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based among other things on actual
imaging data. Processed molecular data
is used in order to perturb the radiobio-
logical or pharmacodynamic cell-kill
parameters about their population-
based mean values. At the heart of the
proposed simulation approach lies a
prototype system of quantizing cell
clusters included within each geometri-
cal cell of a discretizing mesh, which
covers the anatomic area of interest.
Cell-cycle phase durations and imag-
ing-based metabolism distribution
define the quantization equivalence
classes considered. Several algorithms
have been developed so as to simulate
various macroscopic mechanisms such
as tumour expansion or shrinkage and
mechanical boundary conditions, as
well as the effects of particular drugs
(eg temozolomide) and radiation on the
tumorous and normal tissue under con-
sideration.

A number of the models developed,
which mainly refer to imageable
glioblastomas, have already been clini-
cally validated to a substantial degree
by exploiting the outcomes of pertinent

clinical trials. Long-term clinical testing
and adaptation procedures are in
progress. The response of treatment-
affected normal tissues in radiothera-
peutic schemes has also been addressed
for certain cases. Currently, a substantial
extension of the simulation models to
cases of nephroblastoma (Wilm's
tumour) and breast cancer is being per-
formed within the frame of the EC-
funded project ACGT (Advancing Clin-
ico-Genomic Trials on cancer), in col-
laboration with several European insti-
tutions including the Foundation for
Research and Technology Hellas, Her-
aklion, in Greece. Of particular clinical
importance is the tight collaboration
with the Paediatric Haematology and
Oncology Clinic of the University of
Saarland in Germany, and Belgium’s
Institut Jules Bordet, located in Brus-
sels. The whole effort is also supported
by the NIH-NCI-funded Center for the
Development of a Virtual Tumor
(CviT), based in Massachusetts, USA. It
is worth noting the remarkably collabo-
rative character of this and other com-
plementary research efforts on a global
scale.

It is expected that the type of model
described here will provide clinicians
and researchers with the option of run-
ning virtual experiments to optimize
cancer treatment strategies based on the
specific molecular, histopathologic,
imaging and historical data of individual
patients. A deeper understanding of the
cancer disease at a molecular level and
at the same time of the related macro-
scopic phenomena is a further interme-
diate goal of considerable importance.

Links:
In Silico Ontology group, NTUA:
http://www.in-silico-oncology.iccs.ntua.gr

ACGT project: http://www.eu-acgt.org/

Center for the Development of a
Virtual Tumor: https://www.cvit.org/

Please contact:

Georgios Stamatakos

National Technical University of
Athens, Greece

Tel: +30 210 772 2288

E-mail: gestam@central.ntua.gr

Interactive Simulation and Visualization
for Cancer Treatment Planning with
Grid-Based Technology

by Robert G. Belleman, Michael Scarpa and Bram Stolk

Can virtual reality help to understand tumour growth? Researchers at the Section Computational
Science of the University of Amsterdam (UvA), SARA Computing and Networking Services (SARA) in
the Netherlands and the In-Silico Oncology Group of the National Technical University of Athens
(NTUA) have combined interactive Virtual Reality visualization with in-silico tumour simulation
models to better comprehend tumour growth and optimize the planning of treatment schemes.

Visualization is often used in situations
where data analysis algorithms for the
detection of features in scientific data
are too limited or do not even exist. It
exploits the researcher's visual acuity,
cognitive abilities, expertise and experi-
ence in recognizing patterns. One of its
application areas is computer simula-
tion. Simulation results are often repre-
sented by abstract mathematical struc-
tures, and visualization is used to con-
vert these into pictures.

At the core of every simulation is a
mathematical model that is evaluated by
a computer. Invariably, a computer sim-

ulation model is defined by a number of
parameters that control the behaviour of
the simulation, and which are therefore
of crucial importance to the model
developer and the end-user of the
model.

Awareness of a model’s behaviour is
greatly enhanced when a researcher is
given the ability to control a simulation
by interactively manipulating the
model’s parameters. Such an interactive
system aids in exploring the behaviour
of a simulation because parameter
changes are immediately visible. This
provides a feedback-response mecha-

nism allowing a researcher to use the
visualization to plan a response.

