement mem op _ 0v =0 on 90 x (0,T)
dv "~ Ov ’

tumor-induced angiogenesis

EC

endotheliil cell p: particle density

v: chemical concentration

vascular endothelial growth factor

avascular tumor

N
@ haptotaxis

blood vessel

chemotaxis



Anderson-Chaplain Model 1998
D, xo, k1, po > 0: experimental data

F=—-D,Vn+ ponVf+ x(c)nVe

x(c) = Xol
kl +c

=

on

— + V- F =0... mass conservation

ot

of dc

Fn = pn—ynf, o = me

B,v,n > 0, constants

n: density of EC (endotherial cells)
F: flux of n

=

n — diffusion

f: fibronection concentration — chemotaxis

c: TAF concentration — haptotaxis

F

Mathematical structure

fo > g = ¢, f... monotone decreasing in ¢

Oc of

o = e, o =Bn—anf
=

10 10
—Ealogc:n, —;Eloglﬁ—’y] =n
=

ng=V-(Vn—nVe(v,w)), v =p, w =q

@ = (v, w)... sensitivity function

B 1
v=—ﬂ1k%@1u=—;bgW—7f
=

ne =V - (Vn—nVe(v))
ve=mn in Q x (0,7
on Jp(v)
v o

(?’L, U>|t:0 — (nUa UO)

=0 ondQ2x(0,7)



A Finite Difference Scheme for 2 = (0,1)

1
uniform space mesh h, N = -
non-uniform time mesh {Tp}i}i 61
tp—l—l — tp + Tp; tO =0

main and sub-lattices in space

1
fei=(i—3hli=12...,N}
(@i =ih|i=0,1,...,N)}

4

C? c(i'i:tp)
f’ ~ f(jj’iﬂtp):

nt ~ n(x;,t,)
p
7

v=Vec,w=V[f—F: fluxof n
approximated on {z;}

v, w, upwind finite diffenece
n, center finite difference

=

sz ~ F(.ﬁ%i,tp)

v & v(xg, ty)

w? ~ w(x;,t,)

c.f. barrier model

+ .+
. n,v. W Vn; vr,w
recall the barrier model >
Ly < > n
T Tit1 oy
Top = 0 X1 T 1 ii'z f,C In_1 a2y =1
L ||| L
R | B
L1 Lo Ti—1 &Iy n IN-1 TN



p_ ¢ — ¢y b A — F, n discretized on {Z;}
V; = ————, w; =

N h N h mixed method to t, 0 < 0 <1

. ? 1 — _9 1 11—
1 <1< N, define - h
P P

sz_dnf+1—nf+ X —(1-0)— h@_l,lﬁiSN

’ h 1 + ac? . . ()

+p.p - p Y. p . —pp c, f discretized on on {Z;
(w7 = v fing)  pw o ny = w i) interpolation of n defined on {z;}
1 <;:<N-1 n? (i = 0)
Require I} = Fﬁ, = (. n(j;i,tp) — ”f+12+"f (1<i<N-1)

/ N (t=N)
explicit method to ¢
+1
—Cf — = —nn(z;, t,)c;
well-posedness, positivity, mass conservation Tp AR
hZ h 1 1 : - == Bn(iﬁ'b? tp) - ,Yn(:%@? tp)ff
Tp < 1IN —, T~ ks
(L—0)(d+hH) 46H nn? ~yn¥ 0<:<N
= LAQDP—I—,O@?JP, ¢P = max ¢
1+ ac? 0<i<N

AP = max n¥, 0= max v, WP = max w!

1<i<N * 1<i<N °* 1<i<N



Saito-S. 05 o

» The discretization scheme to n...

A numerical scheme realizin +1 : , +,
& n?t = PPPnl 4 PLPnl |+ PRl
n > 0... positivity 9 < i< N
In(®)]lx = lImoll1
. total mass conservation PP >0, PP 4 PP 4 PP —
Tools: =

. P?}Oﬂp, Pz+yp’ P?’ivp
1. sub-lattice regarded as transient probablities
2. upwind difference

3. mass lumpin
IS hybrid simulation between individual — continuous objects

haptotaxis
chemotaxis
~ gradient

diffusion
tumour ~ — gradient

L0

Sprout
Branching

anastomosis

Parent Vessel



Hybrid discrete-continuous model Medication simulation

Anderson et.al. 2006 on tumor morphology
space - time discrete description

2d: the initial medication
d: medicated after

1. Fundamental equations described by T,: time period
MDE, MM, and oxygen, involved by a d
tumor cell indicator y = —umy;

t

2. Mobile probabilities of tumor cells
described by an intrinsic unbiased motility

izlr"'a[T/Td]

and MM concentration combined with rate =

parameters

3. Mutation schemes by cacer cell life to mi(t) = m(t)’(i—l)TddSde
change phenotype, i.e., several parameters ml’tzo — 2d

updated

Mili=(i—1yr, = Mi-1li=G-vyr, +d

2<i<T/Ty

"solution-m.txt" ——

Numerical results = RS

m(x,t)

1. medication attacking to EC not efficient -
2. that to TAF medicable

'S




