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ABSTRACT

We extend an agent-based multiscale model of vascular tumour growth and angiogenesis to describe transarterial chemoem-
bolisation (TACE) therapies. The model accounts for tumour and normal cells that are both nested in a vascular system that
changes it’s structure according to tumour-related growth factors. Oxygen promotes nutrients to the tissue and determines cell
proliferation or death rates. Within the extended model TACE is included as a two-step process: First, the purely mechanical
influence of the embolisation therapy is modelled by a local occlusion of the tumour vasculature. There we distinguish between
partial and complete responders, where parts of the vascular system are occluded for the first and the whole tumour vasculature
is destroyed for the latter. In the second part of the model, drug eluding beads (DEBs) carrying the chemotherapeutic drug
doxorubicin are located at destroyed vascular locations, releasing the drug over a certain time-window.
Simulation results are parameterised to qualitatively reproduce clinical observations. Patients that undergo a TACE-treatment
are categorised in partial and complete responders one day after the treatment. Another 90 days later reoccurance or
complete response are detected by volume perfusion computer tomography (VPCT). Our simulations reveal that directly
after a TACE treatment an unstable tumour state can be observed, where regrowth and total tumour death have the same
likeliness. It is argued that this short time-window is favorable for another therapeutical intervention with a less radical therapy.
This procedure can shift the outcome to more effectiveness. Simulation results with an oxygen therapy within the unstable
time-window demonstrate a potentially positive manipulated outcome. Finally, we conclude that our TACE model can motivate
new therapeutical strategies and help clinicians analyse the intertwined relations and cross-links in tumours.

Appendix
Model Parameters
Owen et al.1 provides a comprehensive overview of the model parameters together with a physical description and also gives a
justification for the use of dimensional and non-dimensional parameters. Here we list parameters specific for the simulations
conducted in this paper.
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Table 1. Parameters for the multiscale model, common to the whole simulation, to all proliferating cells, etc. (See2–7)

Parameter Default value
∆t 30 min
∆x 40 µm
Domain size 51×51

[Cdh1]0 0.9
[cycCDK]0 0.01
M0 5.0
[p27]0 0.0
[npRB]0 0.0
b1 1.0 min−1

b3 10.0 min−1

J3 0.04
b4 35.0 min−1

J4 0.04
a4 0.04 min−1

a2 1.0 min−1

a3 0.25 min−1

η 0.005 min−1

M∗ 10.0
c2 0.01 min−1

tTACE 1320 min
Thrdox 0.1 nM
pdox 0.003 nM/min
pdox,2 7.8 nM
λO2 0.1
TO2 8640 min

Parameter Default value
B 0.01
d2 0.1 min−1

d1 0.01 min−1

[VEGF]0 0.0
[p53]0 0.0
k7 0.002 min−1

k
′
7 0.01 min−1

Cp53 0.01
k8 0.002 min−1

J5 0.04
k
′
8 0.01 min−1

CVEGF 0.01
Rex 2∆x

PO2 3500 cm−1 min−1

PVEGF 11400 cm min−1

δVEGF 10.0
DO2 0.00145 cm2/min
DVEGF 0.00145 cm2/min
RTACE 0.1 cm
Ddox 3.0×10−5 cm2/min
δdox 0.045 min−1

Ψdox 1.0 nM/min
k 5.776×10−4 min−1

Table 2. Parameter values that differ for normal and cancer cells, where a dash indicates a parameter that is not defined for
that cell type2–6.

Parameter Normal cell Cancer cell

a1 0.05 min−1 0.4 min−1

c1 0.1 min−1 0.007 min−1

χ 1.0 0.0
k
′′
8 -0.002 min−1 0.002 min−1

ρTHR 0.75 –
Dm 1 1
Cdh1THR 0.004 0.05
cycCDKTHR 0.2 0.05
p53high

THR 0.8 –
p53low

THR 0.08 –
Tdeath – 4000 min
p27e – 1.05
p27l – 1.0
VTHR 0.27 –
kVEGF(x) 0.3 0.3
kdox(x) – 0.3
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Table 3. Vasculature parameters2–6

Parameter Default
Pin 35 mmHg
Pout 15 mmHg
Hin 0.45
µ0 1.2 g cm min−2

α 0.0
ks 1.15 s−1

kp 1.0 s−1

k0
m 3.3̇ s−1

kVEGF
m 0.0

V0 10−3

τref 0
Q̇ref 4×10−5 cm3min−1

αR 3.3×10−6

Rmin 1 µm
Rmax 50 µm
τcrit

w 8.3̇ dynes cm−2

Tprune 4000 min

Table 4. Parameters for angiogenic sprouting, or parameters that extend to endothelial cells in addition to normal and cancer
cells2–6.

Parameter Normal Cancer Endothelial Cell
k02(x) 13 20 5
D 0 53.3̇ µm2 min−1 53.3̇ µm2 min−1

γ 0 0 2×103 µm
Nm 1 1 2
Em – – 2
Pmax

sprout – – 0.3̇×10−3 min−1

Vsprout – – 0.001
Mc – 50 10
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