The reconstructed structures represent
the underlying geometry of the organ,
which is further enriched by computing
local attribute functions, describing its
functional properties. A model normal-
ization procedure is then applied to
solve issues of data compression, enable
easy comparison of deformable struc-
tures belonging to different patients and,
finally, to identify the most salient fea-
tures. Both Fourier and wavelet trans-
forms with respect to time are consid-
ered, in order to get an overall encoding
of the whole deformation cycle.

Future activities will involve fine tun-
ing of the encoding with respect to the
characterization of wall motion and

dyssynchrony, with the goal of identify-
ing meaningful nontraditional descrip-
tors. In this setting, the HEARTFAID
platform could provide a unique oppor-
tunity to start their comparative evalua-
tion.

The HEARTFAID consortium consists
of four technological research institutes
(University of Calabria-Italy, the coor-
dinator; FORTH-Greece; ISTI-CNR-
Italy and Rudjer Boskovic Institute-
Croatia), four medical partners (Univer-
sity of Milano Bicocca-Italy, Istituto
Auxologico-Italy, University Magna
Graecia-Italy and Jagiellonian Univer-
sity Medical College-Poland), and three
industrial partners (FORTHnet SA-

Multilevel Analysis and Information
Extraction Considerations for Validating

4D Models of Human Pathophysiology

by Kostas Marias, Thanassis Margaritis and loannis G. Tollis

Greece, Synapsis-Italy and VMWS-
UK). The project began in February
2006 and will run for three years.

Links:
HEARTFAID project
http://www.heartfaid.org/

Signals & Images Laboratory,
ISTI-CNR:
http://www.isti.cnr.it/
ResearchUnits/Labs/si-lab/

Please contact:

Davide Moroni

ISTI-CNR, Italy

Tel: +39 050 315 3130

E-mail: davide.moroni@isti.cnr.it

In order to assess the clinical importance of models of human pathology (eg cancer), it is
necessary to validate them with pre- and post-treatment clinical data. This in turn requires that the
size and shape of the tumour, along with structural and physiological information, be determined
with high resolution, accuracy and precision. ICS-FORTH has been involved in several research
projects addressing image analysis, with the aim of defining optimal methods to robustly extract
multiscale anatomical and functional information related to the underlying pathology. This
information can be used to initialize and validate models of pathophysiology and to test simulations
and predictions of the success of therapeutic regimes.

Imaging techniques in the field of med-
icine have focused on providing
anatomical information, particularly
relating to human bones, dense tissue
and arteries. PET and functional MRI
allow the study of various pathological
processes via radio-labelled tracers
(PET) or pharmaco-kinetic models in
contrast-enhanced (CE) MRI. The
whole field of molecular medicine and
molecular imaging is opening up new
possibilities for targeted assessment of
disease and disease mechanisms. In
addition, microarray imaging has cre-
ated exciting possibilities for measuring
gene differential expression and defin-
ing new disease biomarkers.

In order to improve existing models of
human pathophysiology it is essential to
robustly extract multiscale information,
both anatomical and physiological. For
example, consider the importance to
cancer modelling of determining genetic
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profile changes and global changes in
tumour size and density, through the
analysis of temporal biomedical data. In
many cases, common problems arise
over different scales (eg geometrical
inconsistencies over time). It is there-
fore important to develop generic tools
for multiscale temporal analysis so that
time-dependent  pathophysiological
information can be robustly extracted
and visualized. Such information is cru-
cial for initializing, inspiring and vali-
dating 4D models of human functions.
For example, in the case of in silico
models of cancer, 3D voxels should be
classified as ‘proliferating’, ‘necrotic’,
etc.

From the imaging standpoint it is essen-
tial to stress two points. First, there is a
need for a holistic understanding of
pathophysiology and this clearly
implies a multidisciplinary approach.
To this end, molecular and genetic

imaging offers unique opportunities to
better understand pathophysiology on
smaller scales, and to build multilevel
models.

