Introduction

This resource book provides an overview of
the set of Virtual Physiological Human
(VPH) research projects managed by the
ICT for Health unit of the Information
Society and Media General Directorate,
which are funded under the 6™ and 7" (FP6
— FP7) framework Programme for Research
and Development.

VPH rational

At the core of the VPH lies the idea of translating
all functions of the human body into a coherent
set of multi-scale computer models. The scales
of modelling span spatially from the whole body
down to the cells and the proteins they
synthesise, and temporally from years to
microseconds. The VPH framework will provide
ICT tools for developing patient-specific
computer based models and simulations using
specific patient data allowing for personalised
and predictive healthcare. These multi-scale
models will be used to develop an integrative
approach to predicting the risk in developing a
disease and to improving the diagnosis and
treatments of these diseases. During drug
development, such organs models could be used
to assess the drug effect on a specific
population.

The Virtual Physiological Human will
revolutionise the way health knowledge is
produced, stored and managed as well as the
way in which healthcare is currently delivered.
Results will include personalised disease
predictions, earlier diagnoses, better surgery
planning and training, and a  better
understanding of the links between genes,
diseases and treatments. The use of predictive
models will significantly improve diagnosis,
treatment and monitoring of patients, and the
success of the VPH challenge will have an impact
on the way health knowledge is understood,
formalised, represented, communicated with
regards to both healthcare and economy. The
area attracts not only the medical informatics,
bioinformatics and biomedical engineering
communities, but also capable of generating
significant interest from the large
pharmaceutical industries as well as the small
and medium sized biotechnology companies.

A number of projects of the Sixth framework
programme (FP6) have been pioneering the
Virtual Physiological Human, which has become
one of the three objectives of Challenge 5°
"Towards sustainable and personalised
healthcare® of the Seventh framework
Programme.
http://cordis.europa.eu/fp7/ict/programme/ch
allenge5_en.html

VPH — Project portfolio

FP6 call 4
3 pioneer projects in the VPH
field

Biomedical informatics (BMI) is a
multidisciplinary field that arises from the
synergy of medical informatics and
bioinformatics. The main mission of BMI is to
provide a framework for developing, integrating
and sharing biomedical knowledge related to
human health from very different research
disciplines such as genomics, proteomics, clinical
research and epidemiology. BMI deals not only
with the integration of health related data on
different levels (molecular, cellular, tissue,
organ, person and population), but also with
computationally demanding tasks of data
mining, modelling, simulation and visualisation.

BMI was addressed in the FP6 IST Call 4
"Integrated Biomedical Information for Better
Health". Out of the set of projects resulting from
this call, twelve research projects and one
research roadmap (STEP) can be considered as
the pioneers of the VPH concept as they are
integrating multi-levels data in view of the
modelling and simulation of human functions.

13 projects of FP6 call 4
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FP7 call 2
First VPH call

A total of €72 million was allocated to this field
in the FP7 Call 2, which resulted in a portfolio of
15 projects that started mid-2008. Within this
portfolio, 12 collaborative research projects (e.g.
3 IPs and 9 STREPs) will focus on the integration
of computer based multi-scale models and/or
data processing techniques on multi-level
biomedical data appropriate for clinical
applications in the following three areas:

e Simulation for surgical training, planning and
intervention;

* Prediction or early diagnosis of disease by
integrating patient history with biomedical
imaging (from X-rays, scans and internal
camera examination of the patient as well as
microscopic examination of cells removed
from the body);

e Simulation environments for assessing the
efficacy and safety of specific drugs.
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One Network of Excellence (VPH-NoE) will
integrate the European research in the field of
modelling and simulation of human anatomy and
physiology. The work of this NoE will strengthen
the VPH community by providing services and an
environment for collaboration.

The Commission also supports the use of grid
capabilities (i.e. harnessing many computers
across different sites in a network to increase
computing power) to process the huge quantities
of data involved. FP7 Call 2 included a specific
call for a project to boost international co-
operation with research partners in Latin
America, around the Mediterranean and in the
western Balkans in order to strengthen European
industry’s leadership in the field of medical
imaging, which led to the funding of the project
ACTION-GRID.

Given that many partners in different institutions
and countries may be involved in processing of
patient-specific data, research work on the
security and privacy aspects of such data is of
particular importance. Therefore, the project
RADICAL has been funded to investigate these
security and privacy aspects in the context of
the VPH.

15 projects of FP7 Call 2

Action-Grid PASSPORT
ARCH PreDICT
ARTreat PrecitAD
CONTRACANCRUM RADICAL
euHeart VPH-NoOE
HAMAM VPH2
IMPPACT VPHOP
NeoMark

FP7 Call 4
International VPH Call

5 million was allocated to this field in the FP7
Call 4, which resulted in a portfolio of 5 projects
that started early 2010.

The purpose of this specific Call was to re-
enforce the cooperation between non EU
initiatives and EU projects working in the VHP
related field.

The following 5 STREPs have been selected in
the FP7Call 4:

NMS-Physiome Tumor
MSV RICORDO
Sim-e-Child

VPH — Project portfolio

FP7 Call 6
2nd VPH Call

€62 million was allocated to this field in the FP7
Call 6, which resulted in a portfolio of 12
projects that started early 2011 (3 IPs, 8
STREPs and 1 CSAs).

Two research areas were covered by this Call:
1. Development of patient-specific computer
based models and simulation of the

physiology of human organs and pathologies.

The following 8 projects of FP7 Call 6 relate to
this first field:

AirPROM SYNERGY-COPD
GRANATUM TBlcare
FUSIMO THROMBUS
MySPINE VIGOR++

2. Development of ICT tools, services and
specialised infrastructure for the biomedical
researchers to support at least two of the
following three activities:

e To share data and knowledge needed for a
new integrative research approach in
medicine (biomedical informatics)

e To share or jointly develop multiscale
models and simulators

e To create collaborative environments
supporting this highly multidisciplinary
field.

The following 3 projects relate to this 2" field:

INTEGRATE VPH-Share p-medicine

One coordination and Support action,
INBIOMEDvVision was selected to develop
an observatory on the achievements and
evolution of the broader Biomedical Informatics
field which builds on synergies between

bioinformatics, medical informatics, and
neuroinformatics.

Further info... Look at the Europa website

eHealth pages
http://ec.europa.eu/information_society/
ehealth

VPH Projects
http://ec.europa.eu/information_society/

activities/health/research/fp7vph/

The following pages list all the projects
which forms part of the VPH initiative

3712


http://ec.europa.eu/information_society/ehealth
http://ec.europa.eu/information_society/activities/health/research/fp7vph/index_en.htm

FPG6 call 4

ACGT

ASSIST
EuResist
Heath-e-Child
I-Know
ImmunoGrid
LHDL

MULTI-
KNOWLEDGE

@Neurist
Sealife
Share
STEP
VIROLAB

4/12



@neurIST
Integrated Biomedical Informatics for the Management
of Cerebral Aneurysms

Towards integrative decision support systems for personalised brain aneurysm

rupture risk assessment and treatment

Objectives of the project

When considered separately from other cardiovascu-
lar diseases, stroke ranks third among all causes of
death, after heart disease and cancer. Worldwide, 3
million women and 2.5 million men die each year from
stroke. Hemorrhagic stroke occurs when a blood ves-
sel, typically an aneurysm, ruptures inside the brain.
This often leads to severe disability or death. Despite
considerable advances in treatment, rupture is asso-
ciated with exceptionally high levels of morbidity and
mortality - about 33% in each case.

Currently, invasive or minimally invasive treatment is
offered to almost all patients because there is insuffi-
cient evidence to support a decision of noninterven-
tion. It is the primary thesis of @neurlST that the
process of cerebral aneurysm diagnosis, treatment
planning and development is significantly compromi-
sed by the fragmentation of relevant data.To address
this issue, @neurlIST is developing a complete IT infra-
structure for the management and processing of hete-
rogeneous data associated with the diagnosis and
treatment of cerebral aneurysms.

@neurlST will transform the management of cere-
bral aneurysms by providing new insight, personalised
risk assessment and methods for the design of impro-
ved medical devices and treatment protocols.

Scenario

Project Description

@neurIST is a European initiative within the Sixth
Framework Programme Priority 2 of the Information
Society Technologies IST.This 4 year multidisciplinary pro-
ject started on January |Ist 2006 and involves 28 public
and private institutions from 12 European countries.

The @neurlST project will:

* Develop a new procedure and |T-support system for
cerebral aneurysm management.

* ldentify and collect all publicly-available, relevant and
strategically important data from scientific studies.

* Deliver a rich, multiscale information processing
chain that will provide new diagnostic indexes and
insight into the process of aneurysm development
and rupture.

* Develop a set of scalable and reusable integrative
suites and demonstrate their value for revolutioni-
zing the understanding and management of cerebral
aneurysms.

