
Tumour repopulation and the role of abortive division in squamous cell
carcinomas during chemotherapy
L. G. Marcu*,†

*Faculty of Science, University of Oradea, Oradea, 410087, Romania and †School of Chemistry and Physics, University of Adelaide, Adelaide,
SA, 5000, Australia

Received 29 January 2014; revision accepted 10 March 2014

Abstract
Objectives: In head and neck cancers, tumour cell
repopulation during chemotherapy is one reason for
treatment failure. Some of the mechanisms respon-
sible for this repopulation are cell recruitment and
abortive division. Due to lack of quantitative data
in the literature regarding these mechanisms, the
aim of this study was to investigate the interplay
between recruitment and abortive division during
cisplatin chemotherapy and to quantify the impact
of these mechanisms on tumour control.
Materials and methods: An in silico Monte Carlo
tumour model was developed to simulate tumour
behaviour during chemotherapy. The virtual tumour
had the composition and kinetic properties of a bio-
logical tumour. Effect of cisplatin on cell cycle and
repopulation mechanisms were simulated and inter-
preted.
Results: Abortive division contributed to cell pro-
duction within the tumour during chemotherapy.
There was a strong relationship between recruit-
ment and tumour growth due to abortive division.
This observation was supported by the value of
proliferative/stem ratio, which increased from 1.3
to 36, even when using small recruitment parame-
ters.
Conclusions: While abortive division contributed
towards tumour repopulation during chemotherapy,
this mechanism could be controlled by daily doses
of cisplatin. On the other hand, stem cells require
an additional cytotoxic agent to overcome repopu-
lation due to cell recruitment. Consequently, repop-
ulation via abortive division during chemotherapy

did not entail alterations in treatment schedule, nor
dose escalation, to control the tumour.

Introduction

One of the continuing challenges in management of rap-
idly proliferating tumours, such as squamous cell carci-
nomas of the head and neck, is tumour cell repopulation
during treatment. The main trigger for cell repopulation
in tumours with high cell turnover is treatment-induced
cell loss. In normal tissue, this would be a natural reac-
tion to rebuild the initial cell population. However,
repopulation in these tumours occurs with rates of pro-
liferation higher than the initial growth rate prior to
treatment (1).

It has been shown that this accelerated repopulation
response of squamous epithelia is equivalent to the acute
response of normal epithelia after injury (2). Thus, if
normal and malignant squamous epithelia share the
same damage–response system, it follows that mecha-
nisms responsible for normal tissue repopulation also
occur in the tumours (2). For unresectable head and
neck tumours, radio-chemotherapy remains the standard
treatment regimen, with cisplatin being the most com-
monly employed chemotherapeutic agent.

Whether due to radiotherapy or chemotherapy,
repopulation of cancer cells during treatment is a valid
concern and has to be dealt with. During radiotherapy,
the biological process of tumour repopulation has been
widely studied and methods to overcome repopulation
have been clinically implemented. One such example is
accelerated radiotherapy protocols, which involve shorter
overall treatment times and high number of fractions per
day, to counteract effects of tumour regrowth and to
overcome loco-regional treatment failure.

Some mechanisms found to be responsible for
tumour cell repopulation during treatment are cell
recruitment, abortive division, accelerated repopulation
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of stem cells and loss of asymmetrical division of stem
cells (1,2) (see Table 1 for definitions). Accelerated stem
cell division and abortive division are controlled by tis-
sue hypoplasia, whereas the mechanism of asymmetry
loss is dictated by stem cell depletion (3).

As also shown in Table 1, cell recruitment affects
quiescent cells which, under certain triggers, can re-enter
the cell cycle and proliferate. Stem cells can contribute
towards repopulation by reducing their cell-cycle time
(this process is called accelerated stem cell division)
and/or by symmetrical division, where the property of
stem cells to divide asymmetrically is lost, so that in the
new context, a stem cell divides into two daughter stem
cells (instead of a stem and a ‘mortal’ cell). Abortive
division is characteristic of proliferative cells, which can
undergo a finite number of divisions before ceasing.
Despite their finite lifespan, these cells are possible can-
didates for tumour repopulation during treatment (2).

