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Hahnfeldt model (1999)

. X1
X1 = —/\1X1 In{—
X2

. 2/3
X = bxl—dxl/ Xo — expl

@ xj is the function of tumor volume
@ xp is the function of endothelial volume (blood vessels)

@ u is the function of inhibitor level in the patient

!P. Hahnfeldt et al., Tumor Development under Angiogenic Signaling: A
Dynamical Theory of Tumor Growth, Treatment Response, and Postvascular
Dormancy, Cancer Researh 59, pp. 4770-4775, 1999 = = E DA 51
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The minimal model — Differential equation

Linear dynamics expanded with bilinear term:
x(t) = ax(t) — bx(t)y(t) = (a — by(1))x(t)

e x is the function of tumor volume (mm3)
@ y is the inhibitor level in the patient (mg/kg)
@ ais the tumor growth rate (1/day)
@ b is the inhibition rate (kg/(mg - day)).
The pharmakokinetics of the inhibitor is linear, i.e.

y(t) = —cy(t) + I(¢)

@ u is the function of inhibitor injection rate (mg/(kg - day))
@ c is the clearance of the inhibitor (1/day).. PR
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LS estimation

o x(0) = 45.46 mm3;
e a=0.27 1/day;

The values of the identified parameters are

x(t) = 45.46 exp(0.27t—...)

e b=0.0074 kg/ (mg-day). Results without therapy

. from 20143

x(t) = 29020 exp(0.29788¢)
s —29010 exp(0.29789t)
~ 10 exp(0.29789t)
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Validation

Mice got injection each day, simulation is carried out with
parameters acquired from identification.
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Motivation and control problem

@ The control input in most physiological systems in nonnegative.

@ Most controllers can not ensure that the input is positive
without using saturation.

@ Saturation distorts the model and may lead to unexpected
behavior.

@ Moreover, physiological models are usually nonlinear.
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Ensuring positive input

x(t) ax(t) — bx(t)y(t)
y(t) = —oy(t) + 1)

Denote the rate of injection (input of the physiological system) by /,
and introduce the fictive input dynamics

I(t) = —I(t)ut)

and let u be the new (fictive) input. The new differential equation

ensures that /(t) is positive for all t > 0 if /(0) > 0. The fictive
input u can be negative.
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Ensuring positive input

u

Control law
—3>

Nonlinear Controller

I
=—Iu

> ]

Positive input dynamics

J

Positive nonlinear contmwller

T,y = azx —bxy I
= —cy+1
Minimal model
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Path tracking control

We apply the control law

o Folxer = h) + Ka(rer = Leh) + koo — LER) +x43) — L3
bx/ '
with
h = x
ax — bxy
f = —cy+ 1/
0
Leh = Hf

[2h = (Leh)'f
L3h = (L2h)'f
=} = = = E DA™ 15/21
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Path tracking control
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Desired tumor regression
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Nonlinear path tracking controller

Positive input dynamics

Positive nonlinear contmwller

x, T = ax—bxy 1
Y . <

y = —cy+1

Minimal model
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The reference tumor volume in our simulations is

Xrer = (x(0) — l)e*t/(|"(2)7-ha/f)
Thaie half-times.

and its derivatives. We analyze the results acquired with different
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Tumor volume

140007
—T, . 5 days, Total Inhibitor=8542.9767 mg/kg
._.1 2000 —T, . 15 days, Total Inhibitor=8541.7891 mg/kg
21 0000 — T, 25 days, Total Inhibitor=8529.3806 mg/kg
° —T, . 35 days, Total Inhibitor=8367.773 mg/kg
€ 8000
>
[e)
> 6000
o
£ 4000
[
2000
0 . Il
0 50 100 150 200

Time [day]

= = = = ©Dae 131

Déniel Andras Drexler Positive control



Introd

Inhibitor level

Inhibitor level [mg/kg]
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Injection rates
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Thank you for your attention!

Contact:

Dr. Daniel Andras Drexler drexler.daniel@nik.uni-obuda.hu
Obuda University,

Research and Innovation Center of Obuda University,
Physiological Controls Research Center
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