@neulink will create an IT environment for the
identification of genes associated with the disease and
for the integrated analysis of genetic epidemiology and
clinical data.

@neuFuse will provide an open source environment
to fuse diagnostic and modelling data (using state of

As a result of a car accident, a 40 year old man is examined for possible lesions. An unrelated and asympto-
matic cerebral aneurysm is discovered. Subsequent angiography provides improved image data for characte-
risation of aneurysm morphology. Blood samples are taken and the patient is screened @neurlIST associa-

ted genes, by data mining. A rupture risk assessment is also carried out.The clinician verifies its presence in
the patient by querying the patients’ EHR and retrieving the results of her biochip analysis that discloses a
positive test . The patient is informed about the risks/benefits of surgical intervention. On the basis of all avai-
lable information, a personalised treatment guideline which suggests that endovascular treatment would be

beneficial in this case.
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the art segmentation techniques, multimodal registration and advanced

visualisation techniques) into a coherent representation of the patient’s
condition.

@neuRisk will produce a personalised risk assessment and treatment
guidelines by integrating all available information.

@neuEndo will deliver an innovative IT system for supporting the
design of implantable devices (such as coils and stents) and intervention
planning by simulation of the structural, haemodynamic and biological
response to intervention. This will include advanced numerical-simula-
tion tools to predict the occurrence of device-related thrombosis and
drug elution.

The @neurlST infrastructure will not only support computationally
demanding tasks such as complex modelling and simulation
(@neuCompute) but also enable access to health data distributed in
public and protected databases distributed all over the world

(@neulnfo).

Expected Results & Impacts

@neurlIST will reduce health care cost by optimally targeting the rele-
vant patient population, thus avoiding unnecessary and potentially risky
interventions, and improving methods of minimally invasive treatment.

Measurable benefits of @neurlST will include the quantification of risk,
including that of intervention and non-intervention, and the application
of the data to improve the personalized design of endovascular devices.

By providing an objective measure of risk to the decision making pro-
ject, based on all available data, @neurlST will reduce patient anxiety and
unnecessary treatment by identifying aneurysms that do not have a high
risk of rupture.

The potential economic benefit of this system in Europe is enormous:
taking into account the prevalence of this disease [1-5%], the annual rup-
ture rate [0.2-1%], and the average treatment and Ist-year follow-up
care costs of patients [50kEuro], it is estimated that, in Europe alone,
unnecessary interventional or surgical procedures costs are in the order
of thousands million Euros per annum.

FPaneurist
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Integrated Biomedical
Informatics for the manage-
ment of Cerebral Aneurysms

Website: http://www.aneurist.org
Project co-ordinator:
Universitat Pompeu Fabra

Contact person:
Dr.Alejandro Frangi
Tel: +34 93 542 14 51
Fax: +34 93 542 25 17

Email: alejandro.frangi@upf.edu

Partners:

Universitat Pompeu Fabra,
Université de Genéve,

The University of Sheffield,
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Royal Institute of Technology,
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Total cost: € 17.356.730,92
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Project Identifier:
IST-2004-027703
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ACGT

Advancing Clinico-Genomic Clinical Trials on Cancer

ACGT aims to present the ‘next-step’ in cancer research and fill-in the technologi-
cal gaps of clinical trials targeting two forms of cancer: breast cancer and paedia-
tric nephroblastoma. ACGT will develop a Biomedical GRID infrastructure suppor-
ting seamless mediation services for sharing clinical and genomic expertise. It will
help to identify quicker and more efficiently the characteristics that determine
what form of treatment best suits which patient.

Objectives of the project

ACGT aims to provide researchers and patients with

the best means and resources to fight cancer.

ACGT is working towards the rapid identification of

cancer profiles and best treatments.

The ACGT project will:

Define common standards of data storage at each
level of investigation.

* Develop new ontologies
“ACGT hopes to

trigger the
emergence of
latent clinico-
genomic synergies
to ensure faster
diagnosis and
more efficient
therapy”

for cross-referencing
terms and their biologi-

cal contexts.

* Implement a bio-medical
GRID
offering

infrastructure

seamless
mediation services for
sharing data and data-
processing.

ACGT will therefore deliver a unifying infrastructure

allowing
researchers
share their data and
to benefit from the
innovative informa-
tics tools that are
being developed by
other researchers.

cancer
to

Scenario

Project Description

The ACGT work plan relies on 3 core activities:

¢ INTEGRATION. Creation of advanced databases

that combine clinical history; symptoms and signs;
laboratory and histopathology; medical imaging;
procedural and surgery results; and genetic data,
taking into account standard clinical and genomic
ontologies.

KNOWLEDGE GRID. Development of Knowledge
Grid infrastructures for the distributed mining and
extraction of knowledge from data repositories
offering information services in the domain of bio-
medical informatics and creating a highperforming
computational environment to: (a) cope with the
huge-amount of both clinical and genomic data; and
(b) meet the computationally costly data processing
needs.

CLINICAL TRIALS. Design and implementation of
specific clinico-genomic trials based on: (a) clear-cut
research objectives for cancerrelated clinical and
genomic inquiries; (b) incorporation of the clinical-
trials in an integrated GRID environment enriched
with knowledge-discovery capabilities; and (c) inter-
pretation of results into standardised clinical guide-
lines and protocols.

Imagine that for selected cancer patients, biopsies are taken before, during and after treatment, made

anonymous and the analyses stored promptly in an accessible fashion. Imagine also that the patient's data can

readily be compared with those from other trials. And imagine that one can search clinical and other

databases in hours rather than months.
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Expected Results & Impacts

The completion of the Human Genome Project sparked the develop-
ment of many new tools for current biomedical research.

The combination of clinical and genetic information to cure paediatric
nephroblastoma cancer has resulted in up to 85% treatment success
rate.

The ACGT project aims to develop a GRID platform to support and
stimulate further exchanges of both clinic and genetic information,
with a particular focus on breast cancer treatment. ACGT hopes to
trigger the emergence of latent clinico-genomic synergies to ensure
faster diagnosis and more efficient therapy.

In this perspective, the ACGT project will:

* Provide the advanced tools needed by biomedical scientific resear-
chers in their daily lab or clinical work, so that they are properly
equipped to “innovate”.

* Facilitate exchanges and interactions among clinical and genetic can-
cer researchers so they pool their expertise in identifying the best
treatment for each and every patient.

* Allow discoveries made in laboratories to be quickly transferred to
clinical management and treatment of patients. In former times, the
discovery of diseases such as tuberculosis or diabetes did not imme-
diately lead to therapies. In some cases, it took more than 60 years
to improve treatment. New technologies such as insilico experimen-
tation, Grid or data and text mining are contributing to reducing
these periods of time.

» Contribute to the scientific development of new biomedical infor-
matics approaches, where Europe is already leading the initiatives in
the field, but strengthening the competitive efforts of industry to
reach economic success.

Keywords:

Rapid Identification;

Integration Knowledge Grid;

Clinical Trials
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Advancing Clinico-Genomic
Clinical Trials on Cancer

Project co-ordinator:
ERCIM EEIG

Contact person:
Remi Ronchaud

Tel: + 33 4 92 38 50 12
Fax:+ 334923850 |1

Email: remi.ronchaud@ercim.org
Website: http://acgt.ercim.org
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Institute of Communications and
Computer Systems (GR)

* University van Amsterdam -
Philips Electronics Nederland B.V.
(NL)

* Association Hospitaliere de
Bruxelles — Centre Hospitalier
Universitaire Bordet — Custodix -
Facultes Universitaires Notre-
Dame de la Paix (BE)

* Institut Suisse de Bioinformatique
(CH)

* Lunds Universitet (SE)

* Universidad de Malaga -
Universidad Politechnica de
Madrid (ES)

* Fraunhofer-Gesellschaft zur
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Forschung - Unisersitaet
Hannover - Universitaet des
Saarland - Universitaet Hamburg
(DE)

* Instytut Chemii Biooganicznej
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* S.C. SIVECO ROMANIA SA (RO)
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» Hokkaido University (JP)

* Istituto Europeo di Oncologia s.r.l
(Im)

Timetable: from 02/06 — to 01/10
Total cost: € 16.747.206

EC funding: € |11.887.000
Instrument: Integrated Project

Project Identifier:
IST-2004-026996




ASSIST

Association Studies Assisted by Inference and
Semantic Technologies

ASSIST aims to provide medical researchers of cervical cancer with an integra-
ted environment that will virtually unify multiple patient record repositories, phy-
sically located at different laboratories, clinics and/or hospitals. Researchers will
be able to combine phenotypic and genotypic data and perform association stu-
dies on larger sets of patient records from several clinics.