Cell recruitment is, perhaps, the most natural repopu-
lation mechanism due to an available pool of quiescent
cells in G0 phase, which, under certain triggers such as
radio/chemotherapy, can re-enter the cell cycle and
restart proliferating. Despite this characteristic mecha-
nism, there are very few quantitative data in the litera-
ture regarding percentage and types of cells recruited
during treatment and their effect on tumour control.
Tubiana (4) has shown that in an untreated tumour pop-
ulation of haemopoietic cells, the proportion of recycling
stem cells is below 2% of the total number of cells.
Given that the proliferative rate of haematological can-
cers is greater than that of solid malignancies, the limit
of 2% of stem cells recruited could represent the upper
limit in the case of solid cancers. Some in silico model-
ling work analysing the impact of cell recruitment has
been performed in the past on solid tumours (5). It was
also shown that in head and neck carcinoma, this mech-
anism is less powerful than accelerated repopulation of
stem cells or loss of their asymmetrical division, irre-
spective of number of cells involved in the re-cycling
process.

Cisplatin (cis-diamine-dichloro-platinum) is the most
commonly employed chemotherapeutic agent for

management of head and neck cancers. Its effects on
tumours have been studied both with and without radio-
therapy and numbers of clinical trials have investigated
various combined schedules for optimal outcome. The
challenge with cisplatin stays in the adverse normal tis-
sue reaction, which can be diminished by using lower,
less aggressive doses. One successful trial on head and
neck cancer has demonstrated that small, daily doses of
cisplatin can lead to better tumour control as well as to
better normal tissue tolerance, than weekly, large doses
(6).

While chemotherapy is an important component of
the treatment protocol, studies regarding repopulation
during chemotherapy are scarce (7,8) and the mecha-
nisms behind the process are still not clearly understood.
One important effect of cisplatin on tumour cell popula-
tion is cell recruitment. This affects quiescent (non-
proliferating) cells, in G0 phase, outside the cell cycle.
Cell killing due to cisplatin can trigger some of these
cells to re-enter the cycle and start (restart) proliferating.

Various approaches have been reported to investigate
tumour regrowth during treatment. While in vitro studies
offer a more direct way to assess immediate effects of
therapeutic agents, mathematical models serve as valu-
able tools to predict effects on a longer timescale (9).
Radiobiological models of BED (biologically effective
dose) (10) or TCP (tumour control probability) (11)
allow comparisons between trials regarding dose com-
pensations due to repopulation, an effective way to eval-
uate altered fractionation schedules for various tumour
sites. Models of cell kinetics of cell death and repopula-
tion built on clinical data can also predict clinical out-
come (12). Monte Carlo techniques are often
implemented into the modelling process due to the sto-
chastic nature of tumour growth, cell death, and
response to treatment (13). For the same reason, the
study described here has employed a Monte Carlo mod-
elling approach to investigate two of the mechanisms
suggested to be responsible for tumour repopulation.

Previous reports have discussed effects of accelerated
repopulation of stem cells and loss of asymmetrical divi-
sion on tumour control during radio- and chemotherapy

Table 1. Repopulation mechanisms and their effect on different cell types

Repopulation mechanism Effect/definition Type of cells affected

Cell recruitment Recycling the quiescent cells into the cell cycle Quiescent cells
Accelerated repopulation Shortening of cell cycle time Proliferating stem cells
Loss of asymmetrical division Symmetrical division of stem cells in mitosis (i.e. two

daughter stem cells)
Proliferating stem cells

Abortive division Limited number of proliferations after which the cell
becomes sterile

Proliferating differentiated cells (finitely
proliferating cells or doomed cells)
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(5,8,14). However, there are no studies in the literature
describing the role of abortive division as a repopulation
mechanism during chemotherapy, despite experimental
evidence supporting its existence (15). Abortive division
can interact with the clinical outcome by counterbalancing
continuous cell loss due to treatment. Thus, a quantitative
analysis in this direction is useful to assess the impact of
the mechanism on treatment-induced overall tumour
regrowth.

The goal of this study was to examine the mecha-
nism of abortive cell division and the interplay between
it and cell recruitment in the context of head and neck
chemotherapy. An in silico model of a squamous cell
carcinoma has been built previously, which here serves
as background for simulation of tumour repopulation
during cisplatin-based chemotherapy.