Tumour Growth Simulation

In the EU-funded project ‘Advancing
Clinico-Genomic Trials (ACGT) on
Cancer’, researchers collaborate to
combine interactive visualization, vir-
tual reality technology and in-silico
tumour growth simulations into an
interactive environment. This can be
used to explore simulated predictions of
tumour growth and treatment response.
The architecture constructed in ACGT
consists of a Grid-based distributed
computing and software framework. It
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Figure 1: The Personal Space Station (PSS) offers stereoscopic visualization and direct interac-

tion by means of tracked objects. Picture: UvA.

allows in-silico tumour simulation
models, interactive visualization meth-
ods and other data sources to be com-
bined into an interactive visual explo-
ration environment.

In-silico tumour simulation models
combine tumour information obtained
from medical imaging techniques (CT,
MRI, PET and ultrasound) with mathe-
matical models that predict the growth
of tumours or the response to
chemotherapy or radiation therapy. The
simulation models produce spatiotem-
poral predictions of the composition
and morphology (form) of the tumour
over the course of time. These predic-
tions provide clinicians with valuable
information on the most effective treat-
ment out of several alternatives, as well
as detailed parameters on the optimal
composition of a treatment scheme,
including the total treatment period, the
type of drug(s), dose, and interval
between treatments. A treatment is
defined by several parameters; each of
these has a range of possible values, and
is influenced by the others. When a
new clinical trial is defined, simulation
models help to define the initial param-
eters that predict the treatment most
likely to be most effective.

Interactive Visual Exploration

Tumour growth simulation results are
used in different ways. Each scenario
has different visualization and interac-
tion requirements, which sometimes
call for unconventional graphical dis-
plays to effectively assist researchers to
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achieve their goals. Researchers at UvA
and SARA have designed a Highly
Interactive Framework for Interactive
Visual Exploration (HIFIVE); this
abstracts interactive visualization appli-
cations from graphical displays and user
interfaces, so that they can be used on
many types of graphical displays, each
with their own set of user interfaces.
This allows interactive visual explo-
ration applications to be used in a wide
variety of scenarios.

For example, finding the optimal combi-
nation of parameters for a certain treat-
ment is difficult. As no analytical
method exists for finding this optimum,
the ACGT environment is used to per-
form a large number of simulations for
combinations of parameters that are
thought to be most successful. The

Figure 2: A position-tracked interactive

display for the co-located visualization of
medical images and simulation results.
Displays like this can be a powerful planning
and navigational tool in surgical treatments.
Picture: UvA.

results of these simulations are pre-
sented in a stereoscopic visualization
environment called the Personal Space
Station (PSS), developed by Personal
Space Technologies in the Netherlands.
The PSS represents the simulation
results in 4D (3D + time) and allows a
researcher to ‘reach in’ and explore the
visualized results hands-on, simply by
manipulating optically tracked handheld
objects. The combination of 4D visuali-
zation with intuitive interaction methods
allows researchers to explore the differ-
ent outcomes and make adjustments to
optimize treatment parameters.

Patient-specific treatments are opti-
mized with the help of an interactive
handheld display. It combines simula-
tion results with information obtained
from additional medical image sources,
including anatomical scans (CT, MRI,
ultrasound), functional scans (fMRI,
PET) and advanced imaging techniques
such as Diffusion-Weighted Imaging
(DWI). Combined with tractography,
they are used to infer the connectivity of
the brain. Through the simultaneous
visualization of simulation results and
medical images, this co-located tracked
display provides surgeons with a power-
ful planning and navigational tool that
can be used in the case of surgical treat-
ment, such as tumour resection.

Overall, the combination of the ACGT
Grid infrastructure with the HIFIVE
framework provides a unique distrib-
uted computing architecture that offers
support for high-performance and
responsive interactive simulation and
visualization applications.

Part of this work was carried out in the
context of the Virtual Laboratory for e-
Science project (www.vl-e.nl). This proj-
ect is supported by a BSIK grant from
the Dutch Ministry of Education, Cul-
ture and Science (OC&W) and is part of
the ICT innovation programme of the
Ministry of Economic Affairs (EZ).

Links:
http://www.science.uva.nl/research/scs/
http://www.eu-acgt.org/
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