Objectives of the project

Cervical cancer is the second most common cancer
worldwide with 60,000 new cases and 30,000 deaths
each year in Europe alone, despite a significant progress
in early diagnosis and treatment. Infection by the human
papillomavirus (HPV) is accepted as the central risk fac-
tor for cervical cancer. However, it is unlikely to be the
sole cause for developing cancer. Ongoing research
investigates the role of specific genetic, environmental
factors in determining HPV-persistence and subsequent
progression of disease.

Association studies among genetic characteristics and
environmental agents and virus characteristics can sug-
gest pathogenetic mechanisms that will provide new
markers of risk, diagnosis and prognosis, and possibly
treatment.

The main objectives of ASSIST are to:
* Unify multiple patient records repositories

* Automate the process of evaluating medical hypothe-
ses (association studies type)

* Allow researchers to combine phenotypic and geno-
typic data

Scenario

* Provide an inference engine capable of statistically
evaluating medical.

» Offer expressive, graphical tools for medical resear-
chers to post their queries.

Project Description

In order to facilitate association studies on genotypic
and phenotypic factors related to cervical cancer,
ASSIST resorts to medical

inferencing applied on real

“ASSIST will

atient data. .
P offer virtual

Following the

semantic approach, ASSIST will B

i unification of

rely on available standards and L
] ) participating

recent research achievements in X .

medical archi-

the area of semantics and soft i
ves and inter-

computing in order to build its -
pretation of

Medical Knowledge Base. The . "
) °T their content

targeted virtual unification of the

participating archives and inter-

pretation of their content relies upon the semantic
indexing of their records. Unlike the conventional way
of treating stored medical information as alphanumeric
data structures whose interpretation is carried out by

the human user; ASSIST'’s inference engine will:

Suppose that three gynaecology clinics (A, B, C) join ASSIST mutually allowing access to their patient data.

Researcher X from clinic A decides to contact a cross sectional study to test her hypothesis that “MTHFR

gene polymorphism increases the risk of developing high-grade squamous intraepithelial lesions or invasive

cancer”. Dr. X is able to find only 35 suitable cases in clinic A but, using ASSIST, she manages to locate a total

of 240 cases that were tested against MTHFR polymorphism in all three clinics. 130 of them were positive.

She feels much more confident now. Through ASSIST’s graphical query language she requests a “certainty

degree” regarding her hypothesis. ASSIST translates the initial hypothesis into a set of queries issued to all

the participating medical repositories. Statistical analysis of the retrieved data results in the requested

“certainty degree”.
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* support the virtual unification of the participating archives by trans-

lating medical concepts into syntactic values that the legacy systems
of the participating archives may perceive and

* undertake the whole process of statistically evaluating medical hypo-
theses and producing medically important associations based on the
collected data.

In addition to the inference engine, ASSIST will incorporate two
important interfacing modules:

a) The first is the interface to its users, mainly medical researchers
and geneticists. This graphical interface will be medical knowledge
aware in the sense that it will allow expression of domain specific
queries and particular hypotheses by referring to medical ontolo-
gies contained in the Medical Knowledge Base.

b) The second type includes the interfaces to the participating medi-
cal archives and will support exchange of data between them and
ASSIST'’s core engine and in a way transparent to the end user.

ASSIST will respect and promote the ethical principles that guide
current medical research activities and will be designed in full com-
pliance to the legal and ethical national and EU requirements and code
of practice. Special care will be taken so as to avoid violation of any
form of patient privacy during system operation.To this end, only ano-
nymised patient information will be handled by the ASSIST system,
produced by state-of-the art anonymisation techniques and standards.

Expected Results & Impacts

Upon successful completion, the ASSIST platform aspires to function
as an important technology enabler for cervical cancer research by allo-
wing any medical group active in this area to use its facilities and/or
contribute their own results. Therefore, ASSIST will address the need
of large sample sizes and will help to promote collaborative internatio-
nal biomedical research in the area of cervical cancer.

ASSIST will enable the cervical cancer medical researcher to use
various HPV data, environmental, lifestyle and medical history items
from diverse medical records, with minimal effort and cost. The investi-
gation of associations among all these factors and genetic data will iden-
tify risk factors that can then be used at the point of care by gynecolo-
gists to identify women, who are at high risk of developing cervical can-
cer. Consequently, low-risk women can avoid costly and potentially mor-
bid diagnostic and therapeutic procedures while high-risk women will
receive appropriate treatment.

Through ASSIST, clinical researchers will be able to ask complex ques-
tions in order to extract the subset of data they need.As a result, old
examination results and past findings will be easily reusable. This feature
is expected to be of particular benefit for cervical cancer, whose evalua-
tion requires long-term studies including also referral to patients’ ante-
cedents and descendants.

ASSISF
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by Semantic and Inference
Technologies
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EuResist
Integration of viral genomics with clinical data
to predict response to anti-HIV treatment

The EuResist project aims to develop a European integrated system for the clini-
cal management of antiretroviral drug resistance.The system will predict patient
reactions to antiretroviral treatments for HIV, thus helping clinicians to select the
most appropriate drugs and drug combinations for any given HIV genetic variant.
To this end a huge European integrated data set will be created, linking three of
the largest existing resistance databases: ARCA, AREVIR and Karolinska.

Objectives of the project

While combination antiretroviral treatment has made
HIV a treatable condition, eradication of the infection
has not yet been achieved. Treatment needs to be
administered as a prolonged, possibly lifelong treat-
ment. Long-term toxicity, difficulty in adhering to
complex regimes, possible pharmacokinetics pro-
blems, and intrinsically limited potency are all factors
favouring the selection of drug-resistant viral strains.
The development of drug resistance is now a major
cause for treatment failure.

EuResist aims to:

- integrate biomedical information from
three large and expanding databases in
different European countries collecting
the required critical mass of historical
and prospective data;

- develop and validate models for the
effective prediction of responses to treatment
based on HIV genotype and additional clinical infor-
mation;

- make the prediction system available on the web for
the optimisation of antiretroviral treatment.

Scenario

Project Description

The EuResist novel approach is based on using viral
genotype data integrated with treatment response data
from clinical practice to predict the resistances of a
given HIV genotype. This strategy bypasses the geno-
type-phenotype correlation step and points directly to
the most effective drugs and drug combinations on the
basis of the available genotype data integrated with cli-
nical data.

The EuResist integrated data set will be the largest in

the world. It will result from the merging of three of the

largest existing resistance databases: ARCA (I), AREVIR
(D) and Karolinska one (S).

“The EuResist
integrated
data set will
be the largest
in the world”

The EuResist integrated prediction system will
use an array of predictors, each of them based
on novel or state of the art method. The vast-
ness of genetic and clinical data will lead to new
approaches in the analysis of qualitative data:

I. Case Based Reasoning is a state-of-the-art method in
Artificial Intelligence but has never been applied to HIV
due to the lack of large data sets and difficulty to define
an appropriate method.

2. Machine learning algorithms. The EuResist project
will use hybrid algorithm merging the state-of-the-art
generative and discriminative techniques (Bayesian net-
works) and support vector machine (SVM).

A doctor connects via Internet to EuResist web page. He will input the HIV genotype data and possibly CD4

and HIV RNA levels as well as information on past exposure to antiretroviral. He could indicate the treatment
regime he would like to use.The web server sends this data to the Prediction System that runs some sets of
equations. It returns with an ordered list of the most effective drug combinations and also of the effectiveness
of treatment using a single drug. If the user did input CD4 and HIV RNA values, the system will return the

trajectory and variations between these two parameters. Depending on the amount of information input, and
of the available driving data, a measure of the confidence of the output data will be provided.
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3. Graph-theoretical methods. EuResist adopts a statistical approach
to analyse the organisation of genetic material. Graph-theoretical
methods will be used to reveal the organisational and functional struc-
tures of genetic material, possibly identifying new lines in medical treat-
ment.

4. Evolutionary Models. Better understanding of viral evolution under
the selective pressure exerted by specific drug combinations will form
an important basis for the rational design of therapies and therapy
sequencing.An improved understanding of the fitness landscape of HIV
under HAART will be beneficial in an evolutionary model or as featu-
res for a statistical learning method.

5. Fuzzy Logic. The existing fuzzy logic based predictor will be enhan-
ced by incorporating the new standard data and training into the large
database.

The predictive System will be validated through a comparative study
testing the prediction tools developed, together with the reference
rules-based algorithms most commonly used for HIV genotype inter-
pretation.

Expected Results & Impacts

The EuResist project, conceived to significantly improve the treat-
ment of HIV patients in Europe will enhance the most sophisticated
predictive models, by combining, in a unique and efficient way, the latest
techniques or, promising techniques which have yet to be applied.

* Innovation aspects:
o Expanded geographical representativeness of HIV variants.

o Statistical and bioinformatics techniques used to develop the pre-
dictive engines.