Materials and methods

Tumour growth module

A virtual squamous cell carcinoma of the head and neck
has been previously developed using a Monte Carlo
modelling technique with biologically valid cell kinetic
parameters (16). The model follows the growth of a
tumour from a temporal perspective. Different modules
were created to deal with tumour growth, treatment
(chemotherapy), and statistical data harvesting.

The growth module assessed the state of every cell
on an hourly basis and appropriate action was taken
for each cell. Three cell categories were considered in
the model: stem cells (S), finitely proliferating cells (P)
(or doomed cells) and non-proliferating cells (N).
While stem and finitely proliferating cells are cycling
and able to divide by mitosis, non-proliferating cells
are in G0, outside the cell cycle; they could be trig-
gered back into the cycle as a response to cell loss due
to treatment.

Finitely proliferating cells underwent abortive divi-
sion, meaning that they could still produce daughter
cells for a limited number of generations. The number
of generations that could be produced to keep tumour
growth within realistic parameters was also investigated.
P cells divide at mitosis into one further P, or N cells
with a probability of 30:70. Stem cells are considered to
be immortal, which, from a modelling perspective, trans-
lates into self-preservation, which, in mitosis, gives birth
to another cell that can be either S, P or N (with various
probabilities). When an N cell is created in mitosis, it
immediately enters the quiescent phase. As part of
tumour growth, the model incorporated cell loss, which
for head and neck cancer, according to the literature,
reaches a value of 85%.

In this model, the mean cell-cycle time of head and
neck squamous carcinoma cells was 33 h with a stan-
dard deviation of 13.7 h, in agreement with literature
data (17). Stem cells contributed 2% of the whole
tumour population, P cells 13% and the remaining 85%
representing the population of N cells, which were qui-
escent. The model provides average tumour volume
doubling time of 45 days, which is, again, in accordance
with the literature data (18).

Given that P cells and S cells are the main contribu-
tors to tumour growth and development, the relationship
between these two cell categories was investigated dur-
ing chemotherapy. From a repopulation perspective, the
interplay between abortive division of P cells and cell
recruitment during chemotherapy was analysed and
discussed.

Chemotherapy module

The chemotherapy module simulated cisplatin-based
treatment as per clinical protocols. It employed a daily,
low-dose cisplatin treatment, given over 2 weeks. After
2 weeks, the treatment was stopped and the tumour was
left to grow unperturbed, to observe regrowth potential
of various cell populations that survived chemotherapy.

The effect of cisplatin on the cell cycle was imple-
mented in the model based on experimental data of
Sorenson et al. (19) on L1210/0 cell lines. In their
experiment, after administration of similar concentrations
of cisplatin as those clinically employed, more than 80%
cells underwent cell arrest in G2 phase by day 2. Cell
release of the surviving population occurred 4–6 days
later, when, at the same time, around half the cells were
observed as debris. These observations were translated
into the model as follows: Given that cisplatin’s cyto-
toxic activity is manifested by DNA adduct formation
with proliferative cells (20,21), in the model, adduct for-
mation was simulated by randomly ‘marking’ 80% of
cycling cells. These ‘marked’ cells were arrested in G2

once they reached that position in the cell cycle. After
48 h, half of the arrested cells were released, while the
other half underwent apoptosis over a further 72 h.
After each dose of cisplatin, this process of marking,
arresting, releasing/killing cells was followed.

As there are no quantitative data in the literature
regarding cell recruitment due to chemotherapy, the cur-
rent model considered various values representing per-
centage of cells recruited after each cell killing due to
cisplatin, to account for both low and high levels of cell
repopulation, 5%, 15% and 50%. Within these percent-
ages, 4% cells were considered to have stem cell proper-
ties, while the remaining ones were finitely proliferating
cells. The interplay between abortive division and cell
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recruitment was analysed and the impact of P/S ratio
(proliferative/stem) on tumour development was illus-
trated.

Statistical data harvesting module

Statistical data harvesting module collected the follow-
ing information: total number of tumour cells, number
of S, P, N cells, number of cells in each of the four
phases of the cell cycle, number of quiescent cells. This
information was collected every 100 h during tumour
growth phase. During treatment phase, statistical data
were collected before and after each treatment, allowing
thorough analysis of tumour behaviour at every step of
chemotherapy.