Second, it is necessary for the extrac-
tion of pathophysiological information
to pre-process biomedical data at all
possible scales (eg medical images,
microarray scans). Thus, multiscale
information extraction is necessary to
‘individualize’ a given model. This con-
cept is schematically illustrated in Fig-
ure 1, where the extracted multilevel
temporal information (eg from microar-
rays, CE-MRI and mammography) is
driven into the corresponding multi-
level model of breast cancer.

FORTH has been involved in several
aspects of multimodal information
extraction (see publication list), and is
currently participating in the cancer
modelling WP of the ACGT IP project.
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Some areas of research include:

Extracting regions of interest from bio-
medical data: Several algorithms have
been developed for identifying impor-
tant structures and features from bio-
medical images. For example, tumour
segmentation is achieved using pharma-
cokinetic models of gadolinium uptake
with contrast-enhanced MRI and
microarray spot segmentation through a
combination of the two different infor-
mation channels, ie Cy3 and Cy5.

Geometrical normalization: A number
of algorithms have been developed for
aligning temporal biomedical data from
the same patient, in order to correct geo-
metrical distortions and allow the robust
extraction of pathophysiological param-
eters. Such algorithms can be widely
applied, from breast cancer to newer
applications such as molecular imaging
(eg for correcting time-dependent
geometries in 2D molecular optical
imaging studies) and microarray imag-
ing (for aligning different channels prior
to computing differential expressions).

Intensity normalization: Biomedical
measurements often ‘mask’ true under-
lying physiological properties due to
the image formation process. The non-
linearities introduced by varying imag-
ing conditions may significantly alter
the image intensity profile and reduce
the efficiency of generic analysis algo-
rithms. This is a well-known problem in
cancer imaging (eg mammography). In

Multi-level data

microarray imaging, several nonlineari-
ties in the experimental process render
the measured expression values prone
to variability, and often to poor repro-
ducibility.

FORTH ICS and IMBB have co-devel-
oped algorithms for normalizing
microarray values. This was done by
exploiting the fact that the gene expres-
sion values (eg from the Cy3 and Cy5
matrices) should ideally follow a linear
trend, and considering a ‘ground truth’
subset of imaged genes that is known a
priori to be the same in both channels
(Cy3 and Cy5).

Visualization: This is a fundamental
aspect of biomedical data information
fusion that is typically less well
addressed in the literature, but which
can dramatically increase the clinical
utility of a solution if implemented

High-Throughput Analysis of Gene
Expression Data for Personalized Medicine

by Filippo Geraci, Mauro Leoncini, Manuela Montangero, Marco Pellegrini

and Maria Elena Renda

Figure 1: Extraction
of multiscale temporal
pathophysiological
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intelligently. To develop patient-spe-
cific models it is important to imple-
ment appropriate tools for information
visualization at all levels, from gene
networks to cellular processes and
organ function. To this end, FORTH-
ICS has developed novel tools and
algorithms for visualizing complex bio-
logical networks.

Links:
http://www.ics.forth.gr/bmi/
publications.jsp
http://www.ics.forth.gr/~kmarias/
publications.htm
http://www.eu-acgt.org/

Please contact:

Kostas Marias

ICS-FORTH, Greece

Tel: +30 2810 391672
E-mail: kmarias@jics.forth.gr

A new approach to the analysis of large data sets resulting from microarray experiments yields high-
quality results that are orders of magnitude faster than competing state-of-the-art approaches. This
overcomes a significant performance bottleneck normally evident in such complex systems.

Modern personalized medicine relies
heavily on molecular analysis and imag-
ing, and so requires a range of support
systems that include integrated health
information systems, digital models for
personalized simulations, and advanced
diagnostic systems. Technology is of
greatest use to decision makers if it is

able to produce clear and useful indica-
tions in an accurate and timely manner.

Advances in microarray technology
have reached a stage where it is possi-
ble to ‘watch’ simultaneously the acti-
vation state of all the genes of a given
biological entity under a variety of

external stimuli (drugs, diseases, toxins
etc). The analysis of the gene expres-
sion data complements the better-
known analysis of the individual varia-
tions in the genetic code.

To use a computer programming anal-
ogy, in order to understand the work-
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