* Expected advantages:

Expected advantages of the EuResist system include not only more
effective care for patients but also decreased cost of therapy through
reduced improper use of antiretroviral drugs and the resulting fall in
the occurrence of infections combined with an improvement of the
patient’s immune status.

The project can also be considered as a pilot for HCV and HBV since
a large antiviral treatment intervention have been started and the
chronic nature of both of these viruses will lead to increased resis-
tance to existing drugs. In Europe HBV and HCV are in fact more com-
mon than HIV.

.Euﬁes}ét.-
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Health-e-Child

The Health-e-Child project aims at developing an integrated healthcare platform
for European paediatrics, providing seamless integration of traditional and
emerging sources of biomedical information.

Objectives of the project

The goal of Health-e-Child is to become the uni-
versal biomedical knowledge repository and
communication conduit for the future, a com-
mon vehicle by which all clinicians will access, analyse,
evaluate, enhance and exchange biomedical data of all
forms. It will be an indispensable tool in their daily cli-
nical practice, decision making and research. It will be
accessible at any time and from anywhere, and
will offer a friendly, multi-modal, efficient and effec-
tive interaction and exploration environment.
Pivotal to this outlook are Health-e-Child’s break-
throughs in personalised medicine through integrated
disease modelling, knowledge discovery and decision
support.

Fashioned around three
paediatric diseases with
at least partly unknown
causes, classification
and/or treatment outco-
for the advancement mes - heart diseases
(right ventricular over-
load [RVO], cardiomyo-
pathies), inflammatory
diseases (juvenile idiopa-
thic arthritis [JIA]), and brain tumours (gliomas),
Health-e-Child is building the enabling tools and
services that improve the quality of care and
reduce its cost by increasing efficiency, through:

“The core of Health-
e-Child revolves
around biomedical
information analysis

of personalised
medicine”

* Integrated disease models,

» Database-guided decision support systems,

* Cross modality information fusion and data mining
for knowledge discovery.

Key to the Health-e-Child system is the establishment
of muilti-site, vertical, and longitudinal integration of bio-
medical data, information and knowledge delivered via
a Gridbased platform, supported by robust tools for
search, optimisation and matching processes.

Scenario

The core of Health-e-Child revolves around its efforts
dedicated to meeting the challenges entailed in biome-
dical information analysis for the advancement of per-
sonalised medicine.

Project Description

The following are a few examples of Health-e-Child’s
ongoing research activity.

Disease Modelling in Cardiology
Health-e-Child’s research goals are:

* identifying significant parameters for subtypes of
cardiomyopaties that could lead to indications for
additional genetic tests,

* adapting generic models to clinical data to extract
patient-specific high level discriminative features for
decision support and knowledge discovery, and

* validating new measurements for diagnosis.

Decision Support in Cardiology

The project is currently developing tools for:

* monitoring RVO and decision support based on
similarity search on specified features and associa-
tion rules extraction.

* The prediction of whether atrial septal defect
(ASD) will close by itself or will become larger, the-
reby precluding trans-catheterisation.

Knowledge Discovery in Rheumatology

Applied to JIA, Health-e-Child focuses on:

* identifying gene variant combinations (haplotypes)
correlated with particular diseases (bones/joints
erosion)

* comparing the presence of different proteins in fluid
at different stages of the disease to discover beha-
viour of cells close to fluid.

A child is born in a family in which there was an occurrence of idiopathic Dilated Cardiomyopathy (DCM).
Her biomedical record is cohesively integrated. It is shared through a coherent view at different clinical sites.

An intelligent classification algorithm combines the generative and the discriminative models in an optimal
way and confirms an increased risk of DCM.Imaging data show left ventricle enlargement.An intel-
ligent retrieval system for examining similar cases helps the doctor. A prevention/treatment plan especially
fitted for her genomic or proteomic profile and existing symptoms is suggested.




e improving current classification of JIA subtypes, and identifying
homogeneous groups of clinical features elaborating explicit criteria
for the early prediction of disease outcome/evolution

* developing image-based methods which rapidly indicate the capacity
of drugs to stop/slow down disease evolution (automatic suggestion
of drug prescriptions)

* analysing correlation between genomic, proteomic, clinical and image
data, establishing a candidate gene set (responsible for bone remo-
delling) for study.

Knowledge Discovery in Brain Tumours

The priority research goals of Health-e-Child in this area are:
* verifying the diagnosis/categorization of low-grade gliomas
e correlating clinical, imaging, and genomic data

* correlating prognosis with tumour origin site

* defining prognosis (e.g., correlations with spectroscopy)

¢ suggesting treatment strategies

* predicting outcome

* providing more precise classification of diseases

* detecting correlations between age and outcome and between gene-
tics and outcome

* elaborating meta-analyses of published findings.

Expected Results & Impacts
Health-e-Child will have substantial impact on:

» Strategy: Enhancing level and quality of medical services offered in
Europe, advancing medical research, improving competitiveness in
the area of medical service provision, facilitating the adoption of new
policies in member state.

* Technology: Bringing forward information-based medical techno-
logy and integrating mostly separate areas, i.e., vertical information
integration, advanced medical querying, Grid infrastructures, disease
modelling, medical imaging, knowledge discovery and data mining,
and decision support.

» Society and economy: Improving the success rate in resolving dif-
ficult medical cases, saving children’s lives. Furthermore, such impro-
ved medical decision making will often result in lowering medical
cost and/or treatment duration.

Clinical and Application Roadmap
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I-Know
Integrating Information from Molecule to Man:
Knowledge Discovery Accelerates Drug Development
and Personalized Treatment in Acute Stroke.

I-Know is a knowledge discovery IT -based tool designed to aid early stroke
diagnosis, stroke treatment, drug development and identification of risk factors as
targets in disease prevention for the benefit of European industry and citizens.

Objectives of the project

Acute stroke is a major socioeconomic burden in EU.
The disabilities following the disease develop rapidly
and prompt treatment of patients is imperative.
Currently a drug dissolving the blood clot (rtPA —
thrombolysis) is the only established treatment, but this
is only implemented at highly specialised centres.There
is consequently a strong geographical inequality in the
availability of this treatment - natio-
nally and internationally within EU.

At the same time there is an intense
search by pharmaceutical industry
and academic biomedical research to
identify drugs that will stop the tissue
damage progressing after acute

stroke.

The knowledge discovery tool, I-Know will:

* Provide instant, user-friendly ITbased diagnosis and
therapeutic guidance, reducing the infrastructural,
economic and educational barriers currently hinde-
ring advanced stroke treatment at less specialised
units.

* Use advanced data mining techniques to model
disease progression based on large multinational
databases providing state-of-theart diagnosis of
every EU citizen irrespective of knowledge barriers.

* Provide a platform for modeling beneficial or
adverse effects recorded during clinical trials, allo-
wing optimal use of preclinical data in subsequent
individualized patient management.

* Be designed to integrate data across descriptive
levels to devise disease models that will bring scien-
tific progress to stroke research.

“I-KNOW meets the
challenges of an
ageing population by
improving care for
the parallel increase
in stroke victims”

Project Description

Currently, Computerized Tomography (CT) is the
most widely used imaging modality in the clinical
management of acute stroke. CT is very sensitive to
haemorrhagic stroke and is therefore important in
minimizing adverse effects in thrombolytic treatment.

Magnetic Resonance Imaging (MRI), is a growing image
modality in acute stroke, and recent
research has shown that MRI may deli-
neate micro-structural damage after
acute stroke by Diffusion Weighted
Imaging (DWI — showing regions of cellu-
lar damage), and measure the extent of
reduction of blood supply by so-called
perfusion weighted imaging - PWI. More
importantly MRI has high specificity in
terms of predicting final outcome in acute stroke
patients, lending confidence to the development of
powerful systems for the support of patient manage-
ment and in the study of drug efficacy.

Currently, the logistics of performing acute MRI and
the lack of access to advanced processing tools and
expertise for these advanced imaging data limit health
care professionals in fully exploiting the benefits of
acute MRI images. Through computerized stroke
disease progression models (DPMs), I-Know will pro-
vide an accurate diagnosis in individual. Interacting
with the physician, I-Know will produce images, pre-
dicting the course of the disease given available thera-
peutic options and their specific actions recorded in
other patients (DPMs from clinical trials). In a system
seamlessly integrated with eHealth systems, this
allows physicians to diagnose and treat the patient on
the basis of a wealth of information otherwise impos-
sible to integrate by the human mind.
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Expected Results & Impacts

The I-Know system is believed to result in improved diagnostic and
therapeutic capability for treatment of ischemic diseases within EU.

This is anticipated to lower mortality and degree of disability of the
victims, thereby improving their quality of life after an ischemic disease.

The I-Know system:

* Meets the challenges of an ageing population by improving care for
the parallel increase in stroke victims.

* Reduces geographical inequality in access to care by facilitating
advanced diagnostics and treatment locally.