Results and discussion

Tumour cell proliferation

Finitely proliferating cells underwent a number of divi-
sions until they were no longer able to divide. In silico
sensitivity study of this parameter (that is, number of divi-
sions of finitely proliferating cells) showed that increase
in tumour cell population was biologically unrealistic if
the number of generations exceeded 3 (Fig. 1) as volume
doubling time would be much shorter than the average
45 days, which is characteristic of head and neck
tumours. Also, if the number of generations of P cells
exceeded 3 (when all the other parameters are kept con-
stant), ratio of S:P:N cells would not be in agreement with
biologically realistic tumour composition, as presented in
the Materials and methods section. Thus, finitely prolifer-
ating cells in the current model underwent division for 3
cell generations after which they stopped dividing.

Effect of cisplatin on cell cycle and proliferation

The effect of cisplatin and mechanism of cell recruit-
ment were modelled as described above. Figure 2

presents the sequence of events and their effect on cell
distribution along the four phases of the cell cycle.
Results of the simulation show that cisplatin had strong
impact on cells by arresting a large proportion (80%) of
cycling cells in G2 phase. These arrested cells were ran-
domly selected from S and P populations, as dictated by
the Monte Carlo model. It is important to note that 85%
of cells were initially resting in the quiescent phase, thus
only 15% of tumour cells were cycling. The large num-
ber of non-proliferating cells could be an important
source of tumour repopulation during treatment.

P/S ratio

As mentioned above, cells were recruited from the pool of
quiescent cells, representing 85% of the total tumour cells.
Recruitment was simulated for various cell percentages,
which included both stem and finitely proliferating cells
(for example, a recruitment parameter of 5/4 means that
5% cells were recruited from G0, of which 4% had stem
cell properties; the rest were finitely proliferating cells that
underwent abortive division). Irrespective of the number
of recruited P cells, the percentage of stem cells was kept
constant (4% total recruited cells), meaning that P/S ratio
of recruited cells was also constant and, in our case, equal
to 24 (see also Table 2). This meant that for each stem
cell recruited, there were 24 finitely proliferating cells re-
cycled from the quiescent phase.

However, P/S ratio changed drastically once cells
were in the cell cycle, due to effects of cisplatin on
cycling cells. The random nature of cisplatin’s interac-
tion with tumour cells, which can lead to any (or all) of
the following outcomes – ‘marking’, ‘arresting’ and
‘killing’ interplayed with cell progression through the
cycle, thus affecting P/S ratio. Figure 3 illustrates P/S
ratio during chemotherapy for various recruitment
parameters compared to the situation when no cell
recruitment was simulated.

It can be seen that cell recruitment triggered a large
number of cells into the cycle, many of which were des-
tined to undergo abortive division. This process could
increase P-cell population during chemotherapy by as
much as a factor of 13 for a low recruitment parameter,
and by a factor of 57 for a large recruitment parameter
(Fig. 4). To quantify the increase in P cells undergoing
abortive division during chemotherapy, a repopulation
factor due to P-cell recruitment (RFP) was defined as
the ratio between P-cell population with and without cell
recruitment:

RFP ¼ Number of P cells with recruitment

Number of P cells without recruitment
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Figure 1. Number of tumour cells as a function of the number of
P-cell generations.
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As cell recruitment was triggered by cells loss, the pres-
ent model simulated cell recruitment after each cell kill-
ing process due to cisplatin. As mentioned in the
Materials and methods section, cell killing occured to

50% arrested cells about 5 days after administration of
cisplatin. Therefore, as shown in Figs 3 and 4, drastic
quantitative changes within the P-cell population were
observed towards the end of the first treatment week.
Figure 4 indicates exponential increase in RFP during
treatment. The steepness of the exponential curve
increased with escalation of the recruitment parameter.
This exponential behaviour of P cells during recruitment
was due to the interplay between abortive cell division
and constant population growth.

The mechanism of cell recruitment during chemo-
therapy had a double effect on the cell population,
which lead to opposite results: first, through recruitment,

(a) Cell distribution along the cycle before cisplatin 
chemotherapy. 

Cells are distributed according to the length of each 
phase, where the S phase usually encompasses 
approximately one third of the cycling cells. The 
population in G2 is not affected yet by cisplatin.

(b)Cell distribution along the cycle after 3 days of 
chemotherapy.

