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Mathematical modeling of 
tumor growth: how and why?

Mathematical modeling has been devel-
oped in oncology to help understand 
and to predict tumor growth but also 
to anticipate the effects of therapeutic 

treatment procedures. While there is a wide range of 
mathematical models describing the various stages in 
the progression of tumors, there are very few models 
that have been developed to reproduce in vivo tumor 
growth because of the complexity of the mechanisms 
involved. Most models are better suited to in vitro 
studies as they are often focused on a relatively small 
number of cancer cells. The description of in vivo situ-
ations requires more complex models as they need to 
take into account large tumors which contain a large 
number of cells and involve mechanisms that are still 
not completely understood. 

In such cases, the use of imaging could be advan-
tageous because this approach allows repeated, non-
invasive information to be recovered over time. Data 
generated from medical images could be used to obtain 
an information on the lesion:  such as insights into 
its size (or volume), shape, site and its uptake of con-
trast medium after contrast injection as well as micro-
architecture or the significance of perfusion data with 
functional sequences. 

The coupling of imaging and modeling may help 
resolve these complex problems.

pRINcIples
Several successive stages can be identified in tumor 
growth, which is fundamentally the result of a deregu-
lation of cell division. This results in an initial avas-
cular growth then angiogenesis, and finally metastatic 
spread. All of these stages can be modeled separately. 
However such mathematical models can seem over-
simplified when compared to biological reality because 
of the complexity of the processes involved in all of 
these stages. Two main approaches have therefore been 
proposed for modeling tumor growth. 

The first one corresponds to non-spatial mod-

els, usually based on ordinary differential equations 
(ODE), which for example can describe the change in 
volume or radius of the tumor. Usually, the evolution 
of the tumor volume is coupled to the evolution of 
the so-called “carrying capacity” [9], which describes 
the tumor environment and its genetic type. This kind 
of model can be useful for in vitro experiments or for 
preclinical studies on small animals [1]. Such models 
are, however, too basic and simple to provide useful, 
reliable, reproducible information about the tumor in 
a clinical setting. 

On the other hand, spatial models take the tumor 
environment into account and are very effective for 
the simulation of microscopic effects and their asso-
ciation with phenomena at the molecular level [2]. 
They concern population of cells and compute cell 
densities, allowing the study of whole tumors and/or 
macroscopic effects such as angiogenesis [2,3,4] or the 
functioning of the cell cycle [5]. These models contain 
a lot of biological information but can be very complex 
to handle.

spAtIAl MAtheMAtIcAl Models  
BAsed oN IMAGING
In order to simplify the models and to calibrate them 
to clinical situations, imaging data have been used to 
estimate the various parameters in the equations, thus 
allowing quantitative results to be obtained. A large 
amount of information can be handled and used, from 
morphological to functional imaging. 

Two main concepts have been proposed. 
• Statistical models require a large amount of ini-

tial data and take into account two levels of variabil-
ity: inter-individual variability and intra-individual 
or residual variability [6]. However such models only 
provide an average response and may be of limited use 
if the overall purpose of the modeling is to assess the 
future progression of a disease for a given patient.

• A recent determinist model has been developed 
that is based on a morphological study of different 
lesions with sufficiently well defined outlines to enable 
the extraction of the images after segmentation and 
repositioning [7]. 

The algorithm used is as follows. 

  For a given patient, the images are first processed 
digitally. Then its parameters must be determined, 
which is done by solving an inverse problem, involving 
a large number of calculations using several radiologi-
cal data as input. Under favorable conditions a person-
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alized prediction can then be obtained. Such models are 
currently undergoing preclinical evaluation for glioma, 
lung metastases and some stromal tumors (gastrointestinal 
stromal tumor [GIST]) [8]. An example of the results that 
can be achieved with this approach is given in Figure 1.

coNclUsIoN
Although the use of spatial mathematical models is far 
from being totally reliable and effective in clinical routine, 
meaningful mathematical modeling of tumor growth is 
now a reality, even if simplistic. Many technical challenges 

still have to be overcome, but the  coupling of morphologic 
and functional imaging data appears to be the key to the 
solution of the various problems and promises to improve 
the accuracy of the models.
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The last ten years has seen vascu-
lar imaging of the central nervous 
system (CNS) evolve from fairly 
crude, invasive procedures to more 
advanced imaging methods that are 
safer, faster, and more precise—with 
computed tomographic (CT) and 
magnetic resonance (MR) imaging 
methods playing a special role in 
these advances.

Vascular Imaging of the Central 
Nervous System is the first full-length 
reference text that shows radiologists—
especially neuroradiologists—how to 

optimize the use of the many tech-
niques available in order to increase 
the sensitivity and specificity of vas-
cular imaging, thereby improving the 
diagnosis and treatment of individual 
patients. Each chapter is formatted 
carefully and divided into two essen-
tial parts. The first part describes the 
physical principles underlying each 
imaging technique, along potential 
associated artifacts and pitfalls. The 
second part addresses clinical applica-
tions and novel applications of each 
method. 
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FigUre 1. Comparison between the real, observed evolution (top row) of a lung 
metastasis from a remote kidney cancer and the growth predicted by the use 
of a calibrated mathematical model (bottom row). An initial radiological exam  
(not shown) and the image  shown top left were used to calibrate the model. 