* Allows full utilization of the investment placed by society in advan-
ced diagnostic technology.

* Manages and integrates huge amounts of health information.

* Assists health professionals by providing ‘best-practice’ and expert
advice in stroke treatment.

Provides detailed accounts of adverse effects and outcome, provi-
ding excellent tools for bench-marking to support health managers
in quality assurance in stroke care.

Addresses the issues of interoperability and user friendliness by
developing automated algorithms and separately analyze the pro-
ducts integration into an eHealth environment with electronic
health records.

The resulting, lower socio-economic burden of cerebral ischemic
diseases will allow for reallocation of resources to other measures,
improving the quality of life of EU citizens as a whole.

I-Know
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ImmunoGrid
The European Virtual Human Immune System Project

The project will focus on establishing an infrastructure for the simulation of the
immune system that integrates processes at molecular, cellular, and organ levels.
It will be designed for applications that support clinical outcomes such as design
of vaccines and immunotherapies and optimization of immunization protocols.

Objectives of the project

The immune system is a complex and adaptive lear-
ning system which has evolved to defend the individual.
It has multiple levels (molecular, cellular; organ and tis-
sue, organism, and organism-toorganism) and is also
combinatorial in nature with a large number of pro-
ducts.

Immune intervention, such as vaccination, is the most
effective method for the control of disease and the
greatest achievements include eradication of smallpox,
near-elimination of polio, and savings of some 170 mil-
lion person-years. Vaccination has been used in the
control of over two dozen diseases by the 50 or so
successful vaccines which have been developed to date.

Large-scale studies of the immune system, also known
as immunomics, is the key factor driving the current
wave in vaccine development. The main objectives of
ImmunoGrid are to:

* Create computational models for the real-size
human immune system (the Virtual Human Immune
System Simulator).

* Standardize immune system concepts, bioinformatics
tools and information resources to enhance the com-
putational models for preclinical and clinical applica-
tions.

Scenario

*Validate these models with experimental data and dis-
seminate the tools developed to users such as vaccine
and immunotherapy researchers and developers.

Project Description

Computational models are becoming increasingly
important in immunomics:
* Experimental approaches are expensive and it is

impossible to perform «“Grid computing

will allows us to
approach the
known complexity
of the immune
system”

systematic experimental
studies of immune pro-
cesses in humans.
* Because of ethical
issues, there are strin-
gent limitations as to

what experiments can be performed in humans.

The main problems that prevented the use of these
models in practical applications, such as design of vacci-
nes and optimisation of immunisation regimens are:

* large combinatorial complexity of the human
immune system,

* lack of understanding of specific molecular interac-
tions that resulted in an idealisation of representa-
tion of molecular interactions as binary strings, and

* lack of experimental model data and correlation of
model parameters to real-life measurements.

An important application of ImmunoGrid will be in the design of new vaccination protocols. One such

protocol is the so-called “Triplex” vaccine which has been extensively studied in cancer immunoprevention.

Experiments with mice will both provide input for the improved computational models and be used to

validate new protocols resulting from these models, comparing with Triplex. An exciting prospect is the

possibility of using ImmunoGrid in immunotherapy: it is found that the Triplex vaccine has minimal efficacy

against established mammary carcinomas, a feature shared by most cancer vaccines, however some early

studies indicate that the Triplex vaccine could be used with success in a therapeutic setup against incipient

lung metastases.
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Recent developments provide remedies to these problems and we are

in the position to address each of these issues.

Grid computing has brought powerful computational infrastructure
and capacity that can match the complexity of the real human immune
system. Founded on experimental data models of molecular inter-
actions have reached high accuracy and we are routinely using predic-
tion methods of antigen processing and presentation to identify the
best targets for vaccine constructs. Finally, experimental models of
immune responses to tumours and infectious diseases have been suc-
cessfully modelled computationally.

The specific outcome will be a tool (the Virtual Human Immune
System Simulator) for use in preclinical/clinical applications, vaccine
discovery and optimisation of immunisation protocols.

Scaling-up the model of human immune system to realistic (natural)
size will provide an insight into the making of the immune system and
help improve interpretations of results from mouse models. Earlier
results on mouse models of cancer development indicate the utility of
this approach for optimisation of immunisation protocols.

Expected Results & Impacts

Immunology has a signifi-
cant scientific and econo-
mic dimension —unders-

Sl

‘ that maintain the orga-
nism in a healthy state,
e

tanding the immune func-
tion is important for
understanding the factors

“\ and

important repercussions

intervention has

i

individuals and population through improved disease prevention (diag-

in improving the health of

nostics), protection (vaccines), and effective curing (therapeutics).

At the end of the project we are going to realise a common shared
resource with a significant potential for strengthening European cross-
disciplinary research by supporting European medical biotechnology
and computer science.

The computational models and the set of tools developed will be vali-
dated with experimental data and then provided to support clinical
applications for the development of immunotherapies in cancer and
chronic infections and disseminated to users such as vaccine and
immunotherapy researchers and developers.
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LHDL: The Living Human Digital Library

Every hospital, every research laboratory in Europe has a wealth of biomedical data
locked-up somewhere that, if shared with other experts, could dramatically improve

LivingiHuman
S e

(.5 '\ Digital Library

healthcare practice as well as the development of better biomedical products. LHDL finally makes it possible
to share biomedical data in an easy, controlled, safe, and financially viable way. One click to upload all your
data to your private space; one click to share each dataset only with those you choose; a third click to
publish your data within an e-commerce service, to which access is sold at the price you set.

Objectives of the project

Context: The Living Human Project (LHP) is a
grass-roots initiative aimed at developing an /n silico
model of the human musculo-skeletal apparatus that
can predict how mechanical forces are exchanged
internally and externally, from the whole body down
to the protein level, consistently with the scope of
the Physiome project. To pursue this very ambitious
objective, it is necessary for large research
communities to share highly heterogeneous
collections of data and models through a repository
fully integrated, and directly accessible by any
researcher in the world. Although inspired by a
specific community, this problem is very general in
nature, and its solution will significantly and
positively affect European research, clinical and
industrial practices.

Project: The Living Human Digital Library (LHDL)
aims to develop and deploy the resource-sharing
infrastructure required by the LHP community and
by many other similar groups involved with
biomedical research and practice. In particular, the
project is developing:

- LhpBuilder, an application for the interactive
visualisation, processing and fusion of
biomedical digital data;

- LhpRepository, an ICT infrastructure fully
integrated with LhpBuilder for the management
and the sharing of digital resources relevant for
biomedical research;

- LhpSimul, a service framework for the
development, sharing and choreography of data
processing services.

Once completed, these three elements will form the
most powerful biomedical data management service
in the world.

Project Description

Project Description: LhpBuilder is fat client
software application that is being developed through
the Multimod Application Framework, a European
open source software framework for the creation of
computer aided medicine applications. With
LhpBuilder, every researcher can import virtually any
type of biomedical data (including medical imaging,
biomedical instrumentation recordings, motion
analysis data, numerical modelling results, etc.) in
dozens of popular formats. Once all the data are
imported, they can be organised in space and time
thanks to a number of powerful data fusion
techniques. They can also be explored using some
of the most powerful visualisation algorithms
available, exposed in a fully interactive environment,
within which the user can operate with extreme
simplicity using a complete Graphic User Interface.
1D, 2D, 3D, and 4D data can be combined, merged,
and fused in synergistic ways.

Once the data collection is ready, it can be uploaded
with a single mouse click to the LhpRepository
service. Each dataset is encrypted and uploaded
through a secure channel to the remote repository,
where it is stored in the user’s sandbox. Through a
web interface the user can see all her uploaded
datasets, annotate them, curate them and decide
with whom she wants to share each of them. The
annotation is performed according to the LHDL
Resource ontology, an advanced ontology that
makes possible all most sophisticated data
management services, including complex access
management, traceability, data integrity assurance,
semantic search services, etc. The tight integration
with the LhpBuilder fat client makes it possible to
compile automatically much of the metadata,
reducing the curation work that users have to do.

Scenario:

profit and non-profit uses.

Part of the LHDL technology will be used by B3C, a CINECA spin-off, to deliver the first commercial
biomedical data management service, fully integrated with the popular Biomed Town Internet
community. The service, called PhysiomeSpace, is expected to enter the beta phase in the last quarter
of 2008, and to start full service in the first half of 2009. Any Biomed Town user will have a free account
in which up to 1 Gb of data can be stored and shared with any other user; additional space will be
available for a small fee. Users will also be able to publish their datasets, which will then be
downloadable at the cost set directly by the data owner; it will be possible to set different price tags for
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Once the datasets are stored in the sandbox,
another option is to process them with the available
execution services. The LHDL Resource Ontology
presents both data and service resources in the
same semantic space; thus, it is possible to select
some data, search for all available services that can
process that data type, and choose the one we
need, with only a few mouse clicks. The results of
the processing are also stored in our sandbox, ready
to be shared or downloaded.