Cells that form DNA adducts after the 
administration of cisplatin (about 80% of cycling 
cells) undergo G2 arrest. The large increase in the 
population of G2 after 3 days of chemotherapy is 
due to cellular arrest of all those cells that have 
reached G2 after ‘marking’ with cisplatin. Given that 
the mean cell cycle time is 33 h, majority of the 
‘marked’ cells have reached G2 in this time.
(c) Cell distribution along the cycle after 7 days of 
chemotherapy.

72 h after G2 arrest, half of the cells are released, 
thus they restart cycling and are redistributed along 
the cell cycle. This process explains the drop in G2
cells and the increase of cells percentages in the 
other phases of the cycle.

(d) Cell distribution along the cycle after cisplatin 
treatment completion.

With treatment cessation, all cycling cells are 
redistributed along the four phases and resemble the 
initial (before treatment) cell distribution.
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Figure 2. Cell distribution along the cell
cycle under cisplatin treatment.

Table 2. Percentages of re-cycled stem and proliferating cells as a
function of the recruitment parameter

Cell type
5/4
recruitment

15/4
recruitment

50/4
recruitment

Stem (S) 0.17 0.51 1.7
Finitely proliferating (P) 4.08 12.24 40.8
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the number of cycling cells considerably increased (as a
function of the recruitment parameter), thus more cells
underwent division and contributed to tumour growth.
Newly recycled S cells divided indefinitely, unless killed
by subsequent dose of cisplatin, while P cells underwent
abortive division and contributed to increase in
tumour cell number. Figure 5 illustrates that tumour

repopulation via abortive division was directly propor-
tional to the recruitment parameter.

Secondly, by increasing the cycling cell population,
a larger number of cells was affected and eventually
killed by cisplatin, given that cisplatin only marks
cycling cells. This situation can be seen from Fig. 6,
where the number of S cells was heavily diminished by
cisplatin at the end of the first treatment week. Due to
the random nature of DNA adduct formation, both S
and P cells were evenly affected. However, as the abso-
lute number of S cells was much smaller than the num-
ber of P cells, same cell loss from the S population was
more noticeable than that from the P-cell pool. There-
fore, cell kill effects were not as drastic in Fig. 5 (P
cells) as they were in Fig. 6 (S cells). A further interest-
ing aspect when comparing abortive division of P cells
and repopulation of S cells is the situation when no
recruitment is considered. In this case, tumour regrowth
is merely based on the ability of each cell type to
regrow the tumour during or after treatment. The ‘no
recruitment’ graph in Fig. 5 shows a very small increase
in P-cell population at the beginning of treatment, which
was overcome by cell killing due to cisplatin, shortly
afterwards. In comparison, the same graph in Fig. 6
illustrates the potential of S cells to repopulate the
tumour after treatment, from surviving cells. The same
trend was seen after treatment cessation (from day 16
onwards) for cell recruitment plots: graphs in Fig. 5
have a decreasing final slope, indicating that when the
tumour was left to grow unperturbed after the end of
treatment, abortive division was not a powerful enough
mechanism to re-grow it. However, Fig. 6 indicates the
opposite: irrespective of the recruitment parameter, stem
cells were able to repopulate the tumour from the exist-
ing S cells, despite their small initial number.

To look more closely at the impact of the recruitment
parameter on the two cell types (P and S), after 2 weeks
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Figure 3. P/S ratio for various cell recruitment parameters.
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Figure 5. Effect of proliferative cells on tumour response to
cisplatin as a function of the recruitment parameter.
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of chemotherapy, the plot in Fig. 7 shows, on a semi
logarithmic scale, a supra-linear relationship between
percentage of cells recruited from G0 and total number
of P and S cells. The initial shoulder of the curves is
given by sudden increase in cell number when the mech-
anism of cell recruitment was involved, compared to the
situation when no recruitment was modelled. Supra-lin-
ear behaviour pattern of both cell types during chemo-
therapy (when recruitment was activated) shows their
potential to repopulate the tumour. This is possibly true
during treatment, when other repopulation mechanisms
were also triggered by cell loss, but is not valid after
treatment when surviving cells had to possess self-
renewal ability to regrow the tumour. Graphs in Figs 5
and 6 confirm the above statement showing that P cells,
due to their limited ability to proliferate through abortive
division, were not able to rebuild the tumour, while S
cells were.

