
 

 

 
Abstract—Advanced head and neck cancers are aggressive 

tumours, which require aggressive treatment. Treatment efficiency is 
often hindered by cancer cell repopulation during radiotherapy, 
which is due to various mechanisms triggered by the loss of tumour 
cells and involves both stem and differentiated cells. The aim of the 
current paper is to present in silico simulations of radiotherapy 
schedules on a virtual head and neck tumour grown with biologically 
realistic kinetic parameters. Using the linear quadratic formalism of 
cell survival after radiotherapy, altered fractionation schedules 
employing various treatment breaks for normal tissue recovery are 
simulated and repopulation mechanism implemented in order to 
evaluate the impact of various cancer cell contribution on tumour 
behaviour during irradiation. The model has shown that the timing of 
treatment breaks is an important factor influencing tumour control in 
rapidly proliferating tissues such as squamous cell carcinomas of the 
head and neck. Furthermore, not only stem cells but also 
differentiated cells, via the mechanism of abortive division, can 
contribute to malignant cell repopulation during treatment. 
 

Keywords—Radiation, tumour repopulation, squamous cell 
carcinoma, stem cell.  

I. INTRODUCTION 

EPOPULATION of cancer cells during treatment is one 
of the leading causes of treatment failure in head and neck 

carcinomas. The process of repopulation is manifested as a 
marked increase in tumour growth rate after treatment 
initiation, and can be up to 15-20 times faster than the growth 
rate specific to the latency period [1].  

There are several mechanisms behind repopulation that 
have been identified in normal epithelia and are thought to be 
responsible also for tumour cell repopulation in squamous cell 
carcinomas of the head and neck [2]. These repopulation 
mechanisms are linked to both stem cells (such as recruitment 
of quiescent stem cells, accelerated stem cell division, loss of 
asymmetrical division of stem cells) and to differentiated cells 
(such as abortive division and cell recruitment of quiescent 
differentiated cells) [2]. Cell recruitment refers to the process 
of cellular re-cycling, whereby quiescent but viable cells re-
enter the cell cycle under a stimulus. Through accelerated 
stem cell division stem cells decrease their cell cycle time 
while the loss of asymmetrical division leads to symmetrical 
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division, i.e. the creation of two stem cells. Abortive division 
is a mechanism that refers to the proliferation of differentiated 
cells rather than stem cells, thus suggests a less powerful 
effect on overall repopulation. However, in radiotherapy (RT), 
abortive division can interact with the clinical outcome by 
counterbalancing the continuous cell loss due to tumour 
irradiation.  

The mechanisms of accelerated stem cell division and 
abortive division of differentiated cells are controlled by tissue 
hypoplasia while loss of asymmetrical division is dictated by 
stem cell depletion. Both stem cells and differentiated cells 
contribute, to various extents, towards tumour repopulation 
during treatment.  

Treatment of advanced head and neck cancer involves 
radiotherapy, which is often combined with other treatment 
modalities such as chemotherapy or immunotherapy. 
Radiotherapy was given, for several decades in a standard 
fractionation manner, i.e. a dose of 2 Gy a day, 5 days a week, 
over 7 weeks. However, the clinical outcome (loco-regional 
survival, overall survival) with such treatment protocol was 
poor, mainly due to repopulation of tumour cells during 
treatment [1]. Therefore, altered fractionation schedules have 
been suggested in order to overcome malignant repopulation. 
When managed with a more aggressive schedule, such as 
accelerated radiotherapy (2 fractions a day, 6 days a week, 
over 5 weeks), the clinical response of head and neck cancers 
has improved [3]. The aggressive cancer therapy, however, is 
also aggressive on the normal tissue, thus treatment breaks are 
often implemented to allow for the surrounding healthy tissue 
to recover. 

The aim of the present work was to employ an in silico head 
and neck cancer model to illustrate the influence of 
repopulation, due to both stem and differentiated cells, on 
treatment break timing during accelerated radiotherapy and to 
compare the results with the conventionally fractionated 
radiotherapy.  

Given that tumour hypoxia is another important parameter 
that is responsible for treatment failure, in order to eliminate 
this bias, the present model considers a normally oxygenated 
head and neck tumour. 

II. METHODS 

Considering the stochastic nature of tumour growth and its 
response to radiation, a Monte Carlo computational method 
has been employed to simulate the growth of a head and neck 
carcinoma, with biologically realistic parameters [4].  
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