The potentially complex orchestration of the services
as their number increases is simplified by the use of
a semantic broker that can orchestrate many
services into a single goal. Goals are stored as
services, so the user can request
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LHDL: the Living Human Digital Library
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VPH projects need multiple execution services run | CINECA (Italy)

according to a semantic rule.

Given that all these objectives have already been
achieved, at least in prototypical form, we are
confident that, by the time of its completion, the
LHDL project will provide the biomedical research
community and the European healthcare and
biomedical industries with a set of highly innovative
and truly enabling e-health technologies for data
management.

Expected Results & Impacts

PhysiomeSpace, the first data management &
sharing service dedicated to biomedical data;

LhpBuilder, best biomedical data fusion software
fully integrated with PhysiomeSpace data
management services;

LhpSimul, a powerful architecture of execution
web services for the distributed execution of
data-intensive algorithms;

LhpSWS, semantic web services with full
semantic brokering capable of combining
storage and execution services in complex data
processing flows;

the largest collection of experimental and
modelling data on the descriptive anatomy, the
functional anatomy and the multiscale
biomechanics of the musculoskeletal system;
this collection will be deployed and shared with
the worldwide research community through the
PhysiomeSpace service.

University of Bedfordshire (UK)

The Open University (UK)

Université Libre de Bruxelles (Belgium)
Istituto Ortopedico Rizzoli (Italy)
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MULTI-KNOWLEDGE

Creating new knowledge in networks of medical research

The MULTI-KNOWLEDGE Project aims to integrate different biomedical infor-
mation from heterogeneous sources (clinical, laboratory and metabolic) with data
on gene and protein expression provided by new high throughput technologies in
a system committed to cardiovascular risk profiling.

Objectives of the project

The classical approach in global cardiovascular (CV)
risk assessment can be faulty: classical risk factors
(such as high cholesterol, high blood pressure, smo-
king, etc) are able to explain only 50% cases of CV
events; it is furthermore not possible to assess the dif-
ferential impact of risk factors in different subjects
and it is still unclear whether the correction of risk
factors can fetch CV risk to zero. There arises the
need to to get a better prediction of the clini-
cal events and a more efficient prevention stra-
tegy.

The MULTI-KNOWLEDGE Project’s general goal
is therefore the construction and implementation of a
predictive algorithm combining clinical, laboratory,
metabolic, gene and protein expression data to iden-
tify the presence of early signs of vessel wall atheros-
clerotic disease in subjects at different degree of car-
diovascular disease (CVD) risk on the basis of tradi-
tional risk factors and insulin resistance level.

Scientific-medical objectives:

- To investigate the impact of CV risk factors on sys-
temic inflammation using gene expression profiling

- To integrate clinical and molecular data to predict
the presence of early signs of atherosclerosis

Technical aims:

- To implement mutliuser
collaborative instruments
to manage and analyze
data from high-throughput

technologies and clinical
data

Scenario

Project Description

MULTI-KNOWLEDGE starts from the data pro-
cessing needs of a network of Medical Research
Centres, in Europe and USA, Partners in the Project
and co-operating in researches related to the link
between metabolic diseases and cardiovascular risks.
These needs are mostly related to the integration of
three main sources of information: clinical data (EHR),
patient-specific genomic and proteomic data (in parti-
cular data produced through Micro-arrays techno-
logy), and demographic data. The general aim of the
project will be the
development of a
knowledge manage-
ment environment to
allow networks of co-
operating  medical
research centres to
create, exchange and

“MULTI-KNOWLEDGE
will create an intelli-
gent workflow environ-
ment for multi-national
multi-professional
research consortia

manipulate new aiming at cooperatively
knowledge from  mining, modelling, visua-
heterogeneous data lizing biomedical data
sources. under a single common

. ”
This will allow retrie-  PErspective.

val and analysis of mil-

lions of data through

bio-informatics tools, with the intent of improving
medical knowledge discovery and understanding
through integration of biomedical information.

MULTI-KNOWLEDGE will contribute to the creation
of standards to link heterogeneous data. The clusteri-
zation models produced within the project will allow
discrimination between normal and pathologic and

To integrate clinical and molecular data several experts in different fields of research need to create a colla-

borative group supported by a single system of data entry and management accessible from different loca-

tions and suitable for direct data entry, as well as data input from clinical records and from outputs of labo-

ratory and molecular research software. After data entry, clinical researchers, epidemiologists and biostatis-

ticians need to access the system from several locations, operate sub-sequentially different tasks of the ana-

lysis (data cleaning, quality control, etc.), implement analysis algorithms, and make clinically/statistically orien-

ted decisions for data analysis based on their specific competences.
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produce insight for clinical research and disease management.

The MULTI-KNOWLEDGE architecture and set of tools will be tes-
ted for the development of a structured system to integrate data in a
single informative system committed to cardiovascular risk assess-
ment. Therefore this project will also contribute to establish guidelines
and operating procedures to manage and combine data coming from
gene expression and protein microarrays and make them easily availa-
ble for the imputation of study algorithm.

Expected Results & Impacts

The MULTI-KNOWLEDGE Project will produce

- Strategic impacts on the health care ICT market, contribu-
ting to the consolidation of the EU Healthcare market -which has at
the moment a fragmented supply against a growing demand- and
constituting a crucial intellectual asset for the involved IT professio-
nals, thanks to the knowledge it will accumulate and the contacts
among researchers it will encourage

- Strategic impact on the EU healthcare systems, fostering the
trend towards standardization of health processes as well as helping
decision makers to establish more rationalized disease management
policy, satisfying the need to optimize resources because of rising
costs in healthcare

- Strategic impact on social communities, helping improve the
level of health through the implementation of evidence based disease
management

- Strategic impact on scientific research, improving the high risk
patients identification, the estimation of vascular/systemic inflammation
extent and the knowledge on cellular effects of risk factors and syste-
mic impact of specific CVD risk factors. It will represent the |st multi-
level model for the study of complex diseases and also provide novel
instruments in genomic and proteomic data management and analysis

Achievements and results

Following preliminary achievements have been gained so far:

- implementation of the first project prototype (Feb.2007) including
the MK Data Entry System for data collection (a first in the art
system to support entry of diverse data types, including clinical and
high throughput genomic data) and Pilot MK Data Analysis tools to
enable preliminary interpretation of pilot data (including first in the art
components)

- selection, screening and execution of full pilot activities for 50 appa-
rently healthy subjects (including whole —genome transcriptomic ana-
lysis of circulating mononuclear cells) at low CVD risk

- identification of first scientific results with reference to certain data
types (Gender, Smoking, LDL-cholesterol, High-Sensitivity C-reactive
protein -hs-CRP-, Intima-Media Thickness)

thus enabling the following prelimary scientific conclusions:

- for the first time mild clinical and laboratory phenotypes related to
CVD are correlated with high-throughput data

- Multi-Knowledge system allows to explore high-throughput differen-
tial expression profiles on continuously distributed data in a powerful
and meaningful way

L4
Ll -..
.

Vluld ¢ nowledge
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research
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Sealife
A Semantic Grid Browser for the Life Sciences applied
to the study of Infectious Diseases

How can the researcher in the lab benefit from this new infra-structure to
science? A technology is needed to transparently bring such services to the desks
of the scientists. Sealife will develop a browser, which will link the existing Web to
the currently emerging eScience infrastructure.

Objectives of the project

Currently, much effort is spent on creating a new
computational and data infrastructure to facilitate
eScience, the cooperation of geographically distribu-
ted organisations, which transparently integrate their
computational and data resources at a structural and
semantic level. Progress has been made with stan-
dards for grid computing and semantic representa-
tions for life science data with many projects creating
a host of grid-enabled services for the life sciences.

TheWeb started with a browser and a handful of Web
pages. The vision of eScience with an underlying Grid
and Semantic Web will only take off with the develop-
ment of a Semantic Grid browser.The SEALIFE pro-
ject is filling this gap by developing such a semantic
grid browser. These browsers will operate on top of
the existing Web, but they introduce an additional
semantic level, thus implementing a Semantic Web.
Using ontologies as background knowledge, the brow-
sers can automatically identify entities such as protein
and gene names, molecular processes, diseases, types
of tissue, etc. and the relationships between them, in
any Web document. They collect these entities and
then apply further analyses to them using applicable
Web and Grid services. The SEALIFE browser will
be evaluated in three applications relating to the study
of infectious diseases.

Scenario

Project Description

SEALIFE will solve the following problems to
achieve its objectives:

Ontologies: Design and integration of ontologies
and associated infrastructure, which can serve as
background knowledge for a Semantic Grid
Browser geared towards life science applications
ranging from the molecular level to the person
level.