Impact of the model results on head and neck cancer
chemotherapy

Unresectable locally advanced head and neck cancers
are one of the most aggressive tumours, owing to their
regrowth potential during treatment. Standard of care in
management of head and neck cancers consists of cis-
platin-based chemotherapy combined with radiation
(22). One of the main reasons for treatment failure and
recurrence in these cancers is tumour repopulation,
which is manifested by several mechanisms. Cell recruit-
ment from G0 phase is a common occurrence during
treatment and it has a significant impact on tumour pop-
ulation as both stem and finitely proliferating cells are
affected by this mechanism.

Stem cells have the ability to proliferate indefinitely;
consequently, even a small number of surviving stem
cells can contribute to cancer regrowth during treatment.
Most importantly, this process controlled by S cells

continues after treatment completion. Finitely proliferat-
ing cells undergo abortive division, which is shown to
be a powerful repopulation mechanism during chemo-
therapy due to interaction with other repopulation mech-
anisms such as cell recruitment. Nevertheless, with
treatment cessation, these P cells cannot repopulate the
tumour via abortive division as cell supply is too weak
without any additional sustenance from other repopula-
tion processes.

Thus, we were confronted with two stages of tumour
control: (i) during chemotherapy and (ii) after comple-
tion of chemotherapy. Tumour control can only be
achieved by overcoming repopulation. Cisplatin was
shown to be effective when administered on a daily
basis (15), a result that might be due to experimental
observation where DNA adducts formed by cisplatin
disappear after about 24 h (23); this would render
weekly administration inefficient. Furthermore, taking
into account average cell-cycle time of head and neck
cancers (33 h), daily administration of cisplatin offers a
continuous supply of cytotoxic compounds, which profi-
ciently link to DNA of cycling cells. This process even-
tually leads to apoptosis, or at least sensitizes the cell to
a subsequent damage.
In summary:

(1) The interplay between cell recruitment and abortive
division created increase in tumour cell population
during chemotherapy, which can imply the need for
dose escalation. However, abortive division weakens
with treatment cessation, when the only challenge
remains stem population. Moreover, surviving S
cells were shown to be able to regrow the tumour
(Fig. 6), meaning that cisplatin as a single agent
could not control the tumour. Owing to cisplatin’s
radio-sensitizing properties, concurrent radio-chemo-
therapy schedules are successful in controlling local
disease. This justifies the success of hyperfractionat-
ed radiotherapy (radiation doses twice a day) com-
bined with daily cisplatin for locally advanced head
and neck cancers (6).

(2) Abortive division of finitely proliferating cells (or
doomed cells) contributed to cell production within
the tumour, during chemotherapy with cisplatin.
There was a strong relationship between cell recruit-
ment during treatment and tumour growth due to
abortive division. This was illustrated by behaviour
of P/S ratio (proliferative /stem), which increased
from a value of 1.3 to P/S = 36 even for the small-
est recruitment parameter.

(3) Cell recruitment triggered a large number of cells,
many of which were destined to undergo abortive
division. This process increased the P-cell population
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during chemotherapy by a factor of 13 for a low
recruitment parameter (5/4) and by a factor of 57 for a
large recruitment parameter (50/4).

(4) With treatment cessation, stem cells remained the
main factor in tumour repopulation, while the num-
ber of finitely proliferating cells slowly decreased.
This means, that while the main target of any treat-
ment should be the pool of stem cells, P cells,
which undergo abortive division, can contribute to
the whole tumour growth, a process that could mis-
leadingly suggest the need for a larger treatment
dose to eradicate the tumour.

Through this work, the role of the computational models
as predictive tool in cancer research was proven once
again. This virtual tumour incorporated the main kinetic
properties of a biological tumour, which allowed simula-
tion of repopulation mechanisms during cisplatin chemo-
therapy.

While built for simulation of head and neck cancer
growth and development, the current in silico model
allows input parameter adjustments to accommodate
investigation of other tumour types. This represents a
direction for future research.

In conclusion, while abortive division contributed to
tumour repopulation during chemotherapy, this repopu-
lation mechanism could be controlled by daily doses of
cisplatin. On the other hand, due to their self-renewal
ability, stem cells require an additional cytotoxic agent
(such as radiotherapy) to overcome repopulation due to
cell recruitment. Consequently, repopulation via abortive
division during chemotherapy did not require alteration
of the treatment schedule, nor dose escalation to control
the tumour.
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