Concept Mapping: Bridging the gap between the free
text on the current Web and the ontologybased
mark-up for the Semantic Web and Grid by develo-
ping automated mark-up modules for free text,
which are based on textmining and natural language
processing technologies.

Service Composition: Bridging the gap between the
ontologies of the Semantic Web and the services of
the Grid by linking suitable ontology mark-up to
applicable services and by supporting the interactive
creation of such mappings for complex services.

The SEALIFE browser will be demonstrated within
three application scenarios in evidence-based medi-
cine, literature and patent mining, and molecular bio-
logy, all relating to the study of infectious diseases.

To illustrate the power of this vision consider the following applications: Evidence-based medicine: Consider

a clinician, who consults the national electronic library of infections to get trusted information on infections.

The user visits the site and finds an interesting page on hipatitis and its treatment: "Ribavirin with or without

alpha interferon for chronic hepatitis C". Using its background knowledge, the Sealife browser identifies

hipatitis as disease and interferon as an immunologic factor. With this knowledge the browser automatically

offers the user the ability to query the biomedical databases Ensmbl and PDB to learn more.
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The three applications vertically integrate the molecule/cell, the tis-

sue/organ and the patient/population
“The vision of eScience level by covering the analysis of high-

with an underlying throughput screening data for endo-
Grid and Semantic cytosis (the molecular entry pathway
Web will only take off into the cell), the expression of pro-
with the development teins in the spatial context of tissue
of a Semantic Grid and organs, and a high-level library on
browser* infectious diseases designed for clini-

cians and their patients.

Expected Results & Impacts

These systems will be advanced through SEALIFE and will ensure a
link to a user base. Additionally, SEALIFE has set up an advisory
board with members from Pfizer, AstraZeneca, Unilever, and others.
Dresden has spun-off Transinsight.com, which is dedicated to intelli-
gent search for life sciences. Transinsight has secured seed funding by
the German High-tech Griinderfonds and has obtained an award by
the federal ministry for economic affairs.

Sealife builds on a number of relevant systems already developed by
the partners:

* GoPubMed.org, an ontology-based literature search engine
» MyGrid, a Grid computing platform,

» Corese, a concept resource search engine,

* Nell, the National electronic library of infectious diseases,

* Edinburgh Mouse Atlas.
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Share
Supporting and structuring HealthGrid Activities &
Research in Europe: developing a roadmap

SHARE goal is to ensure the successful take up of HealthGrids in the next 10 years
by creating a roadmap for essential technology development years.

Objectives of the project

A major challenge for the coming years is to address
the unique ICT aspects of the life sciences in an inte-
grated way. Life science research present the need to
access, analyse, protect and share massive quantities of
diverse, geographically distributed information, compu-
tationally intensive analysis techniques and rapidly evol-
ving medicine, science and technology.

The recent emergence of Grid technology opens new
perspectives to enable interdisciplinary research and
technology development at the cross roads of medical
informatics, bioinformatics and system biology impac-
ting healthcare.

Action on Grids for health is needed at EU level to
address mobility of citizens and provide cross frontier
interoperability of data, cross-frontier infrastructures,
optimal exploitation of resources (both technical and
medical), equitable distribution of healthcare; and defi-
nition and implementation of standards.

Such deployment requires harmonization of existing
legal frameworks for storing, accessing, communicating,
and processing health related data in Europe.

Scenario

SHARE will achieve the following goals:

* To propose strategies to address some of the issues
listed in the European Action Plan for e- Health.

To define a roadmap for research and technology to
allow a wide deployment and adoption of
HealthGrids both in the shorter term (3-5 years)
and in the longer term (up to 10 years).

To define a complementary and integrated roadmap
for e-Health RTD policy relating to Grid deploy-
ment, as a basis for improving coordination amongst
funding bodies, health policy makers and leaders of
Grid initiatives, avoiding legislative barriers etc.

Project Description

The HealthGrid roadmap will cover the domain of
RTD and uptake of Grid applications in healthcare
comprehensively, including infrastructure, security,
ethical, legal, financial, economic and other policy
issues.

Each section of the roadmap will detail actions to be
taken in terms of objectives and possible methods or

Suppose that the epidemiology department of a public health authority records primary care and drug pres-
cription information from a regional area. A researcher from this epidemiology department has to take a deci-
sion on the preferred treatment for the disease “A” to inform medical practitioners.This information has been
traditionally obtained from the drug manufacturer companies and obtained through clinical trials. However, the
information registered would enable to perform more realistic cost-efficiency and safety analysis. After talking
with the experts, the epidemiology researcher selects the most relevant fields and performs a correlation study
of treatment length, adverse effects, treatment cost, patient physical information and medical records.This study
requires consolidating the information from several databases and performing long and computationally-costly
knowledge discovery processes which are executed on a grid infrastructure, taking into account the security

and integrity restrictions. Final data determines that for a group of the population “X”, current treatment is ina-

dequate and costly, whereas alternative treatment “Y” seems very effective.This information is published for the
medical practitioners who use this as an advisory guide for their daily work. Finally, treatment cost of disease
“A” has been reduced.
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approach as well as recommended milesto-

“The Share

. nes for completion, stakeholders responsi-
Roadmap will P P

ble, appropriate methods of coordination
focus on i i
. . etc All sections of the roadmap will take fully
identifying ) .
. into account issues related to standards and
requirements for ) ] )

will respect the security requirements for
further research . ) )
handling medical data. Non-European issues
and technology ] ) )
. will be factored in to our roadmap in order
development ) )
to ensure that European HealthGrid policy

does not inadvertently preclude international interoperability.

The conceptual work during the start-up phase of the project will also
specify in detail both the general scope and specific features of the
roadmap. In this sense, the roadmap will focus on identifying require-
ments for further research and technology development.

It will also sketch a realistic picture with respect to desirable applica-
tions/ICT implementations and indicate which technologies may have
the potential to make a substantial contribution in this context. This
will be supported through the presentation of good practice examples.

To ensure that the RTD roadmap ultimately to be generated will
actually yield positive results and desired impacts it will be based upon
and, wherever possible, justified by empirical evidence from the
research domain and a bottom-up assessment involving relevant stake-
holders.

In a sequential process, relevant research communities and communi-
ties of practice at EU, national and global levels will be joined up to
enable an iterative refinement and extension of the initial road map.

Achievements & Results

Health care systems in all countries are under strong pressure to
reduce costs and improve (economic) efficiency. For quite some time,
the European Union through the various framework programmes for
RTD has strongly supported the development of ICT applications in
the health sector, albeit with mixed results.

The same holds for various national activities; only recently these have
gained in scope and relevance for health care professionals and citi-
zens.The overriding societal goal of all these activities - and in line with
Share as well - is to contribute towards better health and care across
Member States, in particular through implementation and diffusion of
e-health products and services on regional, national and trans-
European e-healthcare infrastructures based on the Grid technology.

It is expected that this will contribute to better medical outcomes,
better quality of life for citizens and patients, more efficiency and
improved access - key impacts for all countries and all their citizens.
As an additional result, the Share project will also offer to the whole
biomedical research community a knowledge base on projects, actors
and developments related to grid for health.

i ARE
iy 10 1 G
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STEP
A Strategy for the EuroPhysiome

STEP was a Coordination Action that sought to coordinate European activity
relating to the physiome - a description of human physiology that will span multi-
ple levels from the whole body down through the organs to the cells and beneath

in an integrated manner.

Objectives of the project

The physiome is the integrated description of the phy-
siology of a species. Integration has become more
important because of recent results produced from
the genome, molecular biology and evolutionary bio-
logy; recent advances in computer technology are
now making it feasible.

European research is currently developing the
concept of Virtual Physiological Human (VPH) to
develop models that will provide an improved des-
cription of the human physiome.The VPH relates clo-
sely to the Physiome Project (more accurately descri-
bed as the Physiome Initiative), which is organised
under the auspices of the International Union of
Physiological Sciences (IUPS).

The VPH activities will run alongside the Physiome
Project but will focus on areas in which strong
European work currently exists to ensure that it
continues to maintain its leading position. The VPH
places a heavy emphasis on research that will have a
strong impact on the clinical and industrial areas.

STEP produced a roadmap defining the best way for-
ward for European research in this area.To do this, it:

* engaged all interested parties in the discussion in an
inclusive manner

* invited recognised experts from around the world
to provide informed opinion

 organised two conferences to focus the debate.

Scenario : Cardiome, University of Oxford

Project Description

STEP brought together all European projects that
were engaged in physiome-related work at the time.
STEP moved to a situation in which the issues were
considered more holistically.

To reduce the complexity of the problem, STEP was
organised as a two-stage process:

* initially, the overall picture was broken down into
Strands related to tissue types, e.g. hard tissue, soft
tissue, fluids

* once the Strands had identified how progress could
best be made in their own areas, they discussed,
together; how to achieve their goals in a unified and
coherent manner, avoiding redundancy and overlap
as much as possible.

The first conference will enabled the Strands to focus
on their own specific problems and define consensual
positions.

This was followed by an intense Internet-based debate
in which the Strands completed their deliberations and
defined positions for circulation to the other Strands.

The second conference brought these documents
together and started to define the final roadmap which
addressed, amongst other things, the following issues:
common objectives and research challenges; the
resources required; ethical, gender and legal issues;
impact analysis; dissemination models; community buil-
ding initiatives; exploitation models and long term sus-
tainability.

This pioneering project has grown out of work established in the 1960s and is probably the most advanced

of the Physiome organ-level models. It is seeking to develop electro-mechanically representative models of

cardiac structure and function of a variety of species, including human.

All of these studies emphasise how complex the heart is. Heart disease is influenced by many factors, not

least the genes of the individual, so development of treatments must take account not only of the heart as

an organ but also of factors at a subcellular level. This is why physiome-based approaches are likely to lead

to many breakthroughs when the models developed reach maturity.
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Expected Results & Impacts

Given the diversity of areas on which biomechanics and biophysics
impact — health, ergonomics, safety, sport — the effects on the quality
of life of the individual citizen are expected to be wide ranging.

Further, given the current costs, both social and economic, of the pro-
blems that exist in these areas, the anticipated benefits in terms of per-
sonal comfort and reduction in pain, and in terms of the associated
social spending are likely to be huge.

The European biomedical industry, mostly formed by SMEs, is strug-
gling under the fierce competition of the multinational, normally US-
based, companies that have gained dominance in many markets.

STEP

S T E P

A Strategy for the
EuroPhysiome

Project co-ordinator:
University of Bedfordshire (UK)

Contact person:
Prof Gordon Clapworthy

Tel: (+44) 1582-743496
Fax: (+44) 1582-489212
Email:
ordon.clapworth:
Website:
http://www.europhysiome.org

beds.ac.uk
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For application domains, the challenges include:

* enhancing our ability to study the human body, its functioning, its
inter-subject variations, and to develop and validate complex models
that can accurately predict a variety of physiological and pathologi-
cal conditions

* allowing the European Physiome communities to create the world’s
largest and most sophisticated collection of information on the
human body.

Physiological knowledge is so intimately linked to clinical practice that

the direct impact on clinical practice will probably be substantial:

* multiscale modelling should open new scenarios in preven-
tive medicine, or environmental medicine, in general health
studies, and in the design of drugs and medical devices

* new developments in diagnosis, treatment, monitoring and
rehabilitation, which may provide improved insights to
assist with patient care

* support for evidence-based medicine.

Partners:
* University of Bedfordshire (UK)
« Istituti Ortopedici Rizzoli (IT)
* Université Libre de Bruxelles (BE)
* University of Sheffield (UK)
* Aalborg Sygehus (DK)
* University of Oxford (UK)
* University of Nottingham (UK)
* CNRS-IBISC (FR)
* University College London (UK)

Timetable: from 01/06 — to 03/07
Total cost: € 1,240,770

EC funding: € 1,185,360
Instrument: CA

Project Identifier:
IST-2004-027642

“The roadmap was circulated widely
amongst relevant parties throughout
Europe who are associated with health
care and the planning of healthcare
systems. It can be downloaded from

http://www.europhysiome.org.”

For the scientific community, the roadmap addresses:

* the development of numerical simulation, interactive visua-
lisation, and instruments for community building and collaborative
working

* the evolution of core technologies to a usability level that will make
them accessible by nontechnical users, such as biomedical resear-
chers and clinical professionals

* the deployment of infrastructures that provide the necessary levels
of security and trust.

119

Keywords:

physiology, medical technology,
physiome, in silico human,
multiscale modelling,
bioinformatics




VIROLAB

A Virtual Laboratory for Decision Support in Viral
Disease Treatment

ViroLab enables easy access to distributed resources as well as the sharing, pro-
cessing, and analysis of virological, immunological, clinical and experimental data.

Objectives of the project

Genetic information is likely to become increasingly
significant in many areas of medicine. This provides an
unparalleled opportunity to advance the understan-
ding of the role of genetic factors in human health and
disease, to allow more precise definition of the non-
genetic factors involved, and to apply this insight
rapidly to the prevention, diagnosis and treatment of
disease. Large numbers of complex genetic sequences
are increasingly becoming available, providing a unique
opportunity for studying the many diseases where
genetic information will become important in future
years, such as in the case of infectious diseases.

As a prototype the problem of HIV drug resistance is
addressed. ViroLab integrates biomedical informa-
tion from viruses (e.g., proteins and mutations),
patients (e.g., viral load) and literature (e.g., drug resis-
tance experiments), resulting in a rule-based distribu-
ted decision support system for drug ranking, as well
as advanced tools for (bio)statistical analysis, visualiza-
tion, modelling and simulation.

The main objectives of ViroLab are to:

¢ develop a virtual organisation that binds the various
components of the ViroLab;

* develop a virtual laboratory infrastructure for
transparent workflow, data access, experimental
execution and collaboration support;

Scenario

* virtualize and enhance the state of the art in geno-
typic resistance interpretation tools, integrating
them into the virtual laboratory;

* establish epidemiological validation showing that
ViroLab correctly and quantitatively predicts viro-
logical and immunological outcome,and disseminate
the results to stakeholders.

Project Description

ViroLab is based on Grid security infrastructure,
middleware and user

interfaces. The virtua-
“ViroLab will lead to

new valuable clinical

lization of resources

such as data, compute
data and information

nodes, tools, and

users allows full ©on treatment of HIV-
resource  transpa- nfected persons”
rency.

These resources are made available by adopting Grid
computing, and building on existing tools from pro-
jects such as CrossGrid, EGEE and VL-e.

The virtual organisation spans a number of geographi-
cally separated “physical” institutions across Europe,
including five hospitals. ViroLab uses a uniform inter-
face to available resources in the virtual laboratory,
with functionality defined by well defined tasks in cli-
nical environments. The virtual lab allows users to

In ViroLab, a specialist member of the virtual organization logs into the virtual laboratory and accesses the

distributed decision support system, which interprets the genotype of a patient by using rules developed by

experts in the organization on the basis of literature mining of context sensitive data. The specialist then

applies a set of multi-scale methods such as molecular dynamics modelling of HIV infection, and automati-

cally generates new rules that are checked for consistency and redundancy.The specialist then validates the

new set of rules, covering this way the fast temporal and spatial scales required to infer information from a

molecular (genomic) level up to patient medical data.
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select either pre-defined tasks or to compose novel tasks by means of

orchestration registered available resources. The virtual lab also provi-
des a virtual whiteboard and experimental (provenance) logbook for
scientists at geographically separate locations.

Since ViroLab offers access to many disparate kinds of data from
many sources,much effort is devoted to providing a uniform interface
to all of these resources by virtualizing them and coupling advanced
modelling, simulation and analysis tools in a way that is highly accessi-
ble to specialists and researchers.

Since ViroLab offers access to many disparate kinds of data from
many sources,much effort is devoted to providing a uniform interface
to all of these resources by virtualizing them and coupling advanced
modelling, simulation and analysis tools in a way that is highly accessi-
ble to specialists and researchers.

Expected Results & Impacts

The collaborative research will result in a virtual laboratory for deci-
sion support in infectious diseases treatment.We focus on HIV antivi-
ral resistance (and thereby on a specific scientific community and
patient group) for the purpose of creating a prototype for the broader
application for infectious diseases. It will also provide means for colla-
borative experimentation studies based on modelling and simulation of
HIV-related processes.

The project will benefit from the development of innovative pharma-
ceutical research, (antiviral drug development and use of information
of clinical trials). ViroLab will lead to new valuable clinical data and
information on treatment of HIV-infected persons, which will provide
essential insights into the prevalence of drug resistance patterns in
treated individuals on a continuous basis. It is of crucial importance for
future development of new drugs effective against drug resistant HIV.

ViroLab will demonstrate measurable, quantifiable benefits, respecting
all aspects of confidentiality, fulfilling the urgent need for standardised
rules and systems for reliable quantitative HIV-1 genotypic resistance
interpretation, providing medical doctors throughout Europe with
accessible and user-friendly tools for significantly improving the clinical
usefulness of genotypic assay results.The virtual laboratory will func-
tion as Europe’s first rule-based decision support system for drug ran-
king, including advanced tools for (bio)statistical analysis, modelling and
simulation , enabling prediction the temporal virological and immuno-
logical response of viruses with complex mutation patterns to drug
therapy, leading to better individual based treatment.

ViroLab will be validated in epidemiological studies and will include ela-
borate and advanced Grid security infrastructures, respecting the
aspects of confidentiality, security and